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Abstract
Background: Differentiating between dysthyroid optic neu-
ropathy (DON), which requires urgent therapy to prevent 
blindness, and moderate-to-severe Graves orbitopathy (GO) 
remains challenging. There is no pathognomonic feature of 
DON in either ophthalmological or radiological examina-
tions. Objectives: Our aim was to investigate the prevalence 
of radiological signs of DON in magnetic resonance imaging 
(MRI) in patients with moderate-to-severe and very severe 
GO. Methods: Two researchers reassessed MRI scans of 23 
consecutive patients (46 eyes) with active, moderate-to-se-
vere GO and 14 patients (23 eyes) with very severe GO. Typi-
cal signs of DON in MRI include apical crowding and optic 
nerve stretching. These were evaluated in the eyes of both 
groups of patients. Lack of cerebrospinal fluid in the optic 
nerve sheath as well as muscle index values were also stud-
ied. These clinical evaluations and laboratory results were 

then compared between groups. Results: At least one of the 
typical radiological features of DON was found in 22 (96%) 
and 16 (35%) eyes with very severe and moderate-to-severe 
GO, respectively. Each occurred statistically more often in 
patients with very severe GO. There were no ophthalmolog-
ical signs of very severe GO observed in the group of patients 
with moderate-to-severe GO during the study or its subse-
quent follow-up (234 weeks). Conclusions: MRI is a useful 
tool in evaluating very severe GO. However, features typical 
for DON are also found in up to 35% of eyes in patients with 
active, moderate-to-severe GO. Therefore, ophthalmologi-
cal evaluation seems to be most important in the recogni-
tion of very severe GO. © 2018 European Thyroid Association 

Published by S. Karger AG, Basel

Introduction

Dysthyroid optic neuropathy (DON) is the impairment 
of optic nerve function caused by Graves orbitopathy 
(GO) in the presence of pertinent radiological alterations 
such as optic nerve compression at the orbital apex by en-
larged extraocular muscles (apical crowding) or optic 
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nerve stretching [1]. The European Group on Graves’ Or-
bitopathy (EUGOGO) classifies DON as very severe GO 
[2]. DON occurs in 3–5% of GO patients [3]. Presently, 
there is no pathognomonic feature of very severe GO in 
either ophthalmological or radiological examination and a 
set diagnostic criteria have not yet been established [1]. 
Recognition, therefore, is based on the presence of a com-
pilation of signs typical for DON. Additionally, ophthal-
mological diseases such as glaucoma, cataract, high myo-
pia, or corneal exposition can affect visual function, fur-
ther complicating diagnosis. Distinguishing DON from 
the less severe forms of GO is challenging. Ultimately this 
may lead to delays in therapy which should be urgent in 
order to avoid complications such as permanent loss of vi-
sion. In several studies, the proclivity of various computed 
tomography (CT) features for DON diagnosis have been 
tested [4–9]. Magnetic resonance imaging (MRI) seems to 
provide better visualization of the optic nerve and soft tis-
sue details than CT, and nowadays is also more widely 
available [10]. Therefore, there is a growing need to inves-
tigate the usefulness of MRI as a tool in diagnosing DON. 
The aim of our paper was to analyse and compare the prev-
alence of typical radiological signs of DON in patients with 
moderate-to-severe and very severe GO.

Materials and Methods

We conducted a retrospective study evaluating the MRI scans 
of 14 consecutive patients (23 eyes) diagnosed with very severe GO 
and 23 patients (46 eyes) diagnosed with active, moderate-to-se-
vere GO who were treated in the Department of Endocrinology 
from 2009 to 2015. We excluded from the study patients with pri-
or treatment with orbital decompression or orbital radiotherapy, 
and patients with other diseases affecting visual function. In-
formed consent was provided by all patients. Clinical characteris-
tics of the studied groups are shown in Table 1. The study protocol 
was approved by the institute’s committee on human research.

