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"When reading about the trials and tribulations of other thyroid eye disease 

sufferers one is aware how very unique each person's experience appears to be. 

There are of course common factors - double vision, swollen eyes, sore lids etc -

but, having demonstrated symptoms, diagnosis and treatment seems to be in the 

lap of the gods. One could weep for the lack of understanding and care shown to 

some of our members in their effort to regain some sort of normal life. The need 

for more research is obvious, but so too is the need to inform, not just the medical 

profession (some of whose members seem woefully ill - informed on the subject but 

also many in the community at large who are blisfully ignorant that there is such a 

disease, and have no perception of the devastating effects on sufferers. (...)" 

Joan McCarthy 

In: Thyroid Eye Disease, Newsletter 35 

October 1996, page 8-9. 

Ter nagedachtenis aan m'n vader, 

aan mijn moeder, 

voor Miriam, 

Marnix, 

Julia 

Lucas 
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Introduction 

"ASSESSMENT OF DISEASE ACTIVITY IN GRAVES' 

OPHTHALMOPATHY". 

Contents 

1.1 Introduction 

history of the disease 

epidemiology 

pathology 

clinical symptomatology and classification of GO 

1.2 Concept of disease activity 

natural history 

histology 

therapeutical implications 

1.3 Assessment of disease activity 

clinical assessment 

° observation over time 

° clinical activity score (CAS) 

imaging techniques 
0 magnetic resonance imaging (MRI) 

o mIn-DTPA-Octreotide scintigraphy 
0 ultrasonography 

laboratory measurements 

° cytokines 

o adhesion molecules 

o TSH-Receptor antibodies 
0 glycosaminoglycans (GAGs) 

1.4 Outline of the present thesis 
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Chapter 1 

1. Introduction 

History 

It was in 1786 when the Welsh physician C. Parry suggested that the hyperthyroid 

state, heart failure and goitre were related. Parry described protrusion of the eyes 

(exophthalmos) in his first case, but his observations were not published until 

1825, three years after his death. In 1835 Robert Graves (1796-1853) described 

three patients with palpitations, and enlargement of the thyroid gland.1 One case 

also had exophthalmos. The first author to name this disorder Graves' disease was 

Trousseau in 1860. Baron CA. von Basedow wrote about four patients with 

exophthalmos, goitre and palpitation in 1840.2 He was also the first to describe a 

brawny swelling of the legs (now known as "pretibial myxoedema", which occurs 

in a small proportion of patients with thyroid eye disease). The name Graves' 

disease prevails nowadays, and the orbital disorder is now often referred to as 

Graves' ophthalmopathy (GO).3 

Epidemiology 

Graves' ophthalmopathy usually occurs in patients presenting with, or known to 

have Graves' hyperthyroidism, although in approximately 20% no thyroid 

dysfuction is clinically apparent.3 This latter situation is referred to as 'euthyroid 

Graves' disease'. However, in half of these patients evidence can be found for the 

existence of autoimmune thyroid disease (TPO antibodies, TSH-receptor 

antibodies, abnormal thyroid stimulation and/or suppression tests).4 Among 

patients with Graves' ophthalmopathy and hyperthyroidism, the eye disease occurs 

after or concomitantly with the onset of hyperthyroidism, whereas in the 

remaining patients the thyroid disease starts after the onset of the ophthalmopa 

thy.4,5 Thus, the majority of patients with so-called euthyroid or ophthalmic 

Graves' disease will develop hyperthyroidism later in the course of the disease. In 

approximately 5% of the ophthalmopathy patients hypothyroidism is diagnosed. 

12 



Introduction 

Conversely, 30-45% of patients with established Graves' hyperthyroidism have 

discrete eye signs or symptoms, whereas clinically manifest ophthalmopathy is 

seen in 10-25%.3 The remaining patients without eye complaints do have, 

however, mostly subtle, subclinical orbital involvement as evident from eye 

muscle enlargement on CT scan or MRI.3 Thus, in almost all patients with 

ophthalmopathy there is evidence for autoimmune thyroid disease, and in almost 

all Graves' hyperthyroidism patients some signs of ophthalmopathy can be found. 

It is therefore our opinion, that both are manifestations of one multi-organ 

disorder: Graves' disease. 

The prevalence of Graves' ophthalmopathy is not well established. An 

estimate of its incidence can be derived from two studies (Table 1.1). In 1977, a 

population survey was performed in 2,779 inhabitants of Wickham County, UK.6 

These subjects lived in an iodine replete area, and the population closely 

resembled the English population as a whole in terms of age, sex, and social class. 

In 2.7% of the females and in 0.23% of the males, thyrotoxicosis (regardless of its 

cause) was diagnosed. A follow-up survey was done 20 years later in the original 

cohort and the prevalence of thyrotoxicosis had risen to 3.9% in women, whereas 

no new cases were observed in men.7 From this observation, the annual incidence 

of thyrotoxicosis was 0.8/1,000 women/year.6 From a large European study we 

know that approximately 60% of the cases of thyrotoxicosis are caused by Graves' 

disease 8 (the contribution of Graves' disease is higher in iodine replete areas than 

in iodine deplete areas)9, resulting in a conservative estimation of an annual 

incidence of Graves' hyperthyroidism in women of 0.5%o in the Netherlands. We 

know that 30-45% of the patients with Graves' hyperthyroidism have some signs 

or symptoms of ophthalmopathy, thus the annual incidence of Graves' eye disease 

would be 0.15-0,23%o. Using the data from the Dutch Statistics Bureau (http// 

www.cbs.nl), the adult female population of the Netherlands is 5,976,000. The 

yearly incidence of Graves' ophthalmopathy would thus be: 896-1374 female 

patients. Assuming that only 10-25% of the patients with Graves' thyroid disease 

have clinically significant ophthalmopathy (estimated annual incidence for GO: 

13 
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Chapter 1 

0,05-0,13 %o), 299-777 new ophthalmopathy patients would be seen in The 

Netherlands. 

Table l.l.A Estimation of the incidence of Graves' ophthalmopathy (GO) in the 

Netherlands, calculated from data of the Whickham survey in the United Kingdom. 

adult females adult males No.Dutch 
females 

2.7 % 0.23 % 

3.9 % 0.23 % 

0.8 %o 

prevalenee thyrotoxicosis Whickham '77 

prevalence thyrotoxicosis Whickham '97 

annual incidence thyrotoxicosis Whickham'97 

estimated annual incidence GH 0.5 %o 2988 
(60% of thyrotoxicosis) 

estimated annual incidence discrete GO 0.15-0.23 %o 896-1374 
(30-45 % from GH) 

estimated annual incidence overt GO 0.05-0.13 %o 299-777 
(10 -25 % from GH) 

The second study was performed by the Mayo Clinics.10 Using their well kept 

records, the Mayo Clinic identified 120 Graves' ophthalmopathy patients residing 

in Olmstead County. Since probably all patients from Olmstead County, MN, will 

visit Mayo, and because the demography of this county is exactly known, they 

could calculate an age-specific incidence rate of ophthalmopathy (Table l.l.B). 

Using the Dutch age-specific population data, the annual incidence of 

ophthalmopathy in the Netherlands should be approximately 1200 females. 

However, this estimate for The Netherlands should be handled with caution. First, 

there is difference in iodine intake between Olmstead County (high iodine intake) 

and The Netherlands (borderline sufficient), and secondly it is unknown how 

important the ophthalmopathy was in the index cases from Minnesota. For 
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Introduction 

instance, in only 74% an ophthalmic assessment was done, suggesting that minor 

cases were also included. 

Table l.l.B Estimation of the age adjusted number of female patients with Graves' 

ophthalmopathy in the Netherlands (NL), calculated from the data of Olmsted County, 

USA (age adjusted incidence rates per 100.000 population per year). 

Age (years) age-adjusted no. of females in estimation of age-
incidence rate in Dutch population adjusted incidence 

females inOlmsted (n/100.000) (absolute no.) in 
County (1998)* females in NL 

(n/100.000/yr) (1998) 

20-24 10,3082 4,869 50 

25-29 15,3820 6,249 96 

30-34 19,5207 6,422 125 

35-39 12,9116 6,273 81 

40-44 32,8299 5,808 191 

45-49 18,8192 5,609 106 

50-54 24,5602 5,228 128 

55-59 27,8658 3,983 111 

60-64 35,8723 3,536 127 

65-69 13,1729 3,405 45 

70-74 14,6987 3,109 46 

75-79 11,5788 2,593 30 

>80 19,0687 3,446 66 

totals 1202 

*From CBS, statistic yearbook 1999 (http//www.cbs.nl). 
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From these estimates, Graves' ophthalmopathy appears not to be a very rare 

disorder. However, it is likely that the majority of these patients will have minor, 

transient thyroid-associated eye changes. The incidence of more severe 

ophthalmopathy, e.g. disfiguring proptosis, diplopia, sight loss, as dealt with in 

this thesis, is probably much lower. The Academic Medical Center is one of the 

national referral centers for this disease, and we see approximately 100 new cases 

per year. From all these data, we think that a fair estimate of the yearly incidence 

of significant ophthalmopathy is -400 patients. 

Graves disease clusters in families, but the inheritance is polygenetic and the 

most important genes involved are not yet known. There is a female 

preponderance, with a male:female ratio of 1:3, somewhat lower than the ratio in 

Graves' hyperthyroidism (1:5).3 It is likely that a number of environmental factors 

are involved in the occurence of Graves' disease. In the case of Graves' 

ophthalmopathy, smoking is a strong environmental risk factor for more severe 

eye disease,11 and the eye disease is often more severe in males, in old age, and in 

diabetes.12 

Pathology in Graves ' ophthalmopathy 

The most prominent finding is swelling of the extraocular eye muscles (EOM) at 

macroscopic examination, together with an increase in orbital connective- and fat 

tissue.313,14 Rundle et al,15 weighted the extra-ocular muscles of a 69 years old male 

with severe GO since 7 months, who died from a myocardial infarction. His EOM 

had all swollen to 3-to 5-fold, including the levator palpebrae (Table 1.2). The 

swollen muscles felt rubber-like and some had a diameter of more than 1 cm. On 

microscopy the muscles showed fibrosis, edema, and lymphocytic infiltration. The 

swelling of the muscles was not due to an increase in the number of fibers, but to 

an increase in the volume of the individual fibers plus an increase in connective 

tissue. The water content was increased, but in this case the authors did not 

observe an increase in fatty tissue weight. In their earlier series in patients with 
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GO who died in the thyrotoxic state, they did find such an increase in adipose 

tissue.16 

Table 1.2 Weight of the extraocular eye muscles (mean of right and left orbit) in a 63 

yrs old male with malignant GO of recent onset, who died from a myocardial infarction. 

Weights are compared to the mean weights found in 29 controls.15 

Muscles weight (g) mean ±SD weight Fold increase in 

in 29 controls weight vs controls 

Levator palpebrae 1.46 0.41±0.06 3.7 

Lateral rectus 2.17 0.72±0.10 3.3 

Superior rectus 2.20 0.49±0.06 4.9 

Inferior rectus 2.86 0.66±0.08 4.2 

Medial rectus 3.41 0.87±0.11 3.8 

There is no consensus as to whether the adipose tissue compartment is swollen 

in GO. Both Feldon et al.17, and Trokel et al.18 could not detect a significant 

increase in adipose tissue volume on CT-scan. On the other hand using three-

dimensional volumetric CT-scans, van der Gaag et al.19 found swelling of the 

EOM alone in 20% of their 40 GO patients; 48% both the EOM and the adipose 

tissues were swollen, in 28% the EOM volume was normal but the adipose tissue 

compartment had increased in volume, and in 4% no increase in orbital tissues was 

apparent. Using a similar technique, Forbes et al.20 reached similar figures. It 

therefore appears that muscles, fat as well as the lacrimal gland, all can increase 

considerably in volume. 

Already in the earliest descriptions it was noted that the swelling of 

retrobulbar tissues is due to an increase in what was called ground-substance. Now 

we know that this consists of collagen and glycosaminoglycans (GAG), which can 

be found throughout the muscle fibers in the endomysial space.21 The GAG most 
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prominently present is hyaluronan.21 Despite this accumulation of GAG's and 

collagen between the muscle fibers, there is no evidence for ultrastructural damage 

to the EOM cells themselves. The sarcomeric organization remains intact,22 and 

electron microscopy has not revealed any subcellular damage. In addition to these 

depositions, many authors have found an increased number of fibroblasts within 

the endomyseal space and the connective/adipose tissue. These infiltrating 

fibroblasts are considered to be the cells responsible for the overproduction of 

GAG's. GAG's are hydrophilic and can thus attract water and cause edema of the 

eye muscles and other affected retrobulbar tissues. Apart from these fibroblasts, 

there is also a mononuclear cell infiltration, consisting of lymphocytes, 

macrophages, and plasma cells. The lymphocytes are predominantly T-cells, but a 

few B-cells are also present.2324 Further immunohistochemical analysis reveals a 

predominance of CD3+ T-lymphocytes,25 consisting of helper CD4+ T-cells, and a 

variable predominance of suppressor/cytotoxic T cells (CD8+).25"27 Molecular 

analysis of the T cell antigen repertoire showed a marked degree of restriction of T 

cell variable region gene families, suggesting an oligoclonal immune response 

directed against a limited number of antigenic epitopes in the orbital tissues.28,29 

Besides an increase in the volume of all retrobulbar tissues, the retrobulbar 

pressure appears also to be increased. Otto validated an intraorbitally positioned 

micro-pressure transducer to measure the retrobulbar pressure in monkeys. He 

used this method in GO patients who were decompressed surgically.30 In eight 

orbits with 'malignant' ophthalmopathy (e.g. sight loss due to optic nerve 

involvement), the retrobulbar pressure ranged from 17-40 mmHg (mean: 29 

mmHg), and fell upon decompression by 9-12 mmHg. In contrast in two patients 

decompressed because of rehabilitative reasons, the retrobulbar pressure was only 

9 and 11 mmHg, and did not change after the decompression, which was 

successful! in terms of proptosis reduction. 
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Clinical symptomatology and classification of GO 

The clinical manifestations of GO can be explained in a mechanistic sense from 

the increase in size of retro-ocular tissues, and the increase in retrobulbar pressure. 

The main clinical features of GO can be described using the NOSPECS classifica

tion (Table 1.3).31-32 

Tabel 1.3 Modified NO SPECS classification of eye changes in Graves' disease.3U2'48,49 

Class Grade Suggestions for grading 

0 No physical signs or symptoms 

1 Only signs 

2 
0 
a 
b 
c 

Soft tissue involvement 
absent 
minimal 
moderate 
marked 

3 
0 
a 
b 
c 

Proptosis 3 mm or more above upper normal limit; grading for Caucasian race 
absent 
23-24 mm 
25-27 mm 
^28 mm 

Extraocular muscle involvement; Grading according to diplopia: 
0 absent 0 absent 
a limitation of motion at extremes of gaze a intermittent (when fatigued) 
b evident restriction of motion b inconstant (present but not in 

primary gaze) 
c fixation of a globe or globes c constant (present in primary gaze) 

Corneal Involvement 
0 absent 
a stippling of cornea 
b ulceration 
c clouding, necrosis, perforation 

Sight loss due to optic nerve involvement 
0 absent, vision iO.8 
a Disc pallor, visual field defect, vision 0.63-0.5 
b Same, but vision 0.4-0.1 
c Same, but vision <0.1 -blindness 
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Class 1. Only signs, no symptoms. This refers to the upper eyelid retraction 

frequently observed in patients with Graves' thyroid disease. This retraction 

causes stare, and lid lag on downward gaze (Von Graefe's sign) and can be due to 

swelling of the levator muscle. However, thyrotoxicosis per se can also induce this 

sign by increasing the sympathetic tone, and Von Graefe's sign is sometimes also 

present in hyperthyroidism not caused by Graves' disease.33 Sympathetic 

overactivity is not the only cause of lid retraction, because overactivity of the intra 

ocular muscles (causing slower accomodation due to an increase in sympathetic 

tone) was shown to be unrelated to the presence or absence of upper eyelid 

retraction.34 Therefore, it is likely that eyelid retraction is multifactorial in origin 

and it might well be that adhesions around the levator muscle are a cause of 

retraction.35 This would explain why upper eye lid retraction frequently remains 

present when GO patients are rendered euthyroid. 

Class 2. Soft tissue involvement. This entails Chemosis (edema of the conjunctiva), 

conjunctival injection and redness, and swollen upper and lower eyelids. These 

findings are partly explained by an impaired venous drainage as a result of the 

increase in retrobulbar tissue volume. This cannot be the only reason, because 

retrobulbar pressure might not always be elevated, as indicated by a normal 

removal rate of retro-bulbarly injected labeled fluid,36 and soft tissue swelling does 

not always disappear completely after decompressive surgery. Another 

explanation for the swelling of the eyelids is herniation of retrobulbar tissue 

through the naturally occurring herniations in the orbital septum.37,38 

Class 3. Proptosis. Because of the bony confinement of the orbit, the swollen 

retrobulbar tissue has no other outlet than pushing the globe forward. Hence, 

proptosis has even been termed "nature's own decompression".39 In their 

meticulous postmortem studies Rundle and Pochin demonstrated that the normal 

orbital volume of the eye muscles is about 3.5 ml and that of the orbital cavity 26 

ml.16 They then showed that an increase in muscle volume of 4 ml causes a 
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proptosis of 6 mm. Thus, small changes in tissue volume can cause considerable 

proptosis. In the NO SPECS system, proptosis is heavily underestimated since 

Hertel values of 21-22 mm in a Caucasian patient are not scored, although it may 

be very relevant to the patient. In the Netherlands the proptosis in healthy females 

ranges from 9-16 mm (mean value 12,3 mm) and in healthy males from 8-18 mm 

(mean 13,5 mm). This sex difference in 160 eyes was significant.40 The Pearson 

correlation coefficient for the interobserver variation in measuring exophthalmos 

was 0,88.40 

Class 4. Extraocular muscle involvement. One can easily imagine that swelling of 

the EOM leads to impaired mobility. If impairment is asymmetrical, the patient 

will have double vision. It is important to realize that the diplopia is of a binocular 

nature: if impairment is exactly symmetrical, or has become so by adapting the 

head position (ocular torticollis), there will be no diplopia. The same might occur, 

if the visual acuity in one eye is low. 

For a long time, the diplopia was ascribed to paresis of one or more of the 

EOM, hence the term "ophthalmoplegia". However, we now know that the 

mobility impairment is caused by restricted relaxation of the affected antagonist. 

This can be appreciated by the "forced duction test". By actually grasping the 

globe and attempting to move it in the affected direction, mechanical resistance is 

felt.41 

Class 5. Corneal involvement. Exophthalmos, lid retraction, and less frequent 

blinking all contribute to overexposure of the cornea, which can lead to keratitis. 

Early signs are photophobia, a gritty sensation, blurred vision, and intolerance to 

contact lenses. Corneal irritation is easily relieved and prevented by the liberal 

application of artificial tears, eye ointments, dark shields etc. 

Class 6. Sight loss. The development of exophthalmos diminishes the retrobulbar 

pressure. Sometimes this mechanism ("nature's own decompression") fails and 
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this may eventually lead to optic nerve damage. This is in agreement with the fact 

that the presence of optic neuropathy is unrelated to the degree of proptosis.42 It 

has often been noticed that the patients with optic nerve involvement have 

relatively low proptosis readings.3843 Koornneef suggested that a well developed, 

tight orbital septum might preclude proptosis and nature's decompression, 

resulting in higher retrobulbar pressures and optic neuropathy.30-38 

Sight loss due to optic nerve damage can be accompanied by visual field defects 

and impaired color vision.44 There is no evidence for a direct inflammation of the 

optic nerve itself, and optic neuropathy is probably due to swelling of the EOM 

close to the apex of the orbit: this can be seen on coronal CT-or MRI scan as 

"apical crowding", which is a risk factor for optic neuropathy.45 The enlarged 

muscles might very well cause neuropathy by direct pressure on the nerve or its 

blood supply.42 This latter possibility is supported by the observation of swelling 

of the nerve sheath suggesting venous stasis.18 

Assessment of severity of Graves ' ophthalmopathy 

Originally the NO SPECS system was designed to describe the variety of clinical 

features of GO, serving as a memory aid for the examination of patients. However, 

it has later been used in the follow-up of patients undergoing treatment for their 

eye disease. This latter use of the NO SPECS has been criticized by many 

authors.46"48 Firstly, because the grading of most classes is subjective. Secondly, 

because grading in some classes is inappropriate; e.g. class 4.c is virtually never 

seen, diplopia is not assessed, and a proptosis of 22 mm is not scored. Thirdly, the 

classes suggest an hierarchy wich does not exist; e.g. class 5 can be present in 

patients with lid retraction only. These criticisms have led to recommendations by 

an International Committee, published in 1991,49 advocating the use of objective, 

reliable and validated measurements of those eye changes which are relevant to the 

patient. How can this be achieved? 

Soft tissue involvement. Measurements are possible of the lid aperture, and of the 

position of the upper and lower eye lid assessed as upper and lower scleral show 
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respectively in mm. The inter- and intra-observer variability of these 

measurements are not previously known. An important aspect of soft tissue 

involvement is the swelling of the eye lids, which can be disfiguring. There are no 

widely accepted ways to measure this swelling, and the current assessment is 

subjective. We use colour slides, taken in two directions ('en face' and 'en profil'), 

to improve the assessment of eye lid swelling. Unfortunately, the inter-observer 

agreement of assessing the severity of eye lid swelling is disappointingly low.50 

The colour slides, however, are superior to the traditional grading of soft tissue 

involvement at each visit in assessing the response to immunosuppression50, 

because slides can be compared directly. 

Proptosis. The measurement is quantitative and rather reliable. The range of 

normal values is, however, rather wide. Whether e.g. 18 mm of exophthalmos is 

abnormal will depend on the degree of proptosis prior to the onset of the eye 

disease. 

Eye muscle involvement. EOM motility can be measured quantitatively using 

different techniques. Mourits et al have developed a reliable and reproducible 

technique using a modified hand perimeter.51 For the patient, diplopia is much 

more relevant than restriction of EOM motion. It is hard to quantify diplopia, but 

Bahn and Gorman have proposed an useful grading: 0. No diplopia, A. Intermittent 

diplopia (present only when fatigued), B. Inconstant diplopia (only in certain 

directions of gaze), C. Constant diplopia (in straight gaze, correctable with 

prisms), D. Constant diplopia (uncorrectable with prisms). 

Corneal involvement. Its use in evaluating the severity of the disease is restricted 

by the almost routinely described artificial tears to GO patients, which are 

effective in treating and preventing corneal changes. 

Sight loss. Visual acuity is to a certain degree subjective, but easily quantifiable. 

In addition, the Committee recommended to include an assessment of disease 

activity (see next section), and a patient self assessment score in the evaluation of 

treatment results. Indeed, the quality of life is markedly decreased in patients with 
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GO.52 We developed a disease specific Quality-of-Life questionnaire, that appears 

to be a reliable instrument.53 

These outcome measures are especially valuable to evaluate a treatment aimed 

at improving one aspect of the disease: decrease in proptosis readings after 

decompression, increase in eye muscle motility and improvement of diplopia upon 

squint surgery, improved Quality-of-Life after blepharoplasty. However, many 

authors feel the need for an overall assessment of the severity of the 

ophthalmopathy. Such an integrated score, or index can be used to relate severity 

to the level of antibodies, smoking habits, and other possible determinants. It 

might also be useful to analyze a treatment aimed at different aspects, like 

immunosuppressive therapies which might improve soft tissue swelling, proptosis, 

diplopia etc. For this purpose, the Ophthalmopathy Index (01) has been used 

extensively.5457 However, the 01 gives equal weight to all features, whereas sight 

loss and diplopia might be more important to the patient than proptosis and eye lid 

swelling. To include a weighing factor, the Total Eye Score (TES) was 

developed.58-59 The TES is calculated by multiplying each class of the NO SPECS 

system (except class 5) by its grade of severity (0=0, a=l,b=2, c=3 points), 

yielding a maximum total score of 45 points. 

Thus, a therapy can be evaluated by the changes in the different features. 

However, we know that the medical therapies are not always succesful, and there 

is a need to determine how many patients respond to a therapy, and how many are 

non-responders. Many different response criteria have been used in the past, but in 

view of the above mentioned Recommendations new criteria have been established 

by Bartalena et al.60 In the studies described in this thesis we have used similar 

criteria, all based on quantitative (where possible) and objective assessments of the 

various features of the eye disease. The response criteria are: 

Major criteria: 1) changes in diplopia of > 1 grades on the diplopia scale. 

2) changes in visual acuity of > 1 lines on the Snellen chart 

3) changes of >8 degrees in eye muscle motility (elevation) 

Minor criteria: 1 ) changes of > 2 mm in proptosis 
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2) changes of >2 mm in lid aperture 

3) changes in soft-tissue involvement, assessed from colour slides; 

Patients who improved in at least in one major, or in >2 minor criteria are 

considered responders. Patients in whom no changes occurred, or who responded 

in only one minor criterion, or who actually deteriorated are classified as non-

responders. 

An important reason to differentiate between responders and non-responders 

is the hypothesis that patients with active disease respond to immunosuppression, 

whereas inactive patients will not. This concept will be explained in the following 

section. 

1.2 Concept of disease activity 

The concept of disease activity originates from observations of the natural course 

of the eye signs in patients who were not treated for the eye disease, and from a 

small number of histologic studies performed on orbital tissues from patients with 

variable duration of the eye disease. 

Observations on the natural history of Graves ' ophthalmopathy. 

In 1923 ophthalmopathy patients were treated by "skillfull neglect" and by 

"sending the patients to the country".61 Nevertheless, Kessel et al noted that there 

was a tendency towards spontaneous regression of the eye signs over time, though 

without reaching the pre-morbid state.61 These patients however were also left 

untreated for their hyperthyroidism, (which improved spontaneously as well), and 

no specific eye measurements were reported. Copper was one of the first authors 

to do specific measurements. He showed that the retrobulbar pressure, measured 

by an orbitonometer, decreased over time. It was Rundle who did sequential 

measurements in 12 patients who were not treated for the ophthalmopathy.62 He 

followed these patients during 2lA years, recorded proptosis readings and measured 

the impairment of elevation using a vertometer.63 He found that the eye disease 
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begins with a dynamic phase, characterized by exacerbations and remissions, 

followed by a static phase: as depicted in Rundle's curve in figure l.l.62 A similar 

curve was made by Dobyns.37 Both authors agreed that despite some remission, the 

eye disease often is still severe when the static phase is reached.37-64 

IS 24 30 36 42 4 8 
MONTHS 

Figure 1.1 Rundie 's curves, describing the natural course ofproptosis, eye muscle motility, 

and upper lid margin relative to the limbus over time. 

Later studies have confirmed these early observations.65 Perros et a l , found 

that spontaneous improvement occurred in 64% of his 59 patients during a median 

follow-up of 12 months, while the disease remained stable in 22% and progressed 

in 14%.66 Despite this high incidence of improvement, it is also clear that most 

patients think that their eyes never returned to normal: 54% (out of 120) in the 
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study by Hamilton et al.,67 and 61% (out of 120) in a study of Bartley et al., with a 

median follow-up of 9Vi years.68 

Thus, most authors agree that the orbital disease starts with a period in which 

the disease gets worse: the active phase, in which there can be exacerbations and 

remissions up to a plateau is reached in which the disease is at its most severe 

stage. This plateau phase is then followed by a slow decrease in severity until a 

stable end-stage is reached: the inactive phase. However, often the remaining eye 

signs and symptoms are still invalidating the patient. 

Rundle's curve is generally accepted, despite the fact that the time axis is not 

clearly defined (figure 1.1): It is unclear how long it takes in individual patients 

before the stable end-stage is reached. This can take between several months to 5 

years.3 Even less is known about the pathogenesis of the transition from active into 

inactive disease. Here we will review the available histologic data pertaining to the 

distinction between active and inactive disease. 

Histology of orbital tissues during active and inactive disease stages. 

Naffziger operated on a number of patients with very severe, "malignant" 

ophthalmopathy and found pale, edematous tissue in patients with early disease, 

whereas those with longer standing ophthalmopathy had much fibrous tissue.69 In 

the early stages he found just swelling of the muscle fibers, during the 

"intermediate" stages a mononuclear cell infiltrate was observed, while in the late 

stages dense collagen scar tissue was prominent.69 Dunnington and Berke 

summarized their biopsy examinations also as the occurrence of a lymphocytic 

infiltrate, marked edema of muscle fibers, and fibrosis.70 Russell Brain contrasted 

histologic examinations in patients with short duration of disease (lymphocytic 

and plasma cell infiltrates, edema) to the findings at autopsy of a patient who had 

suffered from Graves' ophthalmopathy for 654 years.71 In this patient he saw 

massive fibrosis with the globe appearing to be anchored to the orbit by dense 

fibrous tissue strands. The eye muscles could only be identified as thin fibrotic 

bands. Daicker reported a chronic lymphocytic infiltration, edema, and fibroblast 
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activation in the biopsies from early, active patients, whereas in patients with 

longstanding ophthalmopathy only fibrosis and fat accumulation was seen.72 He 

also observed that the eye muscles could actually be more enlarged in inactive, 

than in active patients, and suggested that corticosteroids or radiotherapy are only 

effective during the active phase of fibroblast activation. Other studies have also 

noted the coexistence of a lymphocytic infiltrate with fibroblasts and so-called 

"young connective tissue".1215-22-37 Tallstedt and Norberg found fibrosis, collagen 

deposition and activated fibroblasts in 4 patients with apparently inactive disease, 

whereas these abnormalities were also seen in a patient with rapidly progressive 

disease in whom, however, a more marked lymphocytic infiltrate was found.73 

Thus, the few histologic studies published do support the concept of Rundle's 

curve. During the active stage there usually is edema, a lymphocytic infiltrate and 

activation of fibroblasts. In the end-stages, there is only fibrosis. It follows that to 

discriminate on histology between active and inactive disease, the presence of 

fibrosis is not helpful, since it is present throughout the disease process. One has to 

rely on the detection of edema and a lymphocytic infiltrate, which is however 

usually localized and its detection is thus liable to sampling errors. 

