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Purpose: To assess the change in ocular surface temperature between healthy phakic and
pseudophakic patients.

Methods: We included patients with no history of ocular disease other than cataract. Patients
were divided into three groups: clear lens, cataract, and pseudophakic. All patients had two
ocular surface digital thermal scans. An average of five surface points was used as the mean
ocular surface temperature. Results were analyzed with a one-way analysis of variance and a
Tukey’s least significance difference test. The patients were further divided into phakic and
pseudophakic groups. Correlation coefficients between several variables were done in order
to assess dependencies.

Results: Fifty-six eyes (28 cataracts, 12 clear lenses, 16 pseudophakic) were enrolled. The
mean ocular surface temperature in the cataract group was 34.14°C+1.51°C; clear lens:
34.43°C+2.27°C; and pseudophakic: 34.97°C+1.57°C. There were no statistical differences
among the study groups (P=0.3). There was a nonsignificant negative correlation trend between
age and surface temperature in the phakic group. The trend inverted in the pseudophakic group
but without statistical significance.

Conclusion: Although cataract extraction and intraocular lens implantation seem to induce a
mild increase in ocular surface temperature, the effect is not clear and not significant.
Keywords: digital thermal scans, intraocular lens implantation, cataract extraction

Introduction

Human metabolic processes generate energy in the form of heat.' In the human body,
that energy must be dissipated through the body surface.! Thermoregulation is a
balance between heat generation and dissipation where vascular changes and sweat
evaporation play important roles in keeping the body temperature stable.' Each part
of the body has its own temperature range based on the environment, location, vas-
cularity, and metabolic activity. However, certain conditions like inflammation (local
erythema and swelling) can cause local increases in temperature;* due to an increase in
vascular and metabolic activity, surface temperature of any specific body part can be
determined by sensing the transmission of infrared radiation.* According to Planck’s
blackbody radiation law, all bodies with a temperature above absolute zero (—273°C)
radiate certain electromagnetic waves that correspond to their specific temperature,
and its total quantity can be calculated by the Stefan—Boltzmann equation.** In 1915,
observations made by Hartridge et al concluded that there was no difference between
the infrared radiation of eye tissue and those of water.’ This means that at radiation
levels above 3 um wavelength, the human eye behaves as a blackbody radiator and,
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with an ocular temperature of about 32°C, each part must emit
a spectrum of radiation between 1 wm and 30 um (infrared) in
which the entire transmission of one tissue will be absorbed
by tissue immediately anterior to it and its contribution to
the final ocular surface temperature would be so small that
it can be ignored.!* However, more than a hundred years
later and by using modern thermographic acquisition devices,
investigators have demonstrated that patients with conditions
that increase the intraocular metabolic and vascular activity
of'the eye (iridocyclitis) showed a “hot ring” transmitted into
the cornea surface above the ciliary body.” Furthermore, the
ocular surface temperature in those cases was 2.2°C higher
than the normal controls, and there was a temperature dif-
ference of up to 3°C between the eyes that had undergone
cataract surgery and the nonoperated eye.”® Conversely,
other studies have failed to show or have shown little cor-
relation between choroidal abnormalities and ocular surface
temperature changes and have postulated that, in concordance
with the observations made by Hartridge, any metabolic
heat produced by the posterior eye will be dissipated by the
highly vascularized retina and any thermal gradient will be
minimal and unlikely to influence the final temperature of
ocular surface.®®’

Digital thermography is a noninvasive, noncontact imag-
ing procedure able to record wavelengths in the infrared
spectrum instantaneously, resulting in an accurate repre-
sentation of the objects temperature in real time.*!° This
technique has been used successfully in several medical
fields; it has been used to control bypass circulation during
cardiac surgery,’ in breast cancer detection,!! peripheral vas-
cular diseases differential,’ diabetes neuropathy evaluation,'?
detection of angiogenesis in tumors,'* detection of rheumatic
diseases,'* and dental applications, among others."!> In
ophthalmology, its uses include diagnostic imaging of dry
eye,*!? retinal vein occlusion, and diabetic retinopathy evalu-
ation, and the investigation of several pathological states of
the adnexa and the response to steroid treatment in thyroid
eye disease.'>!®!” Some studies have found a correlation
between ocular surface temperature and choroidal flow as
well as an inverse correlation with intraocular pressure in
animal models.'®!3

