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Abstract
This prospective British Ophthalmological Surveillance Unit (BOSU) study on dysthyroid optic neuropathy (DON)
determines the incidence, presenting features and management throughout the UK. New cases were identified through the
BOSU yellow card and an initial questionnaire and a subsequent 9-month follow-up questionnaire were posted out. From
August 2015 to August 2016 DON was reported in 49 patients with 71 eyes affected, 22 patients had bilateral DON. The
most common presenting symptom was blurred vision (83%) and the most common examination finding was upgaze
restriction (85%). 85% of patients were initially treated with 3 days of either 1 g or 500 mg intravenous methyl prednisolone.
We received 25 follow-up questionnaires (51% of the initial cohort) with 38 eyes treated for DON and 13 bilateral cases. The
average steroid dose over 9 months was 4.5 g and 47% of patients had a surgical orbital decompression. The mean visual
acuity gain after 9 months of follow-up for all patients was 0.25 LogMAR. The mean visual acuity gain after just medical
therapy was 0.25 LogMAR and after both medical therapy and orbital decompression it was 0.24 LogMAR. In conclusion,
the incidence of DON in the UK from this study is 0.75 per million population per annum. The majority of patients are
treated with initial medical therapy and almost half of all patients subsequently went on to have an orbital decompression.
With either medical therapy or medical and surgical therapy, vision can improve in patients with DON.

Introduction

Dysthyroid optic neuropathy (DON) is a sight-threatening
condition, which occurs due to impaired optic nerve func-
tion secondary to Graves orbitopathy (GO). Sight-
threatening GO is thought to account for about 2% of all
cases of GO [1, 2]. The annual incidence of all cases of GO
is estimated as 48 per million per year [3]. Sight-threatening
GO includes DON, corneal exposure and globe subluxation,
though DON makes up the majority of all cases of sight-
threatening GO. If DON makes up approximately three-
quarters of all cases of sight-threatening orbitopathy, the
annual incidence of DON in the UK with a population of 65
million is ~62 cases per year.

The diagnosis of DON is often challenging and patients
should be treated as soon as possible in order to reduce
the risk of permanent visual compromise. The majority of
the current literature supports initial treatment of DON
with high dose intravenous steroids and surgical decom-
pression if the response is poor or when high dose
steroid therapy is not tolerated [4]. However, deviations
from this management strategy were documented more
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than a decade ago and often seemed to be dictated by
local access to ophthalmology and orbital input [5]. Due
to the uncertainty around current UK trends in the man-
agement of DON, the British Ophthalmological

Surveillance Unit (BOSU) funded and supported this
study to identify the incidence of DON within the UK
whilst determining typical presenting features and
management.

Fig. 1 The number of cases of
DON superimposed on a map
from the 2011 census
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The objectives of this BOSU study were to discover the
incidence and distribution of DON in the United Kingdom
and well as typical presenting features. The study would
determine variations in management strategy of DON
throughout the UK and their relation to clinical features and
visual outcomes in treated DON.

Methods

Patients who presented to any hospital in the United
Kingdom (UK) with DON from August 2015 to August
2016 were included within the study. New cases of DON
were identified utilising the following criteria:

Any patient with Graves’ orbitopathy who has either disc
swelling OR at least two of the following features not
attributable to any other cause:

1. Impaired visual acuity subjectively or objectively.
2. Impaired colour vision: at least two errors on testing

with Ishihara or HRR plates.
3. Relative afferent pupillary defect (RAPD) (patient

with asymmetrical or unilateral DON).
4. Reproducible defect on automated perimetry in

patient with VA of 6/18 or better, OR abnormal
visual evoked potential (VEP).

All consultant ophthalmologists in the UK receive the
BOSU yellow card, which advertises the current studies
open to recruitment. Recruitment to studies is voluntary and
data collection can only occur once the consultant has
returned the yellow card. Ethics approval was obtained from
the National Research Ethics Service (NRES) and no patient
identifiable information was collected.

The DON study was placed on the yellow card in August
2015 for 1 year and consultants who reported a case of

DON received an initial questionnaire to complete. A
follow-up questionnaire was subsequently sent out at
9 months to collect data post treatment. These ques-
tionnaires were made available and presented at the British
Oculoplastic Surgical Society annual scientific meeting in
2014.This helped ensure that consultants managing thyroid
eye disease were aware that the study was about to com-
mence and that they were satisfied with the questionnaires.

Results

This BOSU study recruited 49 patients (11 male, 38 female)
with a mean age of 61 (SD= 13) (range 27–84). Figure 1
shows the distribution of patients throughout the UK. The
largest number of reported cases was in Greater London
(Table 1) and the number of cases reported in each region
directly correlated to the regional population. Table 2 pre-
sents the incidence in each country within the United
kingdom, with the highest rates of DON in Scotland. The
initial data also revealed that 87% of patients were white
Caucasian and Table 3 presents the mixture of ethnicities
who presented with DON.

