





Clinical science

Figure 1

Representative slit-lamp photographs and thermograms from the good and poor intraocular pressure control group are shown. Dotted lines

are drawn along the edge of the filtering bleb. Case 22 (A, B) belongs to the good I0P control group and case 35 (C, D) belongs to the poor IOP control
group. Each thermogram is divided into eight different colours in 0.2°C steps from dark blue to pink. In the forward gaze (A, C), the cornea is displayed
as blue or green and the temporal and nasal bulbar conjunctiva as red or pink. In the downward gaze, the filtering bleb of the good I0P control group
(case 22; (B)) is shown as green or blue, meaning that its temperature is clearly lower than that of the surrounding bulbar conjunctiva. Meanwhile, the
filtering bleb of the poor IOP control group (case 35; (D)) is represented as yellow or pink, meaning that its temperature is almost same as that of the

surrounding bulbar conjunctiva.

the temperature decrease in the filtering bleb (TDB). The
temperature of the upper conjunctiva was assumed to be the
original temperature of the filtering bleb. Therefore, the mean
temperature of the temporal and nasal bulbar conjunctiva was
substituted for the temperature of the upper conjunctiva. TDB
is described by the equation TDB = (mean temperature of the
temporal and nasal bulbar conjunctiva)—-(temperature of the
filtering bleb).

Classification of subjects according to I0P control

Filtering blebs were classified by IOP control according to
criteria from previous studies.' > Functioning blebs, the good
IOP control group, were defined as those with an IOP
<21 mmHg without antiglaucoma medications, and failed
blebs, the poor IOP control group, were defined as those who
had received more than two eye drops of antiglaucoma
medications for elevated IOP =21 mmHg in the past. The
differences between the two groups were examined.

Morphological assessments

It is clinically important to examine whether TDB is affected by
the morphological appearance of the filtering bleb. Filtering
blebs were classified by slit-lamp examination according to the
Indiana Bleb Appearance Grading Scale (IBAGS)?; blebs were
graded for height (H0-3), extent (E0-3), vascularity (V0-4), and
leakage with the Seidel test (S0-2) in a masked manner. We
examined the relationship between the morphological appear-
ance and temperature of the filtering blebs.

Table 2 Mean temperatures and statistical analyses of the good and
poor intraocular pressure control groups

10P

control Temporal Nasal Filtering

group Cornea conjunctiva conjunctiva bleb TDB

Good 35.45 (0.53) 35.87 (0.48) 36.01(0.48) 35.40 (0.50)  0.54 (0.20)
Poor 35.53 (0.50) 35.92 (0.43) 36.05 (0.42) 35.78 (0.43)  0.21 (0.18)
p Value 0.6063 0.6991 0.8523 0.0307* <0.0001*

I0P, intraocular pressure; TDB, temperature decrease in the filtering bleb.
Values are mean (SD).
*Mann-Whitney U test.
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Statistical analyses

The x* test, Fisher’s exact test, Mann-Whitney U test or
ANOVA were used to determine the statistical significance of
any differences. The level of significance was set at p<<0.05.
Pearson’s correlation coefficient was used for examining
correlation, and intraclass correlation coefficients were used
for examining the reproducibility of our thermographic mea-
surements.

RESULTS

The details of the subjects are summarised in table 1. The mean
age of the subjects at the time of thermography was 70.9 (SD
10.4) (range 40-85) years. There were 23 filtering blebs in the
good IOP control group and 16 filtering blebs in the poor IOP
control group. No significant differences between the two
groups were found in the type of glaucoma (p = 0.5193, x? test),
age (p=0.6675, Mann-Whitney U test), preoperative IOP
(p=0.4656, Mann-Whitney U test), time from surgery to
thermography (p = 0.1270, Mann-Whitney U test) or site of the
base of the conjunctival flap (p>0.9999, Fisher’s exact test).

Reproducibility

The reproducibility of our thermographic measurements was
examined. Thermography was performed three times at
intervals of more than 1 min in 11 eyes in forward gaze and
22 eyes in downward gaze that were selected randomly from
the subjects. The intraclass correlation coefficients for the
temperature at the centre of the cornea, the temporal bulbar
conjunctiva, the nasal bulbar conjunctiva and the filtering bleb
were 0.9748, 0.9811, 0.9768 and 0.9680, respectively.

