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The paper presents the results of the development of a thermoelectric device in the form of a monocular 

dressing for contact cooling of the human eye through the eyelids. The developed device allows controlled local 

contact cooling of the eye structures through the eyelids and is designed to treat the acute and chronic eye 

diseases, reduce intraocular pressure, and reduce pain and inflammatory processes of the eye. The design features 

of the device and its technical characteristics are presented. 
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Introduction 

Therapeutic hypothermia is a curative effect that 

involves reducing the patient's body temperature by 

forcing heat away from the surface of the body or 

internal organs to reduce the risk of ischemic tissue 

damage. Therapeutic hypothermia in medicine has been 

known for over 200 years as an effective and proven 

method of neuroprotection in patients with some critical 

conditions, which reduces the mortality of patients and 

reduces the amount of damage to brain tissue. Currently, 

therapeutic hypothermia is considered to be the most 

promising physical method of neuroprotective protection 

of the brain, since from the standpoint of evidence-based 

medicine there is no effective method of pharmacological 

neuroprotection in neuroresuscitation practice [1]. 

Therapeutic hypothermia is successfully used in various 

fields of medicine (cardiac surgery, neurosurgery, 

resuscitation, etc.) in order to increase the resistance of 

brain cells to ischemia [2-6]. 

It is known that cerebral metabolism changes with 

the temperature of the brain, on average by 6 – 8 % when 

the temperature of the body changes by 1°C [1]. 

Lowering the temperature of the neurons of the central 

nervous system causes the development of metabolic 

depression in them, which leads to a decrease in oxygen 

consumption, increased resistance to hypoxia, ischemia 

and reperfusion [7, 8]. In general, the following 

mechanisms of the neuroprotective action of therapeutic 

hypothermia are currently distinguished: inhibition of 

destructive enzymatic reactions; inhibition of free radical 

reactions; plasticity protection of lipoproteins of 

cytoplasmic membranes; reduced oxygen consumption in 

areas of the brain with low blood flow; improving 

oxygen delivery to the ischemic zones of the brain and 

reducing intracranial pressure; inhibition of biosynthesis 

and production of exitotoxic neurotransmitters [9-12]. 

At the same time, it is known that general therapeutic 

hypothermia is accompanied by the risk of 

complications, so it can be applied only in specially 

equipped resuscitation units. In clinical conditions in an 

ophthalmic hospital, it is not justified due to the 

complexity of its implementation [3, 4]. In 

ophthalmology there is a prospect of using local 

therapeutic hypothermia, for example, to reduce 

intraocular pressure. According to some authors, this 

effect is achieved by reducing the production of 

intraocular fluid and improving the outflow of watery 

moisture. 
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In so doing, there is a decrease in pain syndrome 

[13-15]. There is evidence in the literature that local 

hypothermia of the eye can lead to a decrease in fibrin 

production, a decrease in bleeding volume, and a 

decrease in photodamage during surgery [16]. A number 

of authors demonstrate a decrease in choroidal blood 

flow and a decrease in damage to the hemato-retinal 

barrier in conditions of local hypothermia [17, 18]. There 

is evidence of the use of local hypothermia to reduce 

inflammatory reactions [19]. It is known that after local 

hypothermia significant hemodynamic changes occur in 

the eye that are characterized by a significant expansion 

of the vessels and a decrease in their peripheral 

resistance, leading to an increase in blood flow to the 

vascular tract, an increase in pulse volume and blood 

flow velocity [20]. 

There are various ways to cool the eyes. In the 

experiment, it was confirmed that with local contact 

hypothermia, a decrease in the temperature of the 

intraocular medium of the rabbit eye is possible, both by 

cooling directly the external surface of the cornea and 

when exposed to cold through closed eyelids [21]. To 

solve this problem, you can use, for example, a bubble 

with ice, laying it on the eyelids [14]. Another way to 

achieve local hypothermia is achieved by irrigating the 

outer surface of the eye with chilled solutions. During 

intraocular surgery, local hypothermia of the eye can be 

created by lowering the temperature of irrigation  

solutions [22]. With regard to modern technologies, the 

development of special thermoelectric devices for local 

contact eye cooling looks promising. This will allow 

more efficient and controlled use of the beneficial effects 

of therapeutic hypothermia for the treatment of 

ophthalmic diseases. 

