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Graves’ ophthalmopathy: I1. Correlation of clinical signs

Fig.1 Cameralucida drawing of the mid-orbital axial slice
ofa CTscan. Point A is the centre of the globe. The dashed
arcline is equidistant from the orbital apex (B) including the
midpoint of AB. Along the arc medial muscle width and
orbit-fat ratio were calculated.

signs of Graves’ ophthalmopathy have been des-
cribed in detail elsewhere.**

Optic neuropathy was defined by the signs of optic
nerve head swelling or atrophy, the presence of
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afferent pupillary defect, the loss of acuity or colour
vision, or the presence of visual field defects not
attributable to other eye disease. Patients were
categorised as having no optic neuropathy (group 1,
50 patients), having developed optic neuropathy
during follow-up (group 2, 13 patients), or having
presented with optic neuropathy (group 3, 13
patients). The minimum follow-up time was six
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Fig.3 Scatterplot demonstrating the relation between

' proptosis and preseptal area both measured by quantitative

CT analysis. Proptosis shows a linear increase with preseptal
area only through about 70% of its full range.

Fig.2 Semiquantitative
techniques for evaluating clinical
signs of Graves’ ophthalmopathy
are shown. A: The distance between
the superior limbus and lid with eye
in primary position of gaze is lid
retraction. B: This distance
measured in downgaze is lid lag.

C, D: The distance between the lid
fold and the anterior extension of
the periorbital tissue of the upper lid
is the measure of periorbital
oedema.
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Table1 Correlation of clinical and CT signs of Graves’ ophthalmopathy

Optic nerve Motility limitation  Periorbital oedema Exophthalmometry Lid retraction (p)  Liglag (p)
involvement(p)  (p) (p) (p)
CT measurements
Muscle area 0-65(p<0-001)*  0-40(p<0-001) 0-46 (p<0-001)  0-39(p<0-001) 0-10(NS) 0-00 (NS)
Total muscle volume 0-65(p<0-001)  0-46(p<0-001)  0-43(p<0-001)  0-43(p<0-001) 0-15(NS) 0-01(NS)
Medial rectus width 0-61(p<0-001)  0-55(p<0-001)  0-44(p<0-001)  0-29(p<0-01) 0-11(NS) 0-07 (NS)
Medial muscle area 0-57(p<0-001)  0-51(p<0-001)  0-49(p<0-001)  0-45(p<0-001) 0-17(NS) 0-03(NS)
Orbit/fat ratio 0-54(p<0-001)  0-44(p<0-001)  0-28(NS) 0-18(NS) 0-10(NS) 0-01(NS)
Preseptal area 0-42(p<0-001)  0-36(p<0-001)  0-47(p<0-001)  0-57(p<0-001)  0-16(NS) 0-14(NS)
Proptosis 0-28 (p<0-02) 0-26 (p<0-02) 0-37(p<0-01) 0-73(p<0-001)  0-16(NS) 0-13(NS)
Clinical signs
Motility limitation 0-45(p<0-001) — 0-32(p<0-02) 0-18(NS) 0-21(NS) 0-09(NS)
Periorbital oedema 0-35(p<0-01) 0-32(p<0-02) — 0-29(NS) 0-06 (NS) 0-00(NS)
Exophthalmometry 0-14(NS) 0-18(NS) 0-29(NS) — 0-10(NS) 0-01(NS)
Lidlag 0-06 (NS) 0-09(NS) 0-00(NS) 0-01(NS) 0-30(p<0-01) —
Lid retraction 0-00(NS) 0-21(NS) 0-06 (NS) 0-10(NS) — 0-30(p<0-01)

*p Values >0-001 were not considered as significant because multiple correlation was performed.

months. The group number was used as a continuous
variable in estimating the degree of optic nerve
involvement for the purpose of calculating
correlations with other measures of Graves’
ophthalmopathy.

Results

CORRELATION OF CLINICAL SIGNS WITH CT
MEASUREMENTS

Clinical signs of Graves’ ophthalmopathy were corre-
lated with several quantitative measures determined
from the CT scans. These results are summarised in
Table 1. As expected, total extraocular muscle
volume was highly correlated with the presence of
optic neuropathy (r=0-65, p<0-001) and was also
significantly correlated with proptosis, total extra-
ocular muscle limitation, and orbital swelling.
Similar high correlations with optic neuropathy were
also obtained using either the muscle area (r=0-65,
p<0-001) or the medial rectus muscle area (r=0-57,
p<0-001). Interestingly, medial rectus muscle width
showed the highest correlation of any CT measure
with total limitation of extraocular muscle function
(r=0-55, p<0-001), and was nearly as highly corre-
lated as the more complex volume and area measures
of the extraocular muscles with optic neuropathy
(r=0-61, p<0-001) and periorbital oedema (r=0-44,
p<0-001).

CORRELATION OF CLINICAL SIGNS WITH EACH
OTHER

Clinical signs of Graves’ ophthalmopathy were corre-
lated with each other. The results are summarised in
Table 1. Significant correlations were obtained only
for clinical measures compared with the occurrence
of optic neuropathy. Even so, total limitation of

extraocular motility (r=0-45, p<0-001) and peri-
orbital oedema (r=0-35, p<0-01) were less corre-
lated with optic neuropathy than were many of the
CT measures.

