The effect of orbital
decompression
surgery on
refraction and
intraocular pressure
in patients with
thyroid orbitopathy

Abstract

Purpose To investigate the effect of
orbital decompression surgery in thyroid
orbitopathy (TO) on both refractive status
and intraocular pressure (IOP).

Patients and methods A prospective,
multicentre, consecutive audit of patients
undergoing thyroid decompression surgery.
Indications for surgery included cosmetically
unacceptable proptosis or corneal exposure.
Exclusion criteria included the following:
previous orbital surgery, glaucoma, corneal
disease, steroid use in the preceding

12 months, or an acute optic neuropathy.
Automated refraction, keratometry,
pachymetry, Hertel exophthalmometry, and
IOP were recorded at 1 month pre- and

3 months postoperatively. IOP using the
Tono-Pen (mean of three readings) was
measured in the primary, upgaze, and
downgaze positions.

Results Data were collected from 52 orbits
of 33 patients (East Grinstead, New York,
and Adelaide). There was no significant
difference between pre- and postoperative
data for sphere, cylinder, or central corneal
thickness (CCT). The mean spherical
equivalent was —0.43 £ 1.49 D pre-operatively
and —0.28 +1.52 D postoperatively. The
steepest meridian of corneal curvature

was 93.1 degrees pre- and 94.2 degrees

postoperatively, with no significant difference.

Mean IOP significantly decreased when
measuring by Goldmann applanation
tonometry (GAT) (2.28 mm Hg, *P =0.001) and
Tono-Pen (3.06 mm Hg, *P = <0.0001). IOP
measured in upgaze was significantly greater
than that in the primary position. Regression
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analysis between change in IOP and either
Hertel exophthalmometry or the number

of orbital walls decompressed was
non-significant (*Student’s t-test).

Conclusion Patients with TO undergoing
orbital decompression had, on average,
with-the-rule astigmatism not affected by
orbital decompression surgery. IOP was
significantly reduced by decompression surgery
although no relationship between IOP and the
degree of decompression was observed.
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Introduction

Orbital manifestations of thyroid orbitopathy
(TO) include soft-tissue swelling, proptosis,
fibrosis, diplopia, and optic neuropathy. There is
evidence that these changes can give rise to
astigmatism' and raised intraocular pressure
(IOP). In addition, the extent of IOP elevation
may correlate with the degree of proptosis.>™ It is
well recognised that IOP will decrease following
both fat and bony orbital decompression;®’
however, changes in refractive status have been
less well investigated. The purpose of this study
was to investigate the effect of a varying degree
of orbital decompression on both refractive status
and IOP in both primary and secondary (up and
downgaze) positions.

Materials and methods

We performed a prospective, multicentre audit
over 2 years of consecutively recruited patients
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undergoing thyroid decompression surgery by
retrospective note and data-sheet review. We certify that
all applicable institutional and governmental regulations
concerning ethical practice were followed during this
audit.

Where bilateral surgery was performed, the second
orbit was decompressed 1 month after the first and data
for each eye of the same person were considered as two
separate data sets. Indications for surgery included
cosmetically unacceptable proptosis or corneal exposure.
Exclusion criteria included previous orbital surgery,
glaucoma, corneal disease, previous steroid use (in the
preceding 12 months), an acute optic neuropathy, or
where 3-month follow-up data were not available.

Automated refraction (Topcon KR-8800), auto-
keratometry (Topcon KR-8800), pachymetry, Hertel
exophthalmometry, and IOP were recorded at 1 month
pre- and 3 months postoperatively. We planned surgery
based on clinical findings; generally in cases of severe
proptosis a three-walled decompression is performed to
provide the maximal degree of globe retro-placement.
In cases of mild/moderate proptosis, an intraconal
fat excision is performed (assuming there is evidence
of increased volume of fat on orbital imaging) either
in isolation, or with a one- or two-walled bony
decompression. When performing a one-walled
decompression we usually decompress the lateral wall to
reduce the risk of diplopia. If this is unlikely to provide
enough globe retro-placement, we then opt for a two-
walled decompression (medial and deep lateral walls).