Disease activity: therapeutical implications. 

Daicker was the first to suggest that medical treatment (radiotherapy, 

corticosteroids) will only be effective during the active phases.72 For, both 

treatments are immunosuppressive and anti-inflammatory and will thus act on the 

lymphocytic infiltrate and edema of the active phase, and it is highly unlikely that 

they will improve the fibrous scar tissue left in the end-stages. However, end-stage 

ophthalmopathy can still cause considerable proptosis and diplopia, and this kind 

of patients will therefore seek help in specialized clinics. These inactive patients 

will not benefit from immunosuppresion and should undergo rehabilitative 

surgery. Whereas a patient with the same degree of proptosis and diplopia in the 

active phase can be treated with steroids or irradiation, but surgery at that time 
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might actually be ineffective as any improvement of eye changes can be lost in the 

late postoperative stages due to ongoing expression of the disease. 

Thus, the implications of the concept of disease activity are that the stage of 

the disease rather than the severity should dictate whether to use medical therapy 

or surgery. Obviously, this can be easy. A patient with rapidly progressive 

ophthalmopathy of six months duration will be treated medically. In contrast, a 

patient with diplopia, finally referred after 10 years, will be scheduled immediately 

for squint surgery. However, in many patients with Graves' ophthalmopathy this is 

much less obvious, and then an assessment of the activity might be helpfull to 

decide on their treatment. 

The concept of disease activity might also explain the fact that whichever 

medical treatment is given, only about two-thirds of the patients will respond.74 

For, in most studies patients are recruited on the basis of the severity of their eye 

disease. Implying, that both active and inactive patients with similar severity are 

subjected to a medical treatment that will only benefit the active patients. If we 

were able to restrict our medical treatment to active patients only, the response rate 

to these therapies might increase considerably. 

In conclusion, assessing the stage of the disease in individual patients will 

help us to decide on the most appropriate and logical therapy. Which is why many 

different groups have tried to develop methods to assess disease activity. Each of 

these parameters should however be validated. 

1.3 Assessment of disease activity of GO 

Validation of activity parameters. 

It is not easy to assess whether a given parameter of disease activity actually 

reflects a lymphocytic infiltrate, edema and fibroblast activation. The proper 

control for this would be to relate the parameter to a biopsy of extraocular 
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muscles, or maybe connective tissue. For obvious reasons this approach is not 

feasible, because such a biopsy might be damaging to the patient. In addition, the 

biopsy would be liable to sampling error as described above. Thus the value of an 

activity parameter can not be related to a gold standard. And consequently, we 

have to accept a surrogate standard. 

The surrogate criterion to be met by an activity parameter is its value in 

predicting the outcome of treatment. Why? Since the underlying concept is that the 

lymphocytic infiltrate etc of the active fase is amenable to medical intervention, an 

activity marker that is reflecting this ongoing immune process would be able to 

predict a beneficial response to immunosuppressive therapies. On the other hand, 

if an activity marker reflects fibrotic scar tissue this parameter would predict a 

negative outcome of immunosuppression. In other words if a marker has a high 

positive predictive value (+ve PV) for response to medical treatment, it detects the 

active patients. An activity marker with high negative predictive value (-ve PV; 

predicting no response) would be indicative of inactive burnt-out disease. 

When there is reasonable biologic evidence that a particular test might be a 

marker of disease activity, this test should then be validated against the surrogate 

standard: the clinical outcome of treatment. Using a two-by-two table (figure 1.2) 

sensitivity, specificity, +ve PV and -ve PV can be calculated, indicating the 

clinical usefulness of the proposed test. One should however remember that this is 

a surrogate standard and subject to various confounding factors. Thus, the 

performance of a test will also depend on the way the clinical outcome is 

measured, on the efficacy of the treatment, and on the natural history of the 

disease. Since no treatment is always effective, the +ve PV will never be 100%. 

Also, because spontaneous improvement can occur during the beginning of the 

inactive fase, the -ve PV will never be 100% as well. Lastly, genetic factors might 

influence treatment outcome; several HLA markers have been shown to indicate 

good or bad response to medical therapy.75,76 

Now we will review the different parameters for disease activity, and whether 

they have been tested in the above explained fashion. We will start with purely 

30 



Introduction 

clinical parameters, then focus on imaging techniques, and finally on serum 

markers. 

Clinical assessment of disease activity. 

The most obvious clinical parameter is the duration of the eye disease. 

Ophthalmopathy of short duration is likely still active, whereas long standing eye 

changes are more likely compatible with inactive disease. However, as stated 

above the duration of active ophthalmopathy is extremely variable (anywhere 

between several months to five years), and it is indeed the experience of most 

investigators that the mean duration of the eye disease is similar in responding and 

non-responding patients.58-59 Still, Donaldson et al did find a correlation between 

the response to prednisone and the duration of the exacerbation of the eye signs.54 

Nobody has actually reported a 2x2 table analyzing its clinical usefullness. By 

compiling the individual patient data of two published papers from Pisa (Italy), 

such a table can be made (Fig. 1.2).77,78 

A second approach would be to just observe the patient over time. When there 

is progression, the disease is active; when the eye signs are stable for at least 6 

months79, the process is inactive. This approach has several drawbacks. First, in 

patients seeking help effective therapy is postponed. Secondly, this concept 

heavily leans on the power of our measurements to detect significant changes in 

disease severity. This power is certainly limited,especially in measuring soft tissue 

changes. 

Trying to determine the activity of the eye disease by clinical examination is 

not new. Van Dyke proposed the mnemonic RELIEF,80 and in 1981 Sergott et al 

included clinical parameters in their activity score.81 None of these indexes were 

tested in a prospective study. 

In 1989 a Clinical Activity Score (CAS) was proposed,82 which is based on the 

classical signs of inflammation: dolor, rubor, tumor, functio laesa (the fifth sign 

calor, heat, was considered but found unfeasible to measure). The CAS has one 

draw-back: to evaluate impaired function, observation during two months is 
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necessary. Although the occurrence of a change in one to three months is relatively 

low (proptosis, 19%; motility, 7%; visual acuity, 2%), these individual signs do 

contribute greatly to the predictive value of the CAS. In the first, but retrospective 

analysis of the CAS, its performance was good.82 It was then tested in formal 

prospective study with the following results: a CAS of >4 had a positive PV of 

80%, but a negative PV of 64%.83 Thus, although it is an usefull and simple test, 

management decisions usually require other tests as well.84,85 

Responders Non-Responders 

Activity Test 

positive 
d i t nff 

a b a 
——=+ve PV 
a+b 

Activity Test 

negative 
c d 

•i-=--ve PV 
c+d 

a 

a+c 

d 

b+d 

sensitivity specificity 

Responders Non-Responders 

< 18 months 27 9 

Cnt-nff 
+vePV75% 

13 12 
>18 months -vePV48% 

sensitivity specificity total: 61 

68% 57% 

Figure 1.2 Validation of a test determining disease activity of Graves' ophthalmopathy by 

its prediction of the response to immunosuppressive treatment (upper panel). The value of 

the duration of ophthalmopathy in predicting the outcome of immunosuppression, as 

compiled from patient data from two Italian studies (lower panel). 

32 



Introduction 

Imaging techniques 

magnetic resonance imaging ß4RI) 

MRI uses a very strong magnetic field to line up the protons (hydrogen atoms) in 

the body. Protons can be viewed as small magnetic bars with a north and south 

pole, which spin (actually whobble) around an axis, and by applying a gradient 

magnetic field the axes of the spins are lined up.86 Radiofrequency pulses from a 

radiofrequency transmitter coil (an antenna) bring the protons in a higher energy 

state, which will shift their spinning axes creating a radiofrequency field that can 

be detected by a receiver coil. The signal thus detected depends on the proton 

density of the tissue, and the Tl and T2 relaxation times of the tissues. The Tl 

time represents the rate at which the excited protons realign with the magnetic 

field. The T2 relaxation time represents another characteristic of the tissues. It is 

not determined by the axis of the spinning proton, but by the phase of the spin. The 

radiowave will also bring all spinning protons into the same phase (all north poles 

are pointing in the same direction). When the pulse is switched off, the protons 

start to dephase at a rate which is called the T2 relaxation time.86 

Especially the T2 weighted images have been found useful to detect edema 

and inflammation in extraocular eye muscles on MRI. Just et al described that a 

long T2 time in the eye muscles before treatment were associated with a good 

response to orbital irradiation.87 This first report was followed by others who 

confirmed that the T2 time decreases after immunosuppressive therapy.88,89 This 

suggests a transition from an edematous, inflammatory phase into a fibrotic end-

stage. Indeed, Laitt et al found a correlation with the Clinical Activity Score and 

T2 times, using a more sophisticated protocol which suppresses the fat signal 

(short tau inversion recovery, STIR).90 Until now only one study assessed the value 

of T2 time measurements to predict the outcome of immunosuppressive treatment 

(intravenous steroids).91 In this small study in 23 patients, a +ve PV of 69% and a -

ve PV of 86% was found. Thus, MRI seems a promising method to detect disease 

activity, but the good -ve PV awaits confirmation in a larger study. 
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Octreotide scintigraphy 

Octreotide is an eight amino acid analog of the 14-aminoacid neuropeptide 

somatostatin with a prolonged half-life of 2-3 hours compared to the half-life of 

two to three minutes of native somatostatin. Somatostatin serves as a 

neurotransmitter and as a hormone by interacting with G-protein coupled 

somatostatin receptors widely distributed throughout the body. Octreotide can be 

radiolabeled and [mIn-DTPA-D-Phel] octreotide is used in nuclear medicine to 

visualize tissues with somatostatin receptors.92"99. Activated lymphocytes express 

somatostatin receptors on the plasma membrane100, and an attractive hypothesis 

would be that orbital uptake in GO is due to binding of mIn-DTPA-octreotide on 

these activated cells. However, binding to receptors on other cell types, or local 

blood pooling due to venous stasis are possible alternative explanations. 

Hypercirculation as a result of hyperthyroidism is unlikely to explain the orbital 

uptake, as a rather low orbital uptake was found in Graves' hyperthyroid patients 

without clinical signs of ophthalmopathy. Postema et al were the first to show 

pronounced orbital octreotide uptake in patients with Graves' ophthalmopathy.96 

They also found that the orbital uptake was related to the clinical activity score96 

and to the severity of GO with higher orbital uptake in more severe GO. Other 

investigators did not always find a correlation between orbital uptake and severity 

92,93,97 however, the orbital uptake was always correlated with the activity of 

GO94,96,97,101. In inactive patients the octreotide accumulation is weak and resembles 

the uptake in normal orbits.94 The amount of octreotide uptake correlates also 

positively with the above mentioned T2 relaxation time on MRI.101 

Octreotide scanning of the orbits is usually done at 4 hours after injection and 

after 24 hours. The administered dose in the earlier studies was 222 MBq, but 

others have used approximately half of that dose and could still obtain a good 

image.97,98 The studies differ also in the time interval after i.v. injection, the 

selection of orbital slices for determining the number of counts in the orbit, and the 

method of correction for background radioactivity. 
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Octreotide uptake measurements might predict the outcome of 

immunosuppression.102 In a small, preliminary study with 12 patients Krassas et al 

found a +ve PV of 100%, and a -ve PV of 83%.103 Whether octreotide scintigraphy 

deserves a place in the diagnostic work-up of ophthalmopathy patients remains to 

be seen. However, it is an expensive diagnostic tool with a relatively high 

radioactivity burden. 

Ultrasound 

Ultrasound is an inexpensive method to visualize the orbital contents and has been 

used to measure the thickness of the eye muscles.41 However, it can also depict the 

internal echogenecity of the eye muscles which is best done using two-

dimensional A-mode echography. The internal reflectivity of the soundbeam is 

low in patients with active eye disease, presumably due to edema, whereas the 

reflectivity is high and irregular in inactive patients, due to fibrotic echogenic scar 

tissue.104 In a preliminary study in 16 patients treated with radiotherapy, the 

method seemed promising in predicting a response to radiotherapy: positive 

predictive value of 73% (95%CI:39-94%) and a negative predictive value of 100% 

(95%CI:48-100%).104 Confirmation of these results is needed before 

ultrasonography can be considered as a disease activity parameter in GO. 

Laboratory measurements 

Cytokines 

A key difference between the active and inactive phase ' of Graves' 

ophthalmopathy is the lymphocytic infiltrate present in the orbital tissues during 

the active stage only. We know that lymphocytes produce cytokines, which can 

stimulate GAG production by fibroblasts, upregulate adhesion molecules and other 

immunomodulatory molecules like HSP-72 and HLA-DR.105106 Measurements of 

these cytokines, their soluble receptors or of the molecules they upregulate might 

potentially differentiate the active from the inactive stage. However, there are 

some drawbacks to this approach. First, many of these molecules are also involved 
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in Graves' thyroid disease, which might hinder their utility to detect activity of the 

orbital disease. Secondly, the orbits are small and even if cytokines are released 

into the bloodstream they might be difficult to detect. Thirdly, cytokines are 

largely bound to soluble receptors, carrier proteins and even autoantibodies in 

serum; blocking of epitopes used in sandwich immunoassays might hinder the 

detection of cytokines in serum. 

Sergott et al measured sheep-erythrocyte Rosette formation by peripheral 

blood lymphocytes from patients with Graves' ophthalmopathy and related the 

result to the outcome of steroid treatment. They found that the responsive (active) 

patients had a significantly decreased percentage of rosette formation.107 The 

number of spontaneous rosette-forming cells increases upon corticosteroid 

treatment in the responding patients, reaching values comparable to inactive and 

normal controls. Similar results were obtained by other investigators,108 but to our 

knowledge, presently this test is not in use. 

The first 'cytokine' measured was the Migration Inhibition Factor (MIF).109-110 

Van der Gaag et al found that MIF was present in 11/18 (61%) of clinically active 

ophthalmopathy patients, compared to only 2/14 (14%; p=0.008) in inactive 

patients.111 However, the MIF is measured in a rather cumbersome bioassay. 

Nowadays higly sensitive sandwich ELISA's are being used to detect a fast 

growing number of cytokines. 

Activated lymphocytes express IL-2 receptors and release a truncated form of 

this protein called the soluble IL-2 Receptor (sIL-2R). sIL-2R levels were found to 

be elevated in patients with severe ophthalmopathy (in 21 out of 47 patients = 

45%),m and this correlates with disease activity.113 However, the clinical 

usefulness of sIL-2R levels is limited with a +ve PV of only 71%, and -ve PV of 

54%.113 IL-6 is produced by lymphocytes, but also by fibroblasts and tumor cells 

and is elevated in serum from patients with Graves' hyperthyroidism.114 Its soluble 

receptor (sIL-6R) is elevated as well in hyperthyroidism, but was also found to be 

related to the activity of the ophthalmopathy.114 However, because of the huge 

overlap in sIL-6R values between active and inactive ophthalmopathy patients it is 
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unlikely to be helpful to diagnose activity in individual patients. CD30 is a protein 

expressed on the membrane of activated T-helper 2 cells, and a soluble form 

(sCD30) released by proteolytic cleavage can be measured in serum. It was found 

to be elevated in patients with active Graves' thyroid disease, correlating with the 

titer of TSH-R antibodies.115 It is unknown whether ophthalmopathy might be 

another determinant of sCD30 levels. 

IL-1 is also a potent stimulator of GAG production by fibroblasts, and this can 

be inhibited by IL-1 Receptor antagonist and by the soluble IL-1 receptor (sIL-

1R).116 The soluble form of the IL-1 receptor antagonist (sIL-IRA) and the sIL-lR 

can be measured in serum, and it was hypothesized that higher levels of these IL-1 

inhibitors would protect the patient with ophthalmopathy.117 Indeed, it was shown 

that patients who responded well to radiotherapy had higher baseline sIL-lR and 

sIL-IRA levels than those who did not respond. Also, in the responders a 

significant increase in these levels occurred after radiotherapy, which did not 

occur in the nonresponders. The predictive values of sIL-lR and sIL-IRA were not 

reported, but the authors also found that the levels of these IL-1 inhibitors were 

lower in smoking than in non-smoking patients.117 

Until now no single cytokine was found to reliably predict the outcome of 

immunosuppression. Cytokines act in a network, and this network might regulate 

itself through other cytokines. It might well be that we would have to measure a 

number of different cytokines, or a ratio of 'stimulating' to 'inhibitory' cytokines 

to get an impression of the activity of a disease. However, 'new' cytokines are 

discovered regularly and it might be worthwhile to just wait till the network is 

fully unravelled. 

Immunomodulatory molecules 

Cytokines and other factors (including immunoglobulins) have been shown to 

upregulate various adhesion molecules on orbital fibroblasts. Adhesion molecules 

play an important role in directing the traffic of circulating lymphocytes towards 

their target: homing.118"119 They are functioning as receptors between 
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120 immunocompetent cells, connective tissue and extracellular matrix components. 

Intercellular adhesion molecule-1 (ICAM-1) is such an adhesion molecule 

abundantly present in orbital tissue of active ophthalmopathy patients.121122 

Soluble forms of ICAM-1 (sICAM-1) are shedded into the circulation and might 

therefore reflect the expression of ICAM-1 in the orbit. Cytokines (IFN-y,TNF-

a,IL-lct) strongly enhance surface expression of ICAM-1 in both retro-ocular 

fibroblasts of normals and GO.123 Heufelder and Bahn found elevated levels of 

sICAM-1 in sera of patients with active eye disease (compared to patients with no, 

or inactive ophthalmopathy) and found that sICAM-1 levels decrease upon 

prednisone treatment.124 Their findings were recently confirmed by De Bellis et 

al.,125 who showed that patients with active ophthalmopathy had significantly 

increased levels of sICAM-1, although Graves' hyperthyroid disease patients 

without eye involvement also had higher levels than controls, albeit still lower 

than the ophthalmopathy patients. This might be due to the fact that ICAM-1 is 

expressed in thyroid tissue as well as in orbital tissues in Graves' disease. Another 

adhesion molecule, endothelial-leucocyte adhesion molecule-1 (ELAM-1) is found 

in orbital tissues but not in the thyroid and the same group reported clearly 

elevated sELAM-1 levels in ophthalmopathy patients, but not in patients with 

Graves' thyroid disease without eye involvement.125 According to their data, there 

was even no overlap between sELAM-1 levels in ophthalmopathy patients and 

hyperthyroidism patients, and the levels had a correlation with the CAS (r=0.55; P 

<0.002).125 Another molecule upregulated by cytokines in orbital tissue is heat 

shock protein-72 (HSP-72), which is able to induce an immune response. Indeed, 

anti-HSP72 antibodies have been found in sera from patients with Graves' disease, 

but the levels did not correlate with disease activity.126 Serum HSP72 levels have 

not been measured in Graves' disease patients. 

Autoantibodies 

Since we do not know the antigen responsible for the autoimmune attack in 

the orbit, disease specific autoantibodies cannot be measured yet. There was some 

38 



Introduction 

hope that antibodies against a 64 kD eye muscle protein might reflect the activity 

of the eye disease, but we now know that it is not an eye muscle specific protein 

and that 20 % of normal controls also have anti-64 kD autoantibodies, and the 

value of determining these antibodies has been questioned seriously.127 Recent 

evidence for the presence of the TSH-R in the orbit128"132, has given new life to the 

old hypothesis that TSH-R autoantibodies might in fact cross-react with the 

thyroid and orbit and be the link for the two manifestations of Graves' disease. 

Patients with ophthalmopathy indeed have higher levels of TSH-R autoantibo

dies,133 but in older studies they do not seem to correlate with clinical 

characteristics of the eye disease.134 

Glycosaminoglycans (GAG) 

GAG's play a key role in the manifestations of Graves' ophthalmopathy. They 

are hydrofilic proteoglycans which attract water and are the main reason for the 

increase in the volume of orbital tissues.21 They are produced by activated 

fibroblasts,135 and therefore GAGs might serve as a marker of active eye disease. 

GAGs are present in plasma and urine also in healthy controls, and are thus not 

specific for Graves' ophthalmopathy. In a recent study, Pappa et al found no 

correlation between serum hyaluronan levels and hyaluronan tissue levels.21 

Nevertheless, Kahaly et al found that ophthalmopathy patients have higher urinary 

GAG levels compared to controls and to patients with Graves' hyperthyroidism 

without eye disease.136 Though there was a considerable overlap, a cut-off value 

can be calculated that discriminate active from inactive patients (assessed on 

clinical criteria): +ve PV 68%, -ve PV 96%. Others could, however, not confirm 

their findings and found similar urinary GAG excretion in ophthalmopathy 

patients and controls.137 In later studies the group of Kahaly used a HPLC method 

to determine GAG levels, which improved the detection considerably.138 Using this 

method, they again found higher levels of GAG excretion in active patients 

compared to inactive patients.139 They also reported significantly elevated plasma 

GAG levels in patients with active, untreated ophthalmopathy, whereas plasma 
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GAG levels were normal in patients with treated, inactive eye disease.140 However, 

its real predictive value for the therapeutic outcome after immunosuppression has 

not yet been published. 

1.4 Outline of the present thesis 

This thesis deals with the assessment of disease activity and its usefulness in 

predicting outcome of immunosuppression in Graves' ophthalmopathy. We 

determined various parameters for disease activity in a cohort of 66 patients with 

Graves' ophthalmopathy, who qualified for retrobulbar radiotherapy because of 

the severity of their eye disease. Using predefined criteria we included patients 

with so-called moderately severe ophthalmopathy, excluding patients with sight 

loss because they needed a stronger immunosuppressive regimen or immediate 

decompressive surgery, as well as patients with minor ophthalmopathy, in whom 

the rationale for immunosuppressive treatment not yet has been established. The 

66 patients were thus selected on the basis of the severity of their eye disease, and 

not because of the activity of their eye disease. 

In all patients a variety of putative activity parameters were measured before 

the start of the irradiation. Six months after this treatment the therapeutic outcome 

was carefully determined on the basis of predefined criteria. Responders to 

radiotherapy were assumed to have been active before start of treatment, non-

responders were thought to have been inactive at the time of irradiation. The 

various activity parameters were then related to the therapeutic outcome and it was 

analyzed whether the pretreatment activity parameters could predict the outcome 

of radiotherapy. Therefore, we used the surrogate standard as discussed above. 

Chapter 2. Urinary glycosaminoglycan excretion (GAGs) was shown to be 

promising in determining disease activity. It was measured in two consecutive 24 

hour urine collections prior to the start of radiotherapy by conventional methods as 
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well as by high pressure liquid chromatography (HPLC) (Laboratory of Prof Dr 

G. Kahaly, Mainz, Germany). The pretreatment values were analysed using 

receiver operating characteristic (ROC) curves, from which a cut-off value was 

determined to calculate sensitivity, specificity, positive and negative predictive 

values. 

Chapter 3. A panel of several cytokines and soluble cytokine receptors was 

measured in pretreatment serum of our ophthalmopathy patients. In order to 

establish whether these levels were different from healthy subjects, these cytokines 

were also measured in 60 healthy controls matched for age, sex and smoking 

behaviour. The cytokine levels were then compared to the outcome of irradiation, 

also in a multivariate analysis. 

Chapter 4. TSH-receptor stimulating antibodies are the cause of Graves' 

hyperthyroidism by stimulating the thyroidal TSH-receptor. There is increasing 

evidence that the TSH-receptor is also present in orbital tissues (most notably the 

retro-orbital fibroblast). If so, TSH-receptor autoantibodies might cross react with 

this orbital TSH-receptor, which might play a causative (or permitting) role in the 

pathogenesis of Graves' ophthalmopathy. To find support for this hypothesis we 

measured TSH-Binding-Inhibiting Immunoglobulins (TBII using the TRAK-

assay), and TSH-Receptor Stimulating Immunoglobulins (TSI measuring the 

cAMP response in a bioassay) in our patients with ophthalmopathy. The TBII/TSI 

levels were related to the severity of the eye disease, but also to the activity 

(Clinical Activity Score, CAS). In addition, we analyzed whether TBII or TSI 

pretreatment levels could predict therapeutic outcome of radiotherapy. 

Chapter 5. In a preliminary study, the determination of the internal eye muscle 

reflectivity by A-mode ultrasonography was found to be promising in predicting 

the therapeutic outcome in 16 ophthalmopathy patients. We therefore performed 

this inexpensive technique in our cohort, and determined the ability of ultrasound 
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to predict the outcome of irradiation, and analyzed the findings by calculating the 

area under the ROC-curve. 

Chapter 6. 

Magnetic resonance imaging (MRI) uses a magnetic field to line up the protons 

(hydrogen atoms) in the body. A method to estimate a real T2 time within the 

extra-ocular eye muscles, corrected for a relatively high content of fat (white 

matter of the central nervous system, or retrobulbar fat) is described. The 

quantitative MRI might be useful in assessing (indirectly) oedema within the eye 

muscles. The larger the amount of oedema, the longer the T2 time, indicating 

active inflammation. 

Chapter 7. mIn-DTPA-octreotide is a radioactive labeled long acting somatostatin 

analogue, and has been used to visualize lymphocytic infiltration of retrobulbar 

tissues. Activated lymphocytes express somatostatin receptors on the 

plasmamembrane and one hypothesis is that the orbital uptake in GO is due to 

binding of ulIn-DTPA-octreotide to activated T-lymphocytes. In this review on 

octreotide scintigraphy we discuss the determinants of thyroidal and orbital uptake 

of radiolabeled octreotide and discuss the precision and accuracy of orbital 

radiolabeled octreotide accumulation as determined in various studies. 

Chapter 8. In view of the promising results reviewed in chapter 7, we used this 

expensive technique in our patients. In order to be able to analyze the mIn-DTPA-

octreotide scintigraphy data, we first performed a preliminary study in 22 patients 

from our cohort. The aim of this study was to determine the best method to correct 

for background uptake (the occipital skull, or the temporal region), and to establish 

which of the two scans (4 hours, or 24 hours post injection) was the most reliable 

in terms of intra-observer variation and in terms of predicting therapeutic outcome. 
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Chapter 9. In the preceding chapters, various parameters were tested alone in a 

univariate analysis. In this chapter we developed a logistic, multivariate regression 

model using all of the above described activity tests in combination with 

additional markers of disease activity (duration of the eye disease, CAS, MR!) 

From this model a Response Score can be calculated, which can be used in 

individual patients to predict their chance of responding to immunosuppressive 

therapy. 
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Urinary glycosaminoglycans do not correlate -with disease activity in GO 

Abstract 

Context The accumulation of hydrophilic glycosaminoglycans (GAG's) and its 

fractions chondroitin sulphate A (CA), dermatan sulphate (DS), and hyaluronic 

acid (HA)) in retrobulbar tissue lead to edema, and subsequently to the clinical 

features of Graves' ophthalmopathy (GO). Edema is present in active eye disease. 

GAG production might thus reflect activity of the eye disease. The validity of a 

disease activity parameter is defined as the ability to predict a response to 

immunosuppression. 

Objective To evaluate the predictive value of urinary GAG levels in 65 moderate 

severe GO patients for the outcome of treatment with retrobulbar irradiation. 

Methods Urinary GAG excretion was measured both by a conventional 

metachromatic assay and by a highly sensitive HPLC method. 

Results Thirty-four patients (53 %) responded to retrobulbar irradiation, and 31 

did not respond (47%). The correlation coefficient between the urinary GAGs 

measured by both assays was r = 0,44 (p < 0,0001). When comparing responders 

and nonresponders to radiotherapy, we found no significant difference in the 

baseline levels of urinary GAG excretion, nor in the baseline fractions measured 

by HPLC. Urinary GAG levels did not correlate with the duration of GO (r = 0,11, 

p = 0,37), nor with the clinical activity score (r = -0,01, p=0,91). 

Conclusions Urinary GAG levels do not differ in active and inactive GO patients, 

pjid therefore measuring urinary GAGs alone is not useful in the assessment of 

disease activity in Graves' ophthalmopathy. 

Introduction 

In Graves' ophthalmopathy (GO) immunocompetent cells invade the 

retrobulbar tissues, producing cytokines which stimulate glycosaminoglycan 

(GAG) production by the orbital fibroblasts.1 The hydrophilic GAGs attract water 

causing edema. Edema is one of the characteristics of active eye disease and GAG 

production might thus be a parameter of disease activity. Indeed, Kahaly et al. 

