@SCiMedCentral

Original Research

Comparison of Different

Organ Storage Techniques for
Transplantation: Experimental

Study

Lui Cunha', Diego Sobrinho', Laila Mota', Gabriela Yale!,
Edcleia Santos?, Alessandro Prudente’
!Department of Medicine, University of Rondonia, Brazil

2Organ Procurement Organization, State of Rondonia, Brazil

Abstract

Journal of Surgery & Transplantation Science

*Corresponding author

Alessandro Prudente, 157, Agostinho Fernandes Viera st,
city: Itajai, state: Santa Catarina, country: Brazil , Tel: +55
69981154955 ; E-mail: alessandro.prudente@unir.br

Submitted: 11 August 2021
Accepted: 24 August 2021
Published: 26 August 2021
ISSN: 2379-0911

Copyright

© 2021 Cunha L, et al.

OPEN ACCESS

Keywords
* Organ procurement, Organ preservation,
Hypothermia, Thermodynamics

Obijectives: The aim is to compare techniques of storage organs for transplantation. The ideal range of temperature is between 2 and 6 oC.

Methods: Six storage techniques were tested: 1- Standard: set of plastic bags filled with preservation solution and immersed in a thermal box (34 liters)
filled with cubed ice; 2- Standard + plastic pot: plastic pot wrapping bags before immersion in ice; 3- Standard + metal box: metal box involving bags
before immersion in ice; 4- Standard + crushed ice: Crushed ice instead of cubes; 5- Standard + ice bar: Ice bars instead of cubes; 6- High volume box:
Standard in a 50 liter cooler. Variables: a) Temperature inside de plastic bags, the box and the room; b) time to reach the lower temperature; ¢) time of the
temperature within the ideal range. One-way ANOVA was used to compare means, with Tukey’s post hoc test and 5% of significance.

Results: Each assay was repeated ten times. All groups presented mean temperature inside the bags bellow the expected range, although the group
5 was higher than 2 (p=0.014) and 6 (p=0.006). The group 5 also presented higher temperature inside the box than group 1 (p=0.03), 2 (p=0.007), 4
(p=0.016) and 6 (p=0.001). There was no difference between the groups regarding to neither room temperatures (p=0.106) nor the time to reach the nadir
of temperature (p=0.395). The time within the ideal range of temperature were higher in group 5 when compared to group 2 (p=0.027) and 6 (p=0.026).

Conclusions: Storage in thermal box, regardless of the technique, results in temperatures below the ideal range most of the time. Technical variations do
not significantly impact on temperature inside the organ packaging, although using of bar ice leads to a closer approximation of the ideal range.

ABBREVIATIONS: SD: Standard Deviation
INTRODUCTION

Organ transplantation is a treatment widely used in cases of
organ dysfunction, in order to provide longer survival and better
quality oflife for patients[1]. Over decades of evolution of surgical
techniques, organs storage still requires special attention, as the
ischemia time and the temperature of the organ are determinants
of the outcomes after the transplant [2]. It is recommended that
the organ should be kept at temperatures between 2 and 8 °C
during ischemia time [3-4]. It was observed that temperatures
below 2 °C might cause the formation of water crystals, which
can compromise cell metabolism and tissue physiology. On the
other hand, temperatures above 6 °C, in the absence of oxygen,
activate the anaerobic metabolism of the cells, causing ionic
transmembrane imbalance, cell edema and cytolysis [5-6]. In
addition, the decrease of intracellular pH activates proteases that
lead to cell death as well as facilitates microbiological growth [7-
8].

Other features are also crucial and thermodynamically
important for thermal packaging, such as the ice shape, the
composition of containers, the mass of ice used and the volume of

the thermal box [4, 6]. Despite knowing the importance of these
aspects, few countries have clear packaging and storage standards
which contemplate and describe all these characteristics [9].

Recently, the use of the perfusion machine in organ
preservation among transplant teams has become progressively
more common and most of the aspects mentioned are already
considered when using it [10, 11]. However, high costs still limit
access to this technology in most countries'?. Therefore, the use
of ice and thermal container-based storage is still extremely
necessary for the steady growth in the number of transplants.
This study aims to evaluate the temperature variations in 6
different experimental groups, which represent some of the most
used techniques of graft storage in order to verify whether they
are effective in reaching and maintaining the temperature to
which the organ is exposed within an appropriate range.