Correlation between 0P reduction and TDB

In this study, there were 13 well-functioning blebs that received
full antiglaucoma medications (three or more eyedrops with oral
acetazolamide therapy) before trabeculectomy (cases 1, 2, 4,
6-8, 10, 15, 17, 18, 20, 21 and 23). We examined the correlation
between IOP reduction and TDB in these 13 cases. The mean
IOP reduction was 20.9 (SD 7.4) mmHg and the mean TDB was
0.43 (SD 0.15)°C. The two factors were correlated (Pearson’s
correlation coefficient: 0.6822, p =0.010196).
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Figure 2 Representative thermograms
of both cystic and flat blebs in the good
and poor intraocular pressure control
groups are shown. Dotted lines are drawn
along the edge of the filtering bleb. Cases
10 and 19 belong to the good I0P control
group and cases 34 and 39 belong to the
poor 10P control group. In the good 10P
control group, the temperature of the
filtering bleb is clearly lower than that of
the surrounding bulbar conjunctiva, even
if no cystic bleb is recognised in the slit-
lamp examination. In the poor IOP control
group, the temperature of the filtering
bleb is almost the same as that of the
surrounding bulbar conjunctiva, even if a
filtering bleb with a cystic appearance is
present.

Comparison of ocular surface temperature

Ocular surface temperatures and statistical analyses of the good
and poor IOP control groups are listed in table 2. There were
significant differences between both the temperature of the
filtering bleb and the TDB of the two groups. Figure 1 shows
typical thermograms of the good (case 22 (fig 1A, B) and poor
(case 35 (fig 1C, D)) IOP control groups. The temperature of the
filtering bleb was clearly lower than that of the surrounding
bulbar conjunctiva in the good IOP control group, while the
temperature of the filtering bleb was almost the same as that of
the surrounding bulbar conjunctiva in the poor control group.

Effects of morphological appearance

We examined the relationship of TDB to the morphological
appearance of the filtering blebs classified based on the IBAGS®
(table 3). Statistical analyses showed no significant relationship
between the TDB and any of the morphological factors. Figure 2
displays thermograms of cystic and flat blebs from each of the
two groups. In the good IOP control group (cases 10 and 19), the
temperature of the filtering bleb was lower than that of the
surrounding bulbar conjunctiva, irrespective of its morphology.
In the poor IOP control group (cases 39 and 34), the
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temperature of the filtering bleb was almost the same as that
of the surrounding bulbar conjunctiva.

In addition, we examined the blebs to determine whether
there were differences between the morphological appearances
of the good and poor IOP control groups. Statistical analyses
showed that the differences between the two groups were not
significant (height (H) p=0.1580; extent (E) p=0.3872;
vasularity (V) p=0.6043; Seidel test (S): p=0.7546; Mann—
Whitney U test).

DISCUSSION

In the present study, we showed that the mean surface
temperature of the filtering blebs in the good IOP control group
was lower than that of the poor IOP control group.
Furthermore, we introduced a thermographic index, TDB, to
correct for body temperature, which varies among individuals.
The TDB of the good IOP control group was significantly lower
than that of the poor IOP control group. It could be argued that
the morphological appearance, especially the vascularity, of the
filtering bleb may affect its temperature. In this study, a
thermographic measurement of each filtering bleb was made
within 1 s after exposing the bleb, and as shown in table 3, there
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Table 3 Relationship of TDB to the morphological appearance of the
filtering blebs determined based on the IBAGS

IBAGS grade n TDB (°C) p Value
Height (H)
0 7 0.479 (0.434)
1 13 0.285 (0.198) 0.2231*
2 12 0.454 (0.199)
3 7 0.471 (0.152)
Extent (E)
0 8 0.438 (0.418)
1 9 0.344 (0.228) 0.8453*
2 15 0.433 (0.214)
3 7 0.386 (0.146)
Vascularity (V)
0 8 0.462 (0.173)
1 13 0.469 (0.196) 0.3183*
2 8 0.269 (0.300)
3 10 0.385 (0.321)
Seidel test (S)
0 33 0.411 (0.263) 0.7546
1 6 0.375 (0.219)

IBAGS, Indiana Bleb Appearance Grading Scale; TDB, temperature decrease in the
filtering bleb.

