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Abstract
● AIM: To investigate the ocular hemodynamic effects of 
applying a hot compress to the eye.
● METHODS: The right eyes of five New Zealand white 
rabbits, both male and female, were hot-compressed for 
18min. An independently designed novel ocular contact-
type temperature measuring device was used to measure 
the ocular surface temperature before and after the 
heating. Relevant retrobulbar hemodynamic parameters 
such as peak systolic velocity (PSV), end diastolic velocity 
(EDV), and resistance index (RI) of each of the central 
retinal artery (CRA), long posterior ciliary artery (LPCA), 
and ophthalmic artery (OA), as well as the mean velocity 

(Vm) of the central retinal vein (CRV), were measured 
using a color Doppler flow imaging (CDFI) technique 
and expressed as mean values with standard deviation 
(mean±SD). A statistical analysis was conducted based on 
a paired t-test and the Wilcoxon signed-rank test. 
● RESULTS: The employed real-time temperature measuring 
device was able to accurately measure ocular surface 
temperature during the hot-compress process. The 
temperature increased after the hot compress was applied. 
Analysis showed that the PSV and EDV values of the CRA 
and LPCA significantly increased after the application of 
the hot compress, as did the Vm of the CRV. There were 
no significant changes in the EDV of the OA nor the RI of 
each artery.
● CONCLUSION: This experiment, which is the first of its 
kind, confirms that the retrobulbar blood flow velocities 
can increase upon heating the ocular surface. This simple 
method may be useful in the future.
● KEYWORDS: ocular hemodynamics; ocular surface heating; 
temperature detection device; color Doppler flow imaging
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INTRODUCTION

G laucoma is the second-most common eye disease that 
leads to blindness. Its main pathological feature is 

the apoptosis of retinal ganglion cells (RGCs), which causes 
irreversible optic nerve injury and thus poses a serious threat 
to human eye health. Ischemia and mechanical damage are 
the two most important pathological mechanisms involved in 
glaucoma. Specifically, ischemia is of great significance for 
normal intraocular pressure (IOP) glaucoma, in which IOP is 
within the normal range. Research has revealed that retrobulbar 
blood flow velocities are lower than normal in glaucoma 
patients. The resistance indices (RIs) of the retrobulbar blood 
vessels are also higher than normal[1-3], and this is closely 
related to the occurrence of visual field defects[4-6]. In other 
words, glaucoma patients have lower than normal blood supply 
within their eyes. For years, many glaucoma treatments have 
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mainly focused on reducing IOP through drugs, surgery, and 
lasers, as well as on reducing mechanical damage to the optic 
nerve and assisting in its protection, while fewer treatments 
have been developed for blood vessel ischemia at the clinical 
level[7]. Physical therapies can directly improve blood flow 
rates of the retrobulbar blood vessels, exhibiting fewer side 
effects than the more invasive treatments. Therefore, it is 
necessary to identify a simple, safe, and effective method for 
improving ocular blood supply in glaucoma patients. 
Temperature has always been an important indicator for 
health practitioners in the diagnosis and treatment of diseases. 
The eye is the visual organ of the body, and it has its own 
temperature system, which is closely related to eye diseases. 
It has been shown that the temperature of the ocular surface 
is affected by retrobulbar blood flow velocities. Higher end 
diastolic velocities (EDVs) of the ocular arteries imply a 
higher temperature of the ocular surface, and higher RI values 
of the ocular arteries lead to a lower temperature at the ocular 
surface[8]. However, it is not clear whether an increase in 
ocular surface temperature could lead to relative increases 
in retrobulbar blood flow velocities. In the current context 
of treatments and disease characteristics, our research team 
hypothesized that blood flow of the ocular surface could be 
increased using a hot compress on the ocular surface, and this 
hypothesis was tested experimentally for the first time in this 
study. Increasing the retrobulbar circulation through a simple 
and convenient physical method that is non-invasive and has 
no systemic side effects for patients, is explored as a new 
method to treat glaucoma-related ischemia. The proposed novel 
physical therapy method will be investigated for its therapeutic 
effects in glaucoma treatment in further experiments. In 
this experiment, the temperature of the ocular surface was 
measured as a function of time using a novel independently 
designed and fabricated contact-type temperature measuring 
device. With this device, it is possible to observe ocular surface 
temperature in real-time and assess the changes therein, which 
can reflect various parameters of the retrobulbar blood vessels 
combined with Doppler. Blood flow velocities and RI values 
of the different ocular blood vessels were evaluated using color 
Doppler flow imaging (CDFI) and spectrum Doppler detection 
techniques before and after the application of the hot compress. 
MATERIALS AND METHODS
All the experimental procedures conformed to the Association 
for Research in Vision and Ophthalmology’s Statement for the 
Use of Animals in Ophthalmic and Vision Research. The animal 
protocols were approved by the Animal Experimentation Ethics 
Committee of Harbin Medical University (Harbin, China).
Animals  Five New Zealand white rabbits aged 6-10mo 
and with average mass of 2.57±0.10 kg were obtained from 
the Laboratory Animal Research Center of Harbin Medical 
University (Harbin, China). The rabbits were maintained at 