59 



Chapter 2 

report higher urinary GAG levels in patients with GO compared to controls or to 

patients with Graves' hyperthyroidism without eye disease.2 The data allowed 

discrimination between active and inactive eye disease (activity assessed by a 

single examination) with a positive predictive value of 68%, and a negative 

predictive value of 96%. However, other investigators could not confirm these 

findings and found similar urinary GAG excretion in ophthalmopathy patients and 

controls.3 In more recent studies, Kahaly's group applied an HPLC method to 

determine GAG levels. Using this technique they again found higher levels of 

GAG excretion in active GO patients compared to inactive GO patients.4,5 

To determine whether GAG levels indeed correlate with disease activity, it is 

of great importance how disease activity is defined. The gold standard for the 

determination of the activity of the eye disease would be histological examination 

of retrobulbar tissues. Biopsies of retrobulbar tissues, however, are seldom feasible 

in clinical practice. Therefore we have to accept a surrogate criterion to be met by 

an activity parameter: its value in predicting the outcome of immunosuppressive 

treatment.6 A study using this criterion has not been performed previously. We 

therefore analyzed urinary GAG levels in 65 GO patients before and after 

treatment with retrobulbar irradiation and compared the values in those who 

responded to this therapy with those who did not. Urinary GAG excretion was 

measured in two ways. Urinary GAGs were determined by a conventional 

metachromatic assay, and by an HPLC method performed in the laboratory of 

Prof. Dr. G. Kahaly, Mainz, Germany. 

Patients and methods 

Patients 

We studied 65 patients with moderately severe untreated Graves' ophthal

mopathy (defined as proptosis >25 mm and/or evident restriction of eye muscle 

motility), who had been euthyroid for at least two months. Treatment consisted of 

retrobulbar external irradiation, given in 10 divided fractions of 2 Gy daily over a 
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2 week period. Therapeutic outcome was assessed 26 weeks after irradiation, and 

was defined according to minor and major criteria, as described in chapter one. 

GAG levels were related to the outcome of radiotherapy, and also to the clinical 

activity score (CAS) and the duration of the eye disease (calculated from the onset 

of signs and symptoms as perceived by the patients). The CAS is based on 

classical signs of inflammation (pain, redness, swelling and loss of function, i.e. 

increase of proptosis, worsening of eye muscle motility or decrease of visual 

acuity);each item is scored as present (1) or absent (0), with a maximum score of 

10 points.7 

Methods 

Patients collected 24-hour urine production on two consecutive days, just prior 

to the start of the irradiation, and again after 26 weeks. Total urinary volume and 

the total creatinine excretion was measured to assess the completeness of the urine 

collection. None of the urine samples had to be excluded because of incomplete 

collection (defined as a creatinine excretion in one 24 hr sample exceeding > 

150% of the creatinine excretion of the other sample).8 After mixing, separate 

urine samples of both 24 hr collections were stored at -20°C. GAGs were 

measured by two methods. The conventional metachromatic assay, as described by 

Le Phuc Thuy and Nyhan9, measures GAG from the decrease in absorbance at 610 

nm after adding solutions of Azure A (Sigma Chemicals Co. A2918) and Azure B 

(Sigma Chemicals A4043). The HPLC method quantifies GAGs and the 

subfractions chondroitin sulphate A (CA), dermatan sulphate (DS) and hyaluronic 

acid (HA), as described by Kahaly.4-5 In short, chromatography was performed at 

room temperature with a concave sodium phosphate gradient (100-750 mmol/1, pH 

4,0; run time 40 min.) on a Bio-Sil amino disaccharide column (250x4 mm, flow 

rate 0,6 ml/min.). The injection volume was 10 ul for reference kit injections (pure 

CA, DS and HA disaccharides, Medac, Hamburg, Germany), and 40 ul for urine 

samples. 
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In both assays, the mean GAG excretion over two days was calculated from 

the 2x24 hour excretion using the 24 hr volume of urine voided and expressed in 

mg/24 hr (both assays had a coefficient of variation less than 10%). All 

measurements were performed without knowledge of the clinical status of the 

patient. 

Statistics 

The data are expressed as median (range) in case of a skewed distribution, or as 

mean ± SD if normally distributed. Differences between groups were analyzed by 

Mann-Whitney U tests, and changes after radiotherapy by the Wilcoxon's signed 

rank sum test. Receiver-operating characteristic (ROC) curves were plotted and 

the area under the curve was calculated for the GAG levels in predicting a 

response to treatment. 

Results 

We included 65 patients, 20 males and 45 females; their mean (± SD) age was 

53 ± 10 years. Thirty-four patients (53 %) responded to retrobulbar irradiation, 

and 31 (47%) did not respond (no change in 26 patients, and deterioration in 5 

patients). 

Urinary GAG values were lower using HPLC (median 20 mg/24 h, range 4,6-

113), than in the metachromatic assay (median 30,8 mg/24 h, range 11,3-62). The 

correlation between both methods is given in figure 1 (r = 0,44; p<0,0001). When 

comparing responders and nonresponders, we found no significant difference in 

the baseline levels of urinary GAG excretion (Table 1). Also, the baseline fractions 

of GAGs measured by HPLC did not differ between responders and nonresponders 

(Table 1). The predictive values of the GAGs and their fractions (at baseline) for 

the outcome of irradiation were calculated by plotting receiver-operating 

characteristic curves. The area under the curve was maximal 0,58 (Table 2). Thus, 

urinary GAG levels could not predict therapeutic outcome. 
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When comparing the baseline and the post-treatment GAG levels in the urine, 

no significant changes were detected over time (Table 3). In addition, pretreatment 

urinary GAGs by HPLC did not correlate with the duration of GO ( r=0, l l , 

p=0,37), nor with the clinical activity score (r=-0,01, p=0,91). 

sa so . 
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Figure 1: Correlation between the pretreatment total urinary glycosaminoglycan level, 

measured with a conventional metachromatic assay (using Azure A and B) and by high 

pressure liquid chromatography (HPLC) in patients with moderately severe Graves' 

ophthalmopathy. Spearman's correlation coefficient is 0,44, p < 0,001. 

Table 1. Urinary Glycosaminoglycans (GAGs) and their fractions measured by a 

metachromatic reaction with Azure A and B (A&B), and by HPLC in 65 patients with 

moderately severe Graves' ophthalmopathy treated with retrobulbar irradiation. Data 

given as median and range in mg/24h. 

All patients Responders Nonresponders p-value* 

n=65 n=34 n=31 

total GAGs (A&B) 30,8(11,3-62) 30,5 (11-62) 30,8 (12-47) .77 

total GAGs (HPLC) 20,2(4,6-113) 22,2 (4,9-55) 18,9 (4,6-113) .51 

Hyaluronic acid (HPLC) 4,0 (0,3-94) 4,2 (0,5-29) 3,5 (0,3-94) .26 

Chondroitine acid (HPLC) 8,7 (2-32) 8,6 (2-20) 8,7 (2-32) .67 

Dermatan sulphate (HPLC) 5,4 (0,2-16) 5,5 (0,2-16) 4,5 (0,3-11) .26 

p-value using the Mann-Whitney U test. 
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Table 2. Area under the curve (AUC)from receiver operating characteristic (ROC) curves 

for total urinary glycosaminoglycans (GAGs), measured by Azure A & B (A&B), and by 

HPLC (GAG subfractions: hyaluronic acid (HA), chondroitinic acid (CA), dermatan 

sulphate (DS)). 

AUC ± se 

GAGs (A) 0,52 (0,08) 

GAGs (HPLC) 0,45 (0,07) 

HA 0,42 (0,07) 

CA 0,47 (0,07) 

DS 0,58 (0,07) 

Table 3. Urinary glycosaminoglycans (GAGs), measured by a metachromic reaction using 

Azure A and B (A&B), expressed in mg / 24 hr as median and range, at baseline and 26 

weeks after retrobulbar irradiation, in 65 patients with moderately severe Graves' 

ophthalmopathy. 

All Responders Non Responders 

n=65 n=34 n=31 

t=0: total GAGs (A&B) 30,8 (11-62) 30,5 (11-62) 30,8 (12-47) 

t=26: total GAGs (A&B) 31,3 (16-48) 32,7 (16-48) 31,3 (19-45) 

NS NS NS 

Discussion 

In this study we examined prospectively 65 consecutive patients with 

moderately severe GO, who were not selected for activity of the eye disease, and 

found that the total amount of urinary GAGs nor the levels of its fractions were 

useful in predicting whether a patient would benefit from immunosuppression. We 

also found no significant change in any of the GAG measurements 26 weeks after 

retrobulbar irradiation, nor a correlation between the urinary GAGs and clinical 
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activity score (CAS) or duration of GO. It thus seems that urinary GAG levels do 

not reflect the activity of Graves' eye disease. 

Our data are in disagreement with the studies reported by Kahaly et al., in 

which a correlation between GAG levels and the CAS was found.2 In our present 

study, we also could not confirm these promising findings when evaluating the 

response to radiotherapy as a "gold standard" for detecting disease activity. This 

was independent of the method used for determination of GAGs. Pre-analytical 

factors seem to be ruled out as they were exactly the same for all measurements. 

We have to conclude that measuring urinary GAG excretion has very little clinical 

significance in predicting the outcome of immunosuppressive therapy in 

moderately severe GO. It might still be that plasma GAG levels could have a 

better prognostic value. Plasma GAGs were found to be elevated in untreated, 

active GO patients in contrast to normal GAG levels in inactive GO patients.10 

However, Pappaetal.11, could not find any correlation of the serum GAG levels 

with tissue GAG levels measured in orbital samples from ten patients with GO. 
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Abstract 

Increased serum cytokine levels have been reported in patients with autoimmune 

thyroid disease, but less is known about their levels in patients with Graves' 

ophthalmopathy (GO). It is not known whether GO is a cell mediated or humoral 

autoimmune disease. We investigated whether serum cytokines are elevated in GO 

patients and whether the cytokines were Thl or Th2 derived. In addition, elevated 

cytokines might reflect the activity of GO, and thus we investigated, whether 

cytokine levels could predict the clinical response to orbital radiotherapy. We 

studied 62 consecutive patients with moderately severe untreated GO and 62 

healthy controls, matched for sex, age and smoking habits. Serum concentrations 

of IL-1 RA, SIL-2R, IL-6, sIL-6R, TNFa R I and II and sCD30 were measured 

using highly sensitive ELISA's, in the patients before and three and six months 

after radiotherapy. All patients were euthyroid, with antithyroid drugs, before and 

during the entire study period. All baseline cytokine and cytokine receptor levels 

were significantly elevated in GO patients as compared to healthy controls, except 

for IL-IRA. The levels did not correlate with parameters of the thyroid disease, 

nor to the duration, activity or severity of GO. However, backward logistic 

regression analysis showed that IL-6, sCD30 and TNFaRI were able to predict a 

beneficial response to orbital radiotherapy. We therefore conclude that both Thl 

and Th2 derived cytokines are elevated in GO patients as compared to its controls. 

IL-6, sCD30 and TNFaRI had some value for predicting therapeutic outcome to 

orbital irradiation, and may thus reflect active eye disease. 

Introduction 

Histological examination of orbital tissue in the active stages of Graves' 

ophthalmopathy shows a lymphocytic infiltrate consisting mainly of T-helper and 

T-suppressor cells, together with some B-cells, macrophages and a few plasma 

cells and mast cells.1,2 The immune process in the orbit leads to proliferation of 

fibroblasts and stimulation of glycosaminoglycan (GAG) production, which in turn 
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leads to swelling of orbital tissue.1-3"5 These features cause the clinical 

manifestations of proptosis, diplopia, periorbital swelling and inflammation.5-6 

Once the active inflammation has subsided fibrotic tissue is left. 

Lymphocytes produce different cytokines which can have an effect on retrobulbar 

fibroblasts.7-8 IL-1 and IL-4 stimulate the proliferation, and GAG production by 

fibroblasts is stimulated by IFNy , TNFß and IL-1 and inhibited by IL-1RA.810 

Some cytokines can induce the expression of modulatory molecules like HLA-DR, 

intracellular adhesion molecule 1 (ICAM-1), and HSP 72 on retrobulbar 

fibroblasts.1114 Whether these in vitro data are relevant for the in vivo situation is 

unclear, because only some of the above mentioned cytokines, e.g. IL-4, IL-1 and 

IFN y have been found in orbital tissues using PCR or immunohistochemistry.15-16 

Their are only scanty data about their serum levels in GO. In patients with Graves' 

hyperthyroidism increased levels of soluble IL-2 Receptor (sIL-2R), IL-6, IL-6 

Receptor (IL-6R), soluble CD30 (sCD30) have been found. 17-21 In GO we only 

know that sIL-2R and IL-6R levels are elevated, and that IL-1 and IL-IRA 

increase in response to radiotherapy in GO.20-22"23 

To better understand the pathogenesis of GO it would be important to know which 

cytokines are present in the lymphocytic infiltrate. Such knowledge might help to 

establish whether GO is mainly a humoral (Thl), or a cellular (Th2) immune 

process, or both. Since it is difficult to obtain orbital tissue from a large number of 

patients, measuring serum levels seems to be a helpful first step. Another reason 

why serum cytokine levels are potentially important is the distiction between 

active and inactive eye disease, as the former but not the latter may be susceptible 

to immunosuppresive therapy. An important difference between active and 

inactive GO is the presence of a lymphocytic infiltrate during the active stage. 

Clinically it can be difficult to separate these stages. Since cytokines seem to be 

involved as intermediary effectors in GO, we wondered whether serum 

measurements might help to differentiate between active and inactive disease. 

The aim of our study is a) to determine whether there is a difference in cytokine 

levels between GO patients and healthy controls and b) to establish whether 

70 



Both Thl and Th2 derived cytokines in serum are elevated in Graves ' ophthalmopathy 

cytokine levels correlate with the activity and/or severity of GO. Because Graves' 

hyperthyroidism itself is associated with elevation of serum cytokines, we only 

studied GO patients, who were euthyroid for > 2 months. Since GO patients smoke 

more frequently than the general population, and smoking might have an influence 

on cytokine levels we matched controls for age, sex and smoking habits. We 

choose to measure a panel of stimulatory (IL-6, TNF aRI and II)24,25, inhibitory 

(IL-1RA) , Thl derived (sIL-2R, TNFaRI and 11), and Th2 derived (IL-6, IL-6R) 

cytokines and sCD30. sCD30 is a member of the TNF receptor super family, and 

is released by T cells that secrete Th2 type cytokines.2628 

Subjects and Methods 

Patients and controls 

We studied 62 consecutive patients with moderately severe untreated GO, who 

qualified for retrobulbar irradiation. The patients had proptosis of > 25 mm, and/or 

impaired eye muscle motility (mostly with diplopia). None had optic nerve 

involvement. All patients were euthyroid, mostly on antithyroid drugs, for at least 

two months before start of treatment (defined as: free T4 (fT4) 10-23 pmol/1, total 

T3 1.3-2.7 nmol/1, TSH <4.0 mU/L). Blood for cytokine measurements was 

withdrawn from the patients before, and 3 and 6 months after treatment. Controls 

were recruited from the general population by advertisement, and participated in a 

study to determine reference values. They were matched for age (within +5 or -5 

years), sex, and smoking habits. Smokers were defined as individuals who 

currently smoked cigarettes and nonsmokers did not. 

Retrobulbar radiotherapy consisted of 10 fractions of 2 Gy, in two weeks (20 Gy in 

total). Six months later the response was assessed according to changes in major 

and minor criteria. Major criteria were changes in grade of diplopia (0=no 

diplopia, l=intermittent, 2= inconstant, 3= constant diplopia)29, and changes in eye 

muscle motility (> 8° elevation). Minor criteria were a) a change in appearance on 
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colour slides (pre- and posttreatmenf)30, b) a change in lid aperture of > 2mm or c) 

a change in proptosis of > 2mm. Amelioration in > 1 major criterium or in two 

minor criteria was considered a response. No response was defined as no change at 

all, or changes in 1 minor criterium only. If a patient deteriorated this was 

considered as no response. Orbital radiotherapy resulted in a response in 34/62 

(55%) patients. No change or deterioration was observed in 28/62 (45%) patients. 

Clinical characteristics 

The activity of the ophthalmopathy was scored using the classic inflammation 

parameters: rubor, dolor, tumor and functio laesa.31 This Clinical Activity Score 

(CAS) consists of 10 items, for each item present 1 point is given, thus the 

maximal score is 10. We also noted duration of both the eye disease and the 

thyroid disease in months since the first signs or symptoms, and the Total Eye 

Score (TES), calculated as the sum of multiplying each NO SPECS class present 

by the grade in that class ( for that purpose we substituted 1, 2, and 3 respectively, 

for grades a, b, and c)32, as an overall measurement of disease severity. 

Methods 

fT4 was determined with either a coated tube 125I radioimmunoassay (SPAC, Byk-

Sangtec Diagnostica, Dietzenbach 2, Germany), or a solid phase time-resolved 

fluoroimmuno assay (Delfia, Wallac Oy, Turku, Finland). TBII was measured by 

TRAK assay (BRAHMS Diagnostica, Berlin, Germany). Anti TPO-antibodies 

were measured by immunofluorescence. 

Serum samples were kept stored at -20 °C, until use. All samples were measured in 

duplicate. sCD30 (detection limit 0,5 U/ml) was measured by a ELISA (Bender 

MedSystems, Vienna, Austria). Highly sensitive, commercially available ELISA 

kits (Quantikine, R&D Systems, Minneapolis, MN) were used to measure serum 

concentrations of IL-IRA (detection limit 14 pg/ml), sIL-2R (detection limit 24 

pg/ml), IL-6 (detection limit 0,094 pg/ml), sIL-6R (detection limit 140 pg/ml), 
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TNFaR (detection limit 30 pg/ml) I and II (detection limit 10 pg/ml) and 

expressed in pg/ml. 

Statistical analysis 

To analyze differences between GO patients and healthy controls we used either t 

tests or in case of an abnormal distribution, the Mann-Whitney U test. To assess 

whether one or more cytokine or cytokine receptors could predict for the response 

to orbital radiotherapy stepwise, backward, logistic regression analysis was 

performed in which response was the dependent variable. On the basis of this 

analysis, a receiver-operator-characteristics (ROC) curve was drawn, and the area 

under the curve (AUC) was calculated. Correlations were calculated with two-

tailed Pearson correlation coefficients. Changes in serum cytokine concentrations 

were evaluated with repeated measurement F-tests. 

Results 

Serum cytokine levels in patients and controls 

Patients and controls were well matched and had similar fT4 levels. Patients had 

significantly higher levels of all Thl and Th2 derived cytokines with the exception 

of IL-IRA (Table 1). This could not be explained by differences in smoking 

behavior in view of the matching procedure, although differences in some cytokine 

concentrations were noted between smokers and non-smokers (Table 2). 

In the patients the different serum cytokine concentrations were not related to 

thyroid status (fT4), methimazole use, anti TPO antibody titer, TBII titer, or the 

duration of the thyroid disease. The duration of the eye disease ranged from 4-240 

months (median 17). At study entrance they had a CAS of 3.2 + 1.8 (mean +SD). 

The diplopia score was 2.4 +0.9 (mean +SD). Proptosis ranged from 13 to 28 mm 

(median 19 mm), and overall severity of eye disease (TES) from 2-19 (median 12). 

There was no correlation between cytokine levels and several ophthalmopathy 
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parameters; neither with the duration nor with the severity or activity of the eye disease. 

Table 1. Serum cytokine concentrations in patients with untreated moderately severe 

Graves ' ophthalmopathy and healthy matched controls (mean ±SD) 

Patients Controls P-value 

n 62 62 
age (yrs) 53,1±10,3 53,2±9,7 
F/M 43/19 43/19 
smoking yes/no 32/30 32/30 
fT4 (pmol/1) 15,5±4,7 15,9±3,5 

SIL-2R 1339±421 949±227 <0.0001 
IL-1RA 394±249 384±162 NS 
IL-6 3.16±2.7 1.98±2.0 0.009 
IL-6R 35623±7860 30434±7554 <0.0001 
TNFaRI 1115±232 951±176 <0.0001 
TNFaRII 3209±828 2112±487 <0.0001 
sCD-30 (U/ml) 44 (18-153) 27 (10-87) <0.0001 

Table 2. Serum cytokine concentrations in smokers and non-smokers of patients with 

untreated moderately severe GO and healthy matched controls 

smoking non-smoking P-value 

sIL-2R (pg/ml) patients 1358±439 1320±408 0.728 
controls 969±259 930±189 0.507 

IL-lRA(pg/ml) patients 470±323 312±75 0.011* 
controls 410±203 356±98 0.191 

IL-6 (pg/ml) patients 2.2 (0.9-23.4) 2.0 (0.6-12.1) 0.933 
controls 1.7(0.5-11.7) 1.2(0.6-6.3) 0.597 

IL-6R (pg/ml) patients 35719±7464 35519±8390 0.921 
controls 33218±7545 27464±6441 0.002* 

TNFaRI (pg/ml) patients 1139±237 1089±228 0.409 
controls 963±213 939±128 0.599 

TNFaRII (pg/ml) patients 3301±813 3110±845 0.368 
controls 2054±581 2173±845 0.340 

sCD-30 (U/ml) patients 44(26-153) 45(18-111) 0.949 
controls 29(10-87) 26(11-61) 0.164 
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Correlations between the different serum cytokines 

The Thl cytokines ( TNFaRI, TNFaRII, sIL-2R) correlated well with each other 

(p<0,0001), as did the Th2 derived cytokines IL-6 and sCD-30 (p<0,001) (Table 

3). Thl cytokine sIL-2R levels did correlate well with both Th2 cytokines, IL-6 

(p<0,01) and sCD30 (pO.0001). Th2 cytokine sCD30 did correlate well with all 

Thl cytokines and IL-6 did correlare well with sIL-2R (p<0.01) but not with the 

TNFa receptors. Lastly IL-6 did not correlate with IL-6R (data not shown). IL-

1RA only correlated with TNFa RI (pO.0001). 

Table 3. Correlations between Thl and Th2 cytokines, measured in serum of moderately 

severe GO patients and healthy matched controls (Pearson r andp-value) 

Thl Th2 

SIL-2R TNFaRI TNFaRII IL-6 sCD30 IL-1RA 

SIL-2R • • • • • r.599 r .670 r .371 r.673 r.144 

pO.0001 p<0.0001 p<0.0001 p<0.0001 p.109 

TNFaRI r.599 • • • • • r.719 r.314 r .483 r .326 

pO.0001 p<0.0001 p<0.0001 pO.0001 p<0.0001 

TNFaRII r.670 r.719 • • • • • r.320 r .690 r.182 

p<0.0001 pO.0001 p<0.0001 p<0.0001 p.043 

IL-6 r.371 r.314 r .320 • • • • • r.406 r .241 

p<0.0001 p<0.0001 p<0.0001 pO.0001 p.007 

sCD30 r.673 r .483 r .690 r .406 • • • • • r-.008 

pO.0001 p<0.0001 p<0.0001 p<0.0001 p.933 

IL-1RA r.144 r .326 r.182 r .241 r-.008 • • • • • 

p.109 p<0.0001 p.043 p.007 p .933 
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Prediction of the response to radiotherapy 

When we compared the pretreatment values in the responders to radiotherapy 

(supposed to have been active at baseline) with those who did not respond 

(presumed to have been inactive), there were no differences in any of the cytokine 

levels (Table 4). However, using backward logistic regression analysis IL-6, 

sCD30 and sTNFaRI together predicted response. Calculating a ROC curve with 

IL-6, sCD30 and sTNFaRI together the area under the curve was 0.69. In a 

subgroup of 47 patients we also studied serum cytokine concentrations 3 and 6 

months after radiotherapy. Serum levels did not change upon radiotherapy (Figure 

1, for data on sIL-IRA) 

Table 4 Baseline serum cytokine concentrations inpatients with moderately severe GO who 

responded or did not respond to orbital irradiation 

n= 
Response 
34 (55%) 

No response 
28 (45%) 

T test or 
Mann 
Whitney 

Stepwise 
backward 
Logistic 
Regression 

IL-1RA (pg/ml) 359±177 435±314 0.233 

SIL-2R (pg/ml) 1335±416 1345±435 0.922 

IL-6R (pg/ml) 35.655±7272 35.583±8657 0.972 

TNFaRII (pg/ml) 3174±805 3251±868 0.720 

IL-6 (pg/ml) 2,3(0.6-23.4) 1,9(0.9-10) 0.502 0.10 

TNFoRI (pg/ml) 1084±181 1151±281 0.283 0.04 

sCD30(U/ml) 45(17,5-153) 43(21,8-92,4) 0.262 0.10 
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Figure 1. IL-1RA in 48 moderately severe GO patients measured before and 13 and 26 

weeks after orbital radiotherapy. Patients have been divided in responders (R+) and non 

r esponder s (R-) and smokers (S+) and non smokers (S-). 

700 

600 

0 13 26 

Time in weeks 

sR-/S-n=7 

!R-/S+n=12 
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Discussion 

In this study we measured a panel of cytokines in sera of 62 patients with 

moderately severe GO and in 62 matched healthy subjects. We found that almost 

all cytokines were increased in the patients, as compared to the controls. This was 

true for both Thl and Th2 derived cytokines, as well as for stimulatory cytokines. 

IL-IRA was the only exception, with similar levels in patients and controls. The 

question thus arises whether increased levels in the patients reflect the immune 

response in orbital Graves' disease. All patients, except for one, who had 

euthyroid Graves' disease, also had a clinical history of Graves' hyperthyroidism. 

However, it seems unlikely that the thyroid disease alone caused the observed 

elevated cytokine levels. Firstly, all patients were euthyroid for at least two 

months prior to enrollment in our study. Secondly, no correlations were found 

between cytokine and fT4 levels. Thirdly, we could not find any correlation 

between cytokine levels and parameters of autoimmune thyroid disease, like TPO 

antibodies or TBII. Thus the elevated serum cytokines did not seem to be related 
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just to the thyroid disease itself. Therefore it seems that at least some cytokines 

might reflect the presence of the eye disease, although, we can not rule out the 

possibility that these increased cytokine levels reflect a heightened overall 

activation of the immune system in Graves' disease patients. We could not find a 

correlation between serum cytokines and the duration, severity or activity of the 

eye disease. But using backward logistic regression analysis, IL-6, sCD30 and 

TNFaRI together had some value for predicting a response to radiotherapy. This 

suggests, that elevation of the cytokines indeed reflects active eye disease at 

baseline. 

There is controversy in the literature about GO being a Thl (cell mediated), or Th2 

(humoral) autoimmune phenomenon, or both.1533,34 We found that all cytokines, 

except for IL-IRA, were elevated, both Thl and Th2 derived cytokines and 

stimulating cytokines. It is likely that these findings indicate a reflection of the 

delicate cytokine network in the orbit, however it remains difficult to determine 

their pathogenetic role and place in the cascade. 

We found highly significant correlations between the two TNFa R I and II, as 

described before.35 TNFa itself is frequently undetectable and TNFa R's are 

known to represent the activation of TNFa.24,25,35 TNFa RI and II were highly 

correlated with all other cytokines, except for IL-6. IL-6 was correlated with 

sCD30 levels, as might be expected, since sCD30 is a member of the TNF 

receptor super family, and is released by cells expressing CD30, which are T cells 

that secrete Th2 type cytokines.26"28 Interestingly, sCD30 levels were also 

correlated with Thl type cytokines (sIL-2 R, TNF a RI and II), again reflecting 

the delicate balance in the cytokine network. IL-6 was not correlated with IL-6R, 

as has been described before.20 Thus IL-6 R does not seem to reflect activation of 

IL-6. IL-1 RA, which inhibit the actions of IL-1, by binding to the IL-1 Receptor, 

was only correlated with TNFa RI and not with any of the other cytokines. All 

these correlations show the difficulties in determining which cytokines in the 

network are responsible for a disease. 
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We also found that smoking tended to have some effect on serum cytokine levels. 

II-IRA and IL-6R were significantly higher in smokers than non-smokers. Also 

some of the other cytokines tended to be higher in smokers, this did not reach 

statistical significance. Smoking is strongly associated with GO.3638 The 

mechanism by which smoking might aggravate GO is not known. There might be 

a role for hypoxemia, as was shown in an in vitro study by Metcalfe et.al.39 or 

smoking might induce antibodies like Heat Shock Protein antibodies, as was found 

by our group.12 

To our knowledge this is the first study to compare various cytokines between 

ophthalmopathy patients and controls. There are only data on sIL-2R and IL-6 R 

levels in GO patients and our study confirms that these two cytokines are elevated 

in GO. There are no data on the other cytokines, with the exception of IL-IRA. 

Hofbauer et.al23 measured serum IL-1RA levels in 25 GO patients and found that 

IL-IRA was decreased in 18 smoking patients as compared to 7 non-smoking 

patients. Increased baseline IL-IRA levels were associated with a response to 

radiotherapy. We could not confirm these findings. We used the same assay and 

actually found higher IL-1RA levels in smokers than in non-smokers. It might be 

that this discrepancy is due to the larger sample size of our study, or to a different 

patient selection. We included patients on the basis of disease severity, not activity 

and consequently many appeared to have had inactive disease. Hofbauer et. al.23 

included active GO patients with <4 months disease duration. Our patients reflect 

usual clinical practice in presenting with disabling ophthalmopathy in whom the 

activity phase still has to be determined. 

