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Clinical Manifestations and Treatment Outcome 
of Optic Neuropathy in Thyroid-Related 

Orbitopathy
Guy J. Ben Simon, MD; Hasan Syed, MD; Raymond Douglas, MD, PhD; Robert Schwartz, MD;  

Robert A. Goldberg, MD; John D. McCann, MD, PhD

n BACKGROUND AND OBJECTIVE: To inves-
tigate the incidence and outcome of optic neuropathy 
associated with thyroid-related orbitopathy.

n PATIENTS AND METHODS: All patients diag-
nosed as having optic neuropathy associated with thy-
roid-related orbitopathy who underwent treatment for 
optic neuropathy between January 1, 1999, and March 
1, 2003, were reviewed. Demographic and clinical data 
were extracted from the oculoplastic registry (electronic 
medical record).

n RESULTS: Optic neuropathy occurred in 20 of 
595 patients with thyroid-related orbitopathy (3.4%). 
All patients received systemic steroids, 7 patients re-
ceived orbital steroid injections, and 2 patients were 
treated with orbital radiotherapy. Orbital decompres-
sion was performed in all 26 orbits. Visual acuity im-

proved from a mean of 20/150 to 20/30 (P < .001). 
Color vision improved from a mean of 5.2/14 to 11/14 
(P = .001). The afferent pupillary defect disappeared 
shortly after treatment for all but 1 case, and improved 
in all cases. Exophthalmos decreased from 26.4 ± 2.5 
to 21.5 ± 2.1 mm (P < .001; 95% confidence interval, 
3.8 to 5.7). 

n CONCLUSIONS: Optic neuropathy manifests 
rarely in patients with thyroid-related orbitopathy. 
Monitoring visual acuity or afferent pupillary response 
may be a reliable way of assessing and monitoring optic 
neuropathy. In this study, patients had improved visual 
acuity and optic nerve function after a combination of 
medical and surgical treatment.

[Ophthalmic Surg Lasers Imaging 2006;37:284-
290.]

INTRODUCTION

Optic neuropathy in patients with thyroid-relat-
ed orbitopathy is considered a serious diagnosis that 

requires prompt treatment to prevent permanent vi-
sual loss.1 It is believed that compression of the optic 
nerve at the orbital apex by extraocular muscle en-
largement,2-4 inflammation,5 and vasculopathy6 are 
the main causes of neuropathy. In rare cases, increased 
orbital fat associated with axial proptosis can cause 
optic nerve dysfunction without crowding in the or-
bital apex by stretching the nerve.7

There are no clear guidelines for the sequence of 
treatment of optic neuropathy, but many therapeutic 
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options are available. Treatments that have proved to 
be beneficial in optic neuropathy are systemic steroids,8 
intravenous pulse methylprednisolone,9,10 chemothera-
py,8 radiotherapy,8,11,12 orbital decompression by bone 
removal,13-16 and orbital decompression by fat remov-
al.17 Bony decompression of the orbit can be curative, 
but previous reports include cases with persistent signs 
of optic nerve dysfunction that require re-treatment 
with steroids, radiotherapy, or even repeated surgery.13

The purpose of this study was to evaluate the treat-
ment results of cases with optic neuropathy, and to 
provide long-term follow-up. Treatment consisted of 
systemic steroids, orbital injection of steroids, orbital 
decompression, and radiotherapy.

PATIENTS AND METHODS

This study was a retrospective, noncomparative, 
interventional cases series. The oculoplastic registry 
was reviewed to identify all patients treated for optic 
neuropathy associated with thyroid-related orbitopa-
thy at the Jules Stein Eye Institute between January 1, 
1999, and March 1, 2003. The study complied with 
the policies of the local institutional review board. 
Data regarding visual acuity, relative afferent pupillary 
defect, color vision, red desaturation, brightness, intra-
ocular pressure (IOP), exophthalmometry, treatment 
modality, outcome, and complications were recorded 
and analyzed.