a stable temperature of 22℃±2℃ and humidity of 55%±5% 
under controlled illumination in a 12/12h light/dark cycle and 
in a non-pathogenic environment. The right eye was subjected 
to measurement every second day. A 3% pentobarbital sodium 
solution was injected at 1 mL/kg muscle. When the anesthetic 
effects began, the rabbit was laid on the experiment table 
with its head tilted to the right, and the hair around its eyelids 
was removed with scissors in order to avoid it affecting 
the ultrasound imaging. All operations were performed in 
a constant temperature environment. Each experiment was 
performed at the same place and at the same time of day. The 
experiments were repeated three times.
Installation and Testing of Ocular Temperature Measuring 
Device  The independently designed and fabricated ocular 
temperature measuring system consisted of five parts: 
temperature probe; temperature transmitter; linear power 
supply; single chip microcomputer; and computer screen. 
The microcomputer (Figure 1) recorded the instantaneous 
temperature, maximum and minimum temperatures, and 
average temperature. 
The eye contact part was equipped with a thermistor fabricated 
in the shape of a contact lens, which used changes in resistance 
to infer temperature changes. The temperature transmitter and 
precision resistance converted the resistance changes into a 
voltage within the range of 0-3.3 V, which was processed by 
the single-chip microcomputer and displayed on the screen. 
After calibration, the relationship between voltage and 
temperature was determined.
In vitro test: When the device was connected, it was placed in 
a thermostatic aqueous solution and removed after stabilization 
for several times. The temperature curve was then analyzed, 
revealing the stability of the measuring device.
In vivo test: The temperature probe was placed on the 
surface of the cornea of a New Zealand white rabbit after the 
anesthesia took hold. When the temperature curve stabilized, 
the eye was heated and cooled, and the temperature curve of 
the ocular surface was observed.
Ocular Temperature Measurement Using Hot Compress 
Method  The probe of the temperature measuring device 
was able to sense the surrounding temperature, and gradually 
stabilized at a room temperature, as confirmed by the reading 
of the temperature measurement software. The eyelid was then 
opened and the probe was placed on the surface of the eye. 
The probe was slightly adjusted to allow it to fit perfectly to 
the eye, as shown in Figure 2. When the probe was placed on 
the eye surface, the temperature increased before gradually 
stabilizing, at which point the temperature reading represented 
the real-time temperature of the ocular surface. The hot 
compress was then placed on the eye, and the eye was heated 
for 18min, during which time the temperature measuring 
device recorded temperature changes in real time. The same 
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dressing was used for each test, and measurements were taken 
at the same timepoints of the 18-min heating process.
Measurement of Retrobulbar Hemodynamic Parameters 
Before and After Application of Hot Compress  Hemodynamic 
parameters of the blood vessels were measured using CDFI 
and spectrum Doppler detection techniques, both before and 
after heating. A pre-warmed ultrasound gel (Aquasonic, Parker 
Laboratories Inc., Fairfield, NJ, USA) was used as a coupling 
agent on the ocular surface, after the application of two 
drops of topical anesthesia (tetracaine ophthalmic drops) and 
placement of a self-retaining wire eye speculum. The unit was 
attached to a stereotactic stand that allowed the application of 
the probe at the 6-o’clock position on the ocular surface, while 