Therefore, the purpose of this work is to design and 

manufacture an experimental sample of thermoelectric 

device in the form of a monocular dressing for contact 

cooling of the human eye through the eyelids. 

I. Device design and specifications 

At the Institute of Thermoelectricity of the NAS and 

MES of Ukraine within cooperation agreement with the 

State Institution "The Filatov Institute of Eye Diseases 

and Tissue Therapy of the NAMS of Ukraine" a 

thermoelectric device was developed in the form of a 

monocular dressing for contact cooling of the human eye 

through the eyelids (Fig. 1). The technical characteristics 

of the device are given in Table 1. 

The device is designed to treat acute and chronic eye 

diseases, reduce intraocular pressure, reduce pain and 

inflammation of the human eye. The developed 

thermoelectric medical device allows controlled local 

cooling of eye structures through the eyelids and makes it 

possible to develop and introduce the technology of 

controlled local therapeutic hypothermia in 

ophthalmology. This device is original and has no world 

analogues. 

The device consists of two main functional units: 

cooling plate 1 and thermoelectric electronic  cooling, 

control and power supply unit 2 (Fig. 2). The cooling 

plate 1 is a liquid heat exchanger made of a highly 

conductive material - copper. The electronic unit 2 

comprises a thermoelectric cooling unit, a power supply 

unit and an electronic control unit based on a 

programmable thermoregulator of the type RE-202. In 

turn, the thermoelectric cooling unit contains a Peltier 

thermoelectric module [23, 24], liquid heat exchangers 

and a circulation pump. 

The Peltier thermoelectric module is designed to 

cool or heat the liquid circulating in the outer circuit. The 

hot side of this thermoelectric module is cooled by an 

internal liquid circuit connected to the water supply 

network. The circulation pump provides for the 

circulation of the liquid coolant in the outer circuit. 

The power supply unit is designed to power the 

thermoelectric module from an alternating current 

 

Fig. 1. Experimental sample of a thermoelectric device in the form of a monocular dressing for contact cooling 

of human eyes through the eyelids: 1 – cooling plate, 2 – thermoelectric electronic cooling, control 

 and power supply unit. 
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network of 220 V. The temperature regulator RE-202 

measures the temperature from internal and external 

thermoresistive sensors and generates control signals for 

the control circuit. In turn, the control circuit controls the 

thermoelectric module according to a predetermined 

program in order to maintain the operating temperature 

set by the operator. 

On the front panel of the device there are toggle 

switches "ON", "HEATING / COOL" and a digital 

display of the temperature regulator RE-202. The rear 

panel of the device acommodates a “NETWORK” toggle 

switch, a socket for connecting to a 220 V network, 

 

Fig. 2. Block-diagram of a thermoelectric device in the form of a monocular dressing for contact cooling of the 

human eye through the eyelids: 1 – “HEATING / COOLING” toggle switch, 2 – two-channel programmable 

temperature regulator RE-202,  3 – power supply unit, 4 – power key, 5 –“NETWORK” toggle switch, 6 – 

switch-board, 7 – object temperature sensor, 8 – temperature sensor of thermal stabilization circuit, 9 – heat 

exchanger of thermal stabilization circuit, 10 – circulation pump, 11 – water tank, 12 – thermoelectric Peltier 

module, 13 – cooling heat exchanger of thermoelectric Peltier module, 14 – water supply network. 

 

Table 1 

Device specifications 

№ Device specifications Parameter values 

1.  Operating temperature range (+5 ÷ +40) °С 

2.  Temperature accuracy ± 0.2 ºС 

3.  Discreteness of the measured and set temperature ± 0.1 ºС 

4.  Temperature measurement error, not more ± 0.2 ºС 

5.  Thermal load in the external circuit, not more 20 W 

6.  Total power consumption, not more 120 W 

7.  Supply voltage  (AC 50 Hz) 220 ± 10 V 

8.  Overall dimensions of cooling plate (75×45×12) mm 

9.  
Dimensions of thermoelectric electronic cooling, control and power 

supply unit 
(180×120×100) mm 

10.  Pump performance 40 l/h 

11.  Length of hoses with external temperature sensor 1 m 

12.  Device weight 1.5 kg 

13.  Device run-up time 10 min 

14.  Device continuous work time 48 h 
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sockets for connecting external temperature sensors “T1” 

and “T2”, “CIRCUIT INPUT”, “CIRCUIT OUTPUT”, 

“WATER INPUT”, “WATER OUTPUT ” unions and a 5 

A fuse. 