Goldmann applanation tonometry (GAT) IOP was
measured in the primary position in each eye by an
ophthalmologist. The Goldmann tonometer was set to
0mm Hg, applanation was performed and the dial was
rotated, and then the reading was checked. The
tonometer was then reset to 0 mm Hg and the procedure
was repeated. If two readings differed by more than
2mm Hg, a third reading was taken. For data analysis,
the mean of two readings was taken, and if a third
reading was necessary, the median was used as IOP.

The Tono-Pen XL (Medtronic Ophthalmics Inc.,
Jacksonville, FL, USA) was calibrated for each patient
and readings were taken by trained nursing staff.
Tonometry was performed in the primary gaze position,
30 degrees upgaze and 30 degrees downgaze. Readings
were within the Tono-Pen’s <5% error indicator. In each
gaze position, two readings were taken to provide a
mean. If these differed by more than 2mm Hg, a third
was taken as for GAT.

Objective extra-ocular movements and documentation
of diplopia were also recorded. Subgroup analysis was
performed analysing the effect of changing the degree
of decompression surgery on refractive status and IOP.
Patients were subdivided into two groups: Group-A
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(intraconal fat decompression alone or single-walled
orbital decompression; n=19) and Group-B (two or
three-walled orbital decompression; 1 =33). Groups
were matched for age, gender, intraconal fat excised,
pachymetry, and pre-operative automated refraction.

Literature review

A systematic Medline search on National Institutes of
Health’s PubMed (http:/ /www.ncbi.nlm.nih.gov/
pubmed/; 15 May 2010) was conducted initially using
the following keywords: thyroid eye disease, IOP,
glaucoma, tonometry, orbital decompression,
orbitopathy, astigmatism, and refraction. A list of the
most relevant abstracts, and links to these abstracts, was
compiled. Complete articles were obtained and
reviewed. The references listed in the obtained articles
were also reviewed for pertinent citations. The review
relied primarily on articles written in English.

Surgical technique

All surgery was performed under general anaesthesia.
Local anaesthetic (bupivicaine 0.5% with 1:200000
adrenaline) was infiltrated at the lateral canthus, with
medial and lateral peribulbar infiltration.

Swinging eyelid approach

The previously described swinging eyelid approach'®!!
was used to access the intraconal fat and lateral orbit.
A standard intraconal fat excision was performed
initially through the infero-temporal quadrant, taking
care to preserve the lower eyelid fat pads and excise the
lighter coloured posterior fat. Fat excision was also
performed through the infero-medial quadrant in the
same way. Approximately 2ml of fat were removed
with careful haemostasis and the volume was accurately
recorded.

Medial orbital wall decompression by a transcaruncular
approach

If a two-walled decompression was planned, a medial
wall decompression was performed by a standard
transcaruncular incision.’” On completion of the bony
wall decompression, the medial periorbita was opened to
allow further expansion of the orbital contents. When
performing a three-walled orbital decompression, the
postero-medial floor is decompressed by the
transcaruncular approach. We maintain a strut of bone
anteriorly at the ethmoid maxillary junction to reduce the
risk of consecutive dipoplia and to allow the maxillary
sinus to drain.


http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/

Lateral orbital wall decompression

The lateral orbital rim was exposed by blunt dissection of
the sub-orbicularis plane from the lateral canthal tendon,
extending superiorly. The periosteum was incised
anterior to the border of the lateral rim and the sub-
periosteal space entered in order to visualise the lateral
wall from the lacrimal fossa down to the floor of the
orbit, allowing full exposure of the greater wing of the
sphenoid between the superior and inferior orbital
fissures. A deep lateral bony decompression was
performed in a standard manner with a diamond burr."
Following completion of the deep lateral decompression,
the periorbita was released and orbital fat prolapsed with
blunt separation using curved artery forceps.