Patients
The diagnosis of DON was based on at least 2 signs such as (i) 

deterioration of visual acuity (VA) (< 1.0), (ii) loss of colour vision 
(more than 2 errors in Ishihara plates), (iii) optic disc swelling and/
or visual field defect, and (iv) relative afferent pupillary defect. Five 
patients with DON had unilateral optic nerve involvement. Pa-
tients were treated with high doses of intravenous methylpred-
nisolone pulses (ivMP) as first-line therapy (1 g/day for 3 consecu-
tive days) and with orbital decompression as second-line therapy 
in cases which lacked improvement [11, 12]. In some of the pa-
tients additional treatment was necessary (ivMP, other orbital de-
compression) [11].

The diagnosis of moderate-to-severe GO was based on EUGO-
GO recommendations [2]. Evaluation of GO activity was based on 
the clinical activity score (CAS); GO was assessed as active if CAS 
was ≥3/7 [2, 13, 14]. Patients were treated according to EUGOGO 

Table 1. Clinical characteristics of patients with very severe GO (n = 14) and moderate-to-severe GO (n = 23)

Patients with 
very severe GO

Patients with 
moderate-to-severe GO

p value*

Graves disease 11 20 0.83**
Hashimoto disease 3 2 0.55**
Euthyroid Graves disease 0 1
Female 10 (71) 15 (65) 0.10**
Age, years 57 (31–81) 52 (24–76) 0.10
Active smokers 8 (57) 9 (39) 0.64**
Duration of thyroid disease, weeks 118 (9–805) 75 (10–802) 0.50
Duration of GO, weeks 31 (13–805) 43 (11–478) 0.80
Duration of DON, weeks 9 (1–25) – –
TSH (ref. range 0.270–4.200 µIU/mL) 1.24 (0.005–14.1) 1.27 (0.005–5.8) 0.77
fT3 (ref. range 3.1–6.8 pmol/L) 4.46 (3.2–12.9) 5.07 (3.7–8) 0.50
fT4 (ref. range 12–22 pmol/L) 16.97 (7.1–23.2) 16.94 (9.9–24.2) 0.38
TBII (ref. range <1.75 IU/L) 14 (1.0–25) 6.9 (0.6–40) 0.05
TPOAb (ref. range <34 IU/mL) 51 (7–600) 121 (7–6,000) 0.27
TgAb (ref. range <115 IU/mL) 23 (5–4,000) 38 (10–4,000) 0.50
CAS 4 (2–6) 4 (3–7) 0.45
Proptosisa, mm 21 (16–23.5) 22 (18–27) 0.29

Data are presented as n (%) or median (range), as appropriate. GO, Graves orbitopathy; DON, dysthyroid optic neuropathy; fT3, free 
triiodothyronine; fT4, free thyroxine; TBII, TSH-binding inhibitory immunoglobulins; TPOAb, thyroid peroxidase antibodies; TgAb, 
thyroglobulin antibodies; CAS, clinical activity score. * Mann- Whitney U test or otherwise, as indicated; ** χ2 test. a Proptosis was 
measured with a Hertel exophthalmometer.
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recommendations with ivMP pulses (6 × 0.5 g followed by 6 × 0.25 
g on a weekly schedule) [2]. Therapy with ivMP was accompanied 
by concomitant prednisone treatment (starting from 30 mg per 
day with tapering lasting 3 months), and in some cases with or-
bital radiotherapy.

MRI
MRI was performed using a 1.5-T unit (Siemens Magnetom 

Avanto, Erlangen, Germany). Routine orbital protocol consisted 
of the following unenhanced thin-slice sequences: axial T2 turbo 
spin echo (TSE) and T2 TSE fat saturated, coronal T2 TSE and T2 
TSE fat saturated, axial T1 SE, coronal T1 SE, and sagittal T1 SE 
for right and left orbit. The sequences were characterized by the 
following parameters: slice thickness of 2 mm, matrix 256 × 256, 
FoV = 140 and 160 mm. MRI scans were reassessed by 2 research-
ers – a trained neuroradiologist and a clinician with 3 years of ex-
perience in diagnosing DON. Our researchers were not aware of 
the diagnoses (moderate-to-severe or very severe GO); however, 
they reached mutual, independent consensus. The following pa-
rameters were analysed:
•	 Apical crowding – evaluated on coronal T1W images as de-

scribed by Nugent et al. [7] (Fig. 1). 
•	 Optic nerve stretching – using a line on the axial T2W section 

to best depict the course of the optic nerve between the poste-
rior globe and the orbital apex (Fig. 2). Optic nerve stretching 
was recognized when the optic nerve was lying in a straight line 
with no natural curves. 