Treatment for optic neuropathy at our center con-
sisted of at least one of the following four modalities: 
systemic steroids (1 to 2 mg/kg), orbital injection of 
triamcinolone acetonide (40 mg/1 mL), orbital radia-
tion, and orbital decompression (bony removal of me-
dial and, in some cases, lateral orbital wall). All surger-
ies were performed by two of the authors (RAG and 
JDM). Most patients who underwent orbital decom-
pression received systemic steroids before surgery. In 
some patients, an attempt was made to reduce the need 
for systemic steroids by giving orbital injections of tri-
amcinolone acetonide. Six patients had bilateral optic 
neuropathy, as evidenced by decreased visual acuity, or 
color vision. The urgency to perform orbital decom-
pression was based on the visual acuity trajectory and 
the presence of orbital inflammation.

Statistical analysis was performed using the paired 
samples t test to evaluate preoperative and postoperative 
data such as visual acuity, IOP, and exophthalmometry 

measurements. Pearson bivariate correlation was used 
to examine influence of age, visual acuity, IOP, color 
vision, and extent of exophthalmos and treatment out-
come.

RESULTS

Of 595 patients with thyroid-related orbitopathy, 
26 eyes of 20 patients (3.4%; 4 men, 16 women) were 
diagnosed as having optic neuropathy. Data regarding 
patient demographics are summarized in Table 1.

Most of the patients (85%; 17 of 20) were receiving 
thyroid hormone replacement therapy. Optic neuropa-
thy affected the right eye in 42% of cases and the left 
eye in 58%. Diagnosis of optic neuropathy was made 
on the basis of at least one of the following: decreased 
best-corrected visual acuity (96.2%), decreased color 
vision (Ishihara) or red desaturation (76%), and de-
creased brightness and relative afferent pupillary defect 
(69%). Afferent pupillary defect was graded clinically 
according to severity on a scale of 1 to 4. Mean clinical 
scale of afferent pupillary defect was 1.7 ± 1 (0 to 4).

Treatment for optic neuropathy consisted of at 
least one of four modalities that are summarized in 
Table 2. All 20 patients had received oral prednisone at 
some time during their treatment course. All 26 orbits 
underwent decompression (20 cases = medial wall, 6 
cases = combined medial and lateral walls), 7 patients 
were treated with orbital injection of triamcinolone 
acetonide (40 mg), and 2 patients were treated with 
radiotherapy. Eight patients (32%) received systemic 
steroid treatment after orbital decompression for either 
postoperative orbital inflammation or persistent signs 
of optic nerve dysfunction.

Average visual acuity improved from a mean of 
20/150 to 20/30 after treatment (P < .001; 95% con-
fidence interval, 0.45 to 0.9), delta logarithm of the 
minimum angle of resolution (visual acuity) was 0.68 
± 0.55 (range, 0 to 1.81) (Figs. 1 and 2). Older patients 
demonstrated less improvement in visual acuity after 
treatment (r = -0.54; P = .006, Pearson correlation). 
No patient had a decrease in visual acuity as a result of 
treatment. Mean Ishihara color plate values increased 
from 5.2/14 ± 4 (range, 0 to 10) at the time of diag-
nosis to 11/14 ± 3 (range, 6 to 14) post-treatment (P = 
.001; 95% confidence interval, -8 to -3).

Orbital decompression was performed at different 
intervals after diagnosis of optic neuropathy. Medi-
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cal treatment was employed and surgery was delayed 
as long as visual acuity remained stable (Fig. 3). Re-
sults of ophthalmoscopy examination were normal for 
most cases and optic nerve changes were noted in only 
4 cases (15.4%); these included mild hyperemia with 
congestion, indistinct margins, optic disc edema, and 
regional pallor.

