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SUMMARY

Immunosuppressive therapy is well established in the
treatment of thyroid eye disease (TED). The best
response has been observed in those with active (wet
phase) disease of short duration. A prospective study
was designed to observe the effects of orbital radio-
therapy and oral immunosuppression on patients with
TED, and to assess whether any pre-treatment para-
meters were predictive of the outcome. Significant
improvements in uniocular fields of fixation (UFOF)
and in the Mourits’ disease activity scale were seen after
treatment. The degree of improvement in UFOF was
positively correlated with the level of initial disease
activity. The use and technique of UFOF in assessing
disease phase and activity are discussed.

Thyroid eye disease (TED) is thought to be an
autoimmune disease although the exact pathogenesis
is still unclear." The disease can be divided into two
phases: an active or wet phase with progressive and
changing signs, followed by a ‘burnt-out’ or dry phase
with more stable signs.” The active phase is very
variable in both severity and duration, with only a
small proportion of patients developing severe
ophthalmopathy and the majority developing only
mild signs which often resolve without treatment.!
Rundle and Wilson® described a curve of disease
severity against time. There are a number of
immunosuppressive regimes, including oral and
intravenous steroids, orbital radiotherapy, azathio-
prine and cyclosporine. It has generally been
observed that the best response to medical treat-
ment has been in those with active disease of recent
onset.?> Reliable measures of disease activity are
needed in order to plot the position of individual
patients on ‘Rundle’s curve’ and hence to predict
likely disease progression and response to treatment.
Mourits et al’ have devised a scheme of clinical
criteria for assessing disease activity. This differs

Correspondence to: Mr D. H. W. Steel, Bristol Eye Hospital,
Lower Maudlin Street, Bristol BS1 2LX, UK.

from the well-established American Graves’ Disease
Classification System (Werner’s)* in that it tries to
differentiate active from ‘burnt-out’ disease. Mourits
et al. have suggested that the degree of disease
activity, rather than the duration of the ophthalmo-
pathy, is the most important factor in predicting
treatment success.’

The role of immunosuppressive therapy in severe
ophthalmopathy is well established. However, in
moderate ophthalmopathy, especially in those with
disease of long duration, treatment is far more
controversial.®

We have been treating patients with early, rapidly
progressive, moderate disease, as well as those with
severe ophthalmopathy, in an attempt to limit the
development of sight-threatening complications
ocular movement restriction and its consequences,
as well as cosmetic and symptomatic disabilities.

We have previously reported the use of Short Tau
Inversion Recovery (STIR) sequence magnetic
resonance imaging (MRI) to assess the degree of
disease activity in TED.®” Analysis of patients with
TED has shown that the sign that correlates best with
disease severity is ocular movement restriction .® This
has also been shown to correlate with muscle size on
computed tomography and subsequent development
of optic neuropathy.’ Increasing restriction of ocular
movement and the rate of that change can be related
to the presence and degree of disease activity.

AIM

We designed a prospective study to assess the effect
of immunosuppression on various clinical measures
of disease activity in TED, and to identify which
parameters, if any, were predictive of a successful
outcome. As part of the study we used three methods
of assessing ocular motility, namely uniocular fields
of fixation (UFOF), Hess charts, and fields of
binocular single vision (BSV). Hess and BSV, being
binocular techniques, measure the degree of ocular
incomitance. They therefore confound two variables,
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i.e. the individual ocular movement restriction of
right and left eyes, and do not measure the absolute
change in ocular motility. However, they do relate
closely to patient satisfaction and binocular function.

We have found UFOF to be useful for measuring
absolute ocular motility in each eye and as a means
of monitoring disease activity. We have used this
quantitative assessment of changing activity, along
with other signs of activity, such as STIR sequence
MRI, to guide medical therapy in three ways:

1. To assess disease activity prior to treatment.

2. To assess the response to treatment, including the
response to a short high-dose trial of oral steroids
when the phase of disease activity is difficult to
ascertain (i.e. the active ‘wet’ or dry ‘burnt out’
phase).

3. To assess disease relapse following treatment and
to help guide the gradual withdrawal of immuno-
suppression.

In order to assess the effectiveness of our
treatment of active disease, and the correlation of
UFOF with disease activity, we collected data from a
consecutive series of 20 patients who had orbital
radiotherapy and oral immunosuppression for TED.