•	 Assessment of fluid presence in the optic nerve sheath on T2W 
images, on both axial and coronal cross-sections (Fig. 3).

•	 Muscle index (MI) – using the method described in CT by Bar-
rett et al. [4] to calculate MI on coronal T1W images halfway 

between the posterior globe and the orbital apex. The horizon-
tal MI was expressed as the percentage of orbital width occu-
pied by the lateral and medial rectus muscles. Vertical MI was 
expressed as the percentage of the height of the orbit occupied 
by the inferior rectus and the superior muscle group. The larg-
er of these two values was considered as the final MI and used 
in data analysis.

Laboratory Evaluations
Thyroid stimulating hormone (TSH), free triiodothyronine, 

and free thyroxine concentrations, as well as TSH-binding inhibi-
tory immunoglobulins (TBII), thyroid peroxidase antibodies 
(TPOAb), and thyroglobulin antibodies (TgAb), were measured 
using an electro-chemiluminescence immunoassay performed on 
a Cobas 6000 Analyzer from Roche Diagnostics (Mannheim, Ger-
many).

Outcome Analysis
We compared the groups with moderate-to-severe and very 

severe GO considering age, sex, cigarette smoking, duration of thy-
roid disease and GO, CAS, proptosis, TSH, TBII, TPOAb, and 
TgAb concentrations, and the presence of typical signs of DON in 
MRI. The sensitivity and specificity of MI values, including 50, 55, 
and 60%, and the correlation between MI and the presence of api-
cal crowding was calculated.

Statistical Analysis
Median values were used to present continuous variables, 

while categorical variables were expressed as numbers or percent-
age values. Comparisons between continuous data were per-
formed with the Mann-Whitney U test. A χ2 test was used to anal-
yse the differences between categorical data. Statistical signifi-
cance was established for results with a p value < 0.05. To assess 
the correlation between data we used the Pearson product-mo-
ment correlation. All analyses were made with the statistical soft-
ware R version 3.0.3.

Table 2. Ophthalmological characteristics of the eyes affected with 
very severe GO (n = 23)

Eyes, n (%)

Reduction of VAa 23 (100)
VA

0.9 1 (4)
0.8 5 (22)
0.7 2 (9)
0.6 3 (13)
0.5 7 (31)
0.3 1 (4)
0.2 4 (17)

Impaired colour sensitivity 12 (52)
Optic disc swelling or defect in visual field 10 (43)
RAPD 2 (9)

GO, Graves orbitopathy; VA, visual acuity; RAPD, relative 
afferent pupillary defect. a Mean reduction of VA 0.5.

Fig. 2. Axial T2W section shows stretching of the optic nerve.

Fig. 1. Coronal T1W image: apical crowding of the muscles.
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Results

All patients with moderate-to-severe GO had bilateral 
GO in the active phase. There were no ophthalmological 
signs of DON observed before therapy, or during treat-
ment and follow-up, which lasted 234 weeks (from 103 to 
293 weeks). The clinical characteristics of the group with 
very severe GO are presented in Table 2. 

Comparing clinical and laboratory data between pa-
tients with moderate-to-severe and very severe GO before 
therapy, we found a higher concentration of TBII in pa-
tients with very severe GO (p = 0.05). There were no sta-
tistically significant differences in age, sex, duration of 

thyroid disease, CAS, proptosis, TPOAb, or TgAb be-
tween groups (Table 1).

The radiological signs in MRI typical for DON were 
found both in patients with very severe GO and some pa-
tients with moderate-to-severe GO. One of the radiologi-
cal features of DON (optic nerve stretching or apical 
crowding) was found in 22 (96%) eyes with very severe 
GO and in 16 (35%) eyes with moderate-to-severe GO. 
Each of them occurred in patients with very severe GO 
statistically more often than in patients with moderate-
to-severe GO (Table 3). 

