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dextran, glucose, calcium ions, a buffer, and water, has a pH of 6,6 to 7,8, and is sterile based on having been subjected to heat steril
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Organ Preservation and/or Perfusion Solutions 

Field of Invention 

The present invention relates to organ preservation and/or perfusion solutions for an 

5 isolated tissue or organ, the solutions comprising dextran, glucose, calcium ions, a 

buffer, and water, having a pH of 6,6 to 7,8, and being sterile based on having been 

subjected to heat sterilization, as well as methods of making and using such solutions.  

Background to the Invention 

Dextran solutions have been used for different medical purposes for more than 50 years.  

10 Perfadex@ solution is a heat-sterilized dextran solution that was developed for organ 

perfusion in the early 1970s. Over the last fifteen to twenty years it has become the 

predominant product for preservation of lungs before transplantation. Macrodex@ 

solution and Rheomacrodex@ solution have been used for even longer as plasma 

expanders during surgery and in trauma patients. PrimECC@ (PCT/EP2011/069524) 

15 solution is another dextran solution indicated as a priming solution for extracorporeal 

circulation machines. All of these solutions are provided commercially with a sub

physiological pH of about 4 to 6. The solutions might be slightly buffered with 

phosphate and/or bicarbonate, but as the pH decreases during heat sterilization due to 

hydrolysis of dextran, the pH in the product as provided commercially is below 6,6, and 

20 often below 6 at the temperature of its use. This sub-physiological pH has not been a 

main concern for products being infused, such as Macrodex@ solution or PrimECC@ 

solution, as the acidity is weak, and the plasma contents, mainly serum albumin, 

instantly buffer to maintain physiological pH in the plasma.  

When a dextran solution is used to flush or perfuse an isolated organ, there is not as 

25 much plasma components such as serum albumin left and the buffering capacity is 

therefore reduced in the isolated organ or tissue. Thus, in practice users generally buffer 

Perfadex@ solution with tris(hydroxymethyl)aminomethane (hereinafter TRIS, also 

termed THAM) or similar buffers to reach physiological pH just prior to use. The
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buffering of Perfadex@ solution by users (also termed pre-use buffering) has been 

accepted, but there is always a risk to make mistakes when a product is not provided 

ready-to-use. The user might forget altogether to buffer the solution, or the user might 

use the wrong buffer or the wrong concentration. Any of these circumstances might 

5 negatively affect the quality of the isolated organ, for example lung or lungs. Therefore, 

a ready-to-use pre-buffered organ perfusion solution would improve organ preservation 

safety as well as user convenience.  

W02012/142487 describes a lung perfusion solution called OCS Solution, comprising 

Dextran 40, magnesium, potassium, sodium, nutrients such as glucose, hormones, 

10 buffer etc. The reference teaches that pH of the OCS Solution is monitored during 

production, that the OCS Solution is heat sterilized, that the OCS Solution is 

supplemented with a cellular medium prior to use, and that the pH of the resulting 

medium is adjusted prior to use with, for example, bicarbonate (paragraphs [0010], 

[0035], [0045], and [0066]), indicating that the OCS Solution is provided at a sub

15 physiological pH, which requires further buffering prior to use.  

Non-autoclaved sterile filtered dextran solutions, such as STEEN Solution 

(PCT/SEO1/02419), have been used at physiological pH for about 15 years, but to the 

knowledge of the present inventors no heat-sterilized dextran solutions with a pH of 

between 6,6 and 7,8 for medical use, has been available. Sterile filtration is acceptable 

20 for low volume products, generally with low dextran content. Otherwise dextran would 

clog the filter.  

Another problem with heat sterilization of solutions that comprise glucose in particular, 

especially solutions for peritoneal dialysis, is degradation of glucose to toxic 

degradation products. Attempts have been made to reduce those toxic by-products, 

25 through further lowering the pH in the solution to around 3, during heat sterilization, or 

through separation of electrolytes and glucose during sterilization (Ledebo et al., 2000, 

and Wieslander et al., 1995).  

The same problem of glucose degradation is known from production of dextran 

solutions for various medical purposes such as organ preservation. The main answer to
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this problem has been to increase the amount of glucose in the solution prior to 

sterilization to ensure sufficient glucose in the final product for use to support the organ 

metabolism. This answer does not consider any potential toxic effect of the glucose 

degradation products. If anything, the overload of glucose during production makes the 

5 problem worse through generation of increased amounts of potentially toxic glucose 

degradation products.  