MATERIALS AND METHODS
Study design

Experimental in vitro study. Temperatures and times were
measured and different organ storage techniques have been
compared using the guidelines of the Brazilian Health Agency
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(figure 1) as the reference for storing organs in hypothermia for
transplants [9].

Description of the study and groups

A first package (sterile and waterproof plastic bag - 2 liters
in volume) was filled with 500ml of organ preservation solution
(IGL®) at room temperature, received the sensor of the first
thermometer (Ta) and was sealed. This first package was then
coated with another similar package, but this time, filled with
500ml of sterile saline at room temperature. The second package
was then covered with a third sterile and waterproof plastic bag
without any solution, which was also sealed with cotton tape.
The set of packages was then stored according to the group to
which it belongs (Figure 1):

@ Group 1 (standard renal storage): The set of packages was
immersed in a polystyrene thermal box (medium size - 34
liters) fully filled with cube ice.

@ Group 2 (standard + plastic pot): The set of packaging
(plastic bags) was placed in a polystyrene plastic pot,
similar to the one used to pack ice cream, which was then
immersed in a polystyrene thermal box (medium size -
34 liters) fully filled with cube ice. The purpose of this
plastic pot is to reduce direct contact between ice cubes
and plastic bags.

@ Group 3 (standard + metal box): The set of packaging
(plastic bags) was packed in a steel box, similar to the one
used to sterilize surgical instruments, which was then
immersed in a polystyrene thermal box (medium size - 34
liters) fully filled with cube ice. The purpose of this metal
box is to reduce the direct contact of ice cubes with plastic
packaging using material with different caloric exchange
properties compared to plastic.

@® Group 4 (standard + crushed ice): The set of packages was
immersed in a polystyrene thermal box (medium size - 34
liters) fully filled with crushed ice, in order to generate a
greater total mass of conditioned ice.

@ Group 5 (standard + bar ice): The set of packaging was
immersed in a polystyrene thermal box (medium size -
34 liters) fully filled with bar ice, in order to generate a
smaller contact surface of the ice and therefore less heat
loss.

® Group 6 (high volume storage): The set of packages was
immersed in a polystyrene thermal box (large size - 50
liters) fully filled with cube ice. This is the standard in
liver hypothermic storage.

In all groups, a second thermometer (Tb) was immersed in
the thermal box but outside the set of bags. In addition, the room
temperature (Tc) was also monitored. The experimental room
was climatized by an air conditioner and set up at 24 °C.

The display of the thermometers (Ta, Tb and Tc) were
recorded every 30 minutes for 48 hours, which produced 96
measurements from each thermometer in each assay. The assay
in each of the six groups studied was repeated ten times. Then
sixty assays have been performed in total.

\

Figure 1 Technical variations of storage - Group 1: Standard renal
storage - (a)34L thermal container + (b) cube ice + (c) plastic bags
set; Group 2: standard + (d)plastic pot; Group 3: standard + (e)metal
box; Group 4: standard + (f)crushed ice; Group 5 - Standard + (g) bar

9)

ice; Group 6 - standard + (h)high volume (50L) container.

Statistical Analysis

All variables are numeric. Each assay generated three set
of 96 measured temperatures (Ta, Tb and Tc). We calculated
the area under the curve for each set of temperatures obtained.
Therefore, each assay produced three numbers representing the
area under the curve of Ta, Tb and Tc. We then calculated the
mean and standard deviation of each group studied (ten assays
each). So, the numbers shown here as Ta, Tb and Tc are actually
the mean of ten area under the curve for a group studied.

We yet measured the time (in hours) to reach the lowest
temperature over time (Tnadir) as well as the time (in hours) the
temperature was within the ideal range (between 2 °C and 8 °C)
(Tideal).

The values obtained on the thermometers were exported
to the IBM SPSS statistics® software. The one-way analysis of
variance (ANOVA) test was used for comparison between groups,
followed by Tukey’s post hoc test to identify differences. The
level of significance was 5%.

RESULT AND DISCUSION

A total of 17,280 temperatures were measured considering
the ten experiments of each of the six groups and their three
temperatures (primary packaging (Ta), thermal box (Tb) and
environment (Tc)), measured 96 times in each test. The average
room temperature (Tc) in all groups was 22.06°C (SD = 1.2).

The expected mean area under the curve of Ta should be
between 192 to 576 in order to represent a steady temperature
within the ideal range of 2 - 6 °C. However, we observed every
group presented lower curve of temperatures (Table1).