Since the understanding of the mechanism of thermal
behavior in the human eye is central for the optimization of
the use of digital thermography as a diagnostic and prognostic
factor and since the role of posterior intraocular structures
in ocular surface temperature is somewhat controversial, the
purpose of this study was to assess the changes in ocular sur-
face temperature between healthy phakic and pseudophakic

patients, while controlling for several potential confounding
factors, in order to optimize the reliability of the test.

Methods

The study was conducted at the Rocky Mountain Lions Eye
Institute, Anschutz Medical campus. The study was reviewed
and approved by the Colorado Multiple Institutional Review
Board. All patients signed an informed consent, and the study
strictly followed the tenets of the Declaration of Helsinki.

We included consecutive healthy patients (phakic and
pseudophakic) from the cornea clinic, with no history of
ocular diseases other than age-related cataracts (ARCs).
All pseudophakic patients had at least 3 weeks without
using topical drugs and at least 1 month or more since their
phacoemulsification surgery. We excluded patients with
clinically diagnosed diabetes or other systemic diseases like
cancer, cardiovascular or autoimmune diseases, glaucoma,
high myopia or hypermetropia, inflammatory eye diseases,
dry eye or patients in whom surgical complications or loss
of vitreous were reported. We also excluded patients who
were currently using topical drugs for any cause. Dry eye
assessment and diagnosis were done following the recom-
mendations and guidelines of the International Task Force
Delphi Panel and the International Dry Eye Workshop. -2

The patients were divided into three main groups: pha-
kic with clear lens, phakic with cataract, and pseudophakic
with successful posterior chamber intraocular lens (PCIOL)
implantation. Only ARCs were included regardless of their
individual stratification.

Digital thermal image

All patients were acclimated to the clinical environment for
at least 15 minutes. The room temperature was specifically
set and controlled at all times at 22°C (=72°F), humidity
was maintained at 42.0%, and the average indoor illumina-
tion was maintained at 300 lux. Two thermal scans of each
subjects orbits and bilateral ocular surfaces were taken by
using a FLIR® T420 Thermal digital camera with thermal
digital enhancement (FLIR Systems Inc., Boston, MA,
USA), with an accuracy of +2%; thermal sensitivity of
<0.045°C; temperature range of —20°C to 650°C; resolu-
tion of 76,800 pixels (320%x240) and frame rate of 60 Hz.
We calibrated the system before each scan by scanning a
heated pad of known/controlled temperature, and the test
was always performed between 9:00 am and 11:30 am to
avoid daily temperature variations. Patients were comfort-
ably seated 50 cm away from the camera. Patients were
asked to blink normally for a few seconds and then to open
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their eyes as wide as possible as the scan was obtained.
The process was repeated twice. The image acquisition
was nearly instantaneous; thermal density was plotted on a
color scale from deep blue to brown red, passing by cyan
blue, green, yellow orange, and red, representing from low
to high temperatures (Figure 1).

All images were stored on a portable storage device
and then uploaded into a computer for further analysis. The
images were analyzed with the FLIR Webviewer; a software
provided by the digital thermal camera manufacturer (http://
www.flir.com/thermography/americas/us/view/?id=58384).

A total of five points were measured on each cornea: central
1 mm, temporal, nasal, superior, and inferior fields. We used
the average of these five corneal temperature measurements
to minimize any bias on the basis of conjunctival vascularity
surrounding the cornea. Since normal ranges for forehead
temperature (captured by digital thermal camera: range:
34.1°C-37.2°C) were previously published, we used fore-
head temperature as a control for erroneous measurements
and excluded from the analysis any patients with a forehead
temperature below 32.1°C and those with forehead tempera-
ture above 37.2°C.21%