avoiding any untoward pressure on the globe that could cause 
erroneous measurements. Then, various vessels around the 
optic nerve were analyzed[9]. The vessels examined included 
the central retinal artery (CRA), long posterior ciliary artery 
(LPCA), ophthalmic artery (OA), and central retinal vein 
(CRV). The hemodynamic parameters of interest were the peak 
systolic velocity (PSV) and EDV of each artery, and the mean 
velocity (Vm) of the CRV. The corresponding arterial RI was 
calculated using the system software and the formula RI=1-
(PSV/EDV). In each measurement, a red image indicated 
blood flow in the direction of the ultrasound waves, while a 
blue image represented blood flow in the direction opposite to 
the ultrasound waves. All CDFI measurements were conducted 
on an UGEO WS80A ultrasound diagnostic instrument (Samsung, 
South Korea) by the same technician at a constant room 
temperature using the small organ 7-10 MHz line array probe. 
Statistical Analysis  Statistical analysis was performed using 
the SPSS 22.0 statistical package (SPSS Inc., Chicago, IL, 
USA). For each eye, the Vm in the CRV and the PSV and 
EDV of the selected arteries were measured three times in 
succession. Results are given as the mean±standard deviation 
(SD). A paired student’s t-test and Wilcoxon signed-rank test 
were conducted to compare the mean values, wherein values 
of P<0.05 were considered statistically significant.
RESULTS
Installation and Testing of Eye Temperature Measuring 
Device  The overall assembly of the eye temperature detection 
device was simple and convenient. The probe part of the 
device, which was similar in shape to a contact lens, was 
attached to the surface of the cornea, and the instantaneous 
temperature value was displayed on a computer screen.
In vitro test: When the probe was maintained under a constant 
temperature environment, the device remained stable, and 
the temperature of the constant environment was accurately 
displayed. The temperature curve is shown in Figure 3.
In vivo test: Once the installation was complete, the probe 
measured the temperature of the ocular surface and eventually 
stabilized. The corresponding temperature curve is shown in 
Figure 4. Using hot and cold compresses, we demonstrated 
that the probe was able to sense temperature variations on the 
ocular surface and display real-time temperature values on the 
computer screen, as shown in Figure 5.
Ocular Temperature Measurement During Application of 
the Hot Compress  The real-time eye temperature measured 
by the device during the application of the hot compress is 
shown in Figure 6. When heating was applied, the temperature 
rapidly increased before reaching the maximum temperature 
and then slowly decreasing. Based on this data, applying a hot 
compress to the eye significantly increased the temperature of 
the ocular surface and maintained it at an elevated value for 
18min.

Figure 1 Novel ocular contact-type temperature measuring 
device  A: The device consists of five parts: the temperature 
probe; temperature transmitter; linear power supply; single chip 
microcomputer; and computer screen; B: The probe in this device is 
shaped similarly to a contact lens. The surface is smooth, transparent, 
soft, and exhibits a good fit on the eye. 

Figure 2 Measurement of temperature in rabbit eyes  The probe 
can sense and measure real-time temperature changes at the ocular 
surface in a noninvasive manner.
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Measurement of Retrobulbar Hemodynamic Parameters 
Before and After Application of Hot Compress  CDFI 
clearly showed the blood flow before and after the application 
of a hot compress. Figure 7 showed the contrast between the 
retrobulbar blood flow before and after application of the hot 
compress, in ultrasound images. The hemodynamic parameters 
for each of the vessels were listed in Table 1. In the CRA, 
the PSV was 22.50±1.80 mm Hg and 27.61±1.29 mm Hg 
before and after heating, respectively (P=0.004), and the EDV 
was 22.50±1.80 mm Hg and 27.61±1.29 mm Hg (P=0.044), 
respectively. Both of these differences were statistically 
significant. The corresponding RI values were 0.48±0.09 mm Hg 
and 0.48±0.07 mm Hg (P=0.921), respectively, a difference 
which was not statistically significant. In the LPCA, the PSV 
was 22.78±1.62 mm Hg and 25.19±1.88 mm Hg (P=0.009) 

before and after heating, respectively, and the EDV was 
12.30±1.87 mm Hg and 14.22±1.46 mm Hg (P=0.034), 
respectively. Both differences were statistically significant. 
The RI values were 0.47±0.07 mm Hg and 0.45±0.05 mm Hg
(P=0.470), respectively, a difference which was not statistically 
significant. In the OA, the PSV was 24.44±2.85 mm Hg 
and 27.44±3.79 mm Hg (P=0.026) before and after heating, 
respectively, which represents a statistically significant difference.
The EDV was 13.29±3.14 mm Hg and 15.52±3.29 mm Hg 
(P=0.141), respectively, and the respective RI values were 