Following recruitment, twelve patients had been referred
on to another hospital for further management of DON. Half
of the patient’s blood tests revealed they were hyperthyroid
at diagnosis and 42% were taking carbimazole. The initial
questionnaire revealed 69% were smokers or ex smokers
and only 6% had received radioactive iodine in the past 1
year. Three patients had glaucoma and three patients had
known diabetic retinopathy. From the 49 reported patients,
71 eyes were recorded as having DON, 22 patients had

Table 1 The distribution of DON patients throughout the UK

Location Number of
patients

North east 6

North west 4

Midlands 5

East 2

South West 5

South East 2

South 3

London 9

Wales 5

Scotland 7

Northern Ireland 1

Table 2 The incidence of DON in countries in the UK

Country Per million
per annum

England 0.7

Northern Ireland 0.55

Scotland 2.7

Wales 1

Table 3 The ethnicities who presented with DON in the UK

Ethnicity Number of
patients

White British 43

Chinese 1

Romanian 1

African 2

Caribbean 1

Maltese 1
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bilateral DON, 17 in just the right eye and 10 in just the left
eye.

The most common presenting symptom was blurred
vision (83%) and 72% had reduced colour vision on
assessment (Table 4). The average presenting vision was
LogMAR 0.76 (range 0–2) in the right eye and LogMAR
0.46 in the left eye (range 0–2) (Supplementary Graph 1).
Mean proptosis was 23.5 mm in the right eye and 23.5 mm
in the left eye (range 16–32 mm, SD= 2.9). In our DON
patient cohort 58% had proptosis >23 mm and 50% of the
bilateral cases had no difference in proptosis between each
eye.

The most common examination finding at presentation
was upgaze restriction, present in 85% of patients; 71% also
had chemosis. A relative afferent pupillary defect (RAPD)
was present in 42% of patients and 63% of unilateral cases
had an RAPD. When examining the optic nerve, 21% of
patients were found to have optic disc swelling at pre-
sentation and only 7% of patients had choroidal folds.
Imaging was completed in 86% of patients. Out of these
patients who had imaging, 52% had a CT and 48% had an
MRI. Visual fields were abnormal in 42% of DON patients
and 14% of patients underwent a visual evoked potential as
part of their investigations.

Of the 49 patients only 1 patient did not undergo
treatment for DON due to mental health related issues. In
1 patient the initial treatment was not recorded, therefore
47 patients’ initial treatments in the first 72 h after diag-
nosis were recorded. Of these 51% received IV methyl
prednisolone (IVMP) 1 g each day for 3 days, 34%
received IVMP 500 mg each day for 3 days and 2%
received IVMP 250 mg each day for 3 days. Only one
patient received a primary orbital decompression and 6%
of patients were commenced on an oral steroid regime.
Orbital radiotherapy was organised for 12% of patients as
part of their ongoing management and 6% had their initial
steroid treatment reduced specifically because they were
diabetic.

After 9 months the responsible clinicians were sent a
follow-up questionnaire. Twenty-five questionnaires were
returned which included 13 bilateral cases, 5 left eyes and 7

right eyes totalling 38 eyes. The mean age of the patients
was 62 (SD 13.25). Two patients had passed away during
the 9-month period. On review of these follow-up patients,
77% were female, 24% were male and 88% were classified
as white British.

Out of the 25 patients, 48% had received 1 g IVMP for
3 days as their initial treatment and 44% received 500 mg
IVMP for 3 days. One patient received no treatment and 1
patient received IVMP 250 mg for 3 days as initial treat-
ment. The follow-up questionnaire reviewed associated side
effects from initial treatments and found that 2 patients had
poor diabetic control after their intravenous steroids and 1
patient had significant gastrointestinal upset. After initial
treatment 36% of patients were treated with a reducing
regime of oral steroids.

One patient received rituximab, 1 patient received aza-
thioprine and 2 patients received orbital radiotherapy. The
average dose of steroid over 9 months was 4.5 g (range
1.3–8 g, median 4.5 g) and 30% of patients were taking
selenium.

Out of the 38 eyes with follow-up 47% received an
orbital decompression within 9 months. All of those patients
who had a decompression had at least their medial wall
decompressed. Of the medial wall decompression, 83%
were completed by an ophthalmologist and the remaining
17% had their medial wall decompressed by an ENT sur-
geon. When reviewing the type of decompression which
was performed, 33% of patients had just their medial wall
decompressed, 55% had their medial and lateral wall
decompressed and 12% had their medial, lateral and floor
decompressed. The mean wait for an orbital decompression
post diagnosis of DON was two and half months. One
patient had visual reduction to perception of light due to a
significant intraoperative haemorrhage during decompres-
sion surgery and another patient had intractable diplopia
post decompression.