Statistical analysis

Two-tailed Student’s t-test was used for parametric
paired data and Wilcoxon signed-rank test was used
for non-parametric, paired data to test for statistical
difference pre- and post surgery. Mann—-Whitney test was
used for non-paired, non-parametric data. For any given
parameter, cases were only included if both pre- and
postoperative data were available. The XLstat software
was used to analyse data.’®

Results

Complete, consecutive data were collected for 52 orbits
from 33 patients over the study period between three
centres (East Grinstead, New York, and Adelaide). Mean
age was 52.5+9.4 years. In all, 66.6% (n=22) of the
patients were female, and bilateral decompression was
performed in 11 (50%) females and 8 (72.7%) males.
Surgery involved intraconal fat only decompression
(n=06), one-walled plus intraconal fat excision (n =13),
two-walled plus intraconal fat excision (n=26), and
three-walled orbital decompression with fat excision
(n=7), achieving a globe retro-placement of 2.8 £ 1.7,
48+19,4.4+21, and 5.6 £ 1.4 mm respectively. The
mean number of orbital walls decompressed was 1.6 +0.9
and the mean volume of intraconal fat excised was
1.6 £ 0.4 ml. Eleven orbits of seven patients were
decompressed because of thyroid-related compressive
optic neuropathy, whereas other patients had
stable, inactive orbitopathy with corneal exposure
and/or proptosis, which was unacceptable to the
patient.

Overall pre- and postoperative data

Complete pre- and postoperative refractive data were
available for all eyes (Table 1). Mean sphere was
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+0.13 £1.42 dioptres (D) pre-operatively and

+0.20 £ 1.45D postoperatively. The mean pre-operative
cylinder was —1.11+0.95D and —0.97£1.32D
postoperatively. The mean spherical equivalent (SE)
was —0.43 +1.49D pre-operatively and —0.28 +1.52D
postoperatively. Paired Student’s t-testing showed no
significant difference between pre- and postoperative
data for sphere, cylinder, or SE. Similarly, changes
measured in keratometry readings did not reach
statistical significance. K1 decreased from 43.00 £ 1.58 to
42.95+1.52 D, whereas K2 decreased from 44.17 + 1.40 to
44.12 +1.40D (Figure 1). Complete data regarding K axis
readings were available for 35 (67.3%) eyes; pre-
operatively, the meridian of steepest of corneal curvature
was 93.1+27.8 degrees compared with 94.2 £22.5
degrees postoperatively, with no significant difference.

Mean central corneal thickness (CCT) was
542.9 +32.8 um pre- and 544.4 +29.2 um post surgery
(n=45, P=0.83). The mean GAT measured in the
primary position decreased by 2.28 mm Hg, from
17.26 £2.96 to 14.97 +2.60 mm Hg (1 =39, P=0.001)
(Figure 2). Tono-Pen primary position IOP reduced by
3.06 mm Hg, from 18.16 + 2.67 mm Hg before surgery to
15.10 £ 2.59 mm Hg following surgery (n=>51,

P = <0.0001). For all primary position readings,
Tono-Pen was, on average, 0.71 mm Hg greater than
GAT, which was not significant (n =83, P=0.13).

Mean pre-operative IOP in downgaze was
18.13 £ 3.78 mm Hg compared with 15.08 + 3.39 mm Hg
postoperatively, a reduction of 3.04 mm Hg (1 =48,

P = <0.0001). Downgaze IOP did not significantly vary
from primary position IOP, either pre- or post surgery.
Moreover, the actual reduction in IOP (in downgaze)
was not significantly different from that measured

in the primary position.

Mean pre-operative IOP in upgaze was
21.04 +4.42 mm Hg compared with 17.56 + 3.54 mm Hg
postoperatively, an improvement of 3.8 mm Hg
(n=50, P= <0.0001). Pre-operative (P =0.001) and
postoperative IOP (P =0.0003) recorded in upgaze were
significantly higher than in the primary position. The
change in IOP was again not significantly different from
change in the primary position IOP.

Preoperative diplopia was present in 12 patients
(36.4%), which resolved in six following orbital
decompression. For patients with persistent diplopia,
either strabismus surgery was performed between 6 and
18 months after decompression surgery (1 =4), which
resulted in resolution of diplopia, or patients were
successfully managed with prisms alone (1 =2).