Afferent pupillary defect disappeared after treat-
ment in all but 1 case, who initially presented with a 
dense afferent pupillary defect that decreased to trace 
defect after treatment. There was a reduction in mean 

primary gaze IOP measurements of 4.3 ± 7.3 mm Hg 
from a mean pretreatment value of 19.6 ± 6.4 to 17.5 
± 4.3 (P = .035). Mean IOP in up gaze also decreased 
by 13.6 ± 7.3 mm Hg (44%), from 30.8 ± 8.5 mm Hg 
pretreatment to 20.5 ± 5.3 mm Hg post-treatment (P < 
.001; 95% confidence interval, 9.4 to 17.8). There was 
a correlation in terms of the degree of surgical exoph-
thalmos correction and reduction in up gaze IOP (r = 
0.74; P = .014).

After orbital decompression, exophthalmometry 
measurements decreased 4.8 ± 2.1 mm (range, 1 to 8 

Table 1

Pretreatment and Posttreatment Data of the Study Group

Characteristic
At Diagnosis*  

Mean ± SD (Range)
Post-treatment†  

Mean ± SD (Range) P

Age (y) 50.3 ± 15.7 (22–76)

Duration of Graves’ ophthalmopathy (y) 3.9 ± 3.8 (0.25–15)

logMAR (visual acuity) 0.88 ± 0.59 (0.1–1.9) 0.2 ± 0.23 (0–1.0) < .001

Visual acuity 20/150 (20/25–HM) 20/30 (20/25–20/200) < .001

Color vision (Ishihara) – n/14 5.2 ± 4 (0–10) 11 ± 3 (6–14) .001

IOP primary gaze (mm Hg) 19.6 ± 6.4 (8–42) 17.5 ± 4.3 (11–25) .035

IOP up gaze (mm Hg) 30.8 ± 8.5 (21–48) 20.5 ± 5.3 (12–33) < .001

IOP difference (up–primary) (mm Hg)‡ 11.3 ± 6.5 (2–26) 2.6 ± 2.8 (0–8) < .001

Exophthalmometry (mm) 26.4 ± 2.5 (21–30) 21.5 ± 2.1 (16–26) < .001

Follow-up time (mo) 17 ± 9 (6–37)

SD = standard deviation; logMAR = logarithm of the minimum angle of resolution; HM = hand motions; IOP = intraocular pressure. 
*Measurements taken at the time of diagnosis of optic neuropathy. 
†Measurements taken at the last follow-up after surgical (orbital decompression) and medical (systemic/orbital steroids) treatment. 
‡Difference of IOP in up gaze to IOP in primary gaze, as an indication for the extent of mechanical restriction preoperatively and functional 
decompression after surgery.

Table 2

Treatment Modalities in the Study Group

Treatment 
Sequence*

Systemic 
Prednisone†

Retrobulbar 
Triamcinolone 

Acetonide Radiation
Orbital 

Decompression‡

1st 17 12

2nd 5 7 1 6

3rd 4 1 7

4th 1

Total 26 7 2 26

*Patients could have been treated with at least one of four treatment modalities. Treatment sequence denotes which treatment modality was ap-
plied first. 
†Oral prednisone (1 to 2 mg/kg). 
‡Bony decompression (removal of medial and, in some cases, inferior orbital wall).
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mm), from 26.4 ± 2.5 mm (range, 21 to 30 mm) to 
21.5 ± 2.1 mm (range, 16 to 26 mm) (P < .001; 95% 
confidence interval, 3.8 to 5.7) (Fig. 4). No compli-
cations were associated with orbital decompression or 
orbital steroid injection. Systemic steroids were used 
for an average of 3 ± 2 weeks (range, 3 days to 2.5 
months).

DISCUSSION

Optic neuropathy is a rare manifestation of thy-
roid-related orbitopathy, and only 3.4% of all patients 
in our study exhibited signs of optic nerve dysfunction. 
This is a lower incidence than the 8.6% originally re-
ported by Neigel et al.1 Bilateral decrease in visual acu-
ity was seen in only 6 patients (30%). 