METHOD

Between March 1992 and October 1993, 20 patients
were treated with orbital radiotherapy for thyroid-
associated ophthalmopathy at the Bristol Eye
Hospital. Oral steroids (20-30 mg) were given
concurrently for approximately 6 weeks in order to
control any temporary exacerbation of the eye
disease induced by the radiotherapy. The orbital
radiotherapy was administered by a modification of
the Vancouver technique with a 4 MeV linear
accelerator. The dose given was 20 gray in 10
fractions over a 12 day period.

Four patients were excluded from the study due to
missing data.

All patients were euthyroid at the time of
treatment, previous hyperthyroidism having been
managed either medically with carbimazole, surgi-
cally or with iodine-131 treatment. Only 1 patient
had been euthyroid throughout.

Nine patients had severe ophthalmopathy with
optic neuropathy. Three of these had asymmetrical
signs. Eight patients had more moderate ophthalmo-
pathy without either optic neuropathy or corneal
exposure. Only 1 of these had asymmetrical signs.

The following additional data were collected from
the 16 patients before treatment and 4-6 months after
treatment: (1) areas of UFOF for each eye, (2)
Werner’s ophthalmopathy classification grade, and
(3) Mourits’ disease activity grade for each eye. (The
change in ocular motility restriction for the Mourits
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grade was based on changes in the UFOF pre- and
post-dating those used in assessment (1) above.

The UFOF values were plotted using a Goldmann
field machine with a III 4E target. A reading
correction with a wide aperture lens was used if
required. A careful explanation of the procedure was
given to the patient and fixation monitored using the
central telescope. One eye was occluded during the
procedure and the patient instructed to follow the
outwardly moving target, without any head move-
ment, until foveal fixation could no longer be
continued. The difference between fixating the
target and observing it in the patient’s peripheral
field of vision was explained. Observation of ocular
movement via the central telescope was useful in
verifying this subjective end-point of peripheral
fixation. The procedure was then repeated at
approximately 30° intervals around the field. In the
majority of patients the UFOF were plotted by the
same observer, and all fields were completed at the
same time of day.

Statistical Analysis

Paired #-tests were used to assess changes in UFOF
and disease activity following treatment. Multivari-
able analysis, using the Generalised Linear Inter-
active Modelling system (GLIM) of the Numerical
Algorithms Group (NAG), was used to look for
correlation between the change in UFOF area
following treatment and (1) initial disease activity
and (2) initial UFOF area. Possible confounding
effects of the co-variables age and disease duration,
as well as of the co-factor gender, were controlled for
in the analysis. Inter-eye correlation was included in
the analysis using Rossner’s intra-class correlation
model throughout.

RESULTS

The age range of the patients studied was 23-67
years with a mean of 55 years. There were 9 men and
7 women. Disease duration ranged from 3 to 72
months with a mean of 21 months. One patient in the
study had a blind left eye secondary to trauma. No
UFOF were recorded for this eye.

All patients in the study showed an improvement
in American classification following immuno-
suppression, with either a decrease in class or a
decrease in grade within a class. All patients showed
an enlargement of their UFOF The mean area
before treatment of 5444 mm? improved to 9124 mm?
after treatment, with a mean improvement of
3680 mm? this improvement was significant
(r=0.54, p=0.008) (Fig. 1).

Mean activity score based on Mourits’ schemes
before treatment was 4.6 with a range of 1 to 8. This
was reduced significantly after treatment to a mean
of 0.5 (r=0.84, p<10~° (Fig. 2).
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Fig. 1. Final UFOF area (mean 9124 mm?) versus initial
UFOF area (mean 5444 mm?®).
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Fig. 3. UFOF change after treatment (mean 3680 mm?)
versus initial disease activity.

In 4 patients disease activity increased to near pre-
radiotherapy levels as oral steroids were withdrawn
after radiotherapy. In these patients azathioprine
(100-150 mg per day) was added due to advancing
signs and symptoms and significantly high activity
scores (>4). This led to an improvement in activity
score and UFOF area compared with pre-treatment
levels. Initial activity score in this group ranged from
4 to 6, with UFOF improvement ranging from
8560 mm? to 1200 mm?®. In 1 patient the activity
score did not reduce following treatment, being
unchanged at 2. Further immunosuppression was
not added in this case because of the low activity
score.

