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Background: Heat exchange characteristics include not only temperatures and 
temperature distribution, but also heat flux (HF).
Purpose: To examine temperature of and density of HF from the ocular surface in the 
eyes of patients with diabetic retinopathy (DR).
Material and Methods: Sixty-two patients (123 eyes) with DR were under observation. 
Of these, 28 (55 eyes) and 34 (68 eyes) were diagnosed with non-proliferative DR 
(NPDR) and proliferative DR (PDR), respectively. They underwent a general 
clinical examination and measurements of temperature of the external corneal 
surface and density of HF from the eye. In addition, all NPDR patients underwent 
rheoophthalmography (ROG).
Results: There was a significant difference in density of HF from the ocular surface 
(7.3 ± 2.1 mW/cm2 vs 6.3 ± 1.6 mW/cm2; p = 0.002), but not in ocular surface 
temperature (34.7 ± 1.3 °С vs 34.8 ± 1.1 °С; p = 0.8) between NPDR patients and 
PDR patients. HF density from the eye was positively correlated with the ocular blood 
volume coefficient (RQ; also named the rheographic coefficient) as assessed by ROG 
(r = 0.5; p = 0.01) for patients with NPDR. There was a relationship between the 
density of heat flux from the ocular surface and age of DR patients.
Conclusion: Preliminary results suggest that (1) compared to the temperature of the 
ocular surface, the heat flux from the ocular surface better reflects the status of heat 
exchange in the eye, and (2) the technique might be promising as a diagnostic test for 
various pathological conditions involving impaired heat processes in the eye.
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Introduction
Special attention is paid at this time to studies on the 

heat processes that take place continuously in the human 
body and are essential for its normal vital activities under 
various conditions. The literature has reported on the 
features of daily variations in body temperature [1,2], 
effect of physical activity on changes in body temperature 
[3], and changes in the patient’s body temperature during 
surgery [4]. Relationships have been reported between the 
temperature of the external ocular surface and the status 
of blood circulation in the eye, intraocular pressure, and 
presence of intraocular inflammation or tumors [4-9]. The 
features of heat processes in a diabetic mellitus patient, 
including intraocular processes, are still poorly understood 
[10].

Heat exchange characteristics include not only 
temperatures and temperature distribution, but also heat 
flux (HF), which is a major heat exchange index and reflects 
the function of organs and tissues more completely than 
the two former characteristics [11]. We have previously 
reported initial results of heat flux measurements in the 
eyes of a group of healthy individuals with the use of 
our in-house thermoelectric device [12], and noted an 
age-related difference in these eyes. In addition, we have 
hypothesized that age-related atrophic choroidal changes 
and associated decreased volume of blood in the uveal 
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tract could be a cause of a decrease in heat flux density 
from the eye with age in healthy individuals.

The purpose of the study was to examine temperature 
of and heat flux density from the ocular surface in the eyes 
of patients with diabetic retinopathy (DR).

Material and Methods
This open pilot study followed the ethical standards 

stated in the Declaration of Helsinki and was approved 
by the Local Ethics Committee of the Filatov Institute. 
Written informed consent was obtained from all individuals 
enrolled in the study. 

Sixty-two patients (123 eyes; age, 16 to 86 years) with 
DR were under observation. Of these, 28 (55 eyes) and 
34 (68 eyes) were diagnosed with non-proliferative DR 
(NPDR) and proliferative DR (PDR), respectively. In each 
patient, the stage of DR was the same in both eyes. Patients 
with neovascular glaucoma or with a history of intravitreal 
antiangiogenic therapy or vitrectomy were excluded from 
the study.

Patients underwent a general clinical examination 
and measurements of temperature of the external corneal 
surface and heat flux density from the eye.

The thermoelectric device developed within the 
framework of the partnership agreement between the 
Institute of Thermoelectricity of the NAS of Ukraine and 
MES of Ukraine and the Filatov Institute of the NAS of 
Ukraine was used for measurements of temperature of 
the external ocular surface and heat flux density from the 
eye [12]. Studies were performed within the specified 
time period of the day (3:00 PM to 4:00 PM) under stable 
environmental conditions (air temperature and humidity 
control and minimal indoor air velocity). During the study 
period, the mean temperature in the room was 23.0±1.9 
°С. Before evaluation, patients spent 15 minutes indoors 
for adaptation to the room environment. No mydriatic 
was used. Patients were administered epibulbar anesthesia 
with ophthalmic 0.5% proparacaine hydrochloride 
(ALCAINE®, SA Alcon-Couvreur NV, Puurs, Belgium). 
Temperatures and heat flux density were recorded 15 
minutes after instilling a drop of the anesthetic. During 
data acquisition, patients were positioned before a slit-
lamp apparatus. The prism-transducer assembly was 
attached to the conventional prism mount of the Goldmann 
tonometer, and the thermoelectric heat-flux transducer 
came into direct contact with the subject’s central cornea 
in all cases.

In addition, all patients with NPDR underwent 
rheoophthalmography. The rheographic coefficient (RQ; 
also named the ocular blood volume coefficient), an index 
characterizing the volume of blood entering the eye per 
unit time, was calculated based on rheoophthalmographic 
studies.

Group data were tested for normality. The level of 
significance p ≤ 0.05 was assumed. Quantitative data are 
presented as mean and standard deviation (SD). Pearson's 
correlation analysis was used to determine if there was an 
association between the two methods. Statistical analyses 

were conducted using Statistica 10.0 (StatSoft, Tulsa, OK, 
USA) software [13].

Results
Table 1 presents mean ocular surface temperature, the 

density of heat flux from the ocular surface, IOP, and age 
of patients with NPDR and PDR.