We conclude that sIL-2R, IL-6, IL-6R, TNF a RI and II and sCD30 are elevated 

in GO patients as compared to healthy controls. This was not related to parameters 

of thyroid autoimmune disease. However, IL-6, sCD30 and TNFa RI had some 

value for predicting therapeutic outcome to retrobulbar radiotherapy in GO, and 

probably reflect active eye disease. 
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Association of thyrotropin receptor antibodies with activity rather than severity of GO 

Abstract 

Graves' ophthalmopathy (GO) and Graves' hyperthyroidism are closely associated 

diseases and thought to be caused by the same autoimmune process. An obvious 

explanation for this would be the presence of autoantibodies reacting with an 

autoantigen present in the orbit and the thyroid gland. The TSH-Receptor (TSH-R) 

is a likely candidate, because it appears to be present in both organs. If TSH-R 

antibodies are responsible also for the ophthalmopathy one would expect that their 

titers correlate with clinical characteristics of the eye disease. The aim of the 

present study is to see whether TSH-R antibodies are related to the activity and 

severity of the thyroid-associated ophthalmopathy. 

TSH-R antibody levels were measured as TBII (TRAK assay), and TSI (cAMP 

response of TSH-R transfected cell line) in 63 patients with untreated moderately 

severe GO, accompanying Graves' thyroid disease; all patients had been euthyroid 

for >2 months. TBII and TSI titers were strongly related to each other. TBII or TSI 

titers did not correlate with thyroidal or orbital disease duration, nor TPO antibody 

levels. In contrast, we found a striking and highly significant correlation between 

the Clinical Activity Score (CAS) of the eye disease, and both TBII (r= 0.54; P< 

0.0001) and TSI (r= 0.50; P< 0.0001). In addition, a weaker but significant relation 

was found between proptosis (in mm) and TBII (r=0,36; P=0,004) and TSI 

(r=0,49; P= 0,0001). No correlation was found with eye muscle motility. 

In conclusion, TSH-R antibody levels correlate directly with the activity of GO. 

The results support the hypothesis of a pathogenetic role of TSH-R antibodies and 

the TSH-R in the orbit in GO. 

Introduction 

Graves' hyperthyroidism is an autoimmune disease caused by TSH-Receptor 

Stimulating Immunoglobulins (TSI), and frequently associated with Graves' 

ophthalmopathy (GO). The reason for this association is incompletely understood, 

but it is likely that the thyroid disease and the ophthalmopathy are manifestations 
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of one disease entity: Graves' disease. An attractive hypothesis explaining these 

different manifestations would be the existence of an autoantigen present in both 

the thyroid gland and the orbit. Autoantibodies (or autoreactive T-cells) against 

this antigen might then crossreact with both tissues. An obvious candidate for this 

shared antigen is the TSH-Receptor (TSH-R). 

There is accumulating evidence that the TSH-R is indeed present in the orbit,1,2 

and expressed on orbital fibroblasts.3,4 If the orbital TSH-R is responsible for the 

ophthalmopathy one would expect that TSH-R autoantibodies titers correlate to 

some degree with the clinical expression of this thyroid-associated 

ophthalmopathy. However, many authors did not find a relationship between TSH-

R antibody levels and the severity of GO.5"9 These studies can be critisized for 

various reasons. First, most studies used a rather crude overall score to assess 

disease severity, the Ophtalmopathy Index.5,8,9 Secondly, the applied TSH-R 

antibody assays (like the LATS bioassay7) were not very sensitive. Thirdly, most 

studies included patients with burnt-out inactive GO who might still have rather 

severe eye disease although the autoimmune attack has ceased. In this situation it 

is difficult to assess appropriately a putative role for TSI. Still, some studies did 

find a correlation between Long Acting Thyroid Stimulatory Activity and severity 

of GO.10"12 

Therefore, we hypothesized that if TSH-R antibodies are involved in the 

pathogenesis of GO their titers might correlate with disease activity, rather than 

with disease severity. We therefore measured TSH Binding Inhibiting 

Immunoglobulins (TBII) and TSH-Receptor Stimulating Immunoglobulins (TSI) 

in 63 patients with GO, and related these titers with the Clinical Activity Score 

(CAS) of the eye disease.13 
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Patients and methods 

Patients 

Sera were drawn from 63 newly referred patients with Graves' ophthalmopathy. 

They had varying degrees of disease activity, but all had moderately severe GO 

(defined as proptosis >25 mm, and/or evident restriction of eye muscle motility). 

No patients had been treated for their eye disease, but all were euthyroid for >2 

months (defined as normal values of fT4 and T3 in the absence of elevated TSH 

values). 

The activity of the eye disease was assessed by an ophthalmologist, who was 

unaware of the laboratory data, using the Clinical Activity Score (CAS). This 

score is based on the classical signs of inflammation: orbital pain, (2 items: 

spontaneous or on attempted up, side or down gaze), redness of the conjunctiva or 

eyelids (2), swelling of caruncle, eyelids or Chemosis (3), and impaired function 

(worsening in the last 3 months in proptosis, eye muscle motility, visual acuity (3). 

The score thus ranges from 0 to 10. The overall severity of the disease was 

assessed using the Total Eye Score (TES) based on the NOSPECS classification, 

which was however adapted by using more objective and quantitative data. Soft 

tissue involvement was graded (0-3) using color slides, 14 and eye muscle 

involvement was graded (0-3) on the basis of a quantitative measurement of 

elevation.15 The TES is calculated as the sum of each class present multiplied by 

the grade in that class (maximum: 45). Class 5 (corneal involvement) was not 

included in the TES, in view of its rapid reversibility by the use of artificial tear 

drops.16 

Methods 

TSH Binding Inhibiting Immunoglobulins (TBII). 

TBII were measured using a commercially available radioreceptor assay (TRAK-

assay, BRAHMS Diagnostica Berlin GmBH, Germany). All serum samples were 

assayed in duplicate. 
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TSH-Receptor Stimulating Immunoglobulins (TSI). 

For this assay we used CHO cells stably transfected with the human TSH-Receptor 

(clone JP26, a kind gift of Prof Dr. G.Vassart, Brussels). The cells were 

maintained under 5% carbondioxide at 37°C in RPMI/10%FCS/pen/strep 

(Biowhittaker, Belgium) with a fortnightly treatment with G418 to maintain 

selective pressure. The IgG fraction was purified from patients sera using protein 

A-Sepharose (Pharmacia, Sweden). The final concentration of the IgG fraction 

after purification was between 4 and 8 mg/ml. Before the experiment, cells were 

seeded at a density of 4.104 cells/well in a 96-well tissue culture dish (Cor 

ning/Costar, The Netherlands) in RPMI/10% FCS. After 24 hours the cells were 

washed and then 100 ul of hypotonic Hanks Balanced Salt Solution (HBSS)/0,5 

mM isobutyhnethylxanthine was added with or without 10 (j.1 purified patient IgG 

and incubated for 2 hours. After 2 hours incubation medium was collected and 

cAMP production was measured using a commercially available 

radioimmunoassay (Immunotech, Marseille, France). cAMP data are expressed as 

total amount of cAMP in pM/well. All samples were assayed in triplicate and in 

order to minimize the known variability of this bio-assay, all samples were 

measured in one run.The coefficient of variation of the whole assay procedure was 

13±6% per triplicate sample. 

Other measurements. 

FT4 was measured by a two-step FIA assay (DELFIA, EG&G Wallac, Turku, 

Finland), TSH by IFMA (DELFIA, EG&G Wallac, Turku, Finland). Total T3 

measurements were measured by in house radioimmunoassay. TPO antibodies 

were measured by immunofluorescence (CLB, Amsterdam, the Netherlands). 

Analysis 

TSI and TBII measurements were correlated with demographic patient variables, 

and with disease severity (grade of soft tissue involvement, proptosis in mm, eye 

muscle motility in degrees of elevation and TES), and disease activity (CAS) by 
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Spearman's correlation using SPSS software. If TBII were undetectable (< 5 U/l) a 

figure of 2,5 U/l was used in the analysis. If cAMP production was > 130 pM/well, 

130 pM/well was used in the analysis. In addition, stepwise multivariate regression 

analysis was done with patients' age, sex, the duration of GO, and the CAS as 

independent variables, and TSI as the dependent variable. Comparisons of groups 

were done using unpaired, two-sided t-tests, or Mann Whitney U tests. 

Results 

The clinical data of the 63 patients are shown in Table 1. TBII were detected in 

36/63 (57%) of the patients. TBII and TSI were related to each other (Spearman's 

correlation coefficient r = 0,67 , p< 0,0001; figure 1). TSI (and not TBII) 

correlated significantly negative with age, however, using stepwise regression 

analysis age, sex, duration of GO and the CAS indicated only a strongly significant 

relation with the CAS. TBII or TSI levels were unrelated to duration of Graves 

thyroid disease or TPO antibodies. There was no correlation between TBII or TSI 

and the overall severity of the ophthalmopathy, using the total eye score (Table 2). 

Only in the 27 patients with a short duration of the eye disease (<12 months), the 

TES did correlate with TBII (r= 0,41; p= 0,035) and TSI (r= 0,43; p= 0,027). 

Assessing disease severity by separate parameters, we found that the patients with 

more severe soft tissue involvement (NO SPECS 2 b-c) had higher levels of TBII 

and TSI than the patients with lesser degrees of soft tissue involvement (NO 

SPECS class 2 0-a) (Table 2). In addition a significant correlation was observed 

between proptosis and TBII or TSI in all 63 patients (r = 0,49 , p < 0,0001, for the 

TSI r=0,36, p=0,004 respectively). 

There was a consistent and striking correlation between both TBII and TSI levels 

and disease activity as assessed with the CAS (Figure 2). All patients were (at least 

> 2 months) euthyroid, at the time of TBII/TSI measurements: TSH (mean ± sd) 

1,96 ± 2,20 mU/1, FT4index (mean ± sd) 122 ± 30, T3 (mean ± sd) 1,94 ± 0,51 

nmol/1. 
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Association of thyrotropin receptor antibodies with activity rather than seventy of GO 

r = 0,67 

p = <0,0001 

y = 1,67x-45 

400 

100 120 >130 

TSI (cAMP in pM/well) 

Figure 1. Correlation beru'een TSI and TBII in 63 patients with moderately severe Graves' 

ophthalmopathy 

TSI 
cAMP , pM/well 

T B I I 
U/L 
140 

r=0.54 
120 p<O.O00l 

y= l2 .2x - 1.47 

Figure 2. Correlation between the Clinical Activity Score (CAS) and TSI (Panel A) and TBII 

(Panel B) levels in 63 patients with moderately severe Graves' ophthalmopathy. Spearman's 

correlation coefficient, significance level (a < 0,05), and the formula of the line of regression 

is presented. 
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Association of thyrotropin receptor antibodies with activity rather than severity of GO 

Discussion 

There is increasing evidence that the TSH-R is present in orbital tissue. TSH-R 

mRNA has been found in tissue homogenates by PCR,17 and 

immunocytochemistry has made it likely that orbital fibroblasts express the 

receptor at certain stages of their maturation.18 These findings support an old 

hypothesis that TSH-R antibodies might not only cause Graves' hyperthyroidism, 

but are also responsible for Graves' ophthalmopathy by cross-reacting with a 

shared autoantigen.19 However, the mere presence of a TSH-R on orbital 

fibroblasts does not prove that TSH-R autoantibodies indeed cause, or initiate the 

swelling of orbital tissues. There is limited evidence that TSI or TSH have an 

effect on orbital fibroblasts in vitro. The studies by Rotella et al.,20 showing that 

TSH increases glycosaminoglycan production by orbital fibroblasts, and Heufelder 

et al.,21 showing upregulation of ICAM-1 on orbital fibroblasts upon incubation 

with TSH, are the only evidence for this and need confirmation. Thus, whether 

there is an interaction between TSI and a TSH-R in the orbit still needs to be 

proven. 

Except for these in vitro studies another way to support the hypothesis that 

TSI play a pathogenetic role in GO would be to show that TSI titers in some way 

correlate with the clinical expression of the ophthalmopathy. This has been 

investigated in the past, and most authors could not find such a relation,5"9 leading 

to a consensus in the 1980s that TSI were not involved in GO.22 However, many of 

these studies used insensitive TSI assays (including the LATS bioassay), and 

sought for a correlation with disease severity using rather crude ways to assess 

this. Moreover, the approach to relate TSI with disease severity can be seriously 

challenged. From the studies of Rundle and colleagues we know that GO has a 

tendency to spontaneously ameliorate over time, usually without complete 

remission to the pre-morbid state.23 Thus, even in this burnt-out, fibrotic, inactive 

stage the patients might still have considerable proptosis and suffer from diplopia. 

However, by this time the Graves' disease might have become inactive with low 
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TSI levels. In other words, in inactive eye disease a possibly pathogenetic factor, 

like TSI, will not correlate any more with eye disease severity, a bias that was not 

recognized in the previously mentioned studies. 

We, therefore, used a different approach and correlated TBII and TSI levels 

with the CAS, a parameter for eye disease activity, and found a highly significant 

correlation between CAS and both TBII and TSI values. This observation thus 

lends clinical support for TSI being important in the pathogenesis of GO. It is 

further supported by the significant correlations with severity of soft-tissue 

involvement and proptosis, though not with an overall parameter of disease 

severity (TES). 

Which are the limitations of our study? First, we only found an association, which 

of course does not prove causation. Secondly, the coexisting thyroid disease might 

be a more prominent determinant of TSI levels. However, all our patients were 

rendered euthyroid for at least 2 months mostly by antithyroid drugs, and none had 

received radioactive iodine in the previous six months. Also, TBII and TSI levels 

did not correlate with the duration of the thyroid disease, nor with another 

parameter of thyroid autoimmunity, e.g. TPO antibody levels. Thirdly, TSI 

measurements are known to have a high intra-assay variability. However, we 

measured all TSI samples in one assay run, and the correlation with the CAS was 

also found with the less sensitive TBII assay. 

In conclusion, our study establishes a significant correlation between TBII or 

TSI titers and the clinical activity of Graves' ophthalmopathy. These results are 

compatible with a role of these TSH-R antibodies in the pathogenesis of thyroid 

associated ophthalmopathy. 
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Addendum 

TSH-RECEPTOR AUTOANTIBODIES AS PREDICTORS OF OUTCOME 

OF IMMUNOSUPPRESSION IN GRAVES' OPHTHALMOPATHY. 

In view of the observed relationship between TSI and TBII levels with not 

only the severity of the eye disease but also -and even to a larger extent- with the 

activity of the eye disease, we established if TSH receptor antibodies might have 

predictive value for the outcome of immunosuppression. This was investigated in 

the same 63 patients with moderately severe Graves' ophthalmopathy, who all 

were treated with retrobulbar irradiation. The therapeutic outcome was assessed 

after 6 months. 

34 patients were responders and 29 nonresponders (no change in 24 patients, and 

deterioration in 5 patients). At baseline there was no significant difference in TBII 

or TSI levels between both groups (Table 1). The ROC curves for TBII and TSI 

had a disappointingly low area under the curve (0,59 ± 0,07 for TBII, 0,53 ± 0,08 

for TSI, see figure 1). 

We also followed the course of serum TBII and TSI levels in the six months after 

radiotherapy. We found a significant decrease in titers of both TBII and TSI, 

which was similar in responders and nonresponders (Wilcoxan's matched pairs, p 

< 0,0001 for n=58 pairs) (table 1 and figure 2). 

It is concluded that despite the correlation of TBII and TSI levels with the 

CAS, the TSH receptor antibodies in serum do not reliably predict the outcome of 

radiotherapy. What might be the explanation for this? First, the CAS itself 

performed rather poorly in predicting a response in this cohort (CAS > 4/10 had a 

positive predictive value of 65%, and a negative predictive value of 56% in 
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predicting a response to immunosuppression). Secondly, TBII and TSI titers also 

correlate with the severity of the ophthalmopathy. Thirdly, it might be that the 

titers are also determined by the thyroid disease itself, which was treated by 

antithyroid drugs. This might explain why the titers decreased during follow up in 

all patients. 

One might speculate that TSH-R antibodies are involved in the initiation of 

the autoimmune response in the orbit by cross-reacting with an orbital TSH-R.1"3 

The perpetuation of the orbital autoimmune process might very well be determined 

by a plethora of secondary events, including cytokine release by infiltrating 

lymphocytes, or the induction of the formation of secondary autoantibodies to 

orbital (not thyroidal) antigens. On the other hand, a high TBII or TSI level may 

simply reflect a more severe autoimmune dysregulation associated with more 

severe manifestations of Graves' disease in the thyroid, and outside the thyroid in 

the orbit, and even the pretibial skin. 

Table 1. Serum concentrations of TSH receptor antibodies, TSH, FT4 and T3 in 63 patients 
with moderately severe Graves ' ophthalmopathy, measured before and six months after 
retrobulbar irradiation. 

t=0 
All 
n=63 

t=0 
responders 
n=34 

t=0 
nonresponders 
n=29 

P* t=26 weeks 

n=63 

p** 

TSI (cAMP pM/well) 
median (range) 

39 
(21-130) 

39 
(23-130) 

39 
(21-130) 

.70 29 
(13-130) 

.0001 

TBII (U/l) 
median (range) 

13 
(2,5-400) 

13 
(2,5-274) 

13 
(2,5-400) 

.23 6 
(2,5-220) 

.0001 

TSH 
mean (sem) 

1,96 
(0,28) 

1,69 
(0,32) 

2,27 
(0,47) 

.44 1,47 
(0,23) 

.09 

FT4 
mean (sem) 

16,2 
(0,47) 

16,5 
(0,76) 

15,8 
(0,56) 

.50 16,1 
(0,47) 

.84 

Total T3 
mean (sem) 

1,93 
(0,06) 

1,93 
(0,09) 

1,92 
(0,09) 

.97 1,90 
(0,06) 

.39 

P*, p-value for difference between responders and nonresponders using the Mann-Whitney (U) test; 
P**, p-value for difference between t=0 and t=26 weeks using Wilcoxan's signed rank test. 
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Figure 1. Receiver-operating-characteristic (ROC)-curves of serum TBII (left panel) and 

TSI (right panel) concentrations for predicting a response to radiotherapy. 
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Figure 2. Serum TBII (left panel) and TSI (right panel) concentrations at baseline and 26 

weeks after radiotherapy in patients with moderately severe Graves ' ophthalmopathy. 
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Assessment of disease activity in Graves ' ophthalmopathy by orbital ultrasonography 

Abstract 

In a previous, preliminary study we have found that A-mode ultrasonography 

might be useful in predicting the response to immunosuppression in Graves' 

ophthalmopathy. This suggested that a low internal reflectivity in the extraocular 

eye muscles reflects inflammatory changes, as compared to high and irregular 

reflectivity in fibrotic muscles. Thus, we performed a prospective study in 56 

consecutive patients with moderately severe Graves' ophthalmopathy, who were 

treated with retrobulbar irradiation (10 fractions of 2 Gy). Before treatment the 

internal reflectivity was measured in the extraocular eye muscles, and then 

compared to the therapeutic outcome 26 weeks after irradiation. Twenty-eight 

(50%) of the patients responded favorably to radiotherapy, and when we used the 

reflectivity measured in the one eye muscle per patient which had the lowest 

reflectivity, the eye muscle echogenecity indeed tended to be lower in the 

responders than in the non-responders (P=0.09). From a receiver operator 

characteristics curve, a cut-off value of 30% yielded a good positive predictive 

value of 85%, but the negative predictive value was only 60%. In conclusion, this 

study confirms our preliminary findings that A-mode ultrasonography has a rather 

good positive predictive value. However, the poor negative predictive value 

precludes its use as sole activity parameter. 

Introduction 

Graves' ophthalmopathy (GO) is viewed as an autoimmune disease 

characterized by lymphocytic infiltration of the retrobulbar tissues.1 The 

infiltrating lymphocytes produce cytokines which stimulate glycosaminoglycan 

production by the orbital fibroblasts present in the extra-ocular eye-muscles 

(EOM) and the connective tissues, leading to edema and swelling of these tissues. 

In later stages, this inflammation subsides and is replaced by a fibrotic swelling of 

the eye muscles. Thus both the inflammatory and the fibrotic stage of the disease 

cause swelling of the retrobulbar tissues resulting in proptosis and diplopia. The 
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management of GO, however, differs during the active and the inactive phases: 

immunosuppression being more effective when there is inflammation, and 

decompressive or squint surgery being indicated during the fibrotic endstage. 

It follows that the severity of the eye disease per se is not a good indicator 

for the choice between immunosuppresion and surgery. Instead, one would want to 

know whether the disease is active or inactive. The gold standard for the 

determination of the activity of the eye disease is histological examination of 

retrobulbar tissues. An inflammatory reaction with lymphocytic infiltration in 

extra-ocular muscles and retrobulbar fat indicates active disease, wheras fibrotic 

changes in these tissues indicate inactive disease. Biopsies of retrobulbar tissues, 

however, are seldom feasible in clinical practice. In order to differentiate between 

these stages a number of various so-called disease-activity parameters have been 

introduced, including the Clinical Activity Score (CAS),2 Magnetic Resonance 

Imaging (MRI),3 and octreotide scanning.4-5 The CAS is a purely clinical and 

inexpensive measurement, but has a limited sensitivity and specificity. MRI and 

octreoscan have their own merit, but both are expensive and not available in all 

centers. We have previously reported on the use of A-Mode Ultrasonography.6 

With this technique we found that patients with active disease had one or more eye 

muscles with very low internal reflectivity, presumably due to inflammation and 

edema leading to easy penetration of the sound beam. In contrast, patients with 

inactive and fibrotic disease had eye muscles with a high internal reflectivity, 

probably because of fibrosis in these muscles. A-Mode Ultrasonography is 

inexpensive and widely available method, and was found to be promising in our 

preliminary study in differentiating patients with active disease (in the absence of 

histology this was defined as those who had benefit of immunosuppresion) from 

those with inactive disease (defined as those who did not respond to 

immunosuppressive radiotherapy). 

Here we report on the usefulness of ultrasonography to predict the result of 

retrobulbar irradiation in a cohort of 56 patients with moderately-severe Graves' 

ophthalmopathy. It consisted of consecutive patients selected for radiotherapy 
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because of the severity of their eye disease, regardless of the "activity" of their 

disease, thus representing an average population of GO patients. 

Patients 

We studied consecutive patients with moderately severe GO, who had not 

been treated for their eye disease except for artificial tears. Moderately severe GO 

was defined by severe soft-tissue involvement, and/or proptosis of >25 mm, and/or 

an evident restriction in eye muscle motility, usually leading to diplopia. Patients 

with a decreased visual acuity due to optic nerve involvement were considered too 

severe, and not included in this study. All had to be euthyroid for at least 2 

months, as indicated by the presence of normal plasma concentrations of thyroxine 

and tri-iodothyroinine, in the absence of an elevated thyrotropin concentration. 

Patients with diabetes mellitus, previous chemotherapy or pregnancy were 

excluded from this study. 

All patients were treated, (for reasons of moderate severity of their GO), 

with retrobulbar irradiation using 10 divided fractions of 2 Gy daily over a 2 week 

period administered with a 5 meV linear accelerator.7 Therapeutic outcome was 

assessed 26 weeks after irradiation and defined according to minor and major 

criteria. The major criteria were: 1) An improvement in the degree of diplopia, 

ranging from absent, to intermittent (i.e. present only occasionally), inconstant 

(i.e., present but not in primary gaze), or constant (i.e., present in primary gaze); 2) 

Improvement in the quantitative measurement of eye muscle motility by 8 degrees 

or more in elevation.8 Minor criteria were changes of >2 mm in lid width, >2 mm 

in exophthalmometer readings, and changes in soft-tissue involvement (i.e., mild, 

moderate or severe) as judged blindly from pre- and posttreatment colour slides).9 

Patients who responded in at least one major, or in > 2 minor criteria were 

considered responders. Patients in whom no changes occurred, or who responded 

in only one minor criterion, or who actually deteriorated classified as non-
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responders. In addition, we also determined the pretreatment Clinical Activity 

Score.2 

The study protocol was approved by the Medical Ethics Committee of the 

Academic Medical Center, University of Amsterdam, and all patients gave their 

informed consent for the study. 

Methods 

Eye muscle reflectivity was assessed by an experienced independent 

investigator with standardized A-mode ultrasonography of both orbits, using an 

Ophthascan-S unit (Alcon Co., Puurs, Belgium), as described earlier.6 In short, the 

sound beam was directed perpendicular to the axis of the rectus muscles, and 

reflectivity was determined at the muscle belly. From Polaroid pictures, taken 

during the examination, the eye muscle reflectivity was calculated by measuring 

the distance from the baseline to the mean of the tops of all spikes within the 

anterior and posterior muscle sheaths, and expressed as a percentage of the initial 

scleral spike, which was set at 100% (Fig. 1). Due to the orbital rim it was difficult 

to obtain a reproducible image of the inferior rectus muscles. Therefore, we only 

assessed reflectivity in the superior, medial, and lateral rectus muscles. The intra-

observer coefficient of repeatability is 10,2%, and the inter-observer coefficient of 

repeatability is 11,9% in patients with GO.6 To determine the predictive value, the 

therapeutic outcome was related to the mean pretreatment reflectivity in all six 

investigated eye muscles, and to the pretreatment reflectivity of the muscle with 

the lowest echogenecity. 

Statistical analysis 

All data are expressed as mean ±standard deviation and unpaired two-sided 

Student's t-tests were used. A receiver-operator-characteristics curve was plotted 

to determine the cut-off for the pretreatment lowest eye muscle reflectivity in 
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predicting a response to treatment. Positive and negative predictive values were 

calculated from a 2x2 table using this cut-off. 

% 

100-

15 

B 

1....1 —..,.........1....t...-i....J....|. • p..,,,., ,••......•, 

Figure 1. Two examples of the A-mode ultrasonographic pattern of the orbital contents in 

a patient with inactive Graves ' ophthalmopathy (A), and in a patient with active eye 

disease (B). Notice the irregular and high reflectivity pattern of the eye muscle (arrow, 

69%) inpatient A, and the low reflectivity (15%) in the eye muscle in patient B. Reflectivity 

was measured by determining the mean distance between the baseline and the tops of the 

spikes as a percentage of the initial scleral spike. 

Results 

Fifty-six patients (age 53.2 ± 10.5 yrs; 39 females, 17 males) were included 

in the study, of whom 28 (50%) responded to radiotherapy, whereas 50% did not 

respond. We compared the eye muscle reflectivity among the responders and non-

responders (Table 1). There was no difference in eye muscle reflectivity when all 

eye muscles were considered together, however when we looked only at the eye 

muscle with lowest reflectivity per patient as described before,6 responders tended 

to have a lower reflectivity than non-responders (P=0.09). 
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Table 1. Mean (SD) pretreatment Eye Muscle Reflectivity (EMR) in 56 patients with 

moderately-severe GO, of whom 28 responded and 28 did not respond to subsequent 

orbital radiotherapy. Lowest EMR represents the mean (SD) reflectivities in the one muscle 

with lowest reflectivity per patient. 

All Responders Non-responders p-value 

n=112 eyes n=56 eyes n=56 eyes 

(56 patients) (28 patients) (28 patients) 

m.rectus superior 54(8) 55(9) 54(7) .54 

m rectus medialis 45(11) 43 (11) 47 (10) .16 

m rectus lateralis 49(8) 47(11) 51(8) .11 

mean of six EMR (%) n=56 patients n=28 patients n=28 patients 

50(6) 49(7) 51(6) .34 

lowest EMR (%) n=56 patients n=28 patients n=28 patients 

36(11) 33 (14) 38(8) .09 

For differences between responders and nonresponders, unpaired independent two-sided t-

tests were calculated (significance level p< 0,05). 

From a ROC curve (Fig. 2) we determined a cut-off of 30% reflectivity to 

be used to discriminate between responders and non-responders. A reflectivity of 

<30% in the eye muscle with lowest reflectivity, occurred more frequently in 

responders (11/28, 39%) than in non-responders (2/28, 7%; P=0.004). Using this 

cut-off, measuring eye muscle reflectivity had a good positive predictive value of 

85% (Table 2). However, many responders had a reflectivity of >30% (Fig. 3), 

explaining the low negative predictive value of only 60%. 

110 



Assessment of disease activity in Graves ' ophthalmopathy by orbital ultrasonography 

0.6 0.8 1.0 

I -specificity 

Figure 2. Curve of receiver operating characteristics at different cut off points of the 

lowest eye muscle reflectivity (expressed as a percentage), predicting a respons to 

immunosuppressive treatment. The area under the curve is 0,61. A cut-off of 30% 

reflectivity yielded the best discriminating value (arrow). 

Table 2. Two-by-two table showing the usefulness of A-mode ultrasonography in 

predicting a response to immunosuppressive treatment. A cut off of 30% for the lowest eye 

muscle reflectivity in a patient was calculated from a receiver operating characteristics 

curve at different cut off points of lowest eye muscle reflectivity. 

lowest EMR (%) Responders Nonresponders totals 

<30% 11 2 13 

^30% 17 26 43 

28 28 56 

predictive values 

+PV=85% 

-PV=60% 

Fischer's exact test, two tailed: p=0,004. 
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Figure 3. The individual reflectivity values in the muscles with lowest reflectivity in 28 

responders and 28 non-responders to orbital radiotherapy. Mean values in both groups are 

indicated by small solid lines. The dotted line represents the cut-off value of 30%. 