Summary of the Invention 

The present invention provides an organ preservation and/or perfusion solution for an 

isolated tissue or organ that addresses these problems and provides additional 

10 advantages. The solution comprises dextran, glucose, calcium ions, a buffer, and water.  

The solution has a pH of 6,6 to 7,8 and is sterile based on having been subjected to heat 

sterilization. The isolated tissue or organ can be selected, for example, from among 

lung, heart, liver, kidney, pancreas, and/or intestine. The solution is buffered at a 

physiologically acceptable pH for the temperature of its use prior to heat sterilization 

15 (also termed pre-buffering), and is supplemented with calcium ions to mimic 

extracellular fluid also prior to heat sterilization (also termed pre-calcium 

supplementation), and then is subjected to heat sterilization. Hence, the resulting 

solution is ready-to-use, as it does not require any further buffering, or any further 

supplementation, with calcium or any other compounds, prior to use. Moreover, the 

20 combination of pre-buffering and pre-calcium supplementation prior to heat 

sterilization provides protection for the glucose during heat sterilization, maintaining a 

higher glucose concentration in the solution and thereby reducing the production of 

potentially toxic degradation products.  

The present invention also provides a method of preparing the organ preservation and/or 

25 perfusion solution for an isolated tissue or organ. The method comprises a step of (1) 

combining the dextran, the glucose, the calcium ions, the buffer, and the water to obtain 

an initial solution. The method also comprises a step of (2) adjusting the pH of the initial 

solution to 7,0 to 7,8 if needed. The method also comprises a step of (3) subjecting the 

initial solution to heat sterilization, thereby obtaining the organ preservation and/or 

30 perfusion solution.
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The present invention also provides a method of preserving and/or perfusing an isolated 

tissue or organ. The method comprises a step of (1) obtaining a volume of the organ 

preservation and/or perfusion solution for an isolated tissue or organ from a sterile 

container in which the solution has been stored. The method also comprises a step of 

5 (2) administering the obtained volume of the solution to the isolated tissue or organ, 

thereby preserving and/or perfusing the isolated tissue or organ.  

The present invention also provides a method for flushing, storage, and/or transportation 

of an isolated lung after removal from a donor in preparation for eventual 

transplantation into a recipient. The method comprises a step of (1) flushing the isolated 

10 lung of the donor with a flushing volume of an organ preservation and/or perfusion 

solution for an isolated tissue or organ. The method also comprises a step of (2) filling 

a sterile organ storage container at least partially with a filling volume of the solution 

and immersing the isolated lung in the filling volume of the solution.  

Any discussion of documents, acts, materials, devices, articles or the like which has 

15 been included in the present specification is not to be taken as an admission that any or 

all of these matters form part of the prior art base or were common general knowledge 

in the field relevant to the present disclosure as it existed before the priority date of each 

claim of this application.  

Throughout this specification the word "comprise", or variations such as "comprises" 

20 or "comprising", will be understood to imply the inclusion of a stated element, integer 

or step, or group of elements, integers or steps, but not the exclusion of any other 

element, integer or step, or group of elements, integers or steps.  

The present disclosure provides an organ preservation and/or perfusion solution for an 

isolated tissue or organ, the solution comprising dextran, glucose, calcium ions, a buffer, 

25 and water, wherein the solution has a pH of 6.6 to 7.8 and is sterile based on having 

been subjected to heat sterilization, wherein all the components were present before 

heat sterilisation, and wherein the buffer comprises tris(hydroxymethyl)aminomethane 

(TRIS) that is present in the solution at a concentration of 1 to 15 mM.
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Description 

Organ preservation and/or perfusion solutions 

As noted above, the present invention provides an organ preservation and/or perfusion 

solution for an isolated tissue or organ. The solution comprises dextran, glucose, 

5 calcium ions, a buffer, and water. The solution has a pH of 6,6 to 7,8 and is sterile based 

on having been subjected to heat sterilization.  

Solutions containing dextran, e.g. Dextran 40, and low levels of potassium, e.g.  

extracellular levels, have been used for organ preservation since the 1960s, with the 

10 solutions variously being termed, for example, dextran solutions, Dextran 40 solutions, 

and/or LPD solutions.  

