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Abstract
Purpose: To investigate the outcomes of orbital decompression surgery for dysthyroid
optic neuropathy associated with severe Graves’ ophthalmopathy.
Design: Ten years (2000-2010) retrospective case series.
Methods: Thirty-eight orbits (with dysthyroid optic neuropathy) of 119 surgical orbital
decompressions. Patients with dysthyroid optic neuropathy associated with Graves’
ophthalmopathy, who underwent orbital decompression surgery at Sydney Eye Hospital
(Sydney, Australia), were investigated for outcome measures.
Results: Thirty-five orbits were eligible for data analysis. Orbital decompression surgery
improved visual acuity in 29 orbits and maintained visual acuity in four orbits. In patients
with dysthyroid optic neuropathy, there was a statistically significant mean improvement
in visual acuity of 2.8 lines postoperatively (standard deviation = 3.2; 95% confidence
interval 3.9 to 1.7, p-value < 0.05). There were no statistically significant differences in
visual acuity amongst different combinations of orbital walls being decompressed, with
the majority of orbits had the medial orbital wall decompressed. This may reflect the small
number of decompressions performed in each subgroup. Orbital decompression surgery
reduced proptosis by a mean of 3.2 mm (standard deviation = 2.9; 95% confidence interval
-4.32 to -2.07; p-value < 0.05). Medial and lateral orbital walls decompression resulted in
the greatest mean reduction in proptosis. There were no severe visual impairment cases
postoperatively (VA worse than 6/60). There were two patients with new onset diplopia
postoperatively. There were three orbits with bleeding and one orbit with CSF leakage, all
without major sequelae postoperatively.
Conclusion: Regardless of surgical access, orbital decompression surgery is effective and
safe in the management of dysthyroid optic neuropathy and in reducing proptosis in
patients with Graves’ ophthalmopathy.
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Introduction

Dysthyroid optic neuropathy (DON) occurs in 5-6% of patients with Graves’
ophthalmopathy{McNab, 1997 #33}{Leong, 2009 #10},1 which could be threatening to vision.2 Systemic glucocorticoids and orbital decompression surgery are
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the treatment of choice for DON.2 Orbital decompression surgery usually results in
resolution of DON with a relatively acceptable adverse outcomes profile.2
Previous studies have demonstrated the efficacy and relative safety of surgical
orbital decompression.3-6 A systematic review recommended reporting of surgical
outcomes based on one indication, in order to facilitate future meta-analysis of
outcomes.7
With this in mind, the present study aims to report main outcome measures
which include change in visual acuity, change in proptosis as measured by exophthalmometry measurements and new onset diplopia, after orbital decompression
surgery for DON.

Methods

Consecutive patients who underwent orbital decompressions for dysthyroid optic
neuropathy at a single tertiary referral centre between January 2000 and December
2010 were retrospectively identified. The decision to operate on individual patients
was made by the consultant surgeon in charge, if there were evidence of reduction in vision from baseline, reduction in color vision, presence of afferent pupillary defect and orbital imaging evidence of crowding of the orbital apex. Data was
obtained by subsequent review of the medical records.
Patient information recorded included sex, age at the time of surgery, smoking
status and thyroid status (thyroid function test). The surgical approach and any
complications of surgery were also recorded. The main outcome measures include
pre-operative and postoperative best corrected Snellen visual acuity, proptosis
measurement using Hertel exophthalmometry (Zeiss, Jena, Germany) and the
presence of diplopia. The Snellen visual acuity was converted to the log of the
minimum angle of resolution (LogMAR) values in order to perform statistical
analysis for visual acuity.8
These data were analyzed for change in visual acuity, change in proptosis as
measured by exophthalmometry measurements, new onset diplopia and other
operative adverse events. The statistical analysis performed included paired T-test
verified with the Wilcoxon Signed-Rank test. Subgroup analysis was performed
using the two-sample T-test. Results were considered significant if P ≤ 0.05.
The research questions are:
1. Does orbital decompression surgery preserve and/or improve visual acuity
in patients with DON associated with Graves’ ophthalmopathy and if so,
is there any difference in visual outcome amongst subgroup of orbits (i.e.,
comparisons of combinations of orbital wall(s) being decompressed)?
2. Does administration of preoperative glucocorticoids influence final visual
outcome?
3. Does orbital decompression surgery reduces proptosis in patients with DON
associated with Graves’ ophthalmopathy and if so, which combination of
orbital walls decompression results in the highest amount of reduction in
proptosis?
4. What are the adverse outcomes in this cohort of patients?
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Results