No correlation could be found between the Clinical Activity Score and eye 

muscle reflectivity. Actually, out of 13 patients with a low CAS of 0-1, 5 had a 

reflectivity of less than 30%. This indicates that A-mode ultrasound measures an 

activity feature different from the signs and symptoms considered in the CAS. 

Discussion 

In our first preliminary study we found that the measurement of EOM 

reflectivity by ultrasound was a reliable and inexpensive method with a promising 

capacity to differentiate patients who will respond to immunosuppressive 
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treatment from the non-responding patients.6 Here we tested this non-invasive 

method in a large group of 56 consecutive patients with moderately-severe GO, 

not selected for disease activity, who underwent retrobulbar irradiation. The 

treatment resulted in a response in 28 patients (50%), and our A-mode 

ultrasonography could identify 11/28 (39%) of these responders by detecting at 

least one eye muscle with <30% reflectivity. In only 2/28 (7%) non-responders 

such a low reflective eye muscle could be found. Therefore, this method proved to 

have a good positive predictive value of 85%. 

On the other hand, this large study also revealed a poor negative predictive 

value (60%), because 15/28 patients responding to radiotherapy did not have a low 

reflective eye muscle. This is in contrast to our earlier study in which a negative 

predictive value of 100% was found, though with a wide 95% Confidence Interval 

of 45-100%. Our present results thus underscore the need to confirm our previous 

preliminary results in a larger prospective study. One reason for the 

disappointingly low negative predictive value probably is the fact that the 

ultrasound beam can not reliably assess the inferior rectus muscle (due to 

obstruction by the superior orbital rim). This inferior rectus is the most frequently 

involved eye muscle in GO, and it might very well be that many of the responders 

actually had a low reflectivity in their inferior recti, which is missed by our 

method. For, in most patients only one or two eye muscles had low reflectivity 

with normal values in the other muscles. This is in agreement with our first study, 

and with the fact that the eye muscles in GO are usually differentially affected. 

So, what might be the role of A-mode ultrasonography in assessing disease 

activity in GO ? Its rather poor negative predictive value precludes its use as sole 

activity parameter and it should thus be combined with other methods. In this 

respect it is interesting to note that ultrasound reflectivity did not correlate with the 

Clinical Activity Score. It seems that ultrasound identifies a subset of patients 

responding to radiotherapy, who do not have a high CAS; ultrasonography 

therefore appears to assess a different activity feature. It could be that 

ultrasonography measures eye muscle information, whereas the CAS reflects 
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activity in all of the orbital tissues. Other methods that assess the activity of GO 

are Magnetic Resonance Imaging (MRI) and octreotide scintigraphy. However, 

these methods are expensive and not always available. Therefore, ultrasonography 

(being inexpensive, noninvasive, and safe)10 might very well be useful in 

identifying active patients in conjunction with other methods. Its true place can 

only be established in a study in which all available methods are applied in the 

same patient population. 

In conclusion, A-mode ultrasonography can identify a relatively small 

number of patients responding to radiotherapy, who are nevertheless not identified 

by other simple clinical means such as the Clinical Activity Score. However, if no 

low reflective eye muscles are detected, this does not mean that a patient will not 

benefit from radiotherapy. 
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Abstract 

Background. Two-thirds of patients with Graves' ophthalmopathy (GO) respond to 

immunosuppressive treatment (prednisone or orbital irradiation), but one-third do 

not respond. Responders are likely in the active, edematous stage of the eye 

disease, nonresponders in the inactive fibrotic stage. Clinical distinction between 

the two stages can be difficult. Quantitative MRI might be helpful in this respect, 

as T2 relaxation times are longer in edematous tissues than in fibrotic tissues. 

Study design. Prospective study on quantitative orbital MRI in healthy subjects and 

patients with moderately severe GO, evaluating T2 relaxation time of extraocular 

muscles (EOM): a) in patients versus controls, and b) in patients, as predictor of 

outcome to orbital irradiation. 

Subjects and measurements. Evaluated were 9 healthy volunteers and 64 

consecutive patients with moderately severe untreated GO, who were euthyroid for 

>2 months and qualified for orbital irradiation. T2 relaxation times were measured 

in the belly of all 8 EOM of each subject. Baseline T2 values in patients were 

related to outcome of radiotherapy, as assessed by an independent observer 6 

months later according to predefined criteria. 

Results. T2 relaxation times of the 8 EOM are longer in GO patients than in 

controls (mean values ± SD are 129 ± 25 vs 90 ± 9 msec; P=0.03). The longest T2 

relaxation time observed in any of 6 EOM (excluding the lateral muscles for 

technical reasons) is also longer in patients than in controls (160 ± 38 vs 102 ± 12 

msec; P<0.001). The longest T2 relaxation time observed in any of 6 EOM in the 

34 responders to orbital irradiation is greater than in the 30 nonresponders (median 

values [range]: 160 [108-250] vs 138 [68-216] msec; P=0.07). Using a cut-off 

value of 130 msec (derived from a receiver-operator-characteristics curve), the 

longest T2 relaxation time observed in any of 6 EOM of a particular patient has a 

positive predictive value of 64%, and a negative predictive value of 92% for the 

outcome of radiotherapy. 
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Conclusion. Quantitative orbital MR! reliably detects the inactive, fibrotic stage of 

GO. It can be useful in the decision whether or not to apply immunosuppression in 

patients with moderately severe GO. 

Introduction 

Orbital Magnetic Resonance Imaging (MRI) can visualize the swollen extraocular 

eye muscles and retrobulbar fat in Graves' ophthalmopathy. Like CT scanning, 

MRI can be used to establish the diagnosis of this thyroid related autoimmune 

disorder.1 While the bony orbit is better seen on a CT scan, orbital MRI has two 

advantages over CT scanning. First, it does not submit the patient to ionizing 

irradation. Second, it may be able to discriminate between active and inactive eye 

disease, by distinguishing edema from fibrosis. This distinction might have 

clinical relevance. In the early stages of the disease, the eye muscles are enlarged 

because of infiltrating lymphocytes, proliferating fibroblasts and edema. In later 

stages, the still enlarged eye muscles have become fibrotic, and the disease has 

entered the inactive stage. Immunosuppressive therapy may be usful in the early, 

active stage of the eye disease, whereas rehabilitative surgery is indicated in the 

later inactive stages.2 

Several methods to determine the disease activity have been developed, but none 

of them are entirely satisfactory.3 By virtue of its potential to detect edema, MRI 

holds promise to be a reliable activity parameter. On T2 weighted images 

edematous and fibrotic eye muscles differ considerably, and it is possible to 

quantify these signals offering an objective assessment. This has been done using 

STIR protocols, or by measuring the T2- relaxation time.440 Both methods found 

that the signal intensity correlated with clinical parameters of disease activity, 

suggesting that MRI is indeed useful. However, this clinical assessment of activity 

is subjective,11 and correlates only to a certain extent with the response to 

immunosuppressive treatment.12 To determine the stage of the disease, an 

histological biopsy of an eye muscle would be needed, and for obvious reasons the 
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validity of an activity parameter has never been tested using this gold standard. A 

surrogate standard, which is also clinically relevant, is to compare the result of an 

activity marker with the subsequent response to immunosuppression. For, in 

patients with active eye disease this intervention should result in a favorable 

response, while the ophthalmopathy should remain unchanged in patients with 

inactive disease. Most other parameters for disease activity have now been 

evaluated in this way, and the value of octreotide scintigraphy,13 the clinical 

activity score,12 eye muscle reflectivity on ultrasound,14 in predicting the response 

to immunosuppression remains limited. Although orbital MRI is in use for more 

than a decade, this kind of analysis of its usefulness has only been done in two 

studies, with entirely opposing results.9-10 

Here we report on the prognostic value of quantitative MRI in an unselected group 

of 64 consecutive patients with Graves' ophthalmopathy, whose disease severity 

warranted an intervention. We chose not to measure the signal intensity, because 

this method varies with the MRI equipment. In stead, we determined the T2 

relaxation time so that results may be used in other institutions. We measured the 

T2 relaxation time in all extraocular eye muscles, and compared the results with a 

reference groups of healthy volunteers. 

Methods 

Patients and controls 

MRI was done in 64 consecutive patients with moderately severe ophtalmopathy, 

who qualified for orbital radiotherapy (20 Gy, given in 10 fractions of 2 Gy over a 

14 day period) because of evident restriction of eye muscle motility (usually with 

diplopia), and/or severe proptosis (25 mm or more). We did not include patients 

with optic nerve involvement (they were considered too severe), or with 

contraindications for radiotherapy (diabetes mellitus). The baseline MRI data were 

compared to the therapeutic outcome at six months post irradiation. The response 

to treatment was determined on the basis of predefined criteria. Major criteria: 1. 
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Change in degree of diplopia: intermittent (present only occasionally), inconstant 

(in certain directions of gaze only), or constant (present in primary position of 

gaze). 2. Change of 8 degrees or more in eye muscle motility (elevation), 

measured using a modified hand perimeter.15 Minor criteria: 1. A change of >2 

mm in lid aperture. 2. A change of >2 mm in proptosis. 3. A change in the degree 

of soft tissue swelling using pre- and posttreatment colour slides.16 If a patient 

improved in at least one major, or two minor criteria this was labeled as a 

response, if this did not occur the patient qualified as a non-responder. 

Patients were only included if they had not received prior therapy for their eye 

disease, and all patients had to be euthyroid for at least 2 months before 

radiotherapy. MRI was also performed in nine healthy subjects (8 males) The 

study was approved by the Medical Ethics Committee of the Academic Medical 

Center. 

MRI protocol 

Scans were made on a 0.5 Tesla Philips Gyroview SR5, and a Philips Gyroview 

NT5 at the Department of Radiology of the University Medical Center Utrecht. 

Coronal images were generated, and the T2 value of the eye muscles was obtained 

on 4 mm slices just posterior to the globe using a turbo spin echo (TE 120 msec, 

TR 2935 msec, flip angle 190°, turbo factor 13, acquisition time 328 s). The true 

T2 values were estimated using a calibration technique, based on T2 reference 

values obtained from measurements of the white brain matter in a mix scan 

sequence,17 with a 10 mm thickness (TE 150 msec, TR 780 msec, turbo factor 16, 

acquisition time 134 s, IR 2200 ms, IR delay 360 msec, 2 echos, 2 measurements, 

field-of-view 230 mm). This mix scan was done in 20 patients, and their white 

matter on average was 84.63 msec. The T2 time in the eye muscles was 

determined by multiplying the raw T2-weighted measurement in this muscle belly 

with the mean T2 of the white matter in 20 patients, divided by the raw T2-

weighted white matter measurement in that patient. MRI scans were done just 
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prior to radiotherapy, and T2 times were calculated in all 8 extraocular eye muscles. 

Results 

Controls 

The results of the T2 measurements in the 9 controls are given in Table 1. The 

inferior and lateral rectus muscles had a longer T2 time than the medial and 

inferior muscles. The measurement of the lateral muscle was clearly less reliable 

(resulting in a high standard deviation), due to the fact that it is smaller than the 

other muscles and more liable to artifacts (such as partial volume averaging), 

because it is not cut perpendicularly on coronal sections. For these reasons, we 

decided not to use the T2 measurements in the lateral muscles in our patients. 

Table 1. The T2 relaxation time in msec in the eight extraocular eye muscles (EOM) of 

nine healthy controls 

median (range) 

103(75-115) 
94 (50-121) 
86 (73-94) 
84(69-113) 

98 (85-103) 
96 (80-126) 
81 (59-96) 
84(72-105) 

101(75-115) 
93 (50-126) 
82 (59-96) 
82(69-113) 
88 (50-126) 

112(87-126) 
103(86-115) 

Rectus eye muscle mean ± SD 

Inferior left 
Lateral left 
Medial left 
Superior left 

98 ±16 
95 ±21 
85 ±6 
85 ±14 

Inferior right 
Lateral right 
Medial right 
Superior right 

96 ±7 
96 ±15 
81 ±10 
85 ±12 

Inferior left and right 
Lateral left and right 
Medial left and right 
Superior left and right 
All eight muscles 

97±11 
96 ±16 
83 ±6 
85 ±12 
90 ±9 

Longest T2 time of 8 EOM 
Longest T2 time of 6 EOM 
(excluding the lateral muscle) 

108±11 
102 ±12 

The T2 time in the inferior and lateral rectus muscles is longer than in the medial and superior 
muscles (P=0.001). 
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Patients 

The patients had a longer T2 time in all but the lateral rectus muscles as compared 

to the controls (Table 2). Again, the inferior rectus muscles had a longer T2 time 

than the other muscles. Responders to radiotherapy, tended to have a longer T2 

time in their eye muscles than the nonresponders, but there was a large variation in 

T2 times among the muscles (Table 3). It is well known that not all eye muscles 

are equally affected in Graves' ophthalmopathy,! and we therefore selected the 

eye muscle (excluding the lateral muscle) with the longest T2 time in each patient 

as being representative of its inflammatory stage. Using this method, the 

responders had a longer T2 time in their most affected muscle, than the non 

responders (Table 3). 

Table 2. Comparison ofT2 times (values in msec as mean ± SD) in extraocular eye muscles 

(EOM) of 64 patients with moderately severe Graves ' ophthalmopathy and 9 healthy 

controls 

Rectus muscle Patients Controls P value 

Inferior left 
Lateral left 
Medial left 
Superior left 

143 ± 40 
125 ± 28 
123 ±33 
125 ± 32 

98 ±16 
95 ±21 
85 ± 6 
85 ±14 

0.015 
0.39 
0.002 
0.01 

Inferior right 
Lateral right 
Medial right 
Superior right 

137 ±35 
128 ± 27 
124 ± 37 
130 ±36 

96 ±7 
96 ±15 
81 ±10 
85 ±12 

0.004 
0.12 
0.001 
0.009 

All eight muscles 129 ±25 90 ± 9 0.003 

Longest T2 time of 8 EOM 
Longest T2 time of 6 EOM 
(excluding the lateral muscles) 

165 ± 37 
160 ±38 

108 ±11 
102 ± 12 

0.001 
O.001 

The P value corresponds to a two-sided, unpaired t-test. 
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Table 3. T2 times (median values with range in msec) in eye muscles of 34 patients who 

responded to orbital radiotherapy versus 30patients who did not respond. 

Rectus muscles Responders Non Responders P value 

Inferior left and right 149 (90-208) 128 (61-209) 0.11 

Lateral left and right 129 (93-181) 122 (68-185) 0.27 

Medial left and right 121 (80-184) 109 (64-190) 0.24 

Superior left and right 130 (82-177) 113 (60-200) 0.49 

All eight muscles 133 (91-167) 123 (63-183) 0.26 

Longest T2 time of 6 EOM (excluding 160 (108-250) 138 (68-216) 0.07 

the lateral rectus muscles) 

P value corresponds to the Mann Whitney U test 

This longest T2 time per patient was used to analyze whether it could predict a 

subsequent response to radiotherapy. A receiver-operator-characteristics (ROC) 

curve was drawn, with an area-under-the curve (AUC) of 0.63. From this curve, a 

cut-off of 130 msec was derived. A T2 time of >130 msec had a positive predictive 

value of only 64%, but a negative predictive value of 92% in prognosticating the 

response to immunosuppressive radiotherapy (P=0.06). 

Discussion 

Our results show that the extraocular eye muscles of patients with Graves' 

ophthalmopathy have a longer T2 relaxation time than those in healthy controls. 

Moreover, a long T2 time appears to be associated with active eye disease, 

because responders to radiotherapy tended to have a longer T2 time than those 

who did not respond. When we selected the eye muscle with the longest T2 time in 

each patient, this measurement had some value in predicting the response to 
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subsequent treatment. Using a cut-off of 130 msec, measuring the T2 time had a 

poor positive predictive value of 64%, but a good negative predictive value of 

92%. MRI thus seems to be useful in detecting inactive, fibrotic disease, rather 

than edematous active ophthalmopathy. 

Hiromatsu et al. using STIR based signal intensities in 23 patients, also found the 

negative predictive value (86%) to be higher than the positive predictive value 

(69%).10 In the only other study evaluating the predictive value of MRI (9 

patients), clinical activity signs were better correlated with the outcome of 

treatment than a long T2 time, but the authors did not report on its negative 

predictive value.9 When we compare the MRI with other diagnostic tools for 

disease activity, its good negative predictive value may prove to be clinically 

important. Because, all other activity parameters were found to have a good 

positive predictive value, but at the expense of a poor negative predictive value 

(Table 4). Thus, it might very well be that a combination of clinical data with MRI 

could be used to determine the optimal treatment strategy in patients with 

moderately severe ophthalmopathy. 

Table 4. Comparison of different clinical and imaging techniques used to determine the 

disease activity in Graves' ophthalmopathy in their utility to predict a subsequent outcome 

of immunosuppressive therapy. 

Method Cutoff +vePV -vePV Number of 
_ _ _ _ _ patients 

Duration of disease in months3 18 75 48 61 

CAS12 4 80 64 43 

Octreotide scintigraphy13 1.85 92 70 22 

Ultrasound14 30% 85 60 56 

MRI (this study) 130 msec 64 92 64 

+ve PV, positive predictive value; -ve PV, negative predictive value. 
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The reason that we chose to compare the MRI data to the response to treatment, 

and not to other parameters for disease activity is the lack of a feasible gold 

standard of activity (e.g. histology). We treated our patients with radiotherapy, 

because this was found to be equally effective and much better tolerated than oral 

prednisone in patients with similar severity.18 However, the use of this surrogate 

standard for activity has some drawbacks. Some of the responders might actually 

have become better due to the tendency towards spontaneous improvement, and 

are thus incorrectly labeled as "active". On the other hand, five of our non-

responders actually got worse upon treatment, and were incorrectly marked as 

"inactive". These latter patients all had strongly elevated T2 times (median longest 

T2 times in any of 6 muscles 189, range 155-213 msec), conform the clinical 

impression of active eye disease. 

In conclusion, apart from having diagnostic capabilities, MRI can also be used to 

decide upon the best treatment strategy in patients with Graves' ophthalmopathy. 

In most centers, the scanning protocol will need adjustment in order to calculate 

the T2 time in the eye muscles. 
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Introduction 

In 1992 Chang and co-workers reported a favourable effect of octreotide treatment 

on the signs and symptoms of Graves' ophthalmopathy.1 They hypothesized that 

octreotide, a potent long-acting somatostatin analogue, may inhibit local synthesis 

of insulin-like growth factor-1 (IGF-1) by orbital fibroblasts, thereby reducing 

glycosaminoglycan production. The hypothesis is theoretically supported by the 

presence of immunoreactivity to IGF-1 in extraocular muscles and fat cells2, and 

by the suppression of IGF-1 in serum by octreotide. Krenning and co-workers used 

radiolabeled octreotide in patients with Graves' disease.3 By radiolabelling 

octreotide, tissues which express somatostatin receptors can be visualized. 

Applying [mIn-DTPA-D-Phel] octreotide scintigraphy specific uptake of the 

radiolabel was observed in the thyroid and orbit of some but not all patients with 

Graves' disease. In this review we will discuss the determinants of thyroidal and 

orbital uptake of radiolabeled octreotide and the clinical relevance of octreotide 

scintigraphy in patients with Graves' disease. 

[mIn] octreotide scintigraphy in thyroidal Graves' disease 

Postema et al.3 injected 220 MBq [luIn-DTPA-d-Phel]octreotide iv as a bolus, and 

obtained planar anterior y-camera images of the neck 5 and 24 h after injection. 

Thyroidal radiolabeled octreotide accumulation was expressed as percentage of the 

injected dose by the region of interest method on planar anterior images corrected 

for background (region adjacent to the thyroid on the same image). The results are 

summarized in Table 1. If thyroidal uptake of radiolabeled octreotide was set at 

100% at 5h postinjection, the uptake at 24h postinjection decreased to 68±19% in 

patients with Graves' disease, similar to that in controls (58±12%). This decrease 

was significantly less than the decrease in blood pool radioactivity (from 100% to 

15±4%), indicating specific uptake in the thyroid gland. 
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Table 1. Thyroidal radiolabeled octreotide accumulation $ 

Subjects Treatment Thyroid 

function 

TBII 24h Thyroidal 

octreotide 

uptake* 

Controls none euthyroid absent 0.03% 

Graves'hyperthyroidism none hyperthyroid present 0.17% 

Graves'hyperthyroidism methimazole euthyroid present 0.14% 

Graves' hyperthyroidism 131I, thyroxine euthyroid present 0% 

Primary hypothyroidism thyroxine euthyroid absent 0.003% 

* figures are median values expressed as percentage of injected dose 

f data reproduced with permission ofPostema et al.3 

Thyroidal octreotide uptake is low in controls and relatively high in untreated 

Graves' hyperthyroidism. The octreoscan thus provides no or a very faint image of 

the thyroid gland in the absence of thyroid disease, but a nice thyroidal image can 

be obtained in Graves' disease which cannot be fully explained by the large 

thyroid gland in Graves' disease.3 In untreated Graves' hyperthyroidism the 

thyroidal octreotide uptake is positively related to serum FT4, T3 and TBII (TSH 

binding inhibitory immunoglobulins), suggesting a relationship with the severity 

of Graves' hyperthyroidism.3 The correlation is, however, no longer observed in 

Graves' hyperthyroid patients who have been rendered euthyroid by methimazole 

treatment: they still have a relatively high thyroidal octreotide uptake3,4,5 and 

clearly demonstrable concentrations of TBII in serum. It has therefore been 

speculated that the octreoscan visualizes the lymphocytic infiltrate in the thyroid 

of patients with Graves' disease, reflecting the activity rather than the severity of 

the disease. This assumption is supported by the finding that cultured human 

lymphocytes express distinct subsets of somatostatin receptors6: human T-cells 
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and myeloma cells had an average of 144 and 1295 high affinity somatostatin 

receptors per cell respectively, with corresponding Kd values of 3pM and 5pM. 

The presence of somatostatin receptors on activated T-lymphocytes is also evident 

from the visualization of pathological lesions by somatostatin receptor 

scintigraphy in patients with malignant lymphoma, granulomatous inflammation, 

and rheumatoid arthritis.7 It might thus well be that visualization of the thyroid 

gland in Graves' disease is due to the expression of somatostatin receptors on 

infiltrating lymphocytes. One argument against this explanation could be that 

almost no thyroidal octreotide uptake was observed in four patients with auto

immune hypothyroidism3, in whom a lymphocytic infiltrate of the thyroid gland is 

a hallmark of the disease; however, they already had been treated with thyroxine 

for a long time, and probably had passed the stage of active auto-immune 

destruction of thyroid epithelial cells. The negative octreoscan in the Graves' 

patients rendered hypothyroid by 131I (in whom TBII was still present), also does 

not necessarily falsify the given explanation as TBII can be produced 

extrathyroidally in the lymphatic system. 

Of much interest are recent findings suggesting expression of somatostatin 

receptors on thyroid follicular epithelial cells themselves.7 This might explain the 

thyroidal [mIn]octreotide uptake observed in patients with a TSH-producing 

pituitary adenoma, thyroid adenoma, endemic goiter, or differentiated 

nonmedullary thyroid cancer (own unpublished observations).5,7 The common 

denominator of these conditions is thyroid growth, either autonomous in thyroid 

adenomas and cancer or mediated via the TSH receptor in TSH-producing 

pituitary adenoma and Graves' disease. It is tempting to speculate that thyroid 

growth itself is associated with an increased expression of somatostatin receptors 

on thyrocytes, explaining the visualization with octreotide scintigraphy. In this 

respect it is of interest to note a direct inhibitory effect of somatostatin on growth 

(but not on differentiation) of human thyroid follicular cells in vitro, probably by a 

mechanism not entirely cAMP dependent.14 
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In summary, upregulation of somatostatin receptors on thyrocytes and/or thyroidal 

lymphocytes are presumably responsible for a positive octreoscan in Graves' 

disease. The present limited data suggest that thyroidal octreotide uptake in 

Graves' disease might be related at least partly to the activity of the auto-immune 

disease rather than to the hyperthyroid state itself. Persistent thyroidal octreotide 

uptake as observed in Graves' patients taking methimazole would then indicate 

still active autoimmune thyroid disease; the implication is that a positive thyroidal 

octreoscan increases the chance of recurrent hyperthyroidism after discontinuation 

of methimazole treatment. It remains doubtful, however, if this predictive value of 

thyroidal octreotide scintigraphy (assuming it is proven in a controlled trial) will 

find clinical application in view of its expense. 

[inIn]octreotide scintigraphy in orbital graves' disease 

The first orbital octreotide scans in Graves' disease have been reported by Postema 

et al.3 If peak activity in the orbit 5h after injection of radiolabeled octreotide is set 

at 100%, a decrease to 40±4% is found at 24h, significantly different from the 

decrease in blood pool radioactivity (from 100% at 5h to 15±4% at 24 h). The 

cause of specific orbital uptake is unknown. An attractive hypothesis is that orbital 

uptake in Graves' disease is caused by the expression of somatostatin receptors on 

activated T-lymphocytes, thus visualizing the lymphocytic infiltrate in retrobulbar 

tissues. Alternative explanations cannot, however, be excluded like binding to 

receptors on other cell types (e.g. eye muscle cells, fibroblasts, endothelial cells) 

or local blood pooling due to venous stasis by the auto-immune orbital 

inflammation. Systemic hypercirculation seems only partly responsible, as evident 

from the rather low orbital uptake in Graves' hyperthyroid patients without clinical 

signs of ophthalmopathy.3 

Some studies report a relationship between orbital octreotide accumulation and the 

severity of Graves' ophthalmopathy, with higher uptake values in more severe eye 

disease3,8; severity in these studies is indicated by a higher class or grade in the NO 
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SPECS classification of eye signs in Graves' ophthalmopathy. Other authors, 

however, do not find a relationship with severity.9-1011 In contrast, the activity of 

the eye disease is always found to be related to orbital octreotide uptake whenever 

studied. This is evident from a direct relationship between orbital uptake and 

various parameters of disease activity in Graves' ophthalmopathy like the clinical 

activity score311 and the T2 relaxation time of the inferior rectus muscle on MRI.4 

Orbital octreotide accumulation is greater in patients with active eye disease than 

in patients with inactive eye disease8-9; the uptake in the inactive group is close to 

that in control subjects in whom no specific uptake is observed.8-10 These data 

strongly suggest the notion that a positive orbital octreoscan in Graves' 

ophthalmopathy indicates active eye disease in which - in contrast to the inactive 

end-stage of the disease with fibrosis - immunosuppressive treatment might be of 

therapeutic benefit. Indeed, successful immunosuppression (be it with prednisone, 

orbital irradiation or intravenous immunoglobulin) is associated with a fall in 

orbital octreotide uptake.811 

Orbital octreotide scintigraphy could thus be applied in clinical practice to select 

patients with Graves' ophthalmopathy who will benefit from immunosuppression. 

To this end one must know the predictive value of orbital octreotide uptake for the 

outcome of immunosuppressive treatment; such data are, however, scarce, as are 

data about the precision and accuracy of the technique. There are wide differences 

between various studies in the administered dose of [mIn-DTPA-d-Phe] octreotide, 

the time interval after injection for determining the orbital uptake, the selection of 

orbital slices for quantification of the orbital uptake, and the method of correction 

for background radioactivity (Table 2). The earlier studies used rather large doses 

of radiolabeled octreotide (as usual in the visualization of neuroendocrine tumors), 

and preferred to determine orbital uptake 24h post injection.3-10-12 Moncayo et al.11, 

however, applied a low dose and measured orbital uptake after a time interval of 

only 2 hours, arguing that 1) the low dose decreases the radiation burden and the 

cost of the examination, 2) a short time interval is optimal in view of the kinetics 

of somatostatin binding to lymphocytic receptors (showing maximal binding after 
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120 min in vitro) and of the raidoactive decay of the octreotide tracer starting 4h 

after iv application. 

Table 2. Orbital radiolabeled octreotide accumulation as determined in various studies. 

Ref. Octreo. Time Orbital region Correction Quantification of 

dose interval of interest (ROI) for uptake 

Mbq post 

injection 

background 

3 220 5-24 h rim of the 

skull 

semiquantitative 

grading 0-3 

12 244 4-24 h rectangular ROI left temporal orbit to skull uptake 

5 SPECT slices skull ratio 

10 200 24-48h circular ROI 

ant. projection 

brain orbit to brain uptake 

ratio 

9 148 4-24-48 h not specified brain semiquantitative 

grading 0-4 

8 110 4-24 h irregular ROI 

2 SPECT slices 

brain orbit to brain uptake 

ratio 

11 111 2 h retrobulbar ROI 

SPECT slices 

scan negative or 

positive (=uptake in 

>2 SPECT slices) 

In disagreement, Krassas and Dumas13 state that a low dose might cause problems 

in count statistics, and that 2h after injection 12% of the dose is still in the blood 

pool causing high background uptake; furthermore they indicate that the radiation 

burden received from a high dose of 222 MBq is 16 mSy, in the same order as that 

from chest computed tomography or angiography. It must be admitted that the 

difference in orbital octreotide uptake between patients with active and inactive 
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eye disease is smaller at 24h than at 4h after injection of a low dose (own 

unpublished observations).8 The inference is that for discrimination purposes a 4h 

time interval is preferred when a low dose is chosen. On the other hand, any 

remaining orbital radioactivity at 24h after administering a high dose might 

represent to a greater degree specific tissue binding, possibly enhancing the 

predictive value of the octreoscan. Future studies should take into account this 

specific point. Another technical bias is the selection of orbital regions of interest, 

which may result in considerable intra- and inter-observer variation. SPECT 

images are obviously required, and measuring uptake in a number of orbital slices 

from SPECT images is of great advantage in the quantification of results. 