In the late 1990s an LPD solution named Perfadex@ solution became the predominant 

preservation solution for use with endothelium-rich organs such as lungs. The 

15 composition of Perfadex@ solution (provided as mass/L) is as follows: 

Dextran-40 50 g
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Sodium Chloride 8 g 

D-Glucose monohydrate 1 g 

Potassium Chloride 400 mg 

Magnesium sulphate 7H20 200 mg 

5 Disodium phosphate 12H20 117 mg 

Potassium dihydrogen phosphate 63 mg 

Alternative electrolyte compositions can be used, as long as they are physiologically 

acceptable and have an electrolyte composition relatively close to that of plasma.  

Dextrans 

10 

As noted, the organ preservation and/or perfusion solution as disclosed herein 

comprises dextran. Dextrans are polysaccharides with molecular weights of greater than 

or equal to 1000 daltons (Da), which have a linear backbone of a-linked D

glucopyranosyl repeating units, and which can be grouped into three classes, Class 1, 

15 Class 2, and Class 3, based on their structures. Dextrans that are commercially available 

may be classified according to source and/or weight average molecular weight.  

Commercially available dextrans include, for example, dextrans obtained from 

Leuconostoc spp. or Leuconostoc mesenteroides. Commercially available dextrans also 

include, for example, dextrans having weight average molecular weights of 

20 approximately 20000 Da, also termed Dextran 20, approximately 40000 Da, also termed 

Dextran 40, approximately 60000 Da, also termed Dextran 60, and approximately 

70000 Da, also termed Dextran 70, among others, as well as mixtures of these dextrans, 

and of others.  

25 Dextran 40 is ideal for organ preservation, due to the optimal molecular size, which 

provides sufficient oncotic pressure in dextran solutions without increasing the viscosity 

unnecessarily, particularly when provided at 40 to 60 g/L, preferably 50 g/L, in dextran 

solutions. However, Dextran 60, Dextran 70, or any other Dextran having an oncotic 

molecular size distribution between those of Dextran 20 and Dextran 70 might replace 

30 Dextran 40 to provide acceptable outcomes.
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Accordingly, in some embodiments of the organ preservation and/or perfusion solution 

as disclosed herein, the dextran has a weight average molecular weight of 20000 to 

70000 Da, for example 30000 to 50000 Da, or 33000 to 42000 Da. Also in some 

embodiments, the dextran comprises Dextran 40. Also in some embodiments, the 

5 dextran is present in the solution at a concentration of 40 to 60 g/L, for example 45 to 

55 g/L, 48 to 52 g/L, or 50 g/L. Also in some examples, the dextran comprises a dextran 

obtained from Leuconostoc spp. or Leuconostoc mesenteroides.  

Glucose, calcium ions, and buffer 

As noted, the organ preservation and/or perfusion solution as disclosed herein also 

10 comprises glucose and calcium ions.  

For the last 15 years or so, Perfadex@ solution has been used on about 90% of all lung 

grafts prior to transplantation. Perfadex@ solution, like all other commercial Dextran 

40 solutions, has been provided commercially at a low pH of about 4 to 6 and has 

therefore required buffering, to obtain a higher pH, just prior to use. This buffering has 

15 predominantly been done with TRIS. The reason why Perfadex@ solution has been 

provided at a low pH is to increase the stability of the product, particularly glucose 

therein, not the least during heat sterilization. As discussed in detail below, the present 

inventors have shown that, contrary to the prior art, in the organ preservation and/or 

perfusion solution as disclosed herein an increased pH of 7,0 to 7,8, preferably 7,4 

20 0,2, prior to heat sterilization stabilizes glucose during the heat sterilization process.  

Many users have also supplemented Perfadex@ solution with a sterile solution of 

calcium ions just prior to use, as this has been shown to be beneficial for the 

endothelium (Ingemansson et al., 1996). One reason why calcium ions were not 

included in the Perfadex@ solution until just prior to use was that there was an 

25 expectation that if the calcium ions were added prior to heat sterilization of the 

Perfadex@ solution, then calcium phosphate would precipitate during heat sterilization 

and subsequent storage. Surprisingly, the present inventors have shown that the organ 

preservation and/or perfusion solution as disclosed herein does not exhibit formation of 

precipitate during heat sterilization or subsequent storage for 24 months following the



WO 2018/133921 PCT/EP2017/050881 

7 

heat sterilization. Moreover, contrary to the prior art, the inventors have shown that 

supplementation of calcium ions, together with a pH of 7,0 to 7.8, preferably 7,4 0,2, 

synergistically stabilizes glucose during heat sterilization.  