A block-diagram of the thermoelectric device for 

contact cooling of the human eye through the eyelids is 

shown in Fig.2, where 1 is “HEATING-COOLING” 

toggle switch, 2 is a two-channel programmable 

temperature regulator RE-202,  3 is a power supply unit, 

4 is a power key, 5 is a “NETWORK” toggle switch, 6 is 

a switch-board, 7 is an object temperature sensor, 8 is a 

temperature sensor of thermal stabilization circuit, 9 is a 

heat exchanger of thermal stabilization circuit, 10 is a 

circulation pump, 11 is water tank, 12 is a thermoelectric 

Peltier module, 13 is a cooling heat exchanger of 

thermoelectric Peltier module; 14 is water supply 

network. 

II. Operating principle of device 

The operating principle of device is cooling or 

heating (thermal stabilization) of the human eye in order 

to treat acute and chronic diseases of the eye, reduce 

intraocular pressure, reduce pain and inflammatory 

processes. 

The proposed device operates as follows (Fig. 2). 

The temperature sensor of object 7 is connected to the 

input of the 1st channel of temperature regulator 2 and 

the measured temperature is continuously displayed on 

the digital display of the temperature regulator RE-202. 

A temperature sensor for thermostabilization circuit 8 is 

connected to the inputs of the 2nd and 3rd channels of 

temperature regulator 2, and the outputs of the 2nd and 

3rd channels come to the HEATING / COOLING toggle 

switch 1 and then to the power key 4. In this case, the 

second channel is programmed for cooling, the third 

channel for heating, and the fourth channel for measuring 

room temperature. 

If the "NETWORK" toggle switch 5 is enabled, the 

mains voltage is supplied to the power supply unit 3 and 

the temperature regulator 2. If "COOLING" mode is 

selected with the toggle switch 1, then from the 2nd 

channel the PWM control signal is supplied to the power 

key 4, the switch-board  6 switches on  the thermoelectric 

Peltier mo dule 12 as a cooler and an electric current 

coming from the power supply unit 3 to the 

thermoelectric Peltier module 12 starts to lower its 

temperature, which leads to cooling of the liquid in the 

tank 11. The circulation pump 10 pumps the liquid 

through the heat exchanger 9 of the thermal stabilization 

circuit 9 and the object temperature is lowered until it is 

equal to the  object temperature set by temperature 

regulator 2 controlled by the sensor 8. The heat released 

in the thermoelectric Peltier module 12 is removed by the 

heat exchanger 13 by means of water coming from the 

water supply network 14. 

If “HEATING” mode is selected with the toggle 

switch 1, then from the 3rd channel the PWM control 

signal is supplied to the power key 4, the switch-board 6 

switches on the  thermoelectric Peltier module 12 as a 

heater and the electric current coming from the power 

supply 3 to the thermoelectric Peltier module 12 starts to 

increase its temperature, which leads to heating of the 

liquid in the tank 11. The circulation pump 10 pumps the 

liquid through the heat exchanger 9 of the thermal 

stabilization circuit and the object temperature rises until 

it becomes equal to the object temperature set by 

temperature regulator 2, controlled by the sensor 8. The 

heat released in the thermoelectric Peltier module 12 is 

removed by the heat exchanger 13 with the help of water 

coming from the water supply network 14. 

The specified device is simple, compact, portable 

and reliable in operation, which allows a doctor or a 

medical person to use it without special training, having 

read the instruction in advance. Thus, the technical 

advantages of this device include: the presence of a 

highly efficient thermoelectric Peltier module, the ability 

to measure and maintain a set temperature with a 

discreteness of ± 0.2 ° C, the safety of use of the device 

and the ability to monitor the temperature of the human 

eye surface in real time. 

III. Operating procedure 

Preparation for work with the device comprises the 

following steps: 

1. Place the device on a flat and stable surface. 

Connect an external T2 temperature sensor. 

2. Connect water from the water supply network 

with hoses with the innner diameter of 6 mm to the 

“WATER INPUT” and “WATER OUTPUT” unions and 

turn on the low water flow. 