The temperatures observed inside the primary packaging (Ta)
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Table 1: Average temperatures (Ta, Tb and Tc) and times (for nadir and in the ideal range) of the six groups.

oS Group1 Group?2 Group3 Group4 Group5 Group6 p value

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) (ANOVA)

Temperature (Ta) 85,71 10,36 121,04 36,05 165,29 -3,35 0,002
(89,1) (40,38) (111) (80,07) (175,2) (48,37)

Temperature (Tb) 91,32 63,40 166,87 79,34 265,78 30,08 0,001
(127,4) (61,01) (91,36) (80,88) (217,1) (98,02)

Temperature (Tc) 2148,30 2081,83 2159,03 2097,88 2127,00 2012,52 0,106
(77,12) (112,3) (86,23) (217,5) (91,5) (91,13)

Time to nadir (Tnadir) 4,70 5,65 10,25 5,80 4,85 4,65 0,395
(3,97) (3,01) (10,4) (5,51) (8,85) (4,46)

Time within ideal (Tideal) 4,20 0,50 5,40 6,10 15,35 0,45 0,027
(9,82) (0,47) (4,82) (12,35) (19,38) (0,43)

were significantly higher in groups 5 (bar ice) when compared

either to group 2 (plastic pot) - p = 0.014 or group 6 (volume

box 54L) - p = 0.006 (Figure 2). The group 5 also presented )

higher temperatures inside the thermal box (Tb) than group 1 o =t

(standard) - p = 0.030, group 2 (plastic pot) - p = 0.007, group T

4 (crushed ice) - p = 0.016 and group 6 (volume box 54L) - p = ;’ 400.0000-]

0.001 (Figure 3). There was no difference between groups with %

respect to ambient temperatures (Tc ) over time. (p = 0.106). i

The time in the ideal temperature range (Tideal) inside the % 200.0800-1 o

primary packaging also showed a disparity between the groups g .

(p = 0.027). Group 5 had a longer time in the expected range 190050 ’

when compared to group 2 (p = 0.027) and group 6 (p= 0.026) = u) é

- (Figure 4). @

The time for nadir of temperature (Tnadir) also showed no I i =] 3 : : L]

significant difference between the groups inside the primary
sac (p = 0.395). However, it is worth noting that this time was
longer, in absolute numbers, in group 3 (metal box) in relation to
the other groups.

The importance of packaging and storing organs in
hypothermia for transplantation has been widely studied. The
temperature range considered ideal by the Brazilian technical
standard is between 2 and 6 2C [9]. However, some studies have
suggested a wider range of 2 to 8 2C [4, 7]. The present study
observed that, regardless of the technical variation used, during
most of the time, the temperature inside the organ packaging
is at levels below those considered desirable. This excessive
cooling can be harmful to the cells of the graft, since it may result
in molecular changes and protein denaturation that modify the
expected biological response after reperfusion in the recipient
organism [6].

It is desirable that the temperature decreases evenly and
quickly in the package in which the organ is stored, reaching
the desired temperature range as soon as possible. Thus, it
will decrease the time of warm ischemia and present better
conservation, avoiding metabolic demand, energy expenditure
and release of free radicals until the ideal temperature is
reached*. In the present study, we chose to fill the first package
with a solution at room temperature, in order to simulate the
situation in which the organ, which will be at body temperature,
will be subjected. We observed that the mean time to reach the
temperature nadir of the 60 experiments was 5.98h, being even
longer in group 3 (10.25h), although there was no statistical
difference between the groups. These data suggest that the

Group

Figure 2 Temperature inside the 1st package (Ta). Groups 5x2 (p =
0.014) and Groups 5 x 6 (p = 0.006) - ANOVA.
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Figure 3 Temperature inside the thermal box (Tb). Groups5x 1 (p =
0.030), Groups 5 x 2 (p = 0.007), Groups 5 x4 (p = 0.016) and Groups
5x6 (p=0.001) - ANOVA.

models studied are ineffective in quickly providing the ideal
temperature for organ maintenance. However, it should be
considered that the cooling in practical conditions should be
faster, since the organ will be perfused with a solution at 4 °C and
then immersed within the same solution.

