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Corneal temperature in patients with dry eye evaluated by infrared radiation thermometry
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Figure 3 Corneal temperature upon opening the eye in one
individual plotted exponentially. T,,=temperature at
equilibrium. The correlation coefficient is r=—0-79 (0-16)
in dry eye patients and r=—0-90 (0-07) in controls. The
slope of the line for temperature ts of patients
with dry eye is less steep than that for normal control
values.

(p=0-0002) and the tear clearance test
(p=0-0005) were significantly decreased,
compared with controls. Tear evaporation
(TEROS 40) for the right eye of patients with
dry eye was 6-8 (2-9) compared with 16-2
(4:0)X1077 g/cm? for controls. Tear BUT for
the right eye of patients with
dry eye was 3-45 (1-40) compared with 6-35
(1:39) seconds for controls. Both tear evapora-
tion and tear BUT of patients with dry
eye were significantly decreased, compared
with controls (p=0-0001) (Tables 2—4).

In 20 patients with dry eye, T; was 34-0
(0-5)°C and T, was 33-8 (0-5)°C. In 20
normal subjects, T was 34-2 (0-4)°C and T,
was 33:6 (0-6)°C. T, —T,, (corneal tempera-
ture change 10 seconds after opening the eye)
was 0-21 (0:06)°C, compared with 0-61
(0-28)°C in 20 normal subjects (p=0-0001).
The magnitude of change of corneal tempera-
ture was significantly greater in normal than in
dry eyes (Tables 2—4). There were correlations
between T; —T,, and the results for the right
eye of Schirmer’s test (p=0-0001), TEROS 40
(P=0-0002), and tear BUT (p=0-004), but
not age (p=0-6) or clearance test (p=0-28).

In a typical patient with dry eye, central
corneal temperature decreased only briefly
after the eye was opened; in a normal subject it
continued to decrease. In the plot of an
exponential equation, the slope of the line for
temperature measurements of patients with
dry eye was less steep than that for normal con-
trol values (Fig 3). The correlation coefficient
was r=—0-79 (0-16) in patients with dry eye
and r=-0-90 (0-07) in normal patients
(Tables 2 and 3). There was a strong correla-
tion that was mathematically significant. When
the slope K, of the equation T=(T; —T,)
e XK'+ T_ was measured, the K for patients with
dry eye was 0-20 (0-13)/second and that for
normal controls was 0-31 (0-19)/second
(Tables 2—4) (p=0-03).

Discussion
This study demonstrated the usefulness of
infrared radiation thermometry in evaluating
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patients with dry eye. Corneal temperature was
measured,® 11716 and we found that the corneal
temperature decreases after each blink and the
rate of decrease was smaller in patients with
dry eye. Although the TEROS 40 method is
complex as well as being costly, measurement
of temperature itself is inexpensive and its use-
fulness has been reported in evaluating inflam-
mation after cataract surgery.!3

Tear production decreases with increasing
age. Our two study groups showed no signifi-
cant age difference and had no correlation with
T,—T.. Measuring tear flow is a common way
to diagnose dry eye. Schirmer’s test,34 the
cotton thread test,7 and a new technique,
TEROS 40,2 are currently used as diagnostic
methods. Measuring the corneal temperature
was also found to be available. The significance
between dry eye and normal was below 0-05, a
level that exceeded that which was obtained
with the Schirmer’s test and TEROS 40 test,
but there was a good correlation between
T, —T, and Schirmer’s test BUT, and
TEROS 40 test. While we mentioned that this
technique is ‘easy’, there were still a lot of
technical difficulties encountered in taking
corneal temperatures — keeping the distance of
the probe from the eye, steadiness of the
examiner’s hand, wind or moisture currents,
and stability of readings. Improvements such
as measuring at shorter time intervals, sensi-
tivity, or smaller surface areas are needed to
measure the small changes.

While these measurements are necessarily
rough because the instrument has a resolution
of 0-1°C, and the maximum decrease in the
patients with dry eyes was only 0-1 or 0-2°C in
16 cases out of 20, ocular surface temperature
decreased after opening the eye in this study.
As the temperature we measured in this study
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Figure 4 Corneal temperature after every blink (an
imaginary figure). Corneal temperature decreases with
every blink in normal subjects (A), but has smaller change
in patients with dry eye (B).
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was the change in temperature after the first 10
seconds, we presume this change of ocular sur-
face influences the blink. The blink time is
much shorter than the time the eye is opened,
however, and this change in the temperature of
the ocular surface may contribute to the mech-
anisms of eye blink, and to the syndrome of dry
eye (Fig 4).152426 Corneal temperature is
significantly affected by tear evaporation and
may change with every blink. Because of
reduced evaporation, corneal temperature in
patients with dry eye is stable and shows a
small change after each blink.

Cooling of the cornea is known to produce
comfort,2’ thus a stable corneal temperature
may contribute to the discomfort in the
patients with dry eye. In other words, fluctua-
tion of corneal temperature may be necessary
for the comfortable feeling in normal eyes.
Application of eyedrops relieves the burning
sensation of dry eye for a short period of time.
This may be because of the temperature fluc-
tuation on the cornea after instillation of an
eyedrop. The relation between blinking and
the temperature of the ocular surface, includ-
ing the time between blinking, interblink time
(IBT), requires further study.28

With further study and development, use of
infrared radiation thermometry may prove to
be an effective clinical procedure for diagnos-
ing dry eye. It may also yield additional infor-
mation about ocular surface tear dynamics
related to blinking.

We thank Yukiko Yagi for her help in the examination of dry
eyes.
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