EXOPHTHALMOMETRY AND PERIORBITAL
OEDEMA

Exophthalmometry, a frequently used but highly
variable method’" for quantitation of Graves’
ophthalmopathy, showed poor correlation with optic
neuropathy (r==0-14, p>0-1) and other clinical signs.
Proptosis determined from the CT scans correlated
significantly with neither optic neuropathy nor total
limitation of ocular motility, but did correlate highly
with Krahn exophthalmometry (r=0-73). The pre-
septal area was defined as all tissue anterior to a line
«connecting the lateral orbital rims, limited by the soft
tissue laterally and orbital wall medially. The pre-
septal area encompassed elements of both periorbital
oedema and proptosis, and it was significantly corre-
lated with optic neuropathy and other clinical signs,
such as total limitation of motility and periorbital
oedema.

A scatterplot comparing preseptal area with
proptosis showed a linear relationship through about
70% of the total range of proptosis. After proptosis
was maximal, preseptal area continued to increase.
Therefore, preseptal area was a more effective
quantitative measure of orbital swelling in Graves’
ophthalmopathy than were Krahn or Hertel
readings (Fig.3).

MEASURES IDENTIFYING PATIENTS AT RISK FOR
OPTIC NEUROPATHY

An attempt was made further to compare the ability
of various CT and clinical measures to confirm the
presence or predict the development of optic neuro-
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Table2 Evaluation of clinical and CT signs of Graves’ ophthalmopathy in separating patients with and without optic

neuropathy
No risk optic vs present neuropathy No risk optic vs developed neuropathy  Present optic vs developed neuropathy
t p t p t p
CT measurements
Muscle area 9-88 p<0-0001* 6-33 p<0-0001 2-64 p<0-006
Total muscle volume 9-68 p<0-0001 6-74 p<0-0001 2-50 p<0-008
Medial rectus width  8-93 p<0-0001 6-79 p<0-0001 1-39 NS (p<0-09)
Medial muscle area  7-87 p<0-0001 5-66 p<0-0001 1-58 NS (p<0-07)
Orbit/fat ratio 7-33 p<0-0001 5-84 p<0-0001 1-06 NS (p<0-2)
Preseptal area 4.37 p<0-0001 4:32 p<0-0001 0-34 NS (p<0-4)
Proptosis 323 p<0-0001 2:92 p<0-003 0-13 NS (p<0-5)
Clinical signs
Motility limitation ~ 4-49 p<0-0001 5-68 p<0-0001 0-88 NS (p<0-2)
Periorbital oedema  3-59 p<0-0001 3-33 p<0-0001 0-26 NS (p<0-4)
Exophthalmometry 1-52 NS (p<0-07) 1-21 NS (p<0-2) 0-25 NS (p<0-5)
Lidlag 0-72 NS (p<0-3) 0-39 NS (p<0-4) 0-17 NS (p<0-4)
Lid retraction 0-21 NS (p<0-5) 0-49 NS (p<0-4) 0-52 NS (p<0-4)

*p Values >0-001 were not considered as significant becaust multiple correlation was performed.

pathy. These comparisons were performed using
multiple ¢ tests. Therefore, only p values less than
0-001 were considered statistically significant. These
data are summarised in Table 2. Virtually all CT
measures, including muscle width, could significantly
(p<0-0001) distinguish the groups that either had or
developed optic neuropathy from the group that did
not have optic neuropathy. The only clinical
measures that distinguished these groups were total
limitation of extraocular motility and periorbital
oedema.

Neither CT measures nor clinical measures of
Graves’ ophthalmopathy successfully differentiated
between the group that presented with optic neuro-
pathy and the group that developed optic neuro-
pathy. Some nearly significant differences were
detectable between these groups by CT measures of
extraocular muscle area (p<0-006) or volume
(p<0-008).

Discussion

Clinical and CT measures of Graves’ ophthalmo-
pathy have been compared, especially with regard to
their relationship to optic neuropathy. All CT meas-
ures of extraocular muscle enlargement correlated
significantly; muscle area and total muscle volume
were the most highly correlated. The only clinical
measures that correlated significantly with optic
neuropathy were limitation of ocular motility and per-
haps periorbital oedema, confirming a prior study.®

Along with other CT-derived measures, medial
rectus width, which may be obtained manually, was
reliably able to distinguish between the group that
would develop optic neuropathy and the group that

would not. There seemed to be no reliable way of
distinguishing the group that developed optic neuro-
pathy from the group that presented with optic
neuropathy. Therefore it is likely that these groups
were in fact the same population.

This study has established quantitative CT evalua-
tion of the extraocular muscles and preseptal area as
the most important parameters in assessing and
following up patients with Graves’ ophthalmopathy.
Muscle area can be determined by the radiologist
using morphometric analysis available on most CT
scanners. Similarly, preseptal area is easy to calculate
and is a better measure of anterior manifestations of’
Graves’ ophthalmopathy than are either Krahn
exophthalmometry or clinical evaluation of peri-
orbital oedema. If automatic analysis is not available,
medial rectus muscle width is an exceptionally easy
measure to obtain manually for evaluating risk of
optic neuropathy, requiring only a single mid-orbital
thin CT section and no special equipment, training,
or calculation.

Although many clinical signs are of value in
diagnosing orbital involvement with Graves’ disease,
limitation of motility and optic nerve changes only
need be regularly evaluated once a baseline orbital CT
scan has been performed and measured.
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