Over the ten- years study period, there were a total of 119 surgical decompressions
for Graves’ ophthalmopathy on 69 patients (Fig. 1). Of these, there were a total of
38 orbits of 26 patients for which the indication for surgery was dysthyroid optic
neuropathy (Fig 1). Thirty-five orbits were eligible for analysis. Two orbits were
excluded due to incomplete visual acuity data. One orbit was excluded as this data
was from a subsequent surgery (i.e., the orbit required a second operation due to
recurrence of dysthyroid optic neuropathy).

Fig. 1. Illustration of our case series of 35 orbits which underwent orbital decompression surgery
for dysthyroid optic neuropathy associated with Graves’ ophthalmopathy.
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There were 20 female patients (31 orbits) and six male patients (seven orbits). The
patients’ age ranged from 28 years to 74 years, with an average age of 53.6 years.
Fifteen patients had unilateral surgical decompression (16 orbits), one patient
requiring repeated surgery on the same side. This patient had repeated surgery on
the same side six weeks after the initial surgery due to recurrence of DON whilst
steroids were weaned. Eleven patients had bilateral surgical decompressions (22
orbits). Within the bilateral surgical decompressions group, five patients had simultaneous surgery (on the same day) and six patients had sequential surgery (on
different days, ranging from five days to three months). The average postoperative
follow-up period was 9.9 weeks (range one to 36 weeks).
Preoperatively, the majority of orbits were treated with glucocorticoids (Fig 1).
The mean preoperative VA within the group treated with glucocorticoids preoperatively was 0.45 ± 0.51 LogMAR units (Snellen equivalent 6/16.9 ± 5.1 lines). The
mean postoperative VA within this group was 0.14 ± 0.30 LogMAR units (Snellen
equivalent 6/8.3 ± 3.0 lines). Thus, there was an average improvement of 3.1 ± 3.2
lines of VA. The oral prednisolone therapy was weaned off postoperatively. On the
other hand, the mean preoperative VA within the group not treated with glucocorticoids preoperatively was 0.28 ± 0.17 LogMAR units (Snellen equivalent 6/11.4 ±
1.7 lines). The mean postoperative VA within this group was 0.19 ± 0.25 LogMAR
units (Snellen equivalent 6/9.3 ± 2.5 lines). Thus, there was an average improvement of 0.9 ± 2.8 lines of VA.
Of the orbits, 73.7% have had two walls decompressed (Table 1).
Table 1. The proportion of orbital decompression surgeries involving different orbital walls.

Orbital walls

Orbital fat Number of orbits

Percentage of cases

Removed

Not Removed

Medial, Lateral &
Floor

0

3

3

7.9%

Medial & Lateral

0

18

18

47.4%

Medial & Floor

5

5

10

26.3%

Medial only

1

4

5

13.2%

Lateral only

0

1

1

2.6%

Floor only

1

0

1

2.6%
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Outcomes in visual acuity (after any orbital decompression surgery)