Statistical analysis

Statistical analysis was made using an excel spreadsheet
(Excel 2007; Microsoft Corporation, Redmond, WA, USA).
A one-way analysis of variance test was used to identify the

difference in the variability of the means among the groups
regarding temperature and age and by using a P-value of
less than 0.05 for statistical difference. A Tukey’s least
significance difference test was then performed to assess the
statistical difference between means within the study groups.
The mean ocular surface temperature (OST) was plotted
against age for each group, and the correlation coefficient
(R) was calculated in order to determine if there was a linear
dependency between the variables. Finally, the results of both
phakic groups (ARC and clear lens) were summarized into a
single group and the means compared against the pseudopha-
kic group (PCIOL) using a two-sample #-test for means of
two groups with different variances, using a P-value of less
than 0.05 for statistical significance.

Results

We included 56 eyes, of which 28 had a diagnosis of ARC,
12 more had a clear lens status, and 16 eyes had PCIOL.
The mean = standard deviation OST of the ARC group
was 34.14°C+£1.51°C; the group with clear lens had a mean
OST of 34.43°C£2.27°C; and the group with PCIOL had a
mean OST of 34.97°C+1.57°C. There were no statistical
differences among the study groups regarding OST (P=0.3).
After including all the phakic patients (disregarding their
cataract status) into a single group, the mean OST was
34.44°C£1.56°C. There was no statistical difference against
the pseudophakic (PCIOL) group (P=0.2).

Figure | Digital thermal image from a representative patient.

Notes: The cursor is placed in the center and then moved around into five different positions of the corneal surface. The process is repeated twice per eye. The left eye

depicts the five zones from where every measurement was taken.

Abbreviations: S, superior; |, inferior; N, nasal; T, temporal; | mm, central cornea | mm.
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Regarding the mean age of the groups, both ARC
and PCIOL groups had very similar (and nonstatisti-
cally significantly different) mean ages (63.75%x11.15
vs 64.3843.79 years of age). However, the group of
patients with clear lens had a significant lower mean age
(29.83£9.35 years of age), with P<<0.01. After grouping
all the phakic patients into a single group, the mean age
(53.57£18.93 years of age) was still statistically lower than
the pseudophakic group (P<<0.01).

Figure 2 summarizes the charts in which we plot the OST
and the age of each group. Table 1 summarizes each group
respective correlation coefficient and its significance level.
In Chart A, the age was plotted against the mean OST of all
patients with ARC, in which a weak, nonsignificant negative
correlation was observed. The same type of behavior was
observed in Chart B in which the OSTs of all the phakic
patients were plotted against their age. Finally, the OST of
the pseudophakic group had a very weak positive correlation
with their ages, without statistical significance.

Discussion
Infrared detection, as a thermal imaging technique, was
developed during the second half of the past century.'?* Its

medical applications have expanded rapidly as it is a simple
noninvasive technique that provides real-time measure-
ments and allows quick diagnosis with minimum equip-
ment requirements.'** The available evidence about its use
in medicine is large and covers a wide array of fields.!!¢
In ophthalmology, changes in OST have been described in
several pathological states as well as during and after surgi-
cal procedures.!”?*% Although the relationship between OST
and superficial factors like the tear film has been extensively
described,'>? the relationship with intraocular structures as
well as with choroidal and retinal vasculature has remained
somewhat inconclusive and has precluded its comprehensive
use as a diagnostic tool of posterior pathology. While some
studies have shown successfully that patients with decreased
ocular circulation, like carotid artery stenosis, can experience
a reduction in OST,'*?’ the contrary has been more difficult
to prove, with little information available and the existing
studies showing conflicting results.

Despite the potential useful application of ocular ther-
mal imaging as a diagnostic or prognostic tool, there are
some variables that should be considered and controlled for
during the test, because they can affect the OST readings.
Tear film stability is one such variable;'® an unstable film
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Figure 2 Graphic representation of the correlation between patient’s age and ocular surface temperature.

