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Abstract — This work is devoted to the problem of perfusion preservation of donor organs under conditions of controlled cooling. For
the purpose of cooling is promising to use the Peltier effect. In particular, the Peltier effect is one method of cooling that can be used
to preserve and transport organs from donors to recipients. One of the advantages of using the Peltier effect is that this method does
not require the use of additional liquid coolers, which allows you to avoid potential problems related to contamination of organs or
disruption of their structure. In addition, cooling by means of the Peltier effect is quite efficient and can be controlled by changing
the electric current. A separate problem is the development of the design of the intravascular cooling system to preserve the viability
of the organ intended for transplantation, taking into account its characteristics. The developed insulated container with cooling
system has good thermal insulation. To evaluate the efficiency of the cooling system, the calculation of cooling losses was carried
out. According to the performed calculations, for cooling the solution with which the donor organ is perfused, it is advisable to use
Peltier elements, that possible to develop a compact and inexpensive system for viability of donor organs. The use of such a system
increases the viability of transplants, reduces the probability of ischemic and ischemic-reperfusion injuries accompanying the
process of donor organs preservation.

Key words — peltier effect, transplantation, transportation of donor organs, organ viability, cooling system, Peltier element,
temperature stabilization.

only part of the liver, lung or pancreas. Some

I. INTRODUCTION

Organ transplantation, unlike blood
transfusion, is a serious surgical intervention
with the use of drugs to suppress the immune
system  (immunosuppressant’s,  including
corticosteroids) and the possibility of infection
or rejection of the transplanted organ. Tissues
and organs obtained from living donors are
more preferable because they are usually
healthier. Stem cells (from bone marrow,
umbilical cord blood, or venous blood) and
kidneys are tissues that are most often taken
from living donors. Living donors can provide

organs, for example, the heart, cannot be
obtained from a living donor. Organs obtained
from living donors are usually transplanted
within a few minutes after removal. Donor
organs outside the body remain viable only for
a few hours. Other organs can remain viable for
several days if they are placed in the cold. The
main limitations of the viability of transplants
received from donors with extended criteria are
ischemic and ischemic-reperfusion injuries
accompanying the process of organ removal
and preservation [1]. These damages also
weaken  the  recovery  potential of
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such organs, which already have lifelong
degenerative changes associated with the
patient's age (interstitial fibrosis,
glomerulosclerosis, atherosclerotic damage to
arterioles) and preceded the death of the
patient. The main problem of transplantology
(contradiction between the need for transplants
and the number of performed operations) is the
problem of a sufficient number of optimal
donor organs, which can be solved by using
means of mechanical life support in the organs
and organ complexes from deceased person [2].
Extracorporeal technologies (heart-lung bypass
machine) make it possible to eliminate the
problem of the vulnerability of donor organs to
ischemic damage, which cannot be solved by
traditional approaches. In practice, there is a
need for development and implementation of
systems for perfusion preservation and
restoration of viability of donor organs. This
work is devoted to the problem of perfusion
preservation of donor organs under conditions
of controlled cooling.

Il. OBJECTIVE OF STUDY
The purpose of the work is increasing the
results of transplants due to reliable support of
the viability of donor organs at the stage of
transportation.

I11. ANALYSIS AND STATEMENT OF
THE PROBLEM

Organ transplantation is a major surgical
intervention with the use of drugs to suppress
the immune system and the possibility of
infection, rejection of the transplanted organ,
and the occurrence of other serious
complications, including death [3]. Some
organs, such as the heart, cannot be obtained
from a living donor, so the problem of their
delivery to the recipient arises. For the
transportation of donor organs, preservation is
used, which is mainly provided by
hypothermia, under which conditions the
metabolic activity of tissues decreases, reserves
of adenosine triphosphate (ATP) are preserved,

and the formation of free radicals in the
reperfusion phase is prevented [4]. To reduce
damage to isolated organs and tissues removed
from the donor's body, three main preservation
methods are used:

— normothermic perfusion — maintenance of
metabolic processes at the initial (optimal)
level due to continuous delivery to the organs
of oxygen and nutrients in conditions of
normothermia [5];

— hypothermic perfusion and static
conservation — maintenance of exchange
processes at a reduced level due to cooling to
subzero temperatures [6];

— freezing at negative temperatures
(cryopreservation) is the most complete,
reversible cessation of metabolic processes in
cells [7].

The choice of method and specific method
of preservation of organs and tissues is
determined by their structure, intensity of
metabolism and performed function [8]. It is
believed that perfusion systems with pulsatile
supply of perfusate allow not only to improve
the functioning of transplants in the early and
remote post-transplantation periods, but also to
increase the number of donor organs suitable
for transplantation due to their post-ischemic
rehabilitation during perfusion [9].