Moreover, we observed a lack of cerebrospinal fluid in 
the optic nerve sheath in 13 (57%) eyes with very severe 

Table 3. Comparison of radiological features of the eyes with very severe GO (n = 23) and moderate-to-severe GO (n = 46)

Eyes with very 
severe GO,
n (%)

Eyes with 
moderate-
to-severe GO,
n (%)

p value Sensitivity,
%

Specificity,
%

PPV,
%

NPV,
%

Apical crowding 16 (70) 15 (33) 0.01* 70 67 52 82
Optic nerve stretching 17 (74) 9 (20) 0.00004* 74 80 65 86
Lack of cerebrospinal fluid in 

optic nerve sheath 13 (57) 11 (24) 0.01* 57 76 54 78
MI

≥50%
18 (78) 21 (46) 0.10** 78 54 46 83

≥55% 15 (65) 12 (26) 0.97** 65 74 56 81
≥60% 10 (43) 7 (15) 0.32** 43 85 59 75

GO, Graves Orbitopathy; MI, muscular index; PPV, positive predictive value; NPV, negative predictive value. * χ2 test; ** Mann-
Whitney U test.

Fig. 3. T2W images show the presence (up-
per axial and coronal cross-sections) and 
lack (lower cross-sections) of fluid in the 
optic nerve sheath.
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GO and in 11 (24%) eyes with moderate-to-severe GO. 
The difference was statistically significant.

Statistically significant correlations were also found 
between the presence of very severe GO and a high MI 
value (p = 0.009). Table 3 shows the prevalence of orbits 
with MI values of 50, 55, and 60% in both groups, with 
sensitivity and specificity noted for each value. The best 
sensitivity to specificity ratio was found for an MI value 
of 55%. Additionally, we found moderate positive corre-
lations between a high MI value and the presence of apical 
crowding (r = 0.62).

Discussion

Diagnosis of DON is a demanding task and there is still 
a lack of unequivocal recognition criteria. Both ophthal-
mological and radiological evaluations play an important 
role in this process. The difficulties in distinguishing 
moderate-to-severe from very severe GO may lead to 
sight-threatening delays in treatment. In the EUGOGO 
survey, McKeag et al. [15] suggest that impaired colour 
vision and optic disc swelling, together with radiological 
evidence of apical optic nerve compression, are clinical 
features frequently used to make the diagnosis of DON 
across Europe. In previous papers authors diagnosed 
DON based on a combination of ophthalmological and 
radiological features, usually with at least one obligatory 
sign. In the study by Currò et al. [16], there was at least 1 
feature characteristic of DON in CT and at least 2 features 
in ophthalmological examination; Mourits et al. [17] ob-
served obligatory apical crowding in CT and 1 or more 
clinical signs of DON, and Wakelkamp et al. [18] demon-
strated VA < 0.63 plus either apical crowding in CT and/
or clinical signs of DON. We diagnosed DON in the pres-
ent study if a patient fulfilled at least 2 criteria: deteriora-
tion of VA and/or visual field defect and/or loss of colour 
vision and/or optic disc swelling and relative afferent pu-
pillary defect, in the absence of any other explanation. A 
diagnosis dependent on several factors typical of DON, 
without any single obligatory feature, seems to be rational 
and effective. 

The main objective of our analysis was to investigate 
the prevalence of radiological signs of DON in patients 
with very severe and active, moderate-to-severe GO. All 
but one patient with very severe GO had at least one of 
the typical features in MRI: apical crowding or stretching 
of the optic nerve. The prevalence of these features was 70 
and 74% of eyes, respectively. In the group with active, 
moderate-to-severe GO, we found at least one of the ra-

diological features typical for DON in up to 35% of eyes. 
Their prevalence was 33 and 20% of eyes, respectively. 
There were no ophthalmological signs of DON observed 
within this group either before treatment, during treat-
ment, or during the subsequent follow-up (234 weeks). 
Therefore, we did not recognize very severe GO in any of 
these patients. Each of the typical signs of DON was found 
statistically significant more often in patients with very 
severe GO than in patients with moderate-to-severe GO.