Values are mean (SD).

*ANOVA; tMann-Whitney U test.

was no significant correlation between the TDB and the
morphological appearance of the filtering blebs as determined
by the IBAGS.® Thus, the surface temperature of the filtering
bleb was correlated with postoperative IOP control, regardless
of whether the morphological appearance appeared flat or
vascularised. These results imply that thermography may be
useful to assess bleb function.

Some morphological approaches have been developed recently
to assess bleb function. UBM has been widely used because it
provides useful information through images of the scleral flap
and its surrounding structure. However, assessments of bleb
function using UBM are sometimes unreliable." In one study,’
the IOP was assessed as poor in six of 89 eyes with Type L blebs
where the actual IOP was generally good. In another study,®
phacoemulsification significantly increased the IOP in eyes with
filtering blebs, but the intrableb features did not change in the
UBM image. Anterior segment OCT has been introduced to
assess bleb function as a non-invasive examination. Generally,
OCT shows that a functional bleb has a large hyporeflective
space with a collection of fluid. Savini er al reported that
hyporeflective fluid-filled spaces were not clearly visualised in
two of 21 eyes with the good IOP control.” Leung et al reported
that subconjunctival fluid spaces could not be detected in two
flattened blebs with good IOP control.”® Singh e al found that
the majority of successful blebs demonstrated thickening of the
bleb wall, but thickening was also found in six of 21 failed
blebs." Thus, there are some limitations in the accuracy of these
methods for assessing bleb function.

In a well functioning bleb, the aqueous humour flows
continuously out of the scleral flap to perfuse the subconjunc-
tival space around the filtering bleb. In a poorly functioning
bleb, on the other hand, the amount of aqueous humour
flowing into the filtering bleb is small, and therefore the
aqueous humour turnover in the subconjunctival space is
reduced. In a report by Heys et al, when the temperature of
the ciliary body and the iris was specified to be 37.0°C, the
temperature of the aqueous humour near the cornea was
calculated to be 34.4°C.** Since aqueous humour cooler than the
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surrounding tissue is constantly flowing through a well-
functioning bleb, this may cause the temperature of the cornea
and filtering bleb to decrease to a level lower than that of the
surrounding conjunctiva. On the other hand, a poorly function-
ing bleb is warmed by the eyelid and the conjunctiva, and
therefore its temperature would be expected to remain the same
as the surrounding tissue. Thermography may capture this
phenomenon. Even if no cystic bleb is recognised in a slit-lamp
examination, thermography can detect an area at the site of the
scleral flap that is cooler than the surrounding bulbar
conjunctiva, indicating that fresh aqueous humour may be
flowing in the subconjunctival space around a filtering bleb (see
case 19 in fig 2). Furthermore, even if a filtering bleb with a
cystic appearance is present, thermography can show that the
bleb is not functional; if an area cooler than the surrounding
bulbar conjunctiva is not detected at the site of the scleral flap,
this indicates that aqueous humour may not be flowing
efficiently (see case 35 in fig 1 and case 39 in fig 2).

The TDB of each subject is shown in table 1. If the threshold
level of the TDB for a well functioning bleb is defined to be
=0.40°C, there are 19 filtering blebs (82.6%) in the good IOP
control group and four filtering blebs (25.0%) in the poor IOP
control group. These results are significantly correlated with
bleb function (p = 0.0007; Fisher’ exact test). We examined the
four exceptional filtering blebs in the poor IOP control group by
UBM. The results of UBM suggested that two filtering blebs
(case 26 and 39) were poorly functional (type E: encapsulated
bleb); however the other filtering blebs (case 27 and 36) were
fairly functional (type H: high-reflective bleb) according to
Yamamoto’s classification.” Unfortunately, we are unable to
explain why the IOP was elevated in the latter two cases,
suggesting that similar to OCT and UBM, our thermographic
method also has limitations. Thus, the efficiency of evaluating
bleb function can be improved by using a combination of
multiple examinations including OCT and UBM. In addition,
improved software or more accurate instruments may be
helpful to carry out more precise examinations. In this regard,
we are developing an instrument that is specifically suitable for
ocular surface thermography.

In conclusion, thermography sheds new insight on the
evaluation of bleb function and may become another useful
method for evaluating bleb function.
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