3. Connect the external thermostatic circuit to the 

“CIRCUIT INPUT” union using hoses with an inner 

diameter of 4 mm. Pour liquid coolant, such as water, 

into the circuit. When filling the coolant, the thermostat 

must be above the cooling circuit. Turn on the thermostat 

with the “NETWORK” toggle switch and periodically 

turning on the “ON” toggle switch fill the completely 

cooling circuit with coolant. On filling the circuit, put the 

hose on the “CIRCUIT OUTLET” union. Turn off the 

toggle switch “ON”.  

4. Set the circuit cooling temperature. To do this, 

on the temperature regulator RЕ-202 press on the  «╤» 

button three times, the green LED  2.1 will light up 

(Fig.1). The upper indicator will show the temperature of 

the sensor Т1, the lower indicator will show the set 

temperature. Use the «▲» and «▼» buttons to set the 

required temperature, for instance, +10,0 °С. 

5. Set the circuit heating temperature. To do this, 

on the temperature regulator  RЕ-202 press on the «╤» 

button two times, the greed LED 1.2 will light up. The 

upper indicator will show the temperature of the sensot 

Т1, the lower indicator will show the set temperature. 

Use the  «▲» and «▼» buttons to set the required 

temperature, for instance, +35,0 °С. 

On completion of all the above operations, the 

device is considered to be ready for use. 

The procedure of working with thermoelectric device 

dor contact cooling of the human eye through the eyelids 
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is as follows: 

1. Turn on the power of the electronic unit 2 with 

the “NETWORK” toggle switch. The RE-202 

temperature regulator indicators should light up. The 

upper indicator will show the temperature of sensor Т2, 

the lower indicator – the temperature of sesnor Т1. 

2. Select with the “HEATING/ COOLING” toggle 

switch the cooling or heating of coolant in the circuit. 

3. Switch on the thermoelectric Peltier module 

with the “ON” toggle switch. In this case, the liquid will 

start circulating in the circuit and will be cooled ot heated 

depending on the selected operating mode.  The lower 

indicator will sgow the temperature of the liquid, and the 

upper indicator – the temperature of the object being 

measured.  After some time, the temperature of the liquid 

will be equal to the set thermostating temperature. 

4. if the device is to change the cooling or heating 

mode, switch off the “ON” toggle switch, move the 

“HEATING/COOLING” toggle switch and again switch 

on the “ON” toggle switch. 

5. On completing the work, turn off the “ON”, 

“NETWORK” toggle switches, turn off water in the 

cooling circuit, and unplug the device from the outlet. 

ATTENTION! It is forbidden to turn on the device 

in the absence of water leaks from the water supply 

network through the “WATER INPUT”, “WATER 

OUT” unions, because this can lead to failure of the 

thermoelectric Peltier. 

The introduction of such a device into medical 

practice will be of great social and economic importance 

as it will reduce the risk of ophthalmic complications, 

preserve the viability of patients' eye structures, and 

provide highly skilled care both in specialized medical 

establishments and in extreme conditions. This, in turn, 

will provide the right conditions for the preservation of 

human health, improve the efficiency and quality of 

health care delivery and make a significant contribution 

to the development of the newest domestic medical 

thermoelectric equipment. 

It should be noted that in order to confirm the 

effectiveness of the device, the development of methods 

of treatment and clinical trials, the developed 

experimental model of the device for contact cooling of 

the human eye through the eyelids was submitted to the 

State Institution “The Filatov Institute of Eye Diseases 

and Tissue Therapy of the NAMS Ukraine” within 

cooperation agreement. The results of clinical trials of 

the device will be the subject of subsequent publications 

on this subject matter. 

Conclusions 

1. For the first time, a design was developed and 

an experimental sample was made of a thermoelectric 

device in the form of a monocular dressing for contact 

cooling of human eyes through the eyelids. The device is 

designed to treat the acute and chronic eye diseases, 

reduce intraocular pressure, and reduce pain and 

inflammation of the human eye. The proposed device has 

no world analogues. 

2. The developed thermoelectric medical device 

makes it possible to carry out controlled contact cooling 

of human eye structures in the temperature range 

(+5 ÷ +40) °С and will further allow developing and 

introducing the technology of controlled local therapeutic 

hypothermia in ophthalmology. 
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