Twenty-nine orbits showed improvement in VA postoperatively (Table 2), 24 out of
29 orbits (83%) with postoperative VA equal to or better than 6/9 . Four orbits had
maintained VA postoperatively (6/9; 6/18; 6/6; 6/6), with the majority with VA of
6/9 or better. Two orbits had worsened VA (6/12 to 6/24; 6/5 to 6/6). Three patients
(orbits 16, 21 and 26; Fig. 1) were excluded due to aforementioned reasons.
VA will be converted into LogMAR to facilitate comparison and statistical
analysis.8 The LogMAR value will be subsequently converted back to the Snellen
equivalent. The mean preoperative visual acuity was 0.43 LogMAR units (standard
deviation = 0.48), whereas the mean postoperative visual acuity was 0.15 LogMAR
units (standard deviation = 0.29). In Snellen notation, the mean preoperative visual
acuity was 6/16 ± 4.8 lines; the mean postoperative visual acuity was 6/8.5 ± 2.9
lines.
Paired T-Test was performed to measure the overall outcome of VA following
surgical decompression in DON. In patients with DON, there was a statistically
significant mean improvement in VA of 2.8 lines postoperatively (standard deviation = 3.2; 95% confidence interval 3.9 to 1.7, p-value < 0.05). The power (α = 0.05)
was 0.99. The Wilcoxon Signed-Rank Test confirmed the findings from the Paired
T-Test. There was a positive correlation between pre-operative VA and postoperative VA (Correlation Coefficient = 0.75).
Table 2. The outcomes in visual acuity after any type of orbital decompression surgery in this case
series.

Outcomes in VA

Number of orbits

Improvement

29

Maintained

4

Worsened

2

Excluded

3

Total

38
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Outcomes in VA (comparisons of different surgical techniques)

Two-sample T-test was utilized to compare postoperative VA amongst four comparison groups (Table 3). There were no statistically significant differences amongst
these comparison groups.
Table 3. Two-sample T-test results of different comparison groups (outcomes in VA).

Comparison groups

Mean
difference
(LogMAR
units)

Standard
deviation

95%
Confidence
Interval

P-value

Orbital walls
Medial & Lateral vs.
Medial & Floor

-0.07

0.35

-0.35 to 0.21

0.55

Medial & Lateral vs.
Medial

0.11

0.38

-0.29 to 0.52

0.57

Medial & Floor vs.
Medial

0.18

0.27

-0.14 to 0.50

0.24

-0.52 to 0.08

0.13

Orbital fat
Orbital fat excision (n =
5) vs.
No orbital fat excision
(n = 5)

-0.22

0.21

Outcomes in proptosis (after any orbital decompression surgery)

Using the Paired T-Test, there was a statistically significant mean reduction in
proptosis of 3.2 mm after orbital decompression surgery (standard deviation = 2.9;
95% confidence interval -4.32 to -2.07; p-value < 0.05). The power (α = 0.05) was
0.99. The Wilcoxon Signed-Rank Test confirmed the findings from the Paired T-Test.
There was a positive correlation between pre-operative proptosis and postoperative proptosis (Correlation Coefficient = 0.70).

Outcomes in proptosis (comparisons of different surgical techniques)

Medial and lateral orbital walls decompression resulted in mean reduction of 3.9
mm in proptosis postoperatively, whereas medial wall and floor decompression
resulted in mean reduction of 1.1 mm in proptosis postoperatively (Table 4). This is
likely associated with incorporating the lateral orbital wall during decompression.
Using the Two-sample T-test, there was a statistically significant difference
between these two subgroups (mean difference = -2.81; P-value < 0.05) (Table 5).
There was no statistically significant difference between orbital fat excision and no
orbital fat excision (mean difference = -0.73; P-value = 0.40) (Table 5).
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Table 4. Orbital decompression surgeries involving different orbital walls and the outcomes in
proptosis.

Mean change
Number in proptosis
Range
of orbits postoperatively
(mm)

Standard
deviation

95% Confidence
Interval

Medial &
Lateral

18

-3.9

-11.0 to
1.0

3.2

-5.66 to -2.21

Medial &
Floor

10

-1.1

-2.5 to
1.0

1.1

-2.04 to -0.21

Orbital
walls

Table 5. Two-sample T-test results of different comparison groups (outcomes in proptosis).