Abbreviations: Temp, temperature; PCIOL, posterior chamber intraocular lens.
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Table | Correlation coefficient

R P
Age vs ARC OST -0.11 0.50
Age vs phakic OST -0.14 0.30
Age vs pseudophakic OST 0.08 0.70

Abbreviations: ARC, age-related cataract; OST, ocular surface temperature.

due to deficient tear formation or disruption of the tear film
secondary to the instillation of drops or defects on the blink-
ing mechanism (anatomical defects or decreased rate), can
increase the degree of local evaporation and yield lower
readings.? Conversely, OST tends to increase immedi-
ately after eyelid closure and can be up to 1.5°C warmer if
prolonged more than 5 minutes."® The way in which OST
is assessed is also important to be considered; an average of
various readings from different areas is more desirable than
a single assessment. Studies in healthy eyes have shown that
nasal areas of the eye tend to be warmer than their temporal
counterparts and the limbus tends to be warmer than the cor-
neal center by 0.45°C—1.0°C.7?* Therefore, OST variation
within the cornea can be controlled by taking the average
of several different points on the cornea. Environmental
conditions are also important to consider, since variables
like room temperature may have a positive correlation with
OST of up to 0.15°C-0.2°C for each Celsius degree rise.!*
Variations in air flow and room humidity can vary the local
heat transfer; therefore, a period of room adaptation before
measurement is advised.*

Although the difference in OST among sexes, race and
between left and right eye has been studied, there has been
no evidence so far that supports the effect of these variables
on OST.! On the other hand, several studies have shown
consistently that OST decreases with age, with a reduction
of 0.01°C-0.023°C per year and it is more evident among
middle-aged subjects and above.?83!32

In our current study, we actively controlled for the
variables that have been reported to effect OST readings;
furthermore, the average of several points of the corneal
surface temperature was assessed at the same time in order to
prevent any possible confounding outlier. Our results showed
that the mean OSTs across all three groups were similar to
those previously reported (=32.9°C-36°C) in the literature.
Despite the fact that patients with clear lens were significantly
younger than patients from the other groups (P<<0.01), the
mean OST was not statistically different (P=0.3). Compari-
son of age between phakic and pseudophakic groups was still
lower in the pseudophakic group (P<<0.01), where the mean
OST was similar between the groups. Despite the similar OST

among the groups, older patients tended to have lower OST
readings than younger patients in the clear lens and ARC
groups (in concordance with previous studies). This trend
continues and slightly increases after grouping both groups
into a single phakic group. Interestingly, this trend seems to
reverse in the pseudophakic group, in which older individu-
als appeared to have slightly higher OST readings. The lens
has relatively low thermal conductivity, which might prevent
the transference of heat from the posterior segment toward
the ocular surface. Therefore, a slight increase in OST after
cataract surgery seems to make sense. Conversely, if we
assume that intraocular structures like the lens have no effect
on OST as previously suggested, the trend of lower OST
in older patients should have continued or even increased
slightly. The pseudophakic group is where the decrease
should have been more marked. Although the correlations
are very weak and nonsignificant, there is a possibility that
the small number of enrolled participants might have induced
an error Type 2.

Besides the relatively small number of participants in
some of the groups, the present study has some limitations
that we would like to address. Firstly, cataract was analyzed
as a categorical variable as present or not present with no
gradation and thus dichotomic instead of ordinal. A more
precise control of the extent of cataract could be performed
using the Lens Opacification Classification System III. The
lens and corneal thickness may as well have a role on heat
dissipation coming from intraocular structures. Therefore,
careful assessment of these variables by means of optical
coherent tomography should be done in further studies, in
order to clarify their effect on OST.

Second, although most studies on OST (including this
one), have shown a negative correlation between age and
OST, most of the studies have included patients who were
middle aged or above, where increased tear film problems are
likely to increase. During the execution of our study, we tried
to control for this type of confounder by excluding patients
with dry eye diagnosis. Finally, although pseudophakia seems
to have something to do with the change of age—OST trend,
it is impossible to exclude the possibility that the trend is due
to changes in the choroidal/retinal blood flow. This question
could not be answered with the current study design.

In summary, digital thermography is a noninvasive, non-
contact imaging procedure, which is capable of generating
real-time assessments of OST. Although our results might
suggest that cataract extraction and PCIOL implantation seem
to induce a mild increase in OST, enough to at least neutral-
ize the trend of lower OST among older patients, this effect
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