The mean visual acuity gain after 9 months of follow-up
for all patients was 0.25 LogMAR (SD= 0.57). The mean
visual acuity gain after just medical therapy was 0.25
LogMAR (SD= 0.37)and after both medical therapy and
orbital decompression it was 0.24 LogMAR (SD= 0.73)
After 9 months, 21% of patients were reported to have
significant visual field loss. Proptosis reduced by 4 mm on
average in the right eye and 2.5 mm on average in the left
eye. Eyes which had been treated with both medical
therapy and decompression on average had a reduction in
proptosis of 4.5 mm. Those treated with just medical ther-
apy alone had on average a reduction of 2.5 mm in prop-
tosis. After 9 months 21% of treated eyes had an RAPD,
24% had optic atrophy and 32% of patients had a visual
field defect due to DON. No patients had been registered as
sight impaired or severely sight impaired after 9 months
follow-up.

Table 4 Presenting symptoms in patients with DON in the UK

Presenting symptom Percentage of patients reporting
symptom at presentation with DON (%)

Blurred vision 83

Change in colour vision 72

Awareness of visual field
defect

13

Lid swelling 1

Diplopia 1

Asymtomatic 13
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Discussion

This prospective BOSU study into DON is the first in the
United Kingdom. The annual incidence of DON is esti-
mated to be 0.96 cases per million population per annum
[6]. Assuming the UK population is 65 million we can
extrapolate that there should be ~62 cases of DON in the
UK per annum. The BOSU study captured 49 patients with
DON which is 79% of all estimated cases in the UK,
therefore, we can deduce that the sample was representative.
The incidence rate of DON from this BOSU study in the
UK is 0.75 per million population per annum.

The study has made it possible to review the distribution
of DON utilising the first half of the patients post code. To
get a sense of how DON directly relates to population
density, Fig. 1 shows the number of cases superimposed on
a map from the 2011 census. As expected the number of
DON cases broadly corresponds to the most densely
populated areas, with some hotspots and some notable areas
of no cases of DON. For instance, there is a large triangular
area in the map that includes the counties of East Riding,
Lincolnshire, Nottinghamshire, Leicestershire, North-
amptonshire, Cambridgeshire, Suffolk, Buckinghamshire,
Oxfordshire, Herefordshire, Gloucestershire, and Wiltshire.
This area has a population of 7.5 million and the expected
annual incidence of DON is ~7 instead of 0. There are also
wide differences in the incidence of DON by country within
the UK, with the incidence being highest in Scotland (2.7/
million/annum), followed by Wales (1/million/annum),
England (0.7/million/annum), and Northern Ireland (0.55/

million/annum). The distribution of DON in the UK does
not match that of smoking incidence (Fig. 2).

The reasons for the apparent uneven distribution are
unclear. They may be explained on the basis of a very low
incidence and small sample size, thus resulting in mis-
leading trends. The above observations could also be
explained on the basis of cases not being reported through
BOSU, or not being detected. The distribution of DON in
this study does resemble that of surgical orbital decom-
pressions (Fig. 3) performed, which in turn correlated to
proximity to a major orbital centre [7, 8].

This study agrees with the current literature that older,
hyperthyroid, smoking patients are at the highest risk of
DON [9]. The study however does have a higher percentage
of female patients affected in comparison to Mckeag et al.
[10]. Forty-five percent of cases are bilateral and this study
highlights the importance of looking carefully for bilateral
disease and not relying on a RAPD. The most common
presenting feature is blurred vision and the most common
examination finding is restricted upgaze with the majority of
patients having reduced colour vision.

Patients presented with a wide range of visual acuity
(0–2 logMAR) and it is important to consider DON when
vision may appear normal. There was also a wide range in
proptosis measurements (16–32 mm) and clinicians must be
aware that a tight orbit can result in optic nerve compression
without proptosis [11]. The presence of an RAPD and optic
disc swelling are indicative of DON however in this study it
has been reported to occur without either sign. If optic
neuropathy is challenging to diagnose visual evoked
potentials (VEP) can be useful in supporting a diagnosis of
DON [12, 13]. Only 14% of patient had a VEP which may
imply that either they were not necessary to make the
diagnosis of DON or that VEPs are not readily available in
ophthalmology units. The study also did not find an asso-
ciation between choroidal folds and DON.