Decreased visual acuity was the most common pre-
sentation of optic neuropathy in our patients. Mean 
pretreatment visual acuity was 20/150, worse than pre-
viously reported by Neigel et al.’s group,1 where 52.6% 
of the patients had a visual acuity of 20/40 or better at 
the time of diagnosis. This disparity may be the result 
of patients in our group presenting with more advanced 
optic neuropathy. We did not examine contrast sensi-
tivity, visual evoked potentials, or visual fields, which 
would probably demonstrate optic nerve dysfunction 
before the visual acuity deteriorates.1,18-21

Afferent pupillary defect was noticed in 69% of 
the cases, a higher rate than found by Neigel et al.,1 
who reported 34.8% in their optic neuropathy group. 
Again, this may imply that our patients were diagnosed 

Figure 3. Time (months) from diagnosis of optic neuropathy to or-
bital decompression as a function of the logarithm of the minimum 
angle of resolution (logMAR) of presenting visual acuity (VA). Figure 4. E xophthalmometry measurements (mean ± standard 

error) before and after orbital decompression for optic neuropathy. 
***P < .001.

Figure 1. Change of the logarithm of the minimum angle of 
resolution (logMAR) of visual acuity from time of diagnosis (pre-
treatment) to 2 years after treatment (orbital decompression and 
steroids).

Figure 2. Pretreatment and post-treatment change in visual acuity 
in patients with optic neuropathy (X axis represents all 26 cases); 
top of arrow indicates initial visual acuity, arrowhead points to final 
visual acuity (post-treatment).
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at a more severe stage. Color vision disturbances were 
found in 76% of our patients. The fact that results of 
color vision examination by Ishihara color plates did 
not return to normal may imply that some degree of 
optic nerve dysfunction remains after orbital decom-
pression and steroid treatment, even if visual acuity 
returns to normal and afferent pupillary defect disap-
pears. It may be that color vision is the more sensitive 
method of evaluating minor degrees of optic neuropa-
thy in the clinic, possibly due to the fact that it is not a 
relative examination (as is pupillary response). It is also 
known that in optic neuropathy of different etiologies, 
color vision may be disturbed before visual acuity dete-
riorates, and may persist even after treatment.22-26

An important mechanism for optic neuropathy is 
optic nerve compression at the orbital apex caused by 
enlargement of the recti muscles.1-4 Patients with optic 
neuropathy commonly demonstrate restriction of the 
inferior rectus muscle1 and an associated increase in 
IOP in up gaze. In our patients, the mean increase in 
IOP between primary gaze and up gaze was reduced by 
11.3 ± 6.5 mm Hg after treatment. It seems unlikely 
that orbital decompression reduced the fibrosis of the 
inferior rectus muscle. We speculate that retrodisplace-
ment of the globe within the orbit reduces the tension 
on the inferior rectus muscle so that the globe can su-
praduct with less restriction from the inferior rectus 
muscle.

Our patients showed an increased IOP in primary 
gaze, which can imply more congestion, and increased 
intraorbital pressure as a sign for severity of the dis-
ease.27,28 Otto et al. noted that retrobulbar pressure is 
elevated in patients with optic neuropathy compared 
with patients who have Graves’ ophthalmopathy with-
out optic neuropathy, and orbital decompression sur-
gery results in a marked decrease in retrobulbar pres-
sure. This may be one of the mechanisms of improved 
optic nerve perfusion after decompression surgery.28

Age is considered a risk factor in optic neuropathy, 
and Neigel et al.1 found patients with optic neuropathy 
to be older than patients who had thyroid-related orbi-
topathy without optic neuropathy (57.5 vs 49.2 years). 
Our patients were relatively young with a mean age of 
50.3 years, but older patients demonstrated less im-
provement in visual acuity after treatment (r = -0.54; P 
= .006). It may be that other factors may influence op-
tic nerve dysfunction in older age, such as the presence 
of microcirculatory abnormalities due to atherosclero-

sis, hypertension, or diabetes, which are risk factors for 
the development of optic neuropathy in patients with 
thyroid-related orbitopathy.6

All of our patients demonstrated marked improve-
ment in visual acuity and optic nerve functions after 
treatment with orbital decompression and systemic 
or orbital steroid injections. This supports the theory 
that optic nerve compression in the orbital apex and 
decreased optic nerve perfusion (caused by tight orbit) 
are the main mechanisms of optic nerve dysfunction in 
thyroid-related orbitopathy. Thirty-two percent of our 
patients initially received steroids after surgery to treat 
postoperative inflammation and to allow for tapering 
of their preoperative steroids.