Initial disease activity was highly correlated with
the change in UFOF after treatment (partial
correlation coefficient (p.c.c.) r=0.57, p<0.001)
(Fig. 3). All patients, except one, had a disease
activity score of one or less after treatment and the
change in UFOF was also strongly correlated with
the change in disease activity with treatment (p.c.c. r
= 0.52, p = 0.001). Disease duration was not
correlated with the change in UFOF (p.c.c.) r=15.7
X 107, p=0.67) (Fig. 4). The correlation between
initial UFOF area and changes in UFOF area
following treatment achieved significance when
initial disease activity was included in the analysis
(p.c.c. r=0.5, p<0.001), i.e. UFOF alone without
other indicators of disease activity was not correlated
with changes in UFOF. Youth (p.cc. r = 0.04, p =
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Fig. 2 Final disease activity (mean 0.5 Mourits) versus
initial disease activity (mean 4.6 Mourits).
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Fig. 4. UFOF change after treatment versus duration of
TED.

0.0041) and male sex (p.c.c. r = 0.19, p = 0.00004)
were positively correlated with treatment success.

To estimate the effect of inter- and intraobserver
variation in replicate measurements of UFOF, 6
patients were recalled and UFOF replotted. For each
patient UFOF were plotted twice by one examiner,
and then repeated by an alternative examiner. In
addition, two further UFOF were recorded without
fixation monitoring, the end-point of peripheral
fixation during these fields being assessed only by
the patients’ verbal responses. Analysis of these
UFOF (after logarithmic transformation) showed the
following repeatability coefficients (this was defined
as two times the standard deviation of the differ-
ences, as adopted by the British Standards Institu-
tion'?):

(A) Two consecutive fields, same examiner,
fixation monitored: 8.9%.

(B) Two consecutive fields, different examiners,
fixation monitored: 13.9%.

(C) Two consecutive fields, same examiner, no
fixation monitoring: 20.1%.

Thus serial examinations by one examiner, and
fixation monitoring to help localise the end-point of
peripheral fixation, improve the repeatability of
UFOE



UFOF IN THYROID EYE DISEASE

DISCUSSION

Changes in UFOF reflect changes in disease activity
in thyroid eye disease. Most of the patients in the
study showed a significant improvement in UFOF
and disease activity following radiotherapy with or
without oral immunosuppression. In common with
other studies,'!"'? there were few adverse affects of
radiotherapy in the short follow-up period. Although
the study was uncontrolled, the treatment appeared
to be very effective, encouraging us to treat patients
with early but progressive ophthalmopathy in an
attempt to prevent the development of more severe
complications and disabilities.

Of the 5 patients in whom disease activity
remained high after radiotherapy, 4 were success-
fully treated with azathioprine. One other patient
with a low initial activity, which did not improve with
radiotherapy, was not treated with further immuno-
suppression.

We find the estimated activity of the autoimmune
orbitopathy to be a better indicator of disease
response to immunosuppression than is disease
duration alone. Some cases of ophthalmopathy
appear to have a prolonged phase of low activity,
with mild symptoms and signs, before becoming
more active with a concomitant increase in the
severity of the signs. The results are in accordance
with our clinical experience in that the more active a
patient’s disease, the greater the response expected
from immunosuppression.

The technique of UFOF can be difficult. Careful
patient explanation and encouragement are impor-
tant. Our small study of replicate field testing shows
that fixation monitoring and serial examinations by
one examiner increase the repeatability of the test.
We believe that these two factors have made UFOF
a more reliable test for use in TED, in contrast to
others who have reported problems with the
technique.’

It should be stressed, however, that we do not find
solitary measures of UFOF particularly useful in
individual patients. It is the change in UFOF that is
important. This is because of two factors. Firstly there
is a high inter-individual variability in UFOF
depending on factors such as facial structure and
age as well as ocular motility restriction. Secondly,
single UFOF provide no information on disease
activity and patients with long-standing inactive
disease can have very constricted fields. Initial
UFOF area was only predictive of improvement in
UFOF with treatment if activity was taken into
account. Hence a constricted UFOF is not predictive
of a successful response to treatment unless disease
activity is high.

In conclusion, changes in UFOF appear to reflect
changes in disease activity in TED, and can be used
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to help select patients suitable for immunosuppres-
sive therapy. UFOF can also help monitor the
response to oral immunosuppressants and guide
their withdrawal following radiotherapy, as natural
disease activity decreases. In cases where it is
uncertain whether the disease is active or ‘burnt-
out’, a short high-dose trial of steroids while
monitoring UFOF can help assess the likely benefit
of orbital immunosuppressive therapy.
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