For the purpose of cooling, devices of
various complexity are used, the functioning of
which is based on a number of physical
phenomena. It is promising to use the Peltier
effect [10], which is implemented in the
corresponding elements.

The technical characteristics of the TEC1-
12706 elements available on the market make it
possible to develop a compact and inexpensive
system that should ensure cooling of the donor
organ with constant circulation to a temperature
of 4-6°C and maintaining this mode for
8 hours. The advantage of the Peltier element is
its small size, the absence of any moving parts,
as well as gases and liquids. When changing
the direction of the current, both cooling and



Biomedical Engineering and Technology
Issue 10 (2), 2023

ISSN (online) 2707-8434

heating are possible — this makes it possible to
thermostat at an ambient temperature both
above and below the thermostating temperature
[11]. The main problem in the construction of
Peltier elements with high efficiency is that the
free electrons in the substance are
simultaneously carriers of both electric current
and heat. This is due to the fact that in addition
to Peltier heat, Joule heat is always released,
which partially covers the cooling effect. On
the other hand, with the same amount of heat
released as a result of the Peltier effect on one
contact and absorbed on another, the
temperature difference between the contacts
will be greater, the smaller the heat transfer
from the hot end of the conductor to the cold,
that is, the smaller the coefficient of thermal
conductivity [12]. The material for the Peltier
element must have two mutually exclusive
properties at the same time - it conducts electric
current well, but it conducts heat poorly,
otherwise the temperature effects will be
leveled.

IV. SYSTEM OF PRESERVATION
DONOR ORGANS

The system of preservation donor organs is
implemented on the basis of a thermally
insulated box and Peltier cooling elements to
maintain a constant cooling temperature [13].

To improve the system of preservation
donor organs [13], the operation of the
thermoelectric cooling element TEC1 with a
capacity of 60W (Peltier element) was
investigated depending on various conditions
(voltage, presence of heat dissipation, presence
of liquid in the heat exchanger). Cooling was
carried out using an aluminum radiator, which
was in contact with the entire area of the hot
side of the TEC1 element and the computer
cooler attached to it.

Figure 1 shows an experimental cooling
system, as a heat exchanger — an aluminum
water block 4x4x1 cm with a wall thickness of
1 mm.

As a simulation of the organ, there is a
150 ml container with water, which is placed in
the middle of the container, which is covered
with a 1 cm thick foam insulation layer for cold
preservation.

The main elements of the system are a
pump, a cooler, a Peltier element, as well as a
thermostat that automatically controls the
temperature. A transformer and a diode bridge
are needed to rectify the current from the
mains. Under ideal conditions, the battery
should be used.

Table 1 and table 2 show the effect of
using a heat exchanger with a volume of
16 cm® in a circulation system with a pump
with a capacity of 300 ml/min.

Table 1. Study of the functioning of Peltier elements

Work time, min Temperature, °C
10 10.6
20 9.8
30 9.5
40 9.2
50 9.0
60 9.0

Four Peltier elements, 2 pairs connected in
series, are complete with radiators (160 cm?
each) and coolers.

Table 2. Productivity of circulation system with a pum
Productivity is up to 200 ml/min
reduced, %

70 9.0
80 8.9
90 8.8

The supply voltage is 7 V for each element
separately, 14V for a pair. The initial
temperature is 20°C.

Therefore, the technical characteristics of
the Peltier elements make it possible to develop
a compact system with the maintenance of a
constant cooling temperature 9°C — 10°C.
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Figure 1. — Isolated system with a water block 4x4x1cm:
a) Peltier elements for isolated system; b) Water box for isolated system

V. CALCULATION OF COLD LOSSES

To evaluate the efficiency of the cooling
system, the calculation of cooling losses was
carried out.

Let's find the value of cold losses for tubes
20 cm long:

QTp: L- q= 0.2- q (11)

where L — length of tubes, m; q — heat
losses per meter in one hour, W/m.

Let's calculate the heat loss per meter in
one hour:

q=K-3.14 - (tc-ts) (1.2)

where K is the linear heat transfer
coefficient, W/m- °C; tc — ambient temperature;
t, — water temperature, °C.

Let's calculate the linear heat transfer
coefficient:

1

(37) G

K= (1.3)

where A — coefficient of thermal
conductivity of the material, dz - outer
diameter of the tube; ds — inner diameter of the
tube.