Figure 3 In vitro test with ocular temperature measuring device  
The temperature of the constant environment is accurately displayed 
when the probe is repeatedly placed in a thermostatic environment.

Figure 4 In vivo test with ocular temperature measuring device  
Once the probe is placed on the surface of the cornea of the New 
Zealand white rabbit, it can measure the temperature of the ocular 
surface and eventually stabilizes. The temperature value represents 
the temperature of the ocular surface.

Figure 5 Real-time temperature curve for continuous hot and cold 
compresses  The probe can sense the temperature variations of the 
ocular surface. Upon application of a hot compress, the temperature 
gradually increases, and eventually stabilizes when the hot compress 
is removed. Upon application of a cold compress, the eye temperature 
gradually decreases, eventually stabilizing when the cold compress is 
removed.

Figure 6 Real-time temperature of the ocular surface before and 
after application of hot compress  When the heating is applied, 
the temperature rapidly increases before reaching the maximum 
temperature and then slowly decreasing. The ocular surface is 
maintained at the elevated temperature for the duration of the 
application, 18min.
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0.46±0.10 mm Hg and 0.45±0.07 mm Hg (P=0.647). These 
differences were not statistically significant. In the CRV, the 
Vm was 5.21±0.52 mm Hg and 6.13±0.95 mm Hg (P=0.043) 
before and after heating, respectively, which was a statistically 
significant difference. The analysis showed that the PSV 
and EDV of the CRA and LPCA, as well as the PSV of the 
OA, significantly increased after the application of the hot 
compress. The Vm in the CRV also significantly increased 
after the hot compress application. There were no significant 
changes in the EDV of the OA nor the RI value of each artery.
DISCUSSION
This experiment demonstrated that the application of a hot 
compress to the eye was able to improve the velocity of 
retrobulbar blood flow without affecting the RI. Applying a 
hot compress to the eye significantly increased the temperature 

of the ocular surface and maintained it at an elevated level for 
the duration of the application, i.e. 18min. The effect of the 
hot compress was evident. The results of CDFI and spectrum 
Doppler detection techniques showed that the temperature 
of the ocular surface significantly affected the retrobulbar 
hemodynamics. Increasing the ocular surface temperature 
increased the PSV and EDV of the surrounding arteries and 
had no effect on the RI values. The PSV and EDV of the 
CRA and LPCA, the PSV of the OA, and the Vm in the CRV 
significantly increased after application of the hot compress, 
whereas the EDV of the OA did not increase significantly. This 
may have been because the OA, which is further away from 
the ocular surface, had a larger blood flow, as it belongs to the 
large blood vessel branch of the neck. Therefore, the effect of 
the hot compress on this larger artery was less significant in 
comparison to the effect on the other vessels. In summary, the 
application of a hot compress may be an effective approach to 
reverse pathological changes in retrobulbar vessels. The results 
support the hypothesis that the proposed method can be used 
to improve retrobulbar circulation.
Our research team proposed a method for increasing retrobulbar 
blood flow velocities using a hot compress on the ocular 
surface to improve retrobulbar circulation. The hot compress 
method was non-traumatic; it was safe, simple, convenient, 
and could be performed without help from other people, which 
would allow patients to receive assistance at home at any time. 
Although this study is still in its primary stage, it provides 
novel insights. For many years, the treatment of glaucoma has 
mainly focused on reducing IOP. However, it has not been 
possible to alleviate the progression of optic nerve damage 
in many patients undergoing treatments for IOP. Ocular 
perfusion defects, including vasospasms, abnormal metabolic 
regulation, and the disturbance of myogenic regulation, have 

Table 1 Hemodynamic parameters of retrobulbar vessels before 
and after application of hot compress (n=5)             mean±SD, cm/s