Two (6.1%) patients had new-onset diplopia (grade-4)
present at 6 months post decompression surgery
(constantly present in both primary and secondary gaze),
with one requiring subsequent muscle recession surgery

Eye
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Table1 Comparison of Group-A (intraconal fat with or without a one-walled orbital decompression) versus Group-B (2- to 3-walled

orbital decompression)

Owerall data Group-A Group-B P-value
Number of eyes 52 19 33 —
Age 52.5 (9.4) 51.9 (11.5) 52.8 (8.1) 0.84°
Gender (% female) 66.6 78.9 54.5 0.75°
Number of walls decompressed 1.6 (0.9 0.7 (0.5) 2.2 (0.4) <0.0001*
Mean volume of intraconal fat excised (ml) 1.6 (0.4) 1.6 (0.6) 1.5 (0.3) 0.75%
Sphere (Dioptres (D))
Pre-operative 0.13 (1.42) 0.14 (0.16) 0.12 (1.13) 0.88*
Postoperative sphere 0.20 (1.45) 0.56 (1.84) 0.01 (0.12) 0.10°
Difference 0.07 0.38 —-0.11
P-value® 0.79 0.47 0.73
Cylinder (D)
Pre-operative —1.11 (0.95) —1.09 (0.83) —1.12(1.39) 0.78°
Postoperative —-0.97 (1.31) —1.14 (1.32) —0.87 (1.32) 0.65"
Difference 0.14 —0.05 0.25
P-value® 0.56 0.88 0.44
Spherical equivalent (D)
Pre-operative —0.43 (1.49) —0.40 (1.78) —0.26 (0.82) 0.98°
Postoperative —0.28 (1.52) —0.01 (1.88) —0.44 (1.30) 0.10*
Difference 0.15 0.39 —0.18
P-value® 0.62 0.52 0.52
Keratometry (K1) (D)
Pre-operative 43.00 (1.58) 42.51 (1.38) 43.29 (1.63) 0.10°
Postoperative 4295 (1.52) 42.81 (1.39) 43.02 (1.60) 0.072
Difference 0.05 0.3 -0.27
P-value® 0.85 0.51 0.51
Keratometry (K2) (D)
Pre-operative 44.17 (1.40) 43.75 (1.03) 44.41 (1.53) 0.04°
Postoperative 44.12 (1.40) 43.84 (1.18) 44.26 (1.51) 0.55%
Difference —0.05 0.09 -0.15
P-value® 0.85 0.77 0.26
K axis (degrees)
Pre-operative 93.1 (27.8) 89.4 (26.2) 96.7 (29.5) 0.29*
Postoperative 94.2 (22.5) 91.2 (21.7) 97.1 (23.5) 0.39°
Difference 1.1 1.8 —-04
P-value® 0.86 0.83 0.64
Hertel exophthalmometry (mm)
Pre-operative 24.1 (2.8) 22.6 (2.5) 24.8 2.7) 0.01°
Postoperative 19.5 (2.16) 18.5 (1.8) 20.1 (2.2) 0.28*
Difference 4.6 4.1 4.7
P-value® <0.0001 <0.0001 <0.0001
Pachymetry (um)
Pre-operative 542.9 (32.8) 540.6 (41.9) 547.3 (26.6) 0.766°
Postoperative 544.4 (29.2) 540.9 (39.8) 547.1 (21.1) 0.61°
Difference 1.5 0.3 0.2
P-value® 0.83 0.85 0.97

“Mann-Whitney test (two-tailed).

Fisher’s exact test.
“Student’s t-test.

Significant P-values are indicated in bold.

and one treated with prisms alone. Five patients

experienced new-onset diplopia in secondary gaze, which
spontaneously resolved in within 6 months of surgery.

Eye

Preoperative K2 was significantly higher in

Group-B vs Group-A (43.75 vs 44.41D, P =0.04). There

was no statistical difference between groups for
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Figure1 Univariate plot highlighting the keratometry readings
pre- and post orbital decompression surgery. With-the-rule
astigmatism was present both pre- (mean axis 93.1 degrees)
and post decompression surgery (mean axis 94.2 degrees). Mean
values are illustrated ().
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Figure 2 Univariate plot illustrating pre- and post orbital
decompression surgery IOP measurements with GAT and
Tono-Pen XL (TP) in the primary (Pr), downgaze (Dn), and
upgaze positions (Up). Mean values are illustrated (HD.

postoperative change in sphere, cylinder, SE, or
keratometry.