The coefficient of thermal conductivity of
silicone is about 0.135 W/m-°C. The outer and
inner diameters of the tubes are equal to:
0.005 and 0.004 m, respectively. Substituting
the values into formula 1.3, we get:

K = 1
- 1 0,005, =12.2 W/m-°C
(2-0.135)'m{ﬂ,m‘rjl

For the calculation, we will take the
temperature of the external environment 18°C,
and internal 8°C. Substituting the values into
formula 1.2, we get:

q=12.2-3.14 - (18 - 8) = 383 W/m.

Then, substituting the value in formula 1.1,
we get:

Qup=0.2 - 383 =76.6 W.
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The flow of thermal energy through the
walls of the tubes of exchanger is 1.27 J per
second, i.e. 1.27 W.

We will calculate cold losses for a plastic
heat exchanger 5x12x6 cm and a volume of
360 cm?:

Qu=k - S (ts-ts) (1.4)

where k — linear heat transfer coefficient,
W/m-°C; t; — ambient temperature; t; — the
temperature of the internal environment, °C.

Let's calculate the linear heat transfer
coefficient for a plastic heat exchanger:

1
k=a 37 (L5)
An A Az

where Anm - thermal conductivity
coefficient of polypropylene; As — coefficient
of thermal conductivity from the internal
environment to the body; A3 — coefficient of
thermal conductivity from the case to the
outside air.

The coefficient of thermal conductivity of
polypropylene is approximately 0.2 W/m-°C.
The thermal conductivity coefficient from the
internal medium (water) to the body is equal to
0.6 W/m-°C. The thermal conductivity
coefficient from the case to the outside air is
equal to 0.3 W/m-°C. Substituting the value
into formula 1.5, we get:

1
k = oooi, 1.1 0,2 w/m-°C.

0,2 06 03

The total surface area of the heat
exchanger with sides of 5x12x6 cm is 324 cm?,
but the surface area occupied by the Peltier
elements has no cooling losses. Therefore, the
surface area for calculation is equal to 260 cm?
= 0.026 m?. For the calculation, we will take
the temperature of the external environment as
18°C, and the internal one as 8°C. Substituting
the values into formula 1.4, we get:

Q«=0.2-0.026 (18 - 8) =0.05 W.

The level of thermal energy entering the
heat exchanger depends on the heat removal by
Peltier elements.

Let's calculate heat removal by Peltier
elements from water in the heat exchanger:

Qn: k-S (tB‘tn) (16)

where k — linear heat transfer coefficient,
W/m-°C; S — area of Peltier elements, m?; t, —
the temperature of the cold surface of the
Peltier element; t, —water temperature, °C.

The total area of the four Peltier elements
is equal 64 cm? = 0.0064 m?. Water circulates
at a rate of 200 ml/min = 12 I/h. The linear heat
transfer coefficient of flowing water is equal to

350 + 2100 - V12. Let's take the water
temperature for calculation 18°C, and the
temperature of the Peltier element -3°C.
Substituting the value into formula 1.6, we get:

Qn = (350 + 2100 -V12) - 0.0064 - (21)=1025 W.

The Q. = 1025 W — heat extraction by
Peltier elements.

In aluminum heat exchangers, the area of
cold losses can be neglected, because almost
their entire surface is occupied by Peltier
elements, and the rest were completely
insulated with polystyrene foam, which
confirms the results of the research using a
thermal imager.

According to the obtained results, it can be
concluded that the operation of the Peltier
elements completely covers all the cold losses
of the tubes and the heat exchanger.

Research and analysis of the intravascular
cooling system with a 4x4xlcm heat
exchanger with four Peltier elements was
carried out using a FLIR i7 thermal imager for
cold loss.

Characteristics of the FLIR thermal
imager: IR image resolution: 176 x 220 pixels;
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thermal sensitivity: 0.10°C; viewing angle/min.
focal length: 50° x 38.6°; spectral range: from
8 to 14 um; image refresh rate: 9 Hz; display:
2.0 inches (50.8 mm) TFT LCD; temperature
range: from 10°C to 45°C.

The figure 2 shows a picture of a thermal
imager, the sight of which is directed to the
side of the heat exchanger. The temperature of
the object is 10.9°C.

Figure 2 — Shot of the side of the heat exchanger

The figure 3 is a picture of the thermal
imager, top view; the sight is directed at the
radiator. The object temperature is 37.8°C.

Figure 3 — Top view of the cooling system
The figure 4 shows a picture of the thermal
imager, a side view, the sight is directed at the

wall of the container insulated with 1cm
Styrofoam. The temperature of the object is
17.1°C.