For these reasons both TRIS buffering and calcium ion supplementation of Perfadex@ 

5 solution were understood to be beneficial or even necessary for ultimate use, but neither 

TRIS nor calcium ions were previously provided in the Perfadex@ solution until just 

prior to use due to the expected problems during heat sterilization and storage. One 

advantage of the organ preservation and/or perfusion solution as disclosed herein, based 

on pre-buffering and pre-calcium supplementation prior to heat sterilization, is that the 

10 organ preservation and/or perfusion solution can be provided as a ready-to-use product.  

A ready-to-use product provides convenience for the user and improves safety, as there 

is less risk involved, in terms of faulty buffering and/or other supplementation, when 

no further buffering or other supplementation is required.  

Accordingly, in some embodiments of the organ preservation and/or perfusion solution 

15 as disclosed herein, the glucose was present in the solution at 0,5 to 5 g/L before the 

heat sterilization, e.g. at 0,6 to 3 g/L, 0,8 to 2 g/L, 0,9 to 1,5 g/L, or 1 g/L. By this it is 

meant that the glucose was present in an initial solution at 0,5 to 5 g/L, prior to 

subjecting the initial solution to heat sterilization to obtain the organ preservation and/or 

perfusion solution, and thus prior to partial degradation of glucose that occurs during 

20 the heat sterilization. Thus, in some examples, the glucose can be added to an initial 

solution at 0,5 to 5 g/L, and then the initial solution can be subjected to heat sterilization, 

thereby providing the organ preservation and/or perfusion solution in which the glucose 

was present in the solution at 0,5 to 5 g/L.  

Also in some embodiments, glucose degradation during heat sterilization was less than 

25 10%, e.g. less than 9,5%, or less than 9,0%. By this it is meant that heat sterilization of 

an initial solution, to obtain the organ preservation and/or perfusion solution, results in 

the organ preservation and/or perfusion solution having a concentration of glucose that 

is lower than the concentration of glucose that was present in the initial solution, the 

decrease again being due to partial degradation of glucose that occurs during the heat
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sterilization, and the decrease being less than 10% of the concentration of glucose that 

was present in the initial solution.  

Also, in some embodiments of the organ preservation and/or perfusion solution as 

disclosed herein, the calcium ions are present in the solution at a concentration of 0,3 to 

5 1,5 mM, e.g. 0,4 to 1 mM, or 0,5 mM. Also in some embodiments, the solution does 

not result in precipitate during 24 months of storage at 5 to 25 °C. Also in some 

embodiments, the solution further comprises phosphate ions. Also in some 

embodiments, the phosphate ions are present in the solution at a concentration of 0,2 to 

0,8 mM, e.g. 0,7 to 0,8 mM.  

10 Solution temperature, buffer choice, and pH 

As noted, the organ preservation and/or perfusion solution as disclosed herein also 

comprises a buffer. Moreover, the solution has a pH of 6,6 to 7,8 and is sterile based on 

having been subjected to heat sterilization.  

Organ flush perfusion and preservation is done at sub-physiological temperatures.  

15 Normally a room-temperature flush is done at the start of organ flushing, then cold flush 

and cold preservation are done at 2 to 15 °C. The pH of the corresponding dextran 

solution is dependent on the temperature. This is especially true when a buffer such as 

TRIS is used in the dextran solution. The pH of a TRIS buffered solution increases 

about 0,01 pH units per degree Celsius decrease. Conventionally, pH is measured at 

20 room temperature, meaning 18 to 25 °C, or more particularly 25 °C. The temperature 

difference in going from 25 °C to 5 °C results in a pH increase of about 0,2 pH units for 

a TRIS buffered solution.  

Tissues, especially lungs, are more sensitive to pH above 7,4, and particularly above 

7,8, than to pH below 7,4. Therefore it is beneficial if the pH in the dextran solution is 

25 not above 7,8 at any temperature of its use, and preferably is not above 7,6. On the lower 

range, a pH as low as 6,6, measured at 25 °C, would be acceptable for storage at 2 to 15 

°C, since the pH of the dextran solution would be somewhat higher at the lower 

temperature. The lung tissue would also sustain the short period of flushing at room
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temperature with a solution with a pH as low as 6,6, especially as there is more serum 

albumin present in the vasculature during flushing than during preservation, and as the 

serum albumin will buffer the weak acidity of the dextran solution.  