Correction for background activity has originally been performed by using the left 

temporal skull area.3,12 Uptake in this area is considerable, ascribed to radioactivity 

in the intracranial venous sinuses. We have recently obtained evidence that at least 

part of this radioactivity is due to uptake in the parotid gland; consequently we 

now prefer background measurements in the occipital skull area. Brain itself is 

used to measure background8,910, but seems less suitable to correct for blood pool 

radioactivity. 

Patients with very active eye disease are bound to respond favourably to 

immunosuppression; the activity of the eye disease in such cases is clinically 

evident at first glance, and would not require further assessment with octreotide 

scintigraphy. In many patients with moderately severe ophthalmopathy, however, 

it is not at all clear whether or not the eye disease is still in the active stage and 

whether or not the patient will benefit from immunosuppression. Under these 

circumstances orbital octreotide scintigraphy might be used as a predictor for 

outcome of immunosuppression. This will require calculation of the orbital to 

skull uptake ratio using quantitative measurements in well-defined regions of 

interest of SPECT slices. The only study in this respect is that of Krassas and co

workers12 who observed the following orbital to skull uptake ratio's 24h after 244 

MBq octreotide: controls, 1.00±0.003; Graves' disease without eye disease 

1.25±0.003; Graves' ophthalmopathy responding or not responding to 
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immunosuppression with sc octreotide, 1.85±0.09 and 1.45±0.05 respectively (pre-

treatment values). In all 13 eyes improving with treatment the ratio was > 1.65, 

whereas 9 of 11 'nonresponding eyes' had a ratio of < 1.65. 

It remains to be seen if orbital octreotide scintigraphy will become a widely 

applied tool in the management of Graves' ophthalmopathy patients. First, its 

technique is demanding in terms of accuracy required for prediction. Each 

institution should develop its own cut-off values in this respect. Second, it is an 

expensive method with a not negligible radiation burden. Third, it is nonspecific, 

i.e. positive orbital octreotide scans may also be obtained in patients with orbital 

meningioma, malignant lymphoma, pseudotumor orbitae, orbital myositis, 

sarcoidosis Wegener's granulomatosis, necrotising scleritis, sinusitis and 

infections of the nasal mucosa.7,8,911 Fourth, orbital octreotide scintigraphy does 

not allow precise orbital imaging, i.e. evaluation of eye muscle swelling and apical 

crowding still requires imaging with CT- or MRI-scans. If MRI-scans are as 

accurate as octreotide scintigraphy in assessing disease activity and thereby in 

predicting outcome of immunosuppression in Graves' ophthalmopathy, orbital 

octreotide scintigraphy would no longer be needed. 
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Summary 

Objective. It is thought that immunosuppressive treatment of Graves' 

ophthalmopathy should be restricted to patients with active eye disease, but 

assessing disease activity is difficult. Octreotide scintigraphy has been claimed to 

differentiate active from inactive disease. Here we study the intra-observer 

variability and diagnostic accuracy of the quantitative measurement of orbital 

octreotide uptake. 

Patients and Design. Twenty-two consecutive patients with moderately severe 

ophthalmopathy were treated with retrobulbar radiotherapy. Pretreatment 

octreotide scintigraphic data were related to the response at six months after 

radiotherapy, using Receiver-Operating-Characteristic curves (ROC-curves). 

Measurements. Octreotide uptake was measured at 4 and 24 hours after i.v. 

injection of approx. 3 mCi (=111 Mbq;range 75-150 Mbq) mIndium-DTPA-

Octreotide with a neuro-SPECT camera. Counts were measured in fixed regions-

of-interest in 4 transversal slices of the orbit, the temporal and the occipital area. 

Measurements were done twice and intra-observer variability was analyzed by 

coefficients of variations (CV). Uptake is expressed as orbitaL^background ratio. 

The nature of the temporal uptake was studied by matching an octreoscan with a 

technetium scan and MRI. 

Results. Intra-observer variability of measuring octreotide uptake is rather good, 

and the coefficient of variation is slightly better using the orbital/occipital ratio 

(11%), than the orbital/temporal ratio (16%). From matching studies it appears 

that the temporal uptake takes place, in part, in the parotid gland. The 

orbital/occipital ratio was used to predict the outcome of radiotherapy. Mean 

(±SD) uptake on the 4 hours scan was higher in responders (2.2 ±0.66) than in 

non-responders (1.7 ±0.39; p= 0.04). From the Receiving-Operator-Characteristics 

curve we determined a cut-off value of 1.85, which yielded a positive predictive 

value of 92% and a negative predictive value of 70%.The 24 hours scan could not 

predict a response. 
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Conclusions. Quantitative measurement of orbital octreotide uptake is possible. 

Using the orbital/occipital ratio on the 4 hours scan, the octreoscan seems useful in 

predicting response to subsequent radiotherapy. The 24 hours scan seems not 

useful in predicting therapeutic outcome. 

Introduction 

On the premise that Graves' ophthalmopathy (GO) is an autoimmune disorder, 

patients with moderate-severe eye disease are usually treated with 

immunosuppressive therapies. However, corticosteroids or retrobulbar 

radiotherapy ameliorate the signs and symptoms in only -65% of the patients and 

thus one-third is treated without benefit.1-2 The reason for this is probably the fact 

that these therapies are also given to patients with severe, but inactive 

ophthalmopathy. This is because it is difficult to distinguish active from inactive 

disease, whereas only the former condition will improve upon immunosuppressive 

treatment.2 

Differentiating active from inactive Graves' ophthalmopathy has become an 

important goal. Histologic evidence for lymphocytic infiltration would be the gold 

standard, but is difficult to obtain. Therefore other parameters for assessing disease 

activity have been sought. In the absence of histology, an acceptable working 

definition would be that such an activity parameter should be able to predict a 

response to immunosuppression. 

In addition to the Clinical Activity Score3 and Magnetic Resonance Imaging 

(MRI)4, octreotide scintigraphy has been claimed to be able to assess disease 

activity.5'6,7,8,9 Indeed, several studies have shown an increased orbital uptake of 
inIndium labeled octreotide in the orbits of patients with Graves' ophthalmopathy. 

A reliable and objective measurement of this increased orbtital uptake might thus 

help in defining which patients would benefit from immunosuppression. So far 

different qualitative7-6 and quantitative11 measurements of orbital uptake have been 
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reported, but there are no data on their reproducibility and the best way to correct 

for non-specific background uptake is currently unknown. 

The aim of the present study was to evaluate the intra-observer variability of 

measuring octreotide uptake in the orbits of patients with Graves' ophthalmopathy 

and to determine how to correct for non-specific background uptake. Also, most 

authors perform two scintigraphic measurements, e.g. at 4 hours and 24 hours after 

injection, and it is unknown whether this is useful. In addition, we studied the 

clinical usefulness of octreotide scintigraphy in predicting the response to 

retrobulbar radiotherapy in 22 unselected consecutive patients with Graves' 

ophthalmopathy. 

Patients and methods 

Methods. 

The orbital uptake of u l Indium labeled octreotide was measured using a high 

resolution, multidetector neuro-SPECT (Single Photon Emission Computerized 

Tomography) camera (Strichman Medical Equipment, SME 900). Uptake was 

analyzed at 4 and 24 hours after i.v. injection of approx. 3 mCi (=TllMBq; range 

75-150 MBq) of niIndium-DTPA-Octreotide (Mallinkrodt Medical BV, Petten, 

Tris Netherlands). A total often images (5 mm apart) in the transverse plane were 

obtained and from these ten, the four slices with maximal orbital uptake were 

selected, using the pituitary gland as anatomical reference. Thus, per patient eight 

orbital images were analyzed. The measurement of orbital uptake was done using 

a fixed (1154 pixels) rectangular region of interest (ROI; see Fig. 1). The number 

of counts in the eight orbital images were averaged. In each of the four slices the 

non-specific, background uptake was determined in two anatomical areas: a 

temporal area and an occipital area (Fig. 1). Per area, the counts in the four slices 

v ::e measured using the same fixed ROIs and the means of the four slices were 

calculated. To correct orbital uptake for non-specific background uptake, we 

calculated the ratio of orbital to temporal, and orbital to occipital uptake. 
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Figure I. Placing of the fixed rectangular regions of interest (ROIs) on one of the transverse 

images obtained by SPECT camera 4 hours after injection with '"in-DTPA-octreotide in a 

patient with Graves' ophthalmopathy. Counts are measured in both orbital ROIs, and in the 

temporal and occiptal ROIs to correct for background uptake by determining an 

orbital/temporal and an orbital/occipital ratio. 

To establish the intra-observer variability of measuring orbital, temporal, and 

occipital uptake, the '"in-octreotide-scintigraphies performed in 22 patients with 

Graves' ophthalmopathy (for patient characteristics see below) were analyzed twice. 

These analyses were done in random order by the same observer, who was blinded for 

the identity of the patient. 

To elucidate the origin of the rather marked uptake in the temporal area 

scintigraphic SPECT images were coregistered with a MRI study. Firstly a dual isotope 

study employing both '"indium-octreotide (120 MBq i.V.), as well as 99mTc-

pertechnetate (200 MBq i.v.) was performed at 4 hours, resp. 15 minutes, after 

injection on a triple head camera (MultiSPECT 3, Siemens). The energy 

windows were chosen experimentally in order for the downscatter of the u ' in to be le< ; 

than 5% in the 99mTc window. Subtraction of both images was done after 
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normalization for the maximum counts per pixel in each study in order to correct 

for scatter. Both scintigraphies were three dimensionally coregistered with the 

MRI on a sun workstation (HermesR, Nuclear Diagnostics, Stockholm, Sweden), 

employing a chamfer method.11 

Patients. 

Twenty-two patients with moderately severe Graves' ophthalmopathy were 

studied. We included untreated, consecutive patients with >25 mm proptosis or 

evident restriction of eye movements,12 who were euthyroid for more than two 

months. The patients were treated with retrobulbar irradiation (10 fractions of 2 

Gy) and the response to this therapy was assessed at six months after start of 

treatment. We defined the response according to minor and major criteria. The 

major criteria were 1. An improvement in diplopia: intermittent (i.e., present only 

occasionally), inconstant (i.e., present but not in primary gaze), or constant (i.e., 

present in primary gaze); 2. Improvement in eye muscle motility of > 8 degrees 

elevation.13 Minor criteria were variations of 2 mm or more in lid width, 

exophthalmometer readings, and variations in soft-tissue involvement (i.e., mild, 

moderate or severe as judged from colour slides.14 We defined a response as very 

good if a patient improved in at least 2 major criteria; a good response meant 

improvement in 1 major and/or 2 minor criteria; no changes occurred, or if only a 

change in one minor criterium was found, this was classified as no change. 

Activity of Graves' ophthalmopathy was measured using the clinical activity 

score.3 

Statistical analysis. 

Intra-observer variability of measuring orbital, temporal, and occipital uptake 

was analyzed by calculating the coefficient of variation (CV). 

Differences in uptake ratio's between responders and non-responders were 

analyzed using the Mann Whitney U test. 
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Results 

Table 1. Mean of the absolute number of counts, and the coefficients of variability (CV) for 

the three different regions of interest (ROI) and the ratio's on the 4 hours and the 24 hours 

octreotide scans. 

uptake mean CV(%) 

4 hours Octreotide uptake Orbit 8558 8% 

Temporal ROI 7787 15% 

Occipital ROI 4992 6% 

orbit/temporal ratio 1.16 16% 

orbital/occipital ratio 1.70 11% 

24 hours Octreotide uptake Orbit 1825 7% 

Temporal ROI 1129 9% 

Occipital ROI 908 9% 

orbit/temporal ratio 1.92 12% 

orbital/occipital ratio 2.19 12% 

Intra-observer variability of measuring octreotide uptake 

The CVs of the measurements on the 4 hour and 24 hour In-octreotide 

scintigraphies in the different areas are given in Table 1. From these results it can 

be concluded that the intra-observer variation in measuring orbital In-octreotide 

uptake was rather good. Because determining occipital background uptake 
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appeared to show less variability, correcting the orbital uptake for non-specific 

background in the occipital area is more reliable than using the temporal area. 

Anatomical origin of temporal octreotide uptake 

There was a quite marked octreotide uptake in the temporal area, especially on 

the 4 hour scan (see Table 1; Figure 1). The reason for this is unknown, but this 

marked uptake suggests that this area might not be representative of non-specific, 

background uptake. We performed a SPECT study including the whole skull in 

one patient. From these images we concluded that this temporal uptake occurred in 

the region of the parotid gland. Therefore, a dual isotope scan with octreotide and 

technetium pertechnetate was performed (Fig. 2). In addition, an niIn-octreotide 

scintigraphy was matched with an MRI scan of the same patient. From the images 

in Fig. 2 it was apparent that a major part of this temporal octreotide uptake 

actually corresponded to the parotid gland. 

Clinical usefulness of octreotide scanning in Graves ' ophthalmopathy. 

The patients characteristics of 22 patients with moderately severe Graves' 

ophthalmopathy were: (mean(sd)) age 52 (10) years, sex (F/M) 15/7, duration of 

Graves' ophthalmopathy was 25 (20) months and 11/22 (50%) smoked. Fourteen 

(64%) responded to retrobulbar radiotherapy (5 very good responders, 9 good 

responders); eight did not change after radiotherapy. We compared the 14 

re bonders and the 8 non-responders in terms of orbital mrn-octreotide uptake 

before start of treatment, using the orbital/occipital ratio (Fig. 3). On the 4-hours 
U!):a-octreotide scintigraphy, responders indeed had a higher mean ±SD 

orbital/occipital uptake ratio: 2.2 ±0.66 versus 1.7 ±0.39 (P=0.04). Using the 

orbital/occipital uptake ratio on the 24-hours scan, no difference between 

responders and non-responders was found: 1.8 ±0.50 versus 1.4 ±0.50 (P=0.20). 

There was no significant correlation between octreotide uptake and severity of the 

disease, nor with smoking status. Also there was no significant correlation 

between smoking status and response to treatment. 
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Figure 2. Dual isotope imaging of the same patient with Graves' ophthalmopathy, using a 

triple head MultiSPECT camera. 

A. Octreotide scintigraphy, 4 hours after injection ofl" In-DTPA-octreotide. 

B. Technetium scintigraphy, 15 minutes after injection of 99mTc-pertechnetate. 

C. Octreotide scintigraphy with subtraction of the technetium images. The temporal uptake 

on the octreotide scintigram is markedly reduced after subtraction of the uptake on the 

technetium scan (arrows in B), yielding black punched-out holes on the subtraction scan 

(arrows in C). 
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Figure 3. The orbital/occipital ratio on the 4 hours and 24 hoursp.i scans in 14 Graves' 

ophthalmopathy patients who had responded to radiotherapy (responders), compared to 8 

non-responders. Mean values are indicated. The dotted line represents the cut-off level 

(1.85) as calculated from a ROC curve. 

To evaluate whether the 4-hour orbital/occipital uptake ratio could predict a 

response to radiotherapy, we plotted a Receiving Operator Characteristic (ROC) 

curve. The area under the curve (AUC) was 0.767. A value of ~ 1.85 yielded the 

best cut-off level: positive predictive value 92%, negative predictive value 70%. 

The ROC curve derived from the 24 hours scan yielded no cut-off value (AUC 

0.51), nor did the clinical activity score (AUC 0.51). 
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Discussion 

This study shows that quantitative measurement of orbital octreotide uptake 

might be of use in predicting the outcome of immunosuppressive treatment of 

patients with Graves' ophthalmopathy. This was already suggested by earlier 

studies, which however did not correlate octreotide scintigraphy to the clinical 

outcome of immunosuppression. Postema et al.6 and Moncayo et al.7 used a 

qualitative assessment of orbital octreotide uptake and found a good correlation 

with the Clinical Activity Score, whereas Kahaly et al.10 showed that octreotide 

uptake measured quantitatively correlated with the T2 relaxation time on MRI. In 

the present study we performed pre-treatment octreoscans in 22 consecutive 

patients with moderately severe ophthalmopathy, who were not selected for 

clinically apparent active eye disease. They thus represent patients that will be 

seen routinely at clinics specialized in the treatment of this thyroid related eye 

disease. In this group, mIn-octreotide scintigraphy could predict a subsequent 

positive response to retrobulbar radiotherapy in 92% of the cases. This is in 

agreement with a small study with 12 patients, finding a positive predictive value 

of 84%10, and with a recent study in selected (active) patients with Graves' 

ophthalmopathy (positive predictive value: 90%).9 Therefore, it appears that in the 

absence of histology (the gold standard for disease activity), increased orbital 

uptake of mIn-octreotide probably represents active ophthalmopathy amenable to 

immunosuppression. 

However, our study also shows that octreotide scintigraphy should be 

interpreted with caution. Although quantitative (rather than qualitative) 

measurement of orbital uptake is possible, it has a rather limited accuracy. To our 

knowledge, ours is the first study to evaluate the reliability of measuring orbital 

uptake in ophthalmopathy patients. When examining 22 patients, the intra-

observer variation is 6-16%, and further depends on the methodology to correct for 

non-specific, background uptake. Our results show that the uptake in the occipital 

area is best used for this purpose. The variability of the orbital/occipital uptake 

ratio is better than that of the orbital/temporal ratio, which has been advocated in 
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earlier studies.10'15 The reason for this might be that the marked uptake in the 

temporal area does not represent exclusively a non-specific uptake in a venous 

bloodpool. From our studies in which scintigraphy was matched with MRI, it 

appears that a major part of the temporal octreotide uptake occurs in the parotid 

gland. It thus might represent specific, rather than background uptake. 

Orbital octreoscans are usually performed twice, e.g. at 4 hours and at 24 hours 

post injection.6 From the present study we conclude that using a relatively low 

dose niIn-DTPA-octreotide, the second 24 hours postinjection scan, is not useful 

in predicting a response to immunosuppression. This is in agreement with other 

studies.7 Although the reason for the low 24 hours uptake is unknown, it might be 

due to the fact that the breakdown of luIn-octreotide already starts at 4 hours after 

injection.5 However, this finding raises also the question whether or not the 

observed uptake is mediated by specific receptor binding. 

How does the octreoscan compare to other parameters for disease activity in 

Graves' ophthalmopathy? In our patients we found a positive predictive value of 

92%, which is higher than the non-invasive Clinical Activity Score.3 The negative 

predictive value is only 70%, comparing unfavorably to other measurements of 

disease activity like the T2 relaxation time on MRI (86%)5. It might be that we 

need a combination of activity parameters to accurately predict response to 

treatment. For this we would need a larger study in which several parameters for 

disease activity are compared. 

In conclusion, we found that inIn-DTPA-octreotide scintigraphy seems useful 

to predict a positive response to immunosuppressive treatment in Graves' 

ophthalmopathy. For this, best images are obtained only 4 hours after injection. 

The best correction for aspecific background uptake appeared to be the occipital 

skull uptake. 
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Models for the assessment of disease activity in Graves ' ophthalmopathy 

I. Univariate analysis of activity variables 

Introduction 

The concept of disease activity, originating from observations on the natural 

history of Graves' ophthalmopathy by Rundle and his co-workers, is attractive 

because it might explain why as many as one-third of patients do not respond to 

immunosuppressive therapies. Looking at Rundle's curve, one can easily imagine 

that only patients in the active stage of the disease will respond to corticosteroids 

or retrobulbar irradiation, whereas patients with inactive disease will remain 

unchanged upon this anti-inflammatory treatment. If this treatment modality is 

given to patients with diplopia and/or severe proptosis, regardless of the stage of 

the disease, it is understandable that a proportion of patients will not respond. 

Failure to distinguish active from inactive eye disease may thus explain that the 

response rate to immunosuppression in general is around 65% only. The ratio for 

trying to find a diagnostic tool to reliably determine the stage of the disease, is to 

improve this response rate and to minimize the number of patients inadvertently 

submitted to immunosuppressive therapy. 

In this thesis, we have described several different methods to determine disease 

activity, and have tried to optimize their performance. Now, we will report on their 

performance in a typical cohort of 66 consecutive patients with moderately severe 

ophthalmopathy. To establish the clinical usefulness of the various activity 

markers, their baseline values were compared to the therapeutic outcome at six 

months after orbital irradiation. 

Patients and methods 

Patients and assessment of disease severity 

We studied 66 consecutive, untreated patients with moderately severe 

ophthalmopathy, who were selected on the basis of the severity of their eye 

disease. We included patients with evident restriction of eye muscle motility, or 
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with a proptosis of >25 mm, and excluded patients with sight loss due to optic 

nerve involvement. All patients had to be euthyroid for >2 months prior to 

treatment. Patients with diabetes mellitus were not included in this study, because 

this condition is considered a contraindication to irradiation. Retrobulbar 

radiotherapy was given in 10 fractions of 2 Gy, over a period of two weeks.1 

The therapeutic outcome was assessed at 26 weeks after radiotherapy using 

predefined major and minor criteria. Major criteria were: 1. Change in the degree 

of diplopia: a. Intermittent (present only occasionally); b. Inconstant (present, but 

not in primary gaze); c. Constant (present in primary gaze). 2. Change in eye 

muscle motility of >8 degrees in elevation (or in other directions of gaze if 

severely affected). 3. Change in visual acuity (Snellen chart). Minor criteria were: 

1. Change of >2 mm in proptosis; 2. Change of >2 mm in lid width; 3. Change in 

the degree of soft tissue involvement assessed from color slides (a. Mild; b. 

Moderate; c. Severe).2 There were five response categories: 1. Very good -

improvement in two major criteria; 2. Good - improvement in one major criterion; 

3 Fair. - improvement in two minor criteria; 4. Unchanged - no change or a change 

in only one minor criterion; 5. Worse - worsening in one or more major, or in two 

or more minor criteria. Categories 1 through 3 were considered a response, 

categories 4 and 5 a nonresponse. 

In addition, the motility measurements were compiled to yield a range of motion 

(ROM). To this end, the surface of the quandrangle made up by the four directions 

of gaze was calculated (one degree = one millimeter). As an overall indicator of 

disease severity, the Total Eye Score (TES) was used, which is the sum of each 

NOSPECS class present times the grade in that class (for this purpose, the grades 

are given numerical values: a=l, b=2, c=3).3 The patients were asked to grade their 

eye condition on a scale from 0 (worst) to 10 (best), resulting in the Subjective Eye 

Score (SES).3 

Assessment of disease activity 
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We determined the following disease characteristics and activity parameters at 

base-line: 1. The duration of the ophthalmopathy in months since the onset of the 

eye disease as perceived by the patient. 2. The Clinical Activity Score (CAS).4 3. 

Urinary glycosaminoglycan (GAG) excretion (Chapter 2)5 4. Serum cytokine 

levels (Chapter 3)6, 5.Serum levels of TSH-Receptor autoantibodies (TSHR 

Stimulating Immunoglobulins, TSI; and TSH Binding Inhibiting 

Immunoglobulins, TBII assessed by the TRAK assay) (Chapter 4), 6. Eye muscle 

reflectivity on A-mode ultrasonography (Chapter 5)7, 7.Magnetic resonance 

Imaging (MRI; Chapter 6)8 8. Octreotide scintigraphy (Chapter 7 and 8).9 

Analysis 

The activity variables were compared amongst the five response categories. These 

data are given as mean (SD), or as a median (range) where appropriate, and 

analyzed by respectively Student t-tests, or Mann Whitney U-tests. Differences in 

proportions were analyzed by Chi-square tests. Next, their ability to predict a 

response (or a nonresponse) was analyzed by univariate logistic regression 

analysis using response as the dependent variable. For each parameter, a receiver-

operating-characteristics (ROC) curve was plotted and its area-under-the-curve 

(AUC) was calculated to give an estimate of the discriminating power of the 

variable (an AUC of 0.50 indicates no discriminating power at all, an AUC of 1.0 

is ideal).10 From the ROC curve, a cut-off was chosen to calculate the positive 

(+ve), and negative (-ve) Predictive Value (PV) of the variable to prognosticate a 

response to radiotherapy from a 2x2 table. 

Results 

Response to orbital radiotherapy 

Of the 66 patients included from January 1993 till October 1997, 35 (53%) 

responded to radiotherapy, and 31 (47%) did not respond. The changes in the 

various major and minor criteria among the five response categories are given in 
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Table 1. The general characteristics of the patients are given in Table 2, which also 

shows that responders had a significantly shorter duration of the eye disease. 

Changes in the various characteristics of the eye disease, and in thyroid function 

are given in Table 3, showing that all patients remained euthyroid and that the 

responders improved in all features of the ophthalmopathy with the exception of 

proptosis measurements. 

Predictive value of disease activity variables 

The values of the different activity variables amongst the five response categories 

are given in Table 4. Only the duration of the eye disease, and the T2 relaxation 

time on MRI differed significantly between these categories. The results of 

univariate logistic regression analysis, and of the +ve and -ve PV of the various 

tests are given in Table 5. 
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Table 1. The response rate of 66patients with moderately severe Graves' ophthalmopathy 

26 weeks after 10 x 2 Gy retrobulbar irradiation, according to minor criteria (lid aperture, 

proptosis and soft-tissue involvement), and major criteria (diplopia, elevation and visual 

acuity of worse eye) . 

Response very good good fair no change worse 

n=66 : 13 18 4 26 5 
100% : 20% 27% 6% 39% 8% 

+ 0 - + 0 - + 0 - + 0 - + 0 -
soft-tissue 8/5/0 7/10/1 4/0/0 2/24/0 2/2/1 
involvement 
lid aperture 8/5/0 13/3/2 1/2/1 5/19/2 0/2/3 
proptosis 7/6/0 5/12/1 3/1/0 6/18/2 0/2/3 
diplopia 13/0/0 4/14/0 0/4/0 0/26/0 0/5/0 
elevation 13/0/0 14/4/0 0/4/0 0/26/0 0/2/3 
visual acuity 0/13/0 0/18/0 0/4/0 0/26/0 0/5/0 

+ = improved; 0 = no change;- = worse. 

Table 2. General characteristics of 66 patients with moderate severe Graves' 

ophthalmopathy (GO), 35 responded and 31 did not respond to 10 x 2 Gy retrobulbar 

irradiation. 

All n=66 Responders 
n=35 

Nonresponders 
n=31 

p-value 

age in years (mean (sd)) 53(10) 51 (10) 55 (10) .09 

sexF/M 45/21 26/9 19/12 .26 

duration GO 
months, median (range) 

17 
(4-240) 

12 
(4-80) 

27 
(5-240) 

.001 

duration GTD 
months, median (range) 

21 
(0-312) 

19 
(4-312) 

22 
(2-275) 

.58 

smoking yes/no 32/34 16/19 16/15 .63 
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Models for the assessment of disease activity in Graves ' ophthalmopathy 

Discussion 

As might have been expected on the basis of the results in the preceding chapters, 

none of the various activity parameters tested can be used on its own to reliably 

predict a response to orbital irradiation in this cohort of 66 patients. Nevertheless 

from Table 5, it is clear that some variables have an acceptable +ve PV: e.g. 

octreotide scintigrgaphy (88%), ultrasound (85%), and a short duration of the eye 

disease (76%); whereas others perform better in predicting a nonresponse, such as 

MRI with its -ve PV of 92%. This observation suggests that a combination of 

different parameters might perform better, than the use of a single test. This 

prompted us to perform a second analysis in which all markers for disease activity 

are integrated. 

II. Multivariate analysis of activity variables 

Introduction 

Some of the tested activity parameters were able to predict a response to orbital 

irradiation, while others were able to predict a non-response suggesting that a 

combination of tests might effectively do both. However, it should be realized that 

this way of thinking is too easy, and that we must decide what we want to predict: 

response, or non-response? This decision is not easy. If we only treat the patients 

selected because they are likely to respond, this will increase the response rate of 

our treatment to virtually 100%. However, among the unselected patients (with a 

low likelihood of response) there will still be a minority who might have 

responded, and thus should have considered to have active eye disease. More 

importantly, among these unselected patients there will be some that actually will 

deteriorate upon treatment. It may be concluded, that especially these latter 

patients should not yet be submitted to rehabilitative surgery. Accepting this 

reasoning, one might actually be more interested in predicting inactivity, and 
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selecting those patients who will not respond nor get worse upon the medical 

intervention, e.g. in predicting no change. 

Clearly, this choice also depends on the safety of the proposed medical 

intervention. If this intervention has a high risk (corticosteroids), one would not 

like to treat too many patients and would prefer to just observe the unselected, not 

treated patients. On the other hand, if the therapy carries a low morbidity 

(radiotherapy), one would not be too concerned if too many patients were treated, 

but would want to select those in whom surgery can be performed immediately 

(shortening the period of disabling symptomatology). 