$FLIR

17.1°C 48

Figure 4 — Picture of the container wall

The Styrofoam-insulated container has
good thermal insulation, as can be seen from
Figure 6, as there are no red spots on it, which
would indicate high temperature and heat loss.
The hottest spots were the heat sink radiators
and the pump motor housing.

The coldest points are the tube part of the
pump and the body of the insulated container.
The use of a thermal imager makes it possible
to detect with high accuracy the places of
intensive heat exchange in the system to
improve the thermal insulation of volumes
containing cooled liquid. Conversely, identified
areas of intense heating may require additional
heat removal measures.

VI. CONCLUSIONS

Existing methods of preservation of donor
organs involve the use of systems of various
complexities that ensure long-term support of
the viability of transplants. The optimal
technology for transporting donor organs over
long distances is constant hypothermic
perfusion in various variants. According to the
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performed calculations, for cooling the solution
with which the donor organ is perfused, it is
advisable to use Peltier elements, the technical
characteristics of which make it possible to
develop a compact and inexpensive system.
The use of a thermal controller in the created
system with optimal power supply of 4
elements in the experiment ensures
hypothermic perfusion of the donor organ and
maintaining the temperature at a stable level.
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Pepepam — Jlana poboma npucesuena npobremi 30epedicenns nepysii OOHOPCLKUX Op2aHIE 6 YMOBAX KOHMPOIbLOBAHO20
0X011001CeH . 3 MEMOI0 0X0N00)CEH s, NePCReKMUBHUM € GUKOpucmanna epexmy Ilenomuve. 30Kpema, po3ensinymo 3acmocy8ants
epexmy Ilenvmoe, sAKkutl € OOHUM 13 MEMOOI8 OXOJIOONCEHHs, WO O0dE 3MO2Y GUKOPUCMOBY8amuU 1020 0/ 30epedceHHs ma
Mpancnopmyseants OOHOPCbKUX opeaiie 00 peyunicumig. Oouicio 3 nepegaz suxopucmanns egpekmy Ilenomove ¢ me, wo yei Memoo
0X0NI00JICEHHsl He ROMPeOYE BUKOPUCIANHS O00AMKOBUX PIOUHHUX OXOL00JCYBAUI8, W0 00380JAE YHUKHYMU NOMEHYIHUX npobuem,
no8 sI3aHuX I3 3a6pyOHeHHaM opeanie abo nopyuwiennam ix cmpykmypu. Kpim moeo, oxonoodocennst 3a donomozoio epexmy Ilenvomoc €
documo epexmueHuM i Yyum npoyecom MOJNCHA KEPYSAMuU WIAXOM 3MIHU elekmpuinozo cmpymy. Okpemoro npobnemoio € po3podka
KOHCMPYKYIi cucmemu HYMpiHbOCYOUHHO20 OXON00NCEHHS 05l 30epediCeHHs. HCUMMEIOamHOCmi Op2any, AKUll NPusHaieHo O
MPAHCHAGHMAYIT, 3 YPaAXy8auHam 1ioeo ocobausocmell. Pospobnenuil mennoizonayitinuti KoHmelHep i3 CUCMEMOI0 0X0I00NHCEHHS MAE
xXopouty mennoizonayito. [na oyinku egexmuenocmi cucmemu 0xon00ceHHs 6y10 npoeedeHo Po3pPaAxyHOK 6mpam O0XOI00JCEeHH .
32i0H0 3 npogedeHuMU PO3PAXYHKAMU, Ol OXONOOHCEHHS POIUUHY, AKUM 30TUCHIOEMbCA NepPy3is 0OHOPCHKO20 Op2aHy, OOYITbHO
suxopucmosysamu enemenmu Ilenbmoe, wo dac 3m02y po3podoumu epexmueny, KOMRAKMHY Mma Heoopocy cucmemy 3ade3neyens
JACUMMEZOAMHOCHE OOHOPCOKUX OP2aHi6. 3acmocy8ants maxoi cucmemu niOGUULYE HCUMMEIOAMHICIb MPAHCIAAHMAMIG, 3HUICYE
UMOGIPHICMb [WEeMIYHUX MA UEMIYHO-Denepy3iHUX YULKOOICEHD, WO CYNPOBOONCYIONb NPOYeC 30ePedceHHst OOHOPCLKUX OPSaAHIE.

Knrwouogi cnoea: epexm Ilenomve, mpancnianmayis, mpaHcnopmyeanus OOHOPCLKUX Op2aHi8, ICUMMEIOAMHICbG OpeaHis,
cucmema oxonooicenns, enemenm Ilenomoe, memnepamypua cmabinizayis.



