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Octreotide-scintigraphy is a disease-activity parameter in graves' ophthalmopathy 

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. 

155 



Chapter 8 

Acknowledgements 

This work was supported by a grant from the Dutch National Health Insurance 

Board ("Fonds Ontwikkelingsgeneeskunde"), Amstelveen, the Netherlands (grant 

OG 94/038). The authors also thank Mallinkrodt Medical BV, Petten, the 

Netherlands, for providing the mIn-DTPA-octreotide. 

References 

1. Burch HB, Wartofsky L. Graves' ophthalmopathy: current concepts regarding 

pathogenesis and management. Endocrine Reviews 1993; 14: 747-793. 

2. Prummel MF & Wiersinga WM. Medical management of Graves' ophthalmopathy. 

Thyroid 1995; 5: 231-234. 

3. Mourits MPh, Prummel MF, Wiersinga WM, Koornneef L. Clinical activity score as 

a guide in the management of patients with Graves' ophthalmopathy. Clinical 

Endocrinology 1997; 47: 9-14. 

4. Hiromatsu Y, Kojima K, Ishisaka N. Role of magnetic resonance imaging in 

thyroid-associated-ophthalmopathy: its predictive value for therapeutic outcome of 

immunosuppressive therapy. Thyroid, 1992; 2: 299-305. 

5. Krenning EP, Kwekkeboom DJ, Bakker WH, Breeman WAP, Kooij PPM, Oei HY, 

Hagen M van., Postema PTE, Jong M de, Reubi JC, Visser TJ, Reijs AEM, Hofland 

LJ, Koper JW, Lamberts SWJ. Somatostatin receptor scintigraphy with [mIn-DTPA-

d-Phel]-and [123I-Tyr3]-octreotide: the Rotterdam experience with more than 1000 

patients. European Journal of Nuclear Medicine 1993; 20: 716-731. 

6. Postema PTE, Krenning EP, Wijngaarde R Kooy PPM, Oei HY, Van den Bosch WA, 

Reubi JC, Wiersinga WM, Hooijkaas H, Van der Loos T, Poublon RML, Lamberts 

SWJ, Henneman G. [mIn-DTPA-D-Phe]octreotide scintigraphy in thyroidal and 

orbital Graves'disease: a parameter for disease activity? Journal of Clinical 

Endocrinology and Metabolism 1994; 79: 1845-1851. 

7. Moncayo R Baldissera I, Decristoforo C, Kendler D, Donnemiller E. Evaluation of 

immunological mechanisms mediating thyroid-associated ophthalmopathy by 

radionuclide imaging using the somatostatin analog mIn-octreotide. Thyroid 1997; 7. 

21-29. 

156 



Octreotide-scintigraphy is a disease-activity parameter in graves' ophthalmopathy 

8. Kahaly G, Diaz M, Just M, Beyer J, Lieb W. Role of octreoscan and correlation with 

MR imaging in Graves' ophthalmopathy. Thyroid 1995; 5: 107-111. 

9. Kahaly G, Gorges R, Diaz M, Hommel G, Bockisch A. Indium-lll-Pentetreotide in 

Graves'disease. Journal of Nuclear Medicine 1998; 39: 533-536. 

10. Krassas GE, Dumas A, Pontikides N, Kaltsas T. Somatostatin receptor scinti-graphy 

and octreotide treatment in patients with thyroid eye disease. Clinical Endocrinology 

1995; 42: 571-580. 

11. Claus JJ, Dubois EA, Booij J, Habraken J, De Munck JC, Van Herk M, Verbeeten 

BJr, Van Royen EA. Demonstration of a reduction in muscarinic receptor binding in 

early Alzheimer's disease using iodine-123 dexetimide single-photon emission 

tomography. European Journal of Nuclear Medicine 1997; 24: 602-608. 

12. Werner SC. Modification of the classification of the eye changes in Graves' disease: 

Recommendations of the ad hoc committee of the American Thyroid Association. 

Journal of Clinical Endocrinology and Metabolism 1977; 44: 203-204. 

13. Mourits MPh, Prummel MF, Wiersinga WM, Koornneef L. Measuring eye 

movements in Graves' ophthalmopathy. Ophthalmology 1994; 101: 1341-1346. 

14. Gerding MN, Prummel MF, Kalmann R, Koornneef L, Wiersinga WM. Colour slides 

are useful in assessing changes in soft-tissue involvement in Graves' ophthalmopathy. 

Journal of Endocrinological Investigations 1998; 21: 459-462. 

15. Krassas GE, Kaltsas Th, Dumas A, Pontikides N, Tolis G Lanreotide in the treatment 

of patients with thyroid eye disease. European Journal of Endocrinology 1997; 136: 

416-422. 

157 



158 