Taking these considerations into account, we performed a multivariate analysis of 

all available parameters for disease activity using two different models. A model 

able to predict activity and thus a response to irradiation, and secondly a model 

able to predict inactivity, or no change upon radiotherapy. Since costs are also 

important in medical decision making, we also took into account the expenses 

associated with the various activity parameters. We decided to use two approaches 

for each model: an optimal approach, including all available parameters regardless 

of their costs, and a practical approach, in which expensive, or laborious markers 

are substituted by easier or more available methods. All four models were tested in 

the same 66 consecutive patients described in Part I. 

Methods 

Multivariate logistic regression was performed entering the variables available. 

These included the acitivity parameters described in Part I, as well as all other 

clinical characteristics available. The latter included age, sex, smoking status, and 

the severity of the eye disease. All variables were entered, but only those that 

attributed to the predictive value of the models were retained. For this, a 

significance level of P<0.10 was used initially. Using these data, two models were 

build. Model 1 was aimed at predicting a response to radiotherapy; model 2 aimed 

at discriminating those who changed (responders, categories 1-3 and patients who 
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became worse, response category 5) from those who remained unchanged upon 

radiotherapy (response category 4). 

The results were further analyzed by calculating for each of the 66 patients, the 

individual probablity (P) for response or no-change. This was done using the 

regression coefficients (bUn) of each of the activity variables (Xj.J using the 

formula: Y = a + bjXj +b2X2 + bnXn. The response or no-change probability 

followed from: P = eY / (l-e^. The 66 probabilities are then plotted in a ROC 

curve, yielding an AUC (to estimate the overall performance of the model). The 

same ROC curve was used to establish a cut-off from which specificity, 

sensitivity, +ve PV and -ve PV can be calculated. To simplify this formula and to 

make it applicable in clinical practice, a prognostic score chart was developed 

based on the original data, which were rounded, and the regression coefficients 

were multiplied by 10. This score chart was developed to be used in individual 

patients, and yields the probablity that an individual patient will respond to (model 

1), or remain unchanged (model 2) upon therapy with irradiation. 

To be able to build a model in all 66 patients, missing values for any of the 

variables were replaced by the median of the recorded values. The number of 

missing values per test are given in the Tables. 

Results 

Model 1: Prediction of response to radiotherapy 

By just entering basic clinical data such as the duration of the ophthalmopathy, and 

the severity of soft tissue involvement and motility disturbances, a response could 

be predicted with a reasonable AUC of the ROC curve of 0.82. By just using these 

criteria, 14 patients could be selected beforehand who would not respond to 

radiotherapy (Table 6). By adding other more or less simple tests, the model could 

only be improved slightly to a maximum AUC of 0.85. An optimal model using 

these characteristics plus the ultrasound, cytokine measurements of sIL-2R and 

sCD30, and the octreoscan results in an AUC of 0.89 (95% confidence interval 
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0.82-0.97). This optimal model 1 (Table 7) is simplified in Fig. 1 with its 

Prognostic Score Chart. Using a cut-off of Probablity (P) <0.20 within this model, 

all responders to radiotherapy are selected, and 16 patients not responding would 

have been 'saved'. The response rate to radiotherapy using this chart would 

increase from the observed 53% to 70% (35/50). By using a different cut-off of 

P=0.289 (or 0.39), the response rate would increase to 76% (or even 88%) at the 

expense of withholding beneficial therapy to one (or three) responders. 

Replacing the expensive (octreoscan) by MR Imaging, the model will only lose 

slightly in performance (Table 6) (Fig. 2). 

Table 6. Predictive value of the basic model 1 (predicting respons) of clinical variables 

and additional tests. 

model ÄÜC 95% CI cut-off N 

selected 

a duration of GO, class 2, elevation 0.82 0.73-0.92 P0 .22 14 

b duration of GO, class 2, elevation, CAS 0.83 0.73-0.92 P0.244 15 

c duration of GO, class 2, elevation, MRI 0.83 0.73-0.93 P<0.20 12 

d duration of GO, class 2, elevation, US 0.84 0.75-0.94 P0 .26 15 

e duration of GO, class 2, elevation, OC 0.84 0.75-0.93 P 0 . 2 3 13 

f duration of GO, class 2, elevation, U-GAG (DS) 0.84 0.75-0.93 P 0 . 1 8 13 

g duration of GO, class 2, elevation, MRI, OC 0.85 0.76-0.94 P0 .22 14 

h duration of GO, class 2, elevation, MRI, US 0.85 0.75-0.94 P<0.21 13 
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Table 7. Final model 1: Odds ratios of clinical variables for response to radiotherapy. 

prognostic factor reference OR 95% CI 
duration GO >16 months <16 months 0.06 0.01-0.36 
class 2 moderate mild 4.2 0.9-19.6 

severe mild 4.5 0.5-40.0 
elevation per 8 degrees 0.9 0.9-1.0 
ultrasound per 10% 0.5 0.3-1.2 
SEL-2R per 100 pg/ml 0.8 0.6-1.0 
sCD-30 per U/ml 1.4 1.0-2.1 
octreoscan per 0,1 1.1 1.0-1.3 

1 worst eye 

The combination of duration of GO, class 2, elevation, US, sIL-2R, sCD-30, and OC could 

predict respons to radiotherapy with an AUC of 0.89 (95% CI 0.82-0.97). 

Figure 1. Prognostic score chart for the optimal model from logistic regression analysis, 

predicting response to retrobulbar irradiation in 66 patients with moderate severe Graves ' 

ophthalmopathy. 
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Model 2: Prediction of no-change upon radiotherapy 

Using the basic characteristics of sex, age, duration of eye disease, and the severity 

of soft tissue involvement, a model was found with an AUC of 0.86 (Table 8). By 

adding other more or less simple, or available methods like ultrasound and MRJ, 

the model would perform better with an AUC of 0.90 (Table 8). An optimal model 

(Table 9) needs the addition of the ultrasound, the cytokines IL-6 and sIL-2R, and 

the urinary excretion of dermatan sulphate (a GAG) yielding an AUC of 0.94 

(95% confidence limit 0.88-0.99). The clinical use of this optimal model 2 is 

depicted in Fig. 3. By applying a cut-off probability of 0.115, 11 patients would 

have been selected for immediate rehabilitative surgery without carrying any risk 

to operate on a responder, or somebody who became worse after therapy. The 

response rate to radiotherapy would have increased from 53% to 64% (35/55). 

Applying a higher probability cut-off of 0.20 (or 0.40), 16 (or 21) patients would 

have been scheduled for immediate surgery at the expense of one (or three) 

misclassifications. A clinically useful model that only needs the addition of MRI 

would perform reasonably well (AUC of 0.89), and is depicted in Fig. 4. 

Figure 2. Prognostic score chart for the clinically useful model from logistic regression 

analysis, predicting response to retrobulbar irradiation in 66patients with moderate severe 

Graves ' ophthalmopathy. 
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Table 8. predictive value of the basic model 2 (predicting change) of clinical variables and 

additional tests. 

model AUC 95% CI cut-off N 

selected 
a age, sex, duration of GO, class 2 0.86 

b age, sex, duration of GO, class 2, CAS 0.85 

c age, sex, duration of GO, class 2, MRI 0.89 

d age, sex, duration of GO, class 2, US 0.86 

e age, sex, duration of GO, class 2, OC 0.87 

f age, sex, duration of GO, class 2, U-GAG(DS) 0.86 

g age, sex, duration of GO, class 2, MRI, OC 0.89 

h age, sex, duration of GO, class 2, MRI, US 0.90 

0.77-0.95 p<0.14 8 

0.77-0.94 p<0.12 7 

0.81-0.96 p<0.26 11 

0.77-0.95 p<0.16 9 

0.79-0.95 p<0.13 6 

0.77-0.94 p<0.24 10 

0.82-0.97 p<0.24 11 

0.83-0.97 p<0.19 11 

Table 9. Final model 2: Odds ratios of clinical variables for change (responder or 

worsejor no change 26 -weeks after radiotherapy in 66 patients with moderately severe 

Graves ' ophthalmopathy. 

prognostic factor reference OR 95% CI 
sex male 41.7 3.0-579.7 
duration GO per month 0.9 0.9-1.0 
class 2 moderate mild 14.6 1.7-123.2 

severe mild 356.0 6.1-20832.0 
ultrasound per 10% 0.9 0.8-1.0 
EL-6 per pg/ml 2.4 1.3-4.5 
U-GAG(DS) per mg/24 h 1.4 1.0-2.0 
SÏL-2R per 100 pg/ml 0.8 0.6-1.0 
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Figure 3. Prognostic score chart for the optimal model 2: the maximum model from 

multivariate logistic regression modelling predicting no change (versus 

change =responders and worse), in 66 patients with moderate severe Graves' 

ophthalmopathy who were treated with retrobulbar irradiation. 
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Figure 4. Prognostic score chart for a cheap and clinical model from multivariate logistic 

regression analysis predicting no change (versus change: =responders and worse) in 66 

patients with moderate severe Graves' ophthalmopathy treated with retrobulbar 

irradiation. 
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Discussion 

By combining the various disease activity parameters we were able to improve the 

performance of the best single test, the duration of the eye disease (AUC of 0.73), 

because combinations of different variables resulted in a better overall accuracy to 

predict response (or no change) as judged from AUC's of around 0.90. Our results, 

therefore, indeed show that combining several activity parameters may reliably 

predict a response to irradiation. The best prediction of response was obtained 

using expensive (octreotide scintigraphy), and not routinely available (sIL2-R, 

sCD30 levels) methods (AUC 0.89). However, rather similar results could be 

found using more simple (MRI), or cheap (ultrasound) methods (AUC -0.85). The 

combination of markers was more succesfül in predicting no change to 

radiotherapy (AUC 0.94), and also in this prediction model 2, the use of MRI and 

ultrasound (in stead octreoscanning or cytokine levels) together with simple 

clinical characteristics was still rather reliable in assessing inactivity (AUC 0.90). 

How can these results be used in routine clinical practice? First, the difference 

between the two models should be appreciated. Model 1 -prediction of response- is 

able to identify many, though not all of the responders to immunosuppression. 

This property is especially useful, when a therapy is considered that is effective, 

but not without side effects. Thus, patients qualifying according to model 1 might 

benefit from more aggressive treatments such as intravenous methylprednisolone 

pulses. In contrast, model 2 -prediction of no change- might be useful to select 

those patients which are inactive and should be referred for immediate 

rehabilitative surgery. The remaining patients might then be treated with a regimen 

that has little or no side effects (like radiotherapy). It thus appears that we can now 

select those patients likely to respond to aggressive treatments, as well as those 

who are definitely inactive and should be treated surgically right away. 

Some caution, however, is warranted before these models are used in clinical 

practice. First, it should be emphasized that the models are based on a selected 

population of patients. Our cohort only consisted of patients with moderately 
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severe ophthalmopathy, and we tried to include all patients meeting our criteria of 

disease severity. This means, that no effort at all was taken to exclude inactive 

patients. Therefore, these results only apply to patients unselected for disease 

activity and without severe, or very mild ophthalmopathy. The models presented 

in this chapter first need to be tested in other, e.g. mild, ophthalmopathy patients 

before they can be used in day-to-day practice. Another reason for caution pertains 

the way we defined disease activity: as the response (or nonresponse) to 

radiotherapy. This was done, because the 'gold standard' (e.g. histology of the eye 

muscles) is not available, but this 'surrogate standard' has some drawbacks. First, 

there are no therapies which are universally effective and in our case this means 

that some non-responders to radiotherapy might have been labeled 'active' if other 

treatments had been used. Secondly, responsiveness to therapy implies that we can 

reliably establish improvement , which might very well not always be the case, 

because our measurements are rather crude. This means, that we might have 

missed patients who actually did respond and should have considered to be active. 

Within these margins of error, we believe that our results still are clinically 

relevant. 

In both models, certain characteristics of disease severity are included and this 

might be surprising when the models pretend to assess diseasae activity and not 

disease severity. The models were developed in an attempt to best predict a 

subsequent response to treatment, and we deliberately did not exclude any variable 

which might be helpful. This approach resulted in the addition of the severity of 

soft tissue involvement and motility disturbances to these models. On second 

thought, this addition may not be so surprising. First, soft tissue involvement as 

judged from color slides includes an assessment of eye lid swelling, Chemosis, 

redness of the conjunctiva and eye lids, which are all signs also included in the 

CAS, and thus related to disease activity. It might in fact explain, why the purely 

clinical CAS did not enter any of our models, since it was partly covered in the 

class 2 signs. Secondly, more severe eye disease by itself has more probability to 

improve than less severe ophthalmopathy, simply because there are more apparent 
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measurable features. This explains why 'elevation' is included in our models: if a 

patient has severe diplopia, it is easier to detect any change in this complaint than 

when a patient has almost no motility disturbance. This fact does not hinder our 

interpretation, because it simply means that patients with very severe 

ophthalmopathy are more likely to be active, or, in other words, to be at the top of 

Rundle's curve. This is exactly why our results do not apply to patients with optic 

nerve involvement (they were excluded from our cohort): extremely severe eye 

disease needs to be considered to be active, until proven otherwise. 

In conclusion, by combining different variables for disease activity we have 

developed two models which can be used to select patients who may be treated 

succesfully with immunosuppressive therapies (model 1), and who might be safely 

submitted for immediate rehabilitative surgery (model 2). Although our results can 

only be used in certain, well defined patients, they are the first to offer evidence 

for the idea that disease (in)acitivity should determine which kind of intervention 

shoud be used. 
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Summary 

This thesis describes various methods to assess disease activity, and 

prediction of outcome of irradiation in 66 patients with moderately severe 

Graves' ophthalmopathy who were treated with 10 x 2 Gy external 

retrobulbar irradiation. First, in the chapters 2-8 the various activity 

parameters were each related to the therapeutic outcome. The accuracy of 

these variables was analyzed using receiver-operating characteristic (ROC) 

curves, and the area under the curve (AUC) served as a measure of the 

discriminate ability of the test. An area of 0,50 indicates no discriminative 

ability, an area of 1,00 indicates perfect discriminative ability. In chapter 9 

all these parameters together with others were combined and analysed in a 

multivariate model. 

In the introduction we estimate the prevalence and incidence of Graves' 

ophthalmopathy in the Netherlands, and describe the concept of disease 

activity and its clinical implications. Various methods to determine disease 

activity are described: clinical assessment (Clinical Activity Score), imaging 

techniques (MRI, mIn-DTPA-Octreotide scintigraphy, A-mode 

ultrasonography) , and laboratory measurements (concentrations of urinary 

glycosaminoglycans, serum cytokines, TSH-receptor auto-antibodies). 

In chapter 2, the predictive value of urinary glycosaminoglycan (GAG) 

levels (measured both by a conventional metachromatic assay and by a 

highly sensitive HPLC method, Prof. Dr. G. Kahaly, Mainz, Germany) is 

described in 65 patients in our cohort. The accumulation of hydrophilic 

GAGs such as chondroitin sulphate A (CA), dermatan sulphate (DS), and 

hyaluronic acid (HA) in retrobulbar tissue may lead to edema (by attracting 

water), and subsequently to the clinical features of Graves' ophthalmopathy 

(GO). Edema is present in active eye disease. GAG production might thus 
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reflect activity of the eye disease.Thirty-four patients (53 %) responded to 

retrobulbar irradiation, and 31 did not respond (47%). The was a good 

correlation between the urinary GAGs measurements by both assays: r = 

0,44 (p < 0,0001). When comparing responders and nonresponders to 

radiotherapy, we found no significant difference in the baseline levels of 

total urinary GAG excretion, nor in the various GAG fractions. Urinary 

GAG levels did not correlate with the duration of GO or with the clinical 

activity score. Because urinary GAG levels do not differ in active and 

inactive GO patients, measuring urinary GAGs alone is not useful in the 

assessment of disease activity. 

In chapter 3 we investigated whether one or a combination of serum 

cytokines do reflect the autoimmune proces in the orbit, and compared the 

serum concentrations of IL-IRA, sIL-2R, IL-6, sEL-6R, TNFaRI and II, and 

sCD30 (all measured by commercially available highly sensitive ELISA's) 

in 62 patients with 62 healthy controls matched for sex, age and smoking 

habits. Except for IL-IRA, all baseline serum cytokines and cytokine 

receptor levels were significantly elevated in GO patients compared to 

healthy controls. Serum cytokine levels did not significantly change 26 

weeks after radiotherapy. By backward logistic regression analysis, the 

combination of IL-6, sCD30 and sTNFaRI could significantly predict a 

response to radiotherapy with an AUC of 0,69 (pO.01). 

In chapter 4 we studied the role of TSH-receptor auto-antibodies in GO, 

and investigated whether TSH-R antibodies are related to the activity and 

severity of GO. Graves' ophthalmopathy and Graves' hyperthyroidism are 

closely associated diseases and thought to be caused by the same 

autoimmune process. An obvious explanation for this would be the presence 

of autoantibodies reacting with an autoantigen present in the orbit and the 
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thyroid gland. The TSH-Receptor (TSH-R) antibodies are a likely candidate, 

because they cause Graves' hyperthyroidism and the TSH-R appears to be 

present also in orbital tissues. TSH-R antibody levels were measured as 

TBII (TSH Binding Inhibiting Immunoglobulins using the TRAK assay), 

and TSI (TSH-receptor Stimulating Immunoglobulins, measuring the cAMP 

response in a TSH-R transfected cell line) in serum of 63 patients in our 

cohort. TBII and TSI titers were strongly related to each other. TBII or TSI 

titers did not correlate with thyroidal or orbital disease duration, nor with 

TPO antibody levels. In contrast, we found a striking and highly significant 

correlation between the Clinical Activity Score (CAS) of the eye disease, 

and both TBII (r=0.54; P< 0.0001) and TSI (r=0.50; P< 0.0001). In addition, 

a weaker but significant relation was found between proptosis (in mm) and 

TBII (r=0,36; P=0,004) and TSI (r=0,49; P= 0,0001). No correlation was 

found with eye muscle motility. 

We concluded that TSH-R antibody levels correlate directly with clinical 

features of GO. These results support the hypothesis of a pathogenetic role 

of TSH-R antibodies. 

In an addendum to this Chapter we described the clinical usefulness in 

predicting a response to retrobulbar irradiation. Due to a strong correlation 

between the CAS and the TBII/TSI we hypothesized that the TSH-R 

antibodies might be of clinical use. At baseline we did not find a 

significant difference between responders (n=34) and nonresponders (n=29) 

in TBII values (median(range)) 13 (2,5-275) U/l versus 13 (2,5-400) U/l, 

p=0,23 Mann-Whitney); nor in TSI values (median (range) 39 (23-130) 

pM/well versus 39 (21-130) pM/well, p=0,70 Mann-Whitney test). In the 

responders and in the nonresponders the TBII and TSI decreased 

significantly after 26 weeks after radiotherapy. (Wilcoxan's matched pairs, 
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p < 0,0001 for n=58 pairs). We found no significant difference in the 

decline between responders and nonresponders. 

The AUC for TBII was 0,59 and for TSI 0,53. We conclude that the TSH-R 

antibodies cannot be used for identifying (non)responders to 

immunosuppresive treatment. 

In chapter 5 we evaluated the value of A-mode ultrasonography. A 

previous, preliminary study had found that this method might be useful in 

predicting the response to radiotherapy. A low internal reflectivity in the 

extraocular eye muscles may reflect inflammatory changes, as compared to 

a high and irregular reflectivity in possibly fibrotic muscles. Out of 56 

patients 28 (50%) responded, and when we used the reflectivity measured in 

the one eye muscle per patient with the lowest reflectivity this tended to be 

lower in the responders as compared to the nonresponders (p=0,09). From 

the ROC curve a cut off of 30% yielded a positive predictive value of 85%, 

but a negative predictive value of 60%. The AUC was 0,61. A-mode 

ultrasonography cannot be used as sole activity parameter. 

In chapter 6 we describe the quantitative MRI data of 9 healthy controls 

and 63 patients from our cohort. The longest T2 time of the 6 extraocular 

eye muscles (the lateral external eye muscles were excluded from the 

analyses because their measurements are less reliable) discriminates the 

best between the 34 responders and the 29 non responders: median 168 

msec, (range 108-250), versus median 138 msec. (68-216) p=0,07 Mann-

Whitney U test. 

In chapter 7 the clinical relevance of thyroidal and orbital uptake of mIn-

octreotide scintigraphy in Graves' thyroid and Graves' ophthalmopathy is 

reviewed. The cuase of specific orbital uptake is unknown. In contrast to 

severity, the activity of the eye disease was always found to be related to the 
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orbital uptake whenever studied. There are wide differences between 

various studies in the administered dose, the time interval between injection 

and scanning, the selection of orbital slices for quantification of the orbital 

uptake, and the method of correction for background radioactivity. 

Therefore, in chapter 8, we describe a study in 22 patients to investigate the 

intra-observer variability and the diagnostic accuracy of the quantitative 

measurement of orbital octreotide uptake at 4h and 24 h after i.v. injection 

of 3 mCi 1HIn-DTPA-Octreotide with a neuro-SPECT camera. Counts were 

measured in fixed regions-of-interest in 4 transversal slices of the orbit, the 

temporal and the occipital area. Uptake is expressed as orbital/ background 

ratio. The nature of the temporal uptake was studied by matching an 

octreoscan with a technetium scan, and with an MRI. Intra-observer 

variability of measuring octreotide uptake was rather good, and the 

coefficient of variation was slightly better using the orbital/occipital ratio 

(11%), than the orbital/temporal ratio (16%). From matching studies it 

appeared that the temporal uptake takes place, in part, in the parotid gland. 

The orbital/occipital ratio was used to predict the outcome of radiotherapy. 

Mean (±SD) uptake on the 4 hours scan was higher in responders (2.2 

±0.66) than in non-responders (1.7 ±0.39; p= 0.04)/From the Receiving-

Operator-Characteristics curve we determined a cut-off value of 1.85, which 

yielded a positive predictive value of 92% and a negative predictive value 

of 70%.The 24 hours scan could not predict a response. We concluded that 

a quantitative measurement of orbital octreotide uptake can be done rather 

reliably. Using the orbital/occipital ratio on the 4 hours scan, the octreoscan 

seems useful in predicting response to subsequent radiotherapy. 

In chapter 9 we describe the whole cohort artd analyzed all disease activity 

parameters in a multivariate logistic regressiöri model: 
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1. The first model was build to discriminate between responders and non 

responders, 

2. The second model was build to discriminate between patients who 

change (responders and patients who got worse) versus patients who did not 

change (non responders). The reason for this is to select non responders 

who may qualify for immediate surgery. 

Thirty-five (53%) of the patients (45 females, 21 males; mean age ± sd 53 ± 

10 years) responded favorably to radiotherapy: 13 (=20%) very good, 18 

(=27%) good and 4(=6%) had a fair response. Five patients got worse, and 

twenty-six did not change (31/66 = 47%). The duration of GO was 

significantly longer in the non responders (median 27 months (range5-240) 

months as compared to the responders (median 12 (4-80) months, p= 

0,001). 

In the multivariate analysis the basic model (model 1) predicting response 

to radiotherapy included duration of GO, soft tissue involvement (NO 

SPECS class 2) and degrees of elevation, yielding an AUC of 0,82 (95% CI 

0,73-0,92). Additional tests did hardly contribute to the prediction of 

response. The combination of duration of GO, soft-tissue involvement (NO 

SPECS class 2), degrees of elevation, ultrasonography, sIL-2R, sCD-30 and 

octreotide scintigraphy could predict respons to radiotherapy with an AUC 

of 0,89 (95% CI 0,82-0,97). On the basis of this model, an individual 

prognostic score could be calculated. Using a cut-off of probability of 0.20 

we could save 16 patients from radiotherapy, without withholding treatment 

to any responder. This strategy would increase the response rate to 

radiotherapy from 53% to 70% (35/50). A further increase of réponse could 

be obtained by increasing the cut-off point to 0,39 («8% respons), but then 

we would withhold therapy to three responders. A cheaper model using 
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variables readily available (duration of GO, soft tissue involvement, and 

elevation) in combination with MRI, would yield similar results. The basic 

model 2, discriminating change from no-change included sex, duration of 

GO, ultrasound, sEL-2R, IL-6, and urinary dermatansulphate: AUC = 0,94 

(95% CI 0,88-0,99). With a cut off at P < 0,40,21 patients could be selected 

for immediate surgery, but 3 would not have been irradiated. Further testing 

of both models in GO patients with milder and more severe eye disease is 

needed to evaluate the currently proposed models. 
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Samenvatting 

Dit proefschrift beschrijft een aantal parameters dat gebruikt kan worden 

voor het vaststellen van ziekte-activiteit van Graves' ophthalmopathie, 

evenals het praktisch nut van deze parameters om de uitkomst van 

oogkasbestraling te voorspellen. We bepaalden in een cohort van 66 

patiënten met matig ernstige Graves' ophthalmopathie die behandeld 

werden met retrobulbaire bestraling (10 x 2 Gy), vooraf de verschillende 

activiteitsparameters (d.m.v. klinische, biochemische, immunologische, 

radiologische en nucleair geneeskundige testen). Alle patiënten waren 

minstens 2 maanden euthyreoot voor start van de behandeling. Daling van 

de gezichtsscherpte werd als een exclusiecriteria beschouwd, evenals 

mildere vormen van de oogziekte waarvoor radiotherapie nog geen 

gevestigde behandelingsmodaliteit is. 

Zes maanden na de bestraling werd de therapeutische uitkomst bepaald aan 

de hand van vooraf gedefinieerde criteria. Responders op radiotherapie 

werden verondersteld actieve ophthalmopathie te hebben gehad ten tijde 

van de bestaling, terwijl van non-responders werd aangenomen dat hun 

oogziekte inactief was. De verschillende activiteitsparameters werden 

gerelateerd aan de therapeutische uitkomst, en de predictie van de uitkomst 

werd bepaald middels multipele logistische regressie. 

De predictie werd geanalyseerd dmv. ROC-curves, waarbij het oppervlak 

onder de curve (AUC) werd berekend. Een AUC van 0,50 wijst op geen 

enkel onderscheidend vermogen van de test, een AUC van 1,00 duidt op een 

perfect onderscheidend vermogen. 
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In de introductie van dit proefschrift wordt een schatting gemaakt van de 

prevalentie en incidentie van Graves' ophthalmopathie in Nederland. Het 

concept van ziekte activiteit en de klinische implicaties hiervan worden 

beschreven. De verschillende activiteits parameters worden geïntroduceerd: 

klinische activiteits score (CAS), glycosaminoglycanen uitscheiding in de 

urine, serum cytokines concentraties, serum TSH-receptor auto-antistoffen, 

quantitatieve orbita MRI, lllIndium-DTPA-Octreotide scintigraphic van de 

orbita, en echographie van de externe oogspieren. 

In hoofdstuk 2 wordt de predictieve waarde van de glycosaminoglycanen 

(GAGs) in de 24-uurs urine bepaald. De totale hoeveelheid GAGs werd 

metachromatisch bepaald en door middel van HPLC (Prof. Dr. G. Kahaly te 

Mainz, Duitsland) bij 65 patiënten uit het cohort. Ook werden de GAG-

fracties (hyaluronzuur, chondroitinesulfaat, en dermatansulfaat) bepaald. 

Een opeenhoping van glycosaminoglycanen in retrobulbair weefsel leidt tot 

zwelling als gevolg van het aantrekken van water, en zou kunnen wijzen op 

activiteit van de oogziekte. De hoeveelheid GAG gemeten met de 

metachromatische bepaling was goed gecorreleerd aan die gemeten met 

HPLC (r=0.44, p<0.0001). In de responders na radiotherapie (34/65 = 53%) 

verschilde de totale hoeveelheid GAGs (noch de GAG fracties) in de urine 

niet van de nonresponders (31/65 = 47%). Er was geen significante 

correlatie tussen de duur van het ooglijden en de GAGs, en ook niet tussen 

de klinische activiteitsscore (CAS) en de GAGs. Ook was er geen 

significante verandering in GAG concentraties in de tijd waarneembaar: 26 

weken na radiotherapie was de GAG-uitscheiding vrijwel gelijk aan die van 

0 weken. Het meten van de GAGs en zijn fracties in de urine als enige 

ziekte activiteitsparameter lijkt niet zinvol. 