Hemodynamic 
parameter

Before hot 
compress

After hot 
compress P

CRA-PSV 22.50±1.80 27.61±1.29 0.004
CRA-EDV 11.68±2.29 14.90±1.79 0.044
CRA-RI 0.48±0.09 0.48±0.07 0.921
LPCA-PSV 22.78±1.62 25.19±1.88 0.009
LPCA-EDV 12.30±1.87 14.22±1.46 0.034
LPCA-RI 0.47±0.07 0.45±0.05 0.470
OA-PSV 24.44±2.85 27.44±3.79 0.026
OA-EDV 13.29±3.14 15.52±3.29 0.141
OA-RI 0.46±0.10 0.45±0.07 0.647
CRV-Vm 5.21±0.52 6.13±0.95 0.043

CRA: Central retinal artery; LPCA: Long posterior ciliary artery; 
OA: Ophthalmic artery; CRV: Central retinal vein; PSV: Peak systolic 
velocity; EDV: End diastolic velocity; RI: Resistance index; Vm: 
Mean velocity.

Figure 7 Contrast between ultrasound images of retrobulbar blood flow before and after application of hot compress  A-D: 
Ultrasonographic images of the CRA, LPCA, OA, and CRV, respectively, recorded before the hot compress application; E-H: Ultrasonographic 
images of the CRA, LPCA, OA, and CRV, respectively, after the hot compress application.
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been regarded as an important factor in the pathogenesis of 
optic neuropathy in glaucoma, which can lead to ischemia[10-16]. 
Relevant studies have shown that hemodynamic changes in 
arteries such as the CRA and OA are particularly related to 
the appearance of glaucoma[17], with glaucoma patients often 
having lower PSV and EDV in posterior arteries as well as a 
higher RI[18-21].
In this experiment, a novel contact-type high-precision ocular 
temperature measuring device that senses temperature changes 
using a thermistor was independently designed and fabricated. 
This device has the advantage of being capable of monitoring 
temperature changes of the ocular surface in real time. The 
temperature change curve and instantaneous temperature 
values can be displayed directly on a computer screen. 
Moreover, the shape of the probe in this device is similar to 
that of a contact lens; the surface is smooth, transparent, soft, 
and fits the cornea appropriately. The device and the associated 
procedure are simple, fast, and noninvasive, and could be used 
for continuous measurements. Ultrasonography is one of the 
most important diagnostic methods[22-25]. It is very useful for 
ophthalmological examinations and can be employed to study 
intraocular foreign bodies, lens dislocation, retinal detachment, 
vitreous hemorrhage, traumatic retrobulbar hemorrhage, 
and more[26-31]. The CDFI and spectrum Doppler detection 
techniques are particularly important for the examination of 
retrobulbar blood flow velocities. These techniques are safe, 
convenient, and non-invasive, and can be used to quickly 
evaluate various retrobulbar hemodynamic parameters. 
Therefore, blood flow velocities and RIs of the retrobulbar 
vessels were evaluated using CDFI and spectrum Doppler 
detection techniques in order to provide a scientific basis for 
the evaluation of the therapeutic effect of the application of the 
hot compress.
To the best of our knowledge, similar research has not been 
reported. The proposed method has some challenges that 
should be addressed. For example, the temperature probe will 
be prone to oxidization over long-term use, making its regular 
replacement a necessity. In addition, the wire connected to 
the probe was too long, which was inconvenient during the 
experiment. Future work should also investigate whether 
improving retrobulbar circulation could effectively slow the 
progression of optic nerve damage in glaucoma patients. In the 
future, our group will conduct further animal experiments and 
develop a glaucoma model, which includes the hot compress 
procedure, for rabbits. In addition, we aim to develop a series 
of methods for molecular biology and pathology experiments 
in order to investigate whether the application of a hot 
compress can protect RGCs and reduce visual field defects, 
both of which are of significant importance in histology and 
molecular biology.

Applying a hot compress to the ocular surface increased 
retrobulbar blood flow velocities, and could be used to 
improve blood supply in this area. This simple and inexpensive 
treatment could become a key approach in the treatment of 
glaucoma, especially normal tension glaucoma, in the future.
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