In Group-A, IOP in the primary, downgaze, and
upgaze positions improved by 3.28 +2.02, 3.06 + 3.44, and
3.94 +3.23 mm Hg, respectively. In Group-B, IOP in the
primary, downgaze, and upgaze positions improved
by 2.94+3.45, 3.03+4.73, and 3.22 +4.98 mm Hg,
respectively. GAT in Group-A improved by
2.47 £2.26 mmHg vs 2.17 £ 3.32 mm Hg in Group-B.
There was no statistical difference between groups for
postoperative improvement in IOP when measuring with
the Tono-Pen in the primary and secondary positions, or
for GAT in the primary position. Regression analysis
revealed no significant association between either the
degree of retro-placement (R*=0.042) and change in IOP,
or the number of orbital walls decompressed and IOP
(R*=0.016).
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Discussion

The aim of this study was to investigate the effect of
orbital decompression surgery on refractive status
and IOP. Patients with TO requiring decompression
surgery had, on average, with-the-rule astigmatism.
Decompression surgery did not significantly alter the
refractive status or the central corneal thickness. We
highlight the use of the Tono-Pen in measuring IOP in
TO patients particularly in secondary gaze positions
enabling central corneal applanation. Using this
technique we conclude that orbital decompression
significantly reduces IOP in both the primary and
secondary positions, but does not seem to affect
refractive status.

There have been relatively few reports in the literature
on the effect of TO and decompression surgery on
refraction. Mombaerts et al' reviewed corneal
astigmatism retrospectively in 109 patients with inactive
Graves’ ophthalmopathy. They found significantly
increased with-the-rule astigmatism when compared
with a control group, which was not influenced by
orbital, strabismus, or eyelid surgery. They postulated
that the cause was soft tissue fibrosis in the supero-
orbital region and that three processes can lead to corneal
astigmatism of the cornea, including changes in the
corneal epithelium, alteration in corneal thickness, and
external compression by intra-orbital forces. In their
study, 32 patients underwent orbital decompression,
of which 73% had no change in astigmatism
postoperatively at 5 months. The degree of orbital
decompression, however, was not described. We also
found pre- and postoperative with-the-rule astigmatism
using automated keratometry, with the steepest meridian
of corneal curvature at 93.1 and 94.2 degrees,
respectively, with no significant difference demonstrated
post surgery. Kwitko et al'* found that SE increased
postoperatively by a mean of 0.53 £0.30D in patients
who underwent inferior rectus recession with or without
medial rectus recession for TO, although this change was
not found to be clinically significant. They concluded that
mass changes around the globe, including that of the
eyelid and within the orbit, in TO can produce changes in
corneal curvature. They hypothesised that it may be a
change in the IOP that might actually cause flattening of
the cornea. Jankauskiene et al'® reviewed 105 patients
with TO and compared with a control group of 23 normal
subjects. They reported that patients were more likely to
be myopic in the thyroid group particularly if proptosis
of >17 mmHg was present. Sagili et al'® also found that,
pre-operatively 72% of eyes were myopic, with no
statistical difference in SE postoperatively. We similarly
found that 61.5% of eyes were pre-operatively myopic
(mean SE —0.43 D), although the degree of myopia was
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not affected by the level of proptosis. Our cohort was a
select group of patients with TO who required orbital
decompression, and so direct comparisons between the
studies cannot be made. Chandrasekaran et al'”
performed a retrospective observational case

series in five patients with progressive TO. They found
an acquired hypermetropic shift prior to orbital
decompression in one patient. Postoperatively they
reported an induced myopic shift of 1.00-2.50D in all
patients, concluding that thyroid eye disease (TED) has a
significant effect on the refractive state of patients, and
proposed that this was due to flattening of the posterior
globe, which is reversible in the event of orbital
decompression. This was obviously a small cohort of
non-consecutive patients and therefore may not be
representative of the majority of patients. We conversely
found a non-significant, mean hypermetropic shift of
0.15D from pre- to post orbital decompression. In our
study, patients who underwent either a one-walled
decompression or intraconal fat excision alone had a
postoperative hypermetropic shift of 0.39 D compared
with the two- and three-walled group who had a myopic
shift of 0.18 D, although this difference was not
significant. We also found no significant differences in
keratometry or pachymetry between groups.