In hoofdstuk 3 onderzochten we een panel van serum cytokines 
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(interleukinel -receptor antagonist, soluble interleukine-2 receptor, 

interleukine-6, interleukine-6 receptor, soluble tumor necrosis factor alfa 

receptor I en II, en soluble CD30) in 62 patiënten van het studie cohort, en 

vergeleken de waarden met 62 gezonde controles die waren gematched voor 

leeftijd, geslacht en roken. Met uitzondering voor IL-1RA waren alle serum 

cytokines (en hun receptoren) significant verhoogd in de patiënten 

vergeleken met de controles. Er was geen verandering in de serum spiegels 

in de tijd (na 26 weken). De combinatie van EL-6, sCD30, en sTNFalfaRI 

bleek bij logistische regressie analyse enige voorspellende waarde te hebben 

in het voorspellen van een respons na radiotherapie (oppervlak onder de 

ROC curve: 0,69) 

In hoofdstuk 4 bestudeerden we de rol van TSH receptor antistoffen met 

betrekking tot de activiteit en de ernst van de Graves' ophthalmopathie. De 

TSH receptor stimulerende antistoffen worden gezien als veroorzakers van 

een Graves' hyperthyreoidie,. Deze antistoffen spelen mogelijk ook een rol 

bij de ophthalmopathie, temeer daar er steeds sterkere aanwijzingen zijn 

voor de aanwezigheid van een TSH-receptor in retro-orbitaal weefsel. De 

TSH receptor antistoffen werden gemeten als TBII (TSH-receptor Binding 

Inhibiting Immunoglobulins, gemeten in de TRAK-assay) en als TSI (TSH-
receptor stimulerende immunoglobulines, gemeten in een bio-assay (meting 

van cAMP in een met de TSH receptor getransfecteerde cellijn) in 63 

patiënten van het studie cohort. De TBII en TSI titers waren sterk 

gecorreleerd aan elkaar. Er was geen significant verband tussen beide titers 

enerzijds, en anderzijds de duur van de schildklierziekte, de duur van de 

ophthalmopathie, of de antistof titers tegen thyreoperoxidase. Er bestond 

een sterke associatie tussen TBII/TSI titers en de klinische activiteits score 

(CAS), maar ook met de mate van proptosis van de ogen en de mate van de 

192 



Summary/Samvatting 

weke delen zwelling. Er was geen relatie met de oogspiermotiliteit. We 

concludeerden dat er mogelijk een pathogenetische rol voor deze TSH-

receptor antistoffen weggelegd lijkt, daar de titers direct correleren met de 

aktiviteit en de ernst van de ophthalmopathie. 

In het addendum bij dit hoofdstuk wordt de predictieve waarde van de 

TSH-receptor antistoffen beschreven. De titers verschilden niet in de 34 

responders versus de 29 nonresponders. Zowel in de responders als in de 

nonresponders daalden de titers even snel na radiotherapie. Het oppervlak 

onder de ROC-curve was voor TBII 0,59 en voor TSI 0,53. We 

concludeerden dat de TBII en de TSI titers niet bruikbaar zijn bij het 

voorspellen of een patient wel of niet zal responderen op radiotherapie. 

In hoofdstuk 5 onderzochten we de waarde van de echografie van de 

oogspieren naar aanleiding van een eerdere studie bij 18 patiënten waaruit 

bleek dat interne reflectiviteit van de oogspieren (laag bij oedeem, hoog bij 

fibrose) een goede voorspellende waarde had voor wel of niet responderen. 

56 patiënten van het studie cohort (28/56 = 50% hadden een respons) 

ondergingen een echografie. Per patiënt werd de laagste reflectiviteit van de 

zes oogspieren vastgesteld (de m. rectus inferior is technisch niet 

betrouwbaar te echograferen). Deze waarde viel bij responders lager uit dan 

bij nonresponders (p=0,09). Een cut off waarde voor de reflectiviteit van 

30% (verkregen uit de ROC curve) toonde een positief voorspellende 

waarde van 85%, doch een negatief voorspellende waarde van 60 %, met 

een oppervlak onder de curve van 0,61. Ook de echografie voldoet niet als 

enige parameter bij de predictie van de therapeutische uitkomst van 

bestraling. 

In hoofdstuk 6 beschrijven we quantitatieve MRI metingen van de orbita 

die verricht werden bij 63 patiënten en bij 9 gezonde controles. De langste 
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T2 tijd van 6 rechte oogspieren van elke patient werd bepaald (de m rectus 

lateralis links en rechts werden buitengesloten daar deze niet betrouwbaar te 

meten zijn). Dit zou een indirecte aanwijzing zijn voor de mate van oedeem 

van een oogspier. De langste T2 tijd (en niet de gemiddelde T2 etc.) 

discrimineerde het beste tussen de 34 responders en de 29 nonresponders 

(T2-mediane waarden 168 msec versus 137,5 msec, p=0,07). De 

oppervlakte onder de ROC curve voor de predictie van respons was 0,63. 

In hoofdstuk 7 beschrijven we de klinische waarde van de niIn-DTPA-

Octreotide scintigrafie bij Graves' hyperthyreoidie en Graves' 

ophthalmopathie, zoals die uitgevoerd is in verschillende gepubliceerde 

onderzoeken. Mogelijk komt de opname van deze stof in de orbita tot stand 

door specifieke binding aan geactiveerde lymphocyten. In de verschillende 

onderzoeken is er steeds een relatie met de activiteit van het ooglijden maar 

niet altijd met de ernst van het ooglijden. Binnen de diverse onderzoeken is 

er veel verschil in toegediende dosis, in het tijdsinterval tussen injectie en 

scannen, de selectie van de coupes door de orbita en in de methode om te 

corrigeren voor de radio-activiteit van de achtergrond. 

We beschrijven een pilot studie van de eerste 22 patiënten uit ons studie 

cohort in hoofdstuk 8 waarin we komen tot een quantitatieve analyse van 

de 4 uurs en 24 uurs octreotide scintigrafie na een dosis van 3 mCi i.V., 

waarbij de uitgezonde fotonen in een vaste z.g. region of interest (ROI) met 

behulp van een neuro SPECT camera geteld werden. De 

reproduceerbaarheid van de meting en de correctie voor achtergrond 

activiteit in de temporaal streek en de occipitaal streek werden vastgesteld. 

De variatie coefficient was kleiner voor de orbita/occipitale ROI (11%) 

vergeleken met de orbita/temporale ROI (16%). Aanvullend onderzoeknaar 

de intense aankleuring van de temporale ROI maakte aannemelijk dat dit 
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deels opname door de parotis speekselklier betrof, hetgeen een extra 

argument is om niet te corrigeren m.b.v. de temporale achtergrond ROL We 

vonden een hogere gemiddelde waarde wat betreft de orbita/occipitale ROI 

ratio in de responders, vergeleken met de nonresponders (2,2± 0,66 versus 

1,7± 0,39, p=0,04). Bij een afkappunt van 1,85 verkregen via een ROC 

curve, de positief voorspellende waarde bedroeg 92% en de negatief 

voorspellende waarde 70%. Het bleek dat in tegenstelling met de 4 uurs 

scan, de 24 uurs opname bij deze toegediende dosis geen voorspellende 

waarde bleek te hebben ten aanzien van het voorspellen van een respons na 

radiotherapie. 

In hoofdstuk 9 wordt het hele cohort beschreven en worden alle 

activiteitsparameters geanalyseerd in een multivariaat logistisch regressie 

model. Ontwikkeld zijn: 

1. Modellen voor het onderscheiden van responders en nonresponders. 

2. Modellen ter onderscheiding van patiënten bij wie de oogverschijnselen 

veranderen (= groep van de responders met de patiënten die verslechterden 

ondanks radiotherapie) versus de patiënten bij wie de oogverschijnselen niet 

veranderden na radiotherapie. Het doel is hierbij 'no change' te voorspellen 

zodat deze categorie direct in aanmerking komt voor rehabilitatieve 

chirurgie. 

Het cohort telde 45 vrouwen en 21 mannen, en de leeftijd bedroeg 53±10 

jaar ( gemiddelde en sd). 35 (53%) reageerde gunstig op de radiotherapie: 

13 (20%) erg goed, 18 (27%) goed, 4 (6%) redelijk; 5 patiënten 

verslechterden ondanks radiotherapie, en 26 veranderden niet (31/66=47% 

nonresponders). De duur van het ooglijden was significant langer in de 

nonresponders vergeleken met de responders (mediaan 27 maanden versus 

12 maanden, p=0,001); het percentage rokers verschilde niet. 
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In het basis model 1 bleek dat een combinatie van de duur van het 

ooglijden, de mate van weke delen zwelling (beoordeeld op dia's), en het 

aantal graden elevatie bij orthoptisch onderzoek, reeds een oppervlak onder 

de ROC curve opleverde van 0,82. Aanvullende testen leverden nauwelijks 

verbeteringen op. Het maximale model (AUC=0,89) bestond uit: duur GO, 

weke delen zwelling, graden elevatie, echografie , sEL-2R, sCD30, in 

combinatie met de octreotide scintigrafie. O.b.v. dit model kon een 

individuele prognostische score berekend worden. Bij een afkapwaarde van 

de waarschijnlijkheid (P) = 0.20, worden alle responders op RTh correct 

geselecteerd; terwijl aan 16 non-responders RTh terecht zou kunnen worden 

onthouden. Het respons percentage op radiotherapie stijgt dan van 53% naar 

70%. Bij een afkapwaarde van p=0.39, stijgt het response percentage zelfs 

tot 88%, echter ten koste van het onthouden van succesvolle therapie aan 3 

patiënten In de klinische praktijk zou een model met simpele klinische 

gegevens (duur GO, weke delen ernst, en elevatie in graden) in combinatie 

met een afbeeldend onderzoek zoals MRI het beste de therapeutische 

uitkomst kunnen vorspellen. 

In het basis model 2, waarin het gaat om verandering van de 

oogverscijnselen bij patiënten te onderscheiden van geen verandering, 

spelen de volgende variabelen een rol: duur van het ooglijden, geslacht, 

echo, sIL-2R, IL-6, en de urine excretie van dermatansulfaat. Dit levert een 

oppervlak onder de ROC curve op van 0,94 (95% Cl 0,88-0,99). Met een 

afkappunt van P=0,40 zouden 21 patiënten direct voor chirurgie 

geselecteerd kunnen worden, waarbij dan 3 patiënten ten onrechte 

radiotherapie zou worden onthouden. Aanvullende tests geven nauwelijks 

een verbetering in onderscheidend vermogen en kunnen achterwege worden 

gelaten. 
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Nader onderzoek bij patiënten met mildere en ernstiger vormen van Graves' 

ophthalmopathie zijn nodig om de waarde van deze modellen verder aan te 

passen en te verbeteren met een grotere mate van betrouwbaarheid. 
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Dankwoord 

Dit proefschrift kon alleen maar verschijnen dankzij de hulp, de inzet, 

diplomatie en frustratie tolerantie van zeer velen en van meerdere 

disciplines binnen zowel als buiten het AMC. Omdat dit deel van het 

proefschrift het meest gelezen wordt doe ik dit met aandacht. 

Op de eerste plaats, Prof Dr W.M. Wiersinga, mijn promotor en opleider in 

het aandachtsgebied endocrinologie. Beste Wilmar, ik ben je erkentelijk 

voor het gestelde vertrouwen in mij (Wat komt er nu voor goeds uit Twente, 

Drenthe, de Achterhoek of was het Groningen?) en prijs me gelukkig 

opgeleid te zijn door een wereldtopper in de endocrinologie. 

Uiteindelijk zijn de problemen met de octreoscans, trial A en studie B (dit 

proefschrift), de MRT s en de GAGs tot een (voor mij) goed einde gebracht 

en dat allemaal met behoud van kwaliteit van leven! 

Ex aequo, Dr M.F. Prummel, copromotor, en absoluut de best denkbare 

drive voor een promovendus om tot results te komen. Beste Mark, je wist 

met veel doorzetten het beste uit de analyses te halen, en daarnaast je hebt 

al het "Gerding-engels" grondig gereviseerd. Veel van de inhoud van dit 

proefschrift kwam van jouw hand en heeft z'n weg gevonden in de vorm 

van een boek over GO naar aanleiding van het Vth Int. Symposium on 

Graves' ophthalmopathy, november 1998 te Amsterdam. 

Onmisbaar eveneens: Marga Boerrigter, secretaresse en spil van de afdeling 

endocrinologie. Je capaciteiten zijn ongeëvenaard en bestrijken het 

organiseren van congressen, grafische vormgeving en editing van 

proefschriften, tot persoonlijke raad en bijstand aan de 
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Allerhoogsten Veel heb je ook voor de patiënten die aan de trials 

meededen gedaan waarvoor heel veel dank. 

Van uitmuntende kwaliteit was de inbreng van de afdeling Klinische 

Epidemiologie & Biostatistiek in de personen van Carolien Terwee en 

Friedo Dekker. 

Jullie enthousiasme (en ergernis over de uitkomstmaten) werd alleen maar 

groter de afgelopen jaren: HULDE! Jullie hulp bij de prognostische 

modellen was onmisbaar. 

De plezierige samenwerking met het AZU in de persoon van Dr. Maarten 

Mourits toen het Orbita centrum in het AMC qua bezetting vrijwel een 

opgedroogde kreek bleek, wil ik memoreren, en ik bedank ook Dr. Hans 

Koppeschaar, endocrinoloog in het AZU voor zijn gastvrijheid op de 

combisprekuren aldaar. 

Alle patiënten ben ik zeer veel dank verschuldigd. Jullie waren tot zeer veel 

bereid in deze studie maar ook in een gerandomiseerde klinische studie over 

het effect van bestraling bij mildere vormen van Graves' ophthalmopathie. 

De Graves patiënten vereniging ben ik erkentelijk voor hun enthousiaste 

inbreng en deskundige adviezen rond de combi spreekuren. 

Verder heel veel mensen die ik wil noemen: 

De Graves werkgroep: Iris Wakelkamp, Leo Blank, Prof Dr. Leo Koornneef 

(never a dull moment) & Dr. Ruth van der Gaag, Prof. Dr. Ir. Frans 

Zonneveld (Let's make things better ) en de twee AZU Studenten Judit de 
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Vaal en Alex Appelman voor de metingen in extenso, Edith Schipper, 

Rachel Kalmann, Jeroen van der Pol, Lelio Baldeschi, Roel Kloos. 

M'n collega's (& paramedici uiteraard) van de afdeling Endocrinologie & 

Metabolisme waar ik met veel plezier heb gewerkt. 

Dr. Eric Fliers voor z'n stroom van briljante ideeën (Waar komt het rabies 

virus terecht als je het in de schildklier van de rat inspuit? Juist, in de PVN 

van de hypothalamus! En waar bevindt zich het begin van de autonome 

zenuwuiteinden in het thyroid (met onbekende betekenis!!!) van de mens? 

Weer juist: in de PVN van de hypothalamus). 

Prof. Dr. Hans Sauerwein (o. a voor de korte maar ultra-krachtige sollicitatie 

training: "bescheidenheid is een zinloze eigenschap"). 

Mijn paranymfen, Theo Diekman, die mij voor vele onvoorzichtigheden 

behoed heeft en met wie ik de "totale gekte" heb kunnen delen, en Marcel 

Posthumus die samen met Herma een grote steun waren vooral toen er 900 

m3 ingericht moest worden aan het eind van het derde trimester van 

Miriam's 3e zwangerschap  

De promotie commisie wil ik bedanken: 

Prof.Dr. E.P. Krenning, Prof. Dr J.G.Lamens, Prof. Dr. R.J.M, ten Berge, 

Prof.Dr. MD. de Smet, Prof.Dr. P.M.M. Bossuyt, Prof.Dr. J.J.M, de Vijlder, 

en Prof.Dr. H.P. Sauerwein. 

Het verpleegkundig personeel op de F5 voor de opvang van de patiënten 

met GO, en voor deelname als gezonde rokende controle personen aan de 

case control studie. 
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Lab Endocrinologie op de F2: Erik Endert, Jan van Rijn en vele anderen die 

altijd wel iets wilden uitleggen over de vrije T4 bepaling bijvoorbeeld , en 

natuurlijk Jolanda van der Meer die heel veel lab werk voortreffelijk heeft 

gedaan! 

De afdeling Interne Geneeskunde (olv. Prof Dr. L Arisz, ProfDr. P 

Speelman, ProfDr. E Briet) voor het afronden van de opleiding Interne, en 

het verlenen van onderdak in de laatste fase van het proefschrift. Prof Dr.E. 

Briet bedank ik voor zijn hulp tijdens het solliciteren. 

Dick Munnik, De Grote Verkeersleider, ben ik dankbaar ik voor zijn 

sympathie en elegante oplossingen op moments suprêmes  

Dr Alex Imholz en Dr. Richard Koopmans ben ik zeer dankbaar voor hun 

uitzonderlijke collegialiteit 

Het personeel op de poli oogheelkunde en de poli Interne op de A2 

Dr Bob Michels dank ik voor zijn opleiding in de klinische diabetologie, 

voor het geheim van merbromide, gips & een scherp mes, en voor veel 

meer  

De medewerkers van de afdeling nucleaire geneeskunde (Friso van der 

Zandt voor zijn hulp met de subtractie scan) voor een plezierige sfeer 

tijdens de octreo sessies. 

Cor en Dick van D2 Fotografische dienst voor de vele perfecte dia's. 
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Terug kijkend op 4 V2 jaar AMC besefik dat de basis van mijn vaardigheden 

elders liggen. Dr. Peter Blom van Assendelft en Dr. Ton Tjabbes noem ik 

met name omdat ze me geinspireerd hebben om internist te worden en me 

daarin enorm gesteund hebben tijdens m'n coschappen. Veel heb ik te 

danken aan de uitmuntende opleiding in het Medisch Spectrum Twente te 

Enschede gedurende 6 jaar, opleider Dr. Hein Jordans, eerst in ziekenhuis 

de Stadsmaten, later in Ziekenzorg en na de fusie in het MST. 

Mijn maten in het Deventer Ziekenhuis die een solide basis vormen voor 

een prima opleidingsklimaat (Frank ter Borg, Theo Brouwers, Cees 

Doorenbos, Hugo Hazenberg, Gert Jan Hoogendoorn, Henk Sluiter, Kor te 

Velde en Cees Verweij). 

Familie & vrienden, en natuurlijk Miriam die alles heeft moeten aanhoren 

en meemaken.... 
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Ik draag dit gedicht op aan onze kinderen: 

ACHTERBERG 

...gelijk een kind, spelende op het strand, 

dat alles maken kan: een vogelbeest, 

een vis, een mens, een huis en een barkas. 

God geeft het hem in zilte lijnen aan 

wanneer de vloed terugloopt op het zand. 

Het kind stort zich met hartstocht op zijn schop 

of tekent met de vingers vin en veer. 

s 'Avonds staat het te kijken hoe het tij 

weer opzet en zijn maaksels voor en na 

doet slinken en met ruisen overspoelt. 

'Geprezen! ' Morgen komt er weer een dag. 

Dan komt het terug, het schopgeschouderd kind. 

Het weet: de Geest blaast toch waarheen hij wil. 

Uit: 

Ida Gerhardt Verzamelde Gedichten I, 286. 

203 



List of Publications: 

Lymphocytes' intrinsic lymphoproliferative capacity in patients with AIDS treated 

with zidovudine. 

MN Gerding. H.J Schuurman, BJEG Bast, JCC Borleffs. 

AIDS 1989;vol.3:671-673. 

Hypokalaemia and lactic acidosis in a patient with myelomonocytic leukemia. 

MN Gerding. PM Blom van Assendelft, Sophia Hospital Zwolle. 

Netherlands Journal of Medicine 1990;36:58-61. 

Haemorrhagic fever with renal syndrome. 

MN Gerding. JGM Jordans, J Groen, ADME Osterhaus. 

Lancet 1993;342:313. 

Class and subclass distribution of hantavirus-specific serum antibodies at different 

times after the onset of nephropathia epidemica. 

J Groen, MN Gerding. JGM Jordans, JP Clement, ADME Osterhaus. 

Journal of Medical Virolology 1994;43:39-43. 

Guillain-Barre syndrome associated with hantavirus infection. 

RAJ Esselink, MN Gerding. PJAM Brouwers, H Solleveld, JGM Jordans, J Groen, 

ADME Osterhaus. 

Lancet 1994;343:180-181. 

Hantavirusinfections in the Netherlands: epidemiology and disease. 

J Groen, MN Gerding. JGM Jordans, JHM Nieuwenhuis, ADME Osterhaus. 

Epidemiology and Infection 1995;114:373-383. 

204 



List of publications 

A Macaque model for hantavirus infection. 

J Groen, MN Gerding. JP Koeman, PJM Roholl, G van Amerongen, JGM Jordans, 

HGM Niesters, ADME Osterhaus. 

Journal of Infectious Diseases 1995,172:38-44. 

Hantavirus nephropathy in the Netherlands: clinical, histopathological and 

epidemiological findings. 

MN Gerding. J Groen, JGM Jordans, ADME Osterhaus. 

Netherlands Journal of Medicine 1995;47:106-112. 

Hantavirus antigen detection in kidney biopsies from patients with nephropathia 

epidemica. 

J Groen, JA Bruijn, MN Gerding. JGM Jordans, AW Moll van Charante, ADME 

Osterhaus. 

Clinical Nephrology 1996;46:379-383. 

Acute renal failure due to leptospirosis grippothyphosa. A serious zoonotic 

infection. 

MN Gerding. J Groen, RLM Brouwer, JGM Jordans, ADME Osterhaus. 

Infection 1997;6:379-380. 

Quality of life in persons with Graves' ophthalmopathy is markedly decreased: 

measurement by the medical outcomes study instrument. 

MN Gerding. CB Terwee, MF Prummel, L Koornneef WM Wiersinga. 

Thyroid 1997;7:885-889. 

Development of a disease-specific quality of life questionnaire for patients with 

Graves' ophthalmopathy: the GO-QOL. 

CB Terwee, MN Gerding. FW Dekker, MF Prummel, L Koornneef, WM 

Wiersinga. 

205 



British Journal of Ophthalmology 1998;82:773-779. 

Octreotide scintigraphy in thyroidal and orbital Graves' disease. 

WM Wiersinga, MN Gerding. MF Prummel, EP Krenning. 

Thyroid 1998;8:433-436. 

Colour-slides are useful to assess changes in soft-tissue involvement in Graves' 

ophthalmopathy. 

MN Gerding. MF Prummel, R Kalmann, L Koornneef, WM Wiersinga. 

Journal of Endocrinological Invesigations 1998;21:459-462. 

Octreotide-scintigraphy is a disease-activity parameter in Graves' 

ophthalmopathy. 

MN Gerding. F van de Zandt, MF Prummel, EA van Royen, L Koornneef, WM 

Wiersinga. 

Clinical Endocrinology 1999;50:373-379. 

Test-retest reliability of the GO-QOL: a disease-specific quality of life 

questionnaire for patients with Graves' ophthalmopathy. 

CB Terwee, MN Gerding. FW Dekker, MF Prummel, J van der Pol, WM 

Wiersinga. 

Journal of Clinical Epidemiology 1999;9:875-884. 

Assessment of disease activity in Graves' ophthalmopathy by orbital 

ultrasonography and clinical parameters. 

MN Gerding. MF Prummel, WM Wiersinga. 

Clin Endocrinol accepted 1999. 

Association of thyrotropin receptor antibodies with the clinical features of Graves' 

ophthalmopathy. 

206 



List of publications 

MN Gerding. JWC van der Meer, M Broenink, O Bakker, WM Wiersinga, MF 

Prummel. 

Clin Endocrinol accepted 1999. 

The usefulness of quantitative magnetic resonance imaging in Graves' 

ophthalmopathy. 

MF Prummel, MN Gerding. FW Zonneveld, WM Wiersinga. 

Submitted 1999. 

Both Thl and Th2 derived cytokines are elevated in Graves' ophthalmopathy. 

IMMJ Wakelkamp, MN Gerding. JWC van der Meer, O Bakker, MF Prummel, 

WM Wiersinga. 

Submitted 1999. 

Posters: 

Poster NW dagen 1991 : 

Some observations on plasma Endothelin-1 levels in cancer patients. 

MN Gerding. C Haanen, I Vermes, L Kip. 

Poster NW dagen 1992 : 

Secretory responses of LH-beta and alpha-subunits in non-functioning pituitary 

adenomas after LHRH-TRH tests. 

MN Gerding. JFF Lekkerkerker, I Vermes, L Kip. 

Poster MV dagen 1994: 

Epidemiological and epizootiological findings of hantavirus infections in the 

Netherlands. 

207 



MN Gerding, J Groen, JGM Jordans, ADME Osterhaus. 

Poster NIV dagen 1995: 

Hantavirus nephropathy in an animal model (Macaque). 

MN Gerding, J Groen, JGM Jordans, ADME Osterhaus. 

Poster International Thyroid Congress Toronto '95: 

Satellite symposium on Graves' ophthalmopathy te Pittsburgh: 

Colour-slides improve inter-observer agreement in assessing therapeutic outcome 

of class II signs in Graves'ophthalmopathy. 

MN Gerding, MF Prummel, R Kalmann, L Koornneef, WM Wiersinga. 

Poster European Thyroid Association Amsterdam '96: 

Reproducibility and clinical usefulness of octreotide scintigraphy in Graves' 

ophthalmopathy. 

MN Gerding. F van de Zandt, EA van Royen, L Koornneef, MF Prummel. 

J Endocrinol Invest 1996;19:suppl. To no 6:abstract 171. 

Poster European Thyroid Association Amsterdam 96: 

Dynamic video-MRI in patients with thyroid associated ophthalmopathy. 

EP Stuijfzand, LMP Ramos, MN Gerding. WPThM Mali, WM Wiersinga. 

J Endocrinol Invest 1996;19:suppl. To no 6:abstr.54. 

Poster: Development of a disease specific quality of life questionnaire for patients 

with Graves ophthalmopathy. WEON 1997. 

CB Terwee, FW Dekker, MN Gerding. MF Prummel, L Koornneef, WM 

Wiersinga. 

Tij sehr Soc Geneesk 1997. 

Voordracht NVE dagen 15-2-97 Doorwerth: 

208 



List of publications 

Reproducibility and clinical usefulness of octreotide-scintigraphy in 

Graves 'ophthalmopathy. 

MN Gerding. F van de Zandt, MF Prummel, L Koornneef, EA van Royen, WM 

Wiersinga. 

Poster European Thyroid Association München '97: 

Measuring quality of life in Graves' ophthalmopathy patients. 

MN Gerding. CB Terwee, FW Dekker, L Koornneef, MF Prummel, WM 

Wiersinga. 

J Endocrinol Invest 1997:20:suppl. To no 5:abstr.l84. 

Voordracht voor Ned Vereniging voor Graves Patienten te Utrecht (10 jarig 

jubileum NVGP): 

Onderzoek naar kwaliteit van leven in patiënten met Graves' ophthalmopathie. 

Development of a disease-specific quality of life questionnaire for patients with 

Graves' ophthalmopathy. 

CB Terwee, MN Gerding. FW Dekker, MF Prummel, WM Wiersinga. 

Quality of Life Research 1997; 6:444. Abstract. 

Poster European Thyroid Association Athene '98: 

Further validation and test-retest reliability of the GO-QOL: a disease-specific 

quality of life questionnaire for patients with Graves' ophthalmopathy. 

CB Terwee, MN Gerding. FW Dekker, MF Prummel, JP van der Pol, WM 

Wiersinga . 

J Endocrinol Invest 1998; 21: suppl.to no 4: abstr. no 98 page 49. 

Poster 6th International Symposium on Graves' ophthalmopathy, Amsterdam 

1998. 

209 



A-mode ultrasonography adds to prediction of a response to immunosuppression 

in Graves' ophthalmopathy. 

MN Gerding, MF Prummel, WM Wiersinga. 

Poster ETA, Milaan 1999: 

TSH-receptor antibodies correlate with the clinical features of Graves' 

ophthalmopathy. 

MN Gerding, JWC van der Meer, M Broenink, O Bakker, MF Prummel, WM 

Wiersinga. 

Awarded with the Nourypharma poster prize. 

210 



Curriculum vitae 

Curriculum Vitae 

Schrijver van dit proefschrift werd geboren op 30 juli 1962 te Groningen in Huize 

Tavenier. Na de middelbare school (gymnasium ß, St Maartenscollege te Haren) 

studeerde hij vanaf 1980 geneeskunde aan de Rijks Universiteit Groningen. In de 

wachttijd was hij een halfjaar student-assistent Interne Geneeskunde in het AZG. 

De coassistentschappen liep hij in het Sophia Ziekenhuis te Zwolle en behaalde 

zijn arts-examen in 1988. In de wachttijd voor het vervullen van de dienstplicht 

reisde hij door India & Nepal. Nadien was hij militair arts in 

Vught/s 'Hertogenbosch en verrichtte wetenschappelijk onderzoek naar HTV 

infecties in het Academisch Ziekenhuis te Utrecht (Dr. J.C.C. Borleffs). !n 1989 

begon hij met de opleiding tot internist in het Medisch Spectrum Twente te 

Enschede (opleider Dr. J.G.M. Jordans), alwaar wetenschappelijk werk werd 

verricht aan Hantavirus infecties in samenwerking met Prof.Dr. A.D.M.E. 

Osterhaus en Dr. J. Groen (destijds RIVM, nu Dijkzigt Ziekenhuis te Rotterdam). 

Van 1995 tot 1999 was hij werkzaam in het Academisch Medisch Centrum te 

Amsterdam bij Prof. Dr. W.M. Wiersinga (hoofd afdeling Endocrinologie & 

Metabolisme) op een ontwikkelingsgeneeskunde project: "wat is de winst van 

retrobulbaire bestraling bij milde Graves' ophthalmopathy", een gerandomiseerde 

klinische studie bij 88 patiënten. In 1995 werd hij internist en behaalde zijn 

endocrinologie aantekening in 1998. Gedurende de opleiding verrichtte hij 

onderzoek naar bestraling bij patiënten met matig ernstige Graves' 

ophthalmopathy, hetgeen resulteerde in dit proefschrift: " Assessment of disease 

activity in Graves' ophthalmopathy". 

Vanaf 16 augustus 1999 is hij werkzaam in het Deventer Ziekenhuis als internist-

endocrinoloog. Hij is getrouwd met Miriam Lansink en ze hebben samen drie 

kinderen. 

211 