When reviewing treatments, 85% of patients were com-
menced on initial medical treatment which followed the
European Group on Graves’ Orbitopathy (EUGOGO) pro-
tocol [14]. Only one patient had a primary decompression
and 6% of patients were treated with oral steroids. The
patients treated with oral steroids were in hospitals which do
not provide orbital decompression surgery. Six patients had
their steroid regime altered due to their diabetes. It is
important to consider the potential side effects of high dose
IV steroids and diabetics should have their blood sugars
closely monitored throughout treatment.

The 9-month follow-up questionnaires had a 51%
response rate from the initial cohort of patients. This
dropout rate is commonly experienced with questionnaire
based prospective studies and clearly the BOSU study
would have been more powerful if this was lower. The two
patients who passed away during follow-up died of cardiac

Smoking % popula on
From HSCIC 2016

Fig. 2 This figure shows that the distribution of DON in the UK does
not match that of smoking incidence
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disease. It is not known whether the treatment with steroids
were directly related to the patients’ cardiovascular disease
however it is well known that steroids can induce hyper-
glycaemia, hypertension, dyslipidaemia and central obesity
which all contribute to cardiovascular disease [15]. Within
the follow-up cohort 92% of patients had received treatment
in concordance with the EUGOGO guidelines on the
management of DON. A third of patients received a redu-
cing regime of oral steroids after their intravenous therapy.
There is no current consensus on oral steroids regimes post
intravenous steroids for DON, however, their use has been
described and a clinical decision must be made depending
on the patients initial response to IV steroids [16]. We do
know that IV steroids are more effective with less side
effects than oral steroids for active thyroid eye disease [19].

Treatments with further immunomodulatory drugs are
typically commenced after treatment with steroids for DON
however recent encouraging publications on Teprotumumab
for active GO may result in a change of practise in the
future [18, 19]. Only a third of patients were taking sele-
nium at 9 months. There is currently a broad range of
evidence supporting selenium supplementation for
6 months and its role in improving the course of GO in
patients with mild active disease [20]. This should be

actively promoted when managing GO patients and further
education of clinicians may facilitate this. Only two patients
received orbital radiotherapy after their initial treatment for
DON. This would appear reasonable as we know orbital
radiotherapy has a delayed effect in GO and initially may
induce further inflammation after treatment, which could be
detrimental in DON [21]. If however the patient has had a
good response to initial DON treatment and they remain
active with no evidence of optic neuropathy, then orbital
radiotherapy could be considered however recent studies
have questioned its benefits [22].

Almost half of all patients treated for DON had an orbital
decompression within 9 months. Those patients who did not
receive a decompression in the study either developed a
significant improvement in their vision after medical treat-
ment or were being managed in a unit which did not provide
orbital surgery. It is important to also consider that those
patients may have not progressed on to decompression if the
clinician did not feel there would be significant benefit or if
the patient declined surgery. This BOSU study highlights
the variety of treatments available for DON. Due to the
complexity of the condition we should aim to streamline
patients who have diagnosed DON to ensure that they
receive appropriate initial therapy and are subsequently

Dark grey: PCTs with highest
decompression rates

Light grey: PCTs with lowest
decompression rates

Fig. 3 The distribution of DON
in this study does resemble that
of surgical orbital
decompressions
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managed in an orbital centre so that any intervention can be
performed when necessary. If a medial wall decompression
is necessary this can either be completed by an orbital
surgeon or an ENT surgeon with ophthalmology follow-up.

In this BOSU study, patients who were treated with
either IVMP or IVMP and orbital decompression on aver-
age had a visual improvement of 0.25 LogMAR. This figure
shows that visual loss from DON is somewhat reversible
with treatment. Those patients who present with only
minimal visual loss retain better vision post treatment than
those who presented with significant visual loss. This would
imply that an early presentation and treatment when there
has not been significant visual decline would result in
patients retaining as much vision as possible. Only 20% of
patient had a visual field defect due to DON after follow-up
and no patients had been registered as sight impaired
however one patient’s vision at follow-up did meet the
criteria.

Previous publications have shown that proptosis
improves in active GO patients treated with IVMP [23, 24].
In our cohort those patients who received medical treatment
alone had on average a 2.5 mm reduction in proptosis,
which is 2 mm less than those treated both medically and
surgically. Within the group of patients who had an orbital
decompression a third of these only had their medial wall
decompressed. The removal of the medial wall is most
important for relieving pressure on the optic nerve, how-
ever, further reduction in proptosis can be achieved by
completing a balanced medial and lateral wall orbital
decompression [24]. Orbital decompression has potentially
serious complications and patients should be well coun-
selled before undergoing surgery as one of our patients had
significantly reduced vision post surgery and another had
intractable diplopia.

DON is a rare condition in the UK (0.75 cases per mil-
lion) which is a challenge to both diagnose and treat. In the
UK, DON is well managed, however, improvements could
be made by ensuring that all patients have streamlined
access to their regional thyroid eye clinic and orbital
service.
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