Raised IOP is a well-recognised complication of TO.
Mechanisms for elevation of IOP include congestive
orbitopathy with secondary elevation of episcleral
venous pressure,'® increased retrobulbar pressure,*®
contraction of extra-ocular muscles with increased
pressure on the globe,***! increased mucopolysaccharide
deposition within the trabecular meshwork, genetic
predisposition, and rarely angle closure glaucoma.**
The primary association of primary open-angle
glaucoma (POAG) and thyroid dysfunction has been
disputed, with a prevalence of between 0 and 6.5%. Most
reports, however, have not found a significant association

between thyroid dysfunction and POAG (Table 2).>*7
No patients were excluded from this audit because of a
diagnosis of POAG, nor were any patients treated on
ocular anti-hypertensive treatments prior to
decompression surgery.

Cockerham et al*® in a study of 500 consecutive patients
with TO found raised IOP (22-30 mm Hg) in 24% of the
patients, reporting that the duration of active orbital
involvement was significantly linked to the progression
of glaucomatous damage. Pre-operatively, 19.6% of
patients in our study had an IOP of between 21 and
30mm Hg. Orbital decompression surgery as one would
expect is known to reduce IOP, and this is reflected in this
audit and in the published literature (Table 3). The most
accepted theory explaining this reduction in IOP
relates to a decrease in intra-orbital volume, reducing
retrobulbar and episcleral venous pressure."

Some studies do not either record IOP in the secondary
position or comment on the method of IOP
measurement.>?*?? In the secondary position we believe
that the Tono-Pen should be considered as a suitable
alternative to GAT, allowing central corneal applanation
(which is not possible using GAT).

This audit standardises for CCT, which has not been
well described previously®®'¢2%2? and is known to
significantly affect IOP.*° Goldberg®' commented that in
patients with TO, central corneal thickness is a
confounder for accurate tonometry, and that apparent
changes in IOP could be simply due to increases in CCT.
By contrast, we found that orbital decompression did not
significantly affect CCT, so would dispute this theory, but
acknowledge that CCT is important in determining
whether or not to commence ocular anti-hypertensive
therapy.

We highlight the use of the Tono-Pen, which we found
easier to use than GAT and supported by Rahman et al.*
We found the Tono-Pen particularly useful for measuring

Table 2 A summary of previous studies evaluating the association between thyroid disease, and OHT and OAG

Study Review group No. Prevalence of Prevalence of Control Significant

thyroid dysfunction raised IOP association
Behrouzi et al* TO 233 (E) — 8.5% OHT Yes Yes
2.5% POAG Yes No
Cheng and Perkins? Thyroid dysfunction 155 — 1.3% POAG No No
Cockerham et al*® TO 500 (P) — 24% OHT Yes —
Cross et al*! Thyroid dysfunction 1472 (P) — 6.5% POAG Yes Yes
Gillow et al** POAG 100 (P) 4% — Yes No
Kalmann and Mourits” TO 482 (P) — 0.8% POAG No No
Karamadis et al*® Hypothyroid 100 (P) — 0% POAG No No
Lee et al*® Thyroid dysfunction 324 (P) — 4.6% POAG Yes No
Motsko and Jones?” POAG 4728 (P) 17.2% — Yes No
Ohtsuka® TO 190 (E) — 22.1% OHT No —
Smith et al*? POAG 64 (P) 23.4% — Yes Yes

Abbreviations: E, number of eyes; OHT, ocular hypertension; P, number of patients; POAG, primary open-angle glaucoma.
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Table 3 A review of studies evaluating change in IOP after orbital decompression surgery

Study Type  No. Type of decompression Mean Mean Follow-up Significance
pre-operative IOP  postoperative IOP