There was no significant difference in heat flux density 
between PDR eyes that did and did not undergo retinal 
laser photocoagulation (p = 0.6).

Heat flux density from the eye was positively correlated 
with the ocular blood volume coefficient (RQ) (ρ = 0.5; p 
= 0.01) for patients with NPDR. A weaker correlation was 
found between the corneal temperature and the RQ (ρ = 
0.3; p = 0.15). Thus, mean heat flux density from the eye 
was 5.3 ± 2.6 mW/cm2 for patients with RQ ≤ 2.0 ‰, and 
7.2 ± 2.3 mW/cm2 for those with RQ > 2.0 ‰ (p = 0.03). 
In addition, mean corneal temperature was 34.3 ± 1.0 °С 
for patients with RQ ≤ 2.0 ‰, and 35.1 ± 1.3 °С for those 
with RQ > 2.0 ‰ (p = 0.1).

At the next stage of the study, we assessed a relationship 
between the density of heat flux from the ocular surface 
and age. For this purpose, patients were divided into three 
age groups: 16-30 years (group 1; 12 patients; 24 eyes), 
31-60 years (group 2; 31 patients; 62 eyes), and 61-86 
years (group 3; 19 patients; 37 eyes). In these groups, 
mean density of heat flux from the ocular surface was 8.1 
± 1.8 mW/cm2, 6.4 ± 1.9 mW/cm2 (p < 0.001), and 6.1 ± 
1.8 mW/cm2 (p < 0.001 and p =0.3 for comparisons with 
group 1 and group 2, respectively), respectively.

No corneal trauma or other complications were 
observed in any participant during the examination.

Discussion
We found that PDR patients had lower mean density 

of heat flux from the ocular surface compared to NPDR 
patients, which may be the result of a more severe 
impairment of hemodynamics in PDR. These findings are 
in agreement with reports in the literature that eyes with 
PDR have thinner choroids, compared with eyes with 
NPDR [14]. In addition, we found no significant difference 
in temperature of the external ocular surface between 
patients differing in the stage of DR.

Moreover, we found a positive correlation between the 
heat flux density and the rheographic coefficient obtained 
from ophtalmorheographic examination, which supports 
the hypothesis that low blood volume in the uveal tract 
is a cause of a decrease in heat flux density from the eye 
with age in healthy individuals [12]. Of note was also a 
mild correlation of the temperature of the external corneal 
surface and the ocular blood volume coefficient.

Furthermore, there was a difference in density of 
heat flux from the ocular surface between DR patients 
of different age groups, which is in agreement with our 
previous findings from healthy individuals, and may be 
explained by age-related atrophic choroidal changes and 
associated decreased blood volume in the uveal tract 
[12,15].
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Therefore, compared to the temperature of the external 
corneal surface, the heat flux from the ocular surface 
seems to be a more informative index of heat exchange, 
providing valuable additional information about the status 
of circulation in the uveal tract.

A limitation of this study is that the study cohort 
included patients who had undergone treatment for DR, 
particularly, retinal laser photocoagulation.

However, we found no significant difference in heat 
flux density between PDR eyes that did and did not 
undergo retinal laser photocoagulation (p = 0.6).

Further studies targeted at investigating the potential of 
the ophthalmic heat flux density measurement technique 
are warranted to assess its value in the diagnosis of various 
eye disorders.

Conclusion
First, there was a significant difference in density of 

heat flux from the ocular surface (7.3 ± 2.1 mW/cm2 vs 
6.3 ± 1.6 mW/cm2; p = 0.002), but not in external ocular 
surface temperature (34.7 ± 1.3 °С vs 34.8 ± 1.1 °С; p = 
0.8)  between NPDR patients and PDR patients.

Second, there was a stronger correlation of the 
rheographic coefficient obtained from ophtalmorheographic 
examination, with the density of heat flux from the ocular 
surface (ρ = 0.5; p = 0.1), than with the corneal temperature 
(ρ = 0.3; p = 0.15) for NPDR patients. Mean heat flux 
density from the eye was 5.3 ± 2.6 mW/cm2 for patients 
with RQ ≤ 2.0 ‰, and 7.2 ± 2.3 mW/cm2 for those with 
RQ > 2.0 ‰ (p = 0.03).

Third, there was a relationship between the density of 
heat flux from the ocular surface and age of DR patients, 
with mean values of 8.1 ± 1.8 mW/cm2, 6.4 ± 1.9 mW/cm2, 
and 6.1 ± 1.8 mW/cm2, for the groups of 16-30 years, 31-
60 years, and 61-86 years, respectively.

Finally, our preliminary results suggest that (1) 
compared to the temperature of the external corneal 
surface, the heat flux from the ocular surface better 
reflects the status of heat exchange in the eye, and (2) 
the technique might be promising as a diagnostic test for 
various pathological conditions involving impaired heat 
processes in the eye.
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Table 1. Mean and standard deviation values of characteristics of heat exchange in the eye, intraocular pressure, and age for 
patients with non-proliferative and proliferative diabetic retinopathy

Non-proliferative 
diabetic retinopathy

Proliferative 
diabetic retinopathy

Level of 
significance

Corneal temperature 34.7 ± 1.3 °C 34.8 ± 1.1 ° C p = 0.8

Heat flux density from the eye 7.3 ± 2.1 mW/cm2 6.2 ± 1.6 mW/cm2 p = 0.002

Intraocular pressure 16.7 ± 2.7 mmHg 16.9 ± 3.3 mmHg p = 0.7

Age 51 ± 22 years 49 ± 13 years p = 0.4