Comparison groups
Orbital walls
Medial & Lateral vs.
Medial & Floor
Orbital fat
Orbital fat excision
(n = 5) vs.
No orbital fat
excision (n = 3)

Mean
Standard
difference deviation

95%
Confidence P-value
interval

-2.81

3.41

-4.68 to
-0.94

< 0.05

-0.73

1.11

-2.71 to
1.25

0.40

Power
(α = 0.05)
0.85

Adverse outcomes

There were no severe visual impairment cases postoperatively (VA worse than 6/60)
(9). There were also no cases of stroke postoperatively. There were two patients
with new onset diplopia postoperatively. No patients within this cohort had
pre-operative diplopia. There were three orbits which had bleeding (7.9%) and one
orbit which had cerebrospinal fluid (CSF) leakage (2.6%), all without major sequelae
postoperatively.

Discussion

Graves’ ophthalmopathy may be thought of as a heterogeneous autoimmune
orbital reaction, characterized by the presence of thyroid stimulating immunoglobulins (TSIgG), typically affecting patients of middle ages.10 Risk factors associated with severe forms of Graves’ ophthalmopathy include genetic,11 increasing
age,12 male sex13 and high levels of thyrotropin receptor autoantibodies.14 Cigarette
smoking can affect the response to treatment (steroids and orbital irradiation) in
a dose-dependent fashion.15 Orbital decompression surgery may be considered
when medical decompression has failed to relieve dysthyroid optic neuropathy
associated with severe Graves’ ophthalmopathy. Wakelkamp et al suggested that
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in severe Graves’ ophthalmopathy with compressive optic neuropathy, immediate
orbital decompression surgery does not appear to result in better outcomes
and therefore recommended immediate high doses of systemic glucocorticoids
therapy.3 Urgent orbital decompression surgery is considered if immunosuppressive therapy has failed to halt the progression of Graves’ ophthalmopathy.10 Urgent
orbital decompression is considered on the basis of several important parameters
including VA reduction, contrast sensitivity reduction, significant colour vision loss,
pupil function and orbital imaging (looking for evidence of loss of fat effacement in
the posterior orbit with significant extraocular muscles enlargement).
The surgical approaches were chosen pre-operatively and this may introduce bias
in the analysis of outcomes. The chosen surgical approaches may be influenced
by surgeons’ preferences, orbital anatomy (assessed pre-operatively by imaging),
visual acuity, amount of proptosis and anticipated complications (including new
onset diplopia).

VA outcomes

Orbital decompression surgery is effective in improving VA postoperatively. In our
study, the majority of orbits had improved VA postoperatively and this was similar
to previous report in the literature.16,17 In our cohort of patients with DON, there
was a statistically significant mean improvement in VA after orbital decompression surgery. Goh and McNab also reported significant improvement in median VA
postoperatively in orbits with DON.5
There were no statistically significant differences amongst Medial & Lateral orbital
walls decompression, Medial orbital wall & Floor decompression and Medial orbital
wall decompression subgroups. Of note, all three groups had the medial orbital
wall decompressed. In this case series, surgical access to the medial orbital wall is
predominantly transcaruncular, with the remainder via endoscopic and cutaneous
methods. We suggest that the medial orbital wall should be decompressed in
orbits with DON, as this creates space for decompression of the optic nerve located
at the postero-medial orbit. Cruz and Leme reported similar rate of reversal of optic
neuropathy in both the inferomedial transfornix/transcaruncular approach and
inferomedial plus lateral coronal approach.18 McNab also suggested that in patients
with DON, the method of surgical decompression did not influence visual acuity.4
{McNab, 1997 #33}{McNab, 1997 #33}{McNab, 1997 #33}{McNab, 1997 #33}In our
study, there was no statistically significant difference between orbital fat and no
orbital fat excision within the Medial orbital wall & Floor decompression subgroup
(in relation to postoperative VA). Kazim et al. reported orbital fat decompression
was successfully performed in eight orbits to reverse dysthyroid optic neuropathy.19
Glucocorticoids may have influenced the final visual outcome in patients who
underwent orbital decompression surgery for CON. It should be noted that the
group pretreated with glucocorticoids had worse mean preoperative VA compared
to the group not pretreated with glucocorticoids. Therefore, perhaps within this
cohort of patients with more severe CON, the surgeon might have prescribed
preoperative glucocorticoids.
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Proptosis outcomes