Danesh-Meyer et al° R 116 2 wall (inferior/medial) 21.6+4.6 17.5£3.0 2-6 weeks Yes

Dev et al*® R 22 2-3 wall 19.8 16.8 10 weeks Yes

Ohtsuka® ? 6 2 wall (inferior/medial) 23.23 18.82 3-52 weeks  Yes

Robert et al’ P 64  Intraconal fat only 193+44 159+3.7 6 months Yes

Sagili et al'® R 18  Intraconal fat +2-3 wall 17.6+2.8 16.3+2.9 3 months No

Abbreviations: P, prospective; R, retrospective.

IOP in secondary gaze positions. Rahman et al** found no
statistical difference between IOP measured using the
Tono-Pen XL and GAT in 31 thyroid patients with
restrictive eye disease. Frenkel et al*® found 63% of the
Tono-Pen readings to be within +2mm Hg of the

GAT readings. They concluded that Tono-Pen IOP
measurements correspond well with GAT in the 11- to
20-mm Hg interval, and moderately well in the 21- to
30-mm Hg interval, but poorly in the 31- to 45-mm Hg
interval. We found similar overall results in this study,
with a mean, non-significant difference between Tono-
Pen and GAT in the primary position of 0.71 mm Hg.
One known drawback of the Tono-Pen is the degree of
variability and repeatability;*® we aimed to reduce this by
taking a mean of two IOP readings. We then took a third
reading if the initial two readings were >2 mm Hg apart
and used the median.

It is well recognised that IOP in normal subjects will
change with globe position, and Wessely® in 1918 first
described increased IOP in upgaze in patients with
TO. Fishman and Benes® reviewed IOP in upgaze
specifically in patients with TO, finding that there was a
difference in IOP of greater than or equal to 3mm Hg in
at least one eye of 91% of patients. A raised IOP in
upgaze should alert the examiner of likely muscle
restriction, rather than using subjective forced duction
testing.>*>*°

We had no direct surgical complications in this study,
although we did observe persistent new-onset diplopia
at 6 months post decompression in 2 (6.1%) patients,
which is similar to other reports.®*™*°

This audit was of a prospective design but not blinded
and this should be recognised, along with the limitations
that this carries. In addition, several trained nursing
staff took measurements using the Tono-Pen and
ophthalmologists used the GAT. We have not calculated
inter-observer variability, which again should be
acknowledged. As discussed, the relationship between
raised IOP and thyroid dysfunction has been well
reported. However, relatively few authors have
described the changes in IOP and refractive status
following orbital decompression, and pachymetry data
in these patients are not well reported. This is one of only

a few studies to investigate changes in refractive status in
TO and one of the first to analyse IOP measurements in
all three positions of gaze using the Tono-Pen. We did
consider using the Perkins tonometer for this purpose,
which would perhaps more accurately reflect GAT, but
found the Tono-Pen to be a more practical option in the
clinical setting. Perhaps further studies could investigate
the use of Perkins tonometry in patients with TO and
compare with Tono-Pen in secondary positions. We
reviewed patients at 3 months post surgery; it would be
interesting to have a longer term follow-up in terms of
IOP to see if there is a refractory upward trend with time.

Conclusion

This study confirms that patients with TO have, on
average, with-the-rule astigmatism, and orbital
decompression does not seem to significantly affect
refraction status or central corneal thickness. IOP was
significantly reduced by decompression surgery,
although no relationship between IOP and the degree of
decompression was observed. We also conclude that the
Tono-Pen is a useful and accurate tool in measuring IOP
both in the primary and secondary positions.

Summary

What was known before
® TO may alter a patient’s refractive status. IOP can be
raised in patients with TO and that IOP is altered by CCT.
The importance of accurately measuring IOP in upgaze to
assess extra-ocular muscle restriction.

What this study adds
® Patients with TO undergoing orbital decompression have,
on average, with-the-rule astigmatism that is not affected by
orbital decompression surgery. CCT is not affected by
orbital decompression surgery. The Tono-Pen is a useful
tool for accurately measuring IOP in the secondary gaze
position, allowing central corneal applanation.
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