Only one patient required a second orbital decom-
pression procedure. The first orbital decompression 
procedure improved the visual acuity from 20/200 to 
20/60, but visual acuity decreased to 20/100 in the 
year after surgery. It is questionable whether this was 
due to optic neuropathy or severe diabetic retinopathy. 
The second decompression did not result in visual acu-
ity improvement.

Our results are not in accord with what has been 
previously reported by Hutchison and Kyle,13 who 
found subsequent deterioration in vision in 36% of 
patients who underwent orbital decompression for 
optic neuropathy. These patients later responded to 
additional treatment with systemic steroids, orbital 
radiotherapy, or further orbital surgery. In two of 
Hutchison and Kyle’s patients (6%), vision continued 
to deteriorate despite further treatment. All cases that 
were treated with steroids preoperatively showed im-
provement in vision. Other studies have shown that 
combined immunosuppression (azathioprine or low-
dose prednisolone) with primary orbital radiotherapy 
in the management of active thyroid eye disease led to 
fewer side effects than high-dose steroids. There was 
even a fourfold reduction in the requirement for orbit-
al decompression and strabismus surgery.8 We cannot 
conclude from our study any specific role of steroids 
or radiotherapy on optic neuropathy because most of 
our patients were treated with steroids and orbital de-
compression and only two were treated with radiation 
alone.

We found that steroids combined with orbital de-
compression are an effective treatment for optic neu-
ropathy in thyroid-related orbitopathy. We think that 
a trial of steroids is indicated as an initial treatment 
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in most patients with optic neuropathy. Most patients 
with optic neuropathy are in the active inflammatory 
phase of the disease and it is our experience that ste-
roids decrease orbital congestion, facilitating a safer 
decompression surgery. We would forgo the initial trial 
of steroids and proceed directly to surgery in the fol-
lowing situations: presenting visual acuity of less than 
20/200, exposure keratopathy with corneal ulceration, 
and contraindications to systemic steroids.

If steroid treatment succeeds in improving vision, 
a close and careful evaluation of the patient should be 
made because steroid tapering may be associated with 
rebound optic neuropathy. Prolonged treatment with 
systemic steroids has a significant associated morbidity. 
We try to minimize this morbidity by giving orbital 
steroid injections while tapering systemic steroids. In 
cases that require systemic steroids to maintain visual 
acuity, we proceed to surgery because in our cases sur-
gery was associated with little morbidity. The goal of 
management in patients without visual impairment 
is to delay decompression surgery until the disease is 
stable.

Medial wall decompression (which was performed 
in 20 of 26 eyes) suffices in achieving clinical improve-
ment. Other types of orbital decompression may be 
equivalent in effectiveness in treating optic neuropathy. 
We tried to perform the minimal amount of surgery 
to relieve the optic neuropathy. The benefit of more 
extensive orbital surgery might be better reduction of 
proptosis, but it may also be associated with a higher 
rate of complications.

Limitations of the study stem from its retrospective 
design. One cannot evaluate the specific role of each of 
the treatment modalities and their outcome. The natu-
ral history of optic neuropathy in thyroid-related orbi-
topathy is not clear, but, given the vulnerable nature 
of neuronal tissue to ischemia or mechanical injury 
intervention, must be contemplated whenever signs of 
severe nerve dysfunction appear. Further comparative, 
prospective studies are needed to investigate the specif-
ic management of optic neuropathy in thyroid-related 
orbitopathy and to propose clear guidelines for treat-
ment based on clinical and laboratory findings.
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