Shepard et al. reported a mean improvement of proptosis by 4.9 mm in patients
who had compressive optic neuropathy who underwent medial and extended
lateral wall decompressions.20 In our study, it appears that the mean reduction
in proptosis was greater for the Medial & Lateral orbital walls decompression
subgroup (3.9 mm) compared to that of the Medial orbital wall & Floor decompression subgroup (1.1 mm), with statistical significance (P-value < 0.05). These results
suggest that incorporating the lateral orbital wall may result in higher reduction
in proptosis. There was no statistically significant difference between orbital fat
and no orbital fat excision within the Medial orbital wall & Floor decompression
subgroup (in relation to postoperative proptosis). Adenis et al. reported a mean
reduction in proptosis of 4.7 mm (standard deviation = 2.4) using the trans-septal
approach to extraconal and intraconal fat excision.21

Adverse outcomes

As previously mentioned, there were no cases of severe visual impairment (VA
worse than 6/60). There were two patients with new onset diplopia postoperatively.
Patient 1 had bilateral sequential orbital decompressions involving the medial and
lateral walls. Subsequent bilateral medical rectus recession resulted in improvement in the diplopia. Patient 2 underwent bilateral sequential orbital decompressions involving the medial and floor (with orbital fat removal). This patient had
persistent diplopia at six months postoperatively. Graham et al. reported a 10% rate
of occurrence of new-onset diplopia in patients who had Medial & Lateral orbital
walls decompression surgery.22 There were three orbits which had self-resolving
bleeding. The first orbit developed postoperative bleeding associated with fat
resection after Medial orbital wall & Floor decompression surgery.
The second orbit developed postoperative bleeding after Medial & Lateral orbital
walls decompression (no orbital fat excision). The patient has a history of hypertension (treated) and had labile blood pressure levels both intra-operatively and
during recovery. Immediate exploration and drainage of hematoma occurred and
there was no visual loss postoperatively. The third orbit developed perioperative
ethmoidal bleeding during Medial orbital wall & Floor decompression (with orbital
fat excision), which resolved spontaneously. The patient’s VA improved from 6/12
to 6/6 postoperatively. Lund et al. reported three cases of moderate bleeding
occurring out of 20 cases who underwent orbital decompression surgery by the
external Patterson approach, all of which had resolved without any major issues.23
There was one orbit which had CSF leakage during Medial & Lateral orbital walls
decompression surgery (no orbital fat excision). During the Lateral orbital wall
decompression, the bone was removed with a drill and the temporal fossa was
opened postero-laterally. CSF leakage was seen from the postero-lateral wall and
was controlled with a fat plug, without significant complications. The patient had
a successful orbital decompression otherwise, with VA improved from 6/12 to 6/6
postoperatively. Graham et al. also had two cases of CSF leak which were repaired
intra-operatively without further complications.22
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Future research may include comparing outcomes of patients who had received
medical intervention (high dose glucocorticoids) alone versus medical and surgical
interventions, preferably with a prospective study design and with sufficient power
to show a difference between the two groups.

Conclusion

Our series of 35 orbits supports the established surgical approach of orbital decompression in sight threatening cases of dysthyroid compressive optic neuropathy.
In most orbits, preoperative glucocorticoids were prescribed. Visual improvement occurred in the majority of cases. We further demonstrate that complications occurred rather uncommonly and when they do occur, they are usually selflimiting. Balanced medial and lateral orbital walls decompression demonstrate a
greater reduction in proptosis compared to other techniques.
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