The temperature inside the first package and inside the
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Figure 4 Time (h) of the temperature of the interior of the 1st package
(Ta) in the ideal range (Tideal) - (p = 0.027). Groups 5x 2 (p = 0.027)
and Groups 5 x 6 (0.026) - ANOVA.

thermal box was higher in group 5, which represented the model
with ice bars. The group 5 also presented a longer time within
the ideal range of temperature. In addition, the time to reach the
nadir of temperature was among the lowest in the same group,
although without statistical significance. From these findings, it
can be inferred that the storage with bar ice seems to present a
thermodynamic behavior closer to that which would be desired,
that is, a rapid reach of the ideal temperature and stability in
the desired range. A possible explanation for this phenomenon
would be that the shape of the bar ice decreases the area of
contact with the medium, thus absorbing little energy from the
system by convection, while, being in contact with the primary
packaging, there is greater and steady transfer of thermal energy
[13]. In group 1, 2, 4 and 6 we had the lowest mass / volume
ratio, that is, the lowest ice density. In addition, the ice shape
allows the energy to distribute throughout the thermal box and
not only in contact with the primary packaging.

Some transplant teams advocate the use of a plastic pot in
which the bags containing the organ should be stored, such as the
one used in group 2, or a metal box, such as the one used in group
3. In this way, the organ would have an additional protection
against mechanical trauma of transport and would also avoid
direct contact of the ice with the plastic bags surrounding the
graft [9]. The present study observed that there was no statistical
difference in the temperatures of the first package (Ta), time to
reach the nadir of temperature (Tnadir) or in the time within the
ideal temperature range (Tideal) when these techniques were
compared with the standard. Consequently, based on these
results, there is no problem regarding temperatures whether a
team decides to use a plastic or metal protection around the graft.
However, it is noteworthy that the values in group 3 (metal box)
were closer to those observed in group 5 (bar ice). Therefore, if
the team wants additional protection for the bag with the organs,
apparently, the metal box would be better than the plastic pot.

Therewasacoherence between the temperature relationships
observed inside the first package (Ta) and those observed in the
thermal box (Tb), when comparing the different groups. Thus, it

can be said that gauging the temperature of the thermal box is an
indirect but reliable assessment of the temperatures to which the
graftis being subjected. This finding corroborates the literature’s
recommendation to use transport devices (thermal boxes) with
temperature control, although this is not yet mandatory in
Brazilian standards [7, 9].

The hypothermia perfusion machine has been shown to be
efficient in the purpose of keeping the organ at an adequate
temperature, avoiding cell injuries and consequent clinical
repercussions [14, 15]. The comparison between static storage
(thermal box) and the perfusion machine demonstrated
advantages in the use of this technology to prevent delayed graft
function and ensure greater survival in the first post-transplant
year [15-17]. Another study demonstrated the possibility of
using the perfusion machine even after storage in a thermal box,
with success in decreasing the time of delayed graft function.
Despite the good results regarding the reduction of reperfusion
injury and the delayed function of the graft, there is a need for
studies that demonstrate long-term advantages with the use of
the machine and that investigate possible vascular disorders and
its adaptation to low-flow organs blood, such as the pancreas [5,
10]. In addition, there are studies skeptics about the supposed
advantages of the perfusion machine, raising the hypothesis that
the perfusion machine could cause deleterious edema in the
organ with consequent atherosclerosis or glomerulosclerosis [5].
However, the main question behind the routine use of perfusion
machines is whether they present themselves as a cost-effective
method, since, for most countries, the costs of the machine and its
inputs do not override their supposed advantages, so that its use
is restricted to expanded criteria organs and with high ischemia
time, where the lower rate of delayed graft function and even
the best evaluation of the vascular resistance of the graft may
represent advantages that justify the costs of the treatment [12].

The present work has some positive points, such as the
comparison of technical variations commonly made in the
practice of organ procurement, without necessarily prior
proof their benefits or risks. In addition, assays repeated 10
times, with temperature control of the room and parametric
statistical evaluation, also attribute a higher degree of reliability
and reproducibility to the findings. On the other hand, it is an
experimental study and, therefore, does not reproduce exactly
what we are going to observe in vivo. In this sense, it will be
interesting, in a next stage of the study, to use animal organs and
histological studies. Moreover, at the real scenario, we observe
changes in surrounding temperatures. Consequently, there could
be worthy to try to simulate some of those modifications and
observe the response of the model.

CONCLUSION

Storage in a thermal box, regardless of technique, results in
temperatures slightly below the ideal range most of the time.
The technical variations shown do not significantly change the
temperature inside the organ package nor the time to reach the
nadir of temperature. Among the reproduced groups, the use of
bar ice causes more stable temperatures and closer to the desired
range, which represent a greater approximation of the ideal when
compared with other groups studied.
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