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The usefulness of quantitative Magnetic Resonance Imaging in Graves ' ophthalmopathy 

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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