Very few studies have directly used MRI to assess signs 
of DON in moderate-to-severe and very severe GO, which 
is why there is no data with which to compare our results. 
MRI is more informative than CT studies, allowing opti-
mal assessment of the optic nerve, its sheath, and sur-
rounding soft tissue [19]. However, both CT and MRI are 
essential to detect the apical crowding, muscular diame-
ter, bony orbital angles, and intracranial fat prolapse, 
which are highly correlated with DON [1]. Dodds et al. 
[20] compared the diameter of the optic nerve sheath at 
different positions from the posterior globe to the pre-
chiasmal region in the MRI scans of three groups of pa-
tients (with DON, GO without DON, and control group). 
The optic nerve diameter was significantly smaller in the 
group with DON; however, other features typical of DON 
were not assessed.

The prevalence of radiological signs of DON in CT ex-
amination of patients with moderate-to-severe and very 
severe GO was investigated in several studies. Nugent et 
al. [7] found severe apical orbital crowding in 66% of or-
bits with DON but in only 12% of orbits without DON. 
An EUGOGO survey found the prevalence of apical 
crowding analysed mostly in CT to be 95 and 43% in pa-
tients with definite DON and without DON, respectively 
[15]. The number of radiologically evaluated eyes in the 
group without DON was 14 among 22 eyes. Neigel et al. 
[21] revised CT in patients with GO with and without 
neuropathy and found a prevalence of severe apical 
crowding in 67 and 13%, respectively. 

We also found a lack of cerebrospinal fluid in the optic 
nerve sheath in eyes with very severe and moderate-to-
severe GO in 57 and 24% of eyes, respectively. This dif-
ference was considered statistically significant. The oc-
currence of this feature was not studied previously, and is 
worth considering including in future DON diagnostic 
criteria.

Besides apical crowding, many authors find MI note-
worthy in the diagnosis of DON. In a retrospective study 
first described by Barrett et al. [4], the authors concluded 
that an MI of 67% could be a diagnostic threshold for 
DON. Subsequent studies found MI values ranging from 
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50 to 67% [6, 22, 23] to be a good predictor of DON. How-
ever, obtaining perfectly oriented coronal cuts and defin-
ing the precise position of the coronal cut along the length 
of the orbit is complicated. In our study, we found that 
MI of 55% is the ratio of sensitivity to specificity. We also 
observed a moderate positive correlation between a high 
MI value and apical crowding, which is easier to evaluate 
and more practical, from a radiological perspective. 

MRI and CT are valuable tools used in patients with 
GO, but they are not always necessary. In a typical clinical 
case, it is rather unlikely that a therapeutic decision would 
be substantially influenced by additional information ob-
tained from imaging [24]. The indications for orbital im-
aging are (i) atypical presentation, (ii) non-thyroidal aeti-
ology, and (iii) clinical suspicion of optic nerve compres-
sion. We found that our patients with moderate-to-severe 
GO with radiological features of DON did not go on to 
develop very severe GO over 4 years of observation. In the 
ATOR study, older age of onset of GO, restricted oculo-
motility, strabismus, reduced palpebral aperture, and ac-
tive GO were predictors for later development of DON in 
GO [25]. A definite systemic risk factor for DON is pre-
existing vasculopathy in diabetes, hypertension, or smok-
ing [1]. Additionally, serum thyroid stimulating immuno-
globulin levels may be a useful diagnostic tool in identify-
ing patients with early-onset DON [26]. Careful clinical 
evaluation and follow-up of patients with GO is crucial. 
Dayan and Dayan [27] drew similar conclusions in their 
study previously presented in a simple diagnostic algo-
rithm for DON. Special attention must be paid, especially 
in those with these pre-existing conditions, given their 
higher risk of developing DON later in life. Orbital imag-
ing, however, seems to be superfluous to regular ophthal-
mological examination and control.

Limitations
Our study can be criticized for its relatively small num-

ber of patients within both groups. In the group with very 
severe GO this is mainly due to its rarity of prevalence, 
which is a constraint faced by many other studies as well. 

Conclusions

Ophthalmological evaluation seems to be the most im-
portant aspect in the recognition of very severe GO. Lack 
of ophthalmological signs of DON in patients with GO 
can exclude a diagnosis of DON regardless of MRI evalu-
ation. Radiological manifestations of DON can be hetero-
geneous; the most common features are optic nerve 
stretching and apical crowding. Radiological features typ-
ical for DON may be found in up to 35% of eyes in pa-
tients with active, moderate-to-severe GO.
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