As noted, the organ preservation and/or perfusion solution as disclosed herein can be 

5 pre-buffered with TRIS. Pre-buffering with TRIS utilizes the temperature dependency 

of the TRIS buffer and thereby maintains an acceptable pH post heat sterilization for its 

intended temperature ofuse, and no buffering is required by the user. The pH of solution 

before heat sterilization, i.e. the pH of an initial solution that will be heat sterilized to 

yield the organ preservation and/or perfusion solution, should preferably be 7,0 to 7,8, 

10 at room temperature, or 25 °C, before the heat sterilization, more preferably 7,2 to 7,6.  

The pH of the solution generally will have decreased by up to 0.4 pH units, and more 

particularly 0,1 to 0,3 pH units, following heat sterilization due to glucose and dextran 

degradation. Accordingly, by preparing an initial solution with a pH of 7,0 to 7,8, at 

room temperature, or 25 °C, more preferably 7,2 to 7,6, before heat sterilization, the 

15 organ preservation and/or perfusion solution will have a pH suitable for organ 

preservation and/or perfusion following heat sterilization, e.g. a pH of 6,6 to 7,8, a pH 

of 6,7 to 7,7, or a pH of 6,9 to 7,6, also at room temperature, or 25 °C.  

As will be appreciated, the organ preservation and/or perfusion solution as disclosed 

herein also can be pre-buffered with buffers other than, or in addition to, TRIS, e.g. an 

20 organic or biological buffer other than, or in addition to, TRIS, based on similar 

principles as discussed for TRIS. An example of such an alternative buffer is BIS-TRIS.  

As will also be appreciated, the organ preservation and/or perfusion solution as 

disclosed herein can be heat sterilized based on steam sterilization in an autoclave at a 

suitable temperature for a suitable time, e.g. at 121 °C for 20 minutes or more or with 

25 alternative time and temperature to reach FO of 12 - 15.  

Accordingly, in some embodiments of the organ preservation and/or perfusion solution 

as disclosed herein, the buffer comprises an organic or biological buffer that is present 

in the solution at a concentration of 1 to 15 mM, e.g. 1,5 to 10 mM, 2 to 5 mM, or 3
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mM. Also in some examples, the organic or biological buffer comprises TRIS at a 

concentration of I to 5 mM, e.g. 1,5 to 4 mM, or 3 mM.  

Also, in some embodiments the organ preservation and/or perfusion solution has a pH 

of 6,6 to 7,8 at room temperature, e.g. at 18 to 25 °C, or at 25 °C. Also in some 

5 embodiments the solution has a pH of 6,7 to 7,7, or a pH of 6,9 to 7,6, also at room 

temperature, e.g. at 18 to 25 °C, or at 25 °C.  

Also, in some embodiments the organ preservation and/or perfusion solution is sterile 

based on having been subjected to heat sterilization based on steam sterilization in an 

autoclave, e.g. at 115 to 130 °C, or at 118 to 123 °C, or at 121 °C, for at least 5 minutes, 

10 or at least 10 minutes, or for 20 minutes or more, to achieve an FO of at least 10, or at 

least 12, or at least 15, or of 12 to 15.  

Glucose degradation during heat sterilization 

Considering glucose degradation in more detail, glucose degradation during heat 

sterilization has mainly been investigated in relation to peritoneal nutrition solutions 

15 and in solutions for peritoneal dialysis. These solutions contain relatively high 

concentrations of glucose, typically about 1,5 %, and are often used repeatedly on the 

same patient. The subject of glucose degradation in peritoneal dialysis solutions, its 

toxic effects, and preventive measures taken to avoid the toxic effects, have been 

thoroughly investigated by researchers at the University Hospital of Lund together with 

20 the researchers at Gambro AB, in Lund Sweden. Their results have been published in a 

number of publications, some of which are referenced here as (Nilsson Thorell et al., 

1993, Ledebo et al., 2000, and Wieslander et al., 1995). In (Nilsson Thorell et al., 1993) 

a number of glucose degradation products were identified as acetaldehyde, 5-HMF, 

glyoxal, methylglyoxal, formaldehyde, and 2-furaldehyde. It was also concluded that 

25 there were more unidentified degradation products present that might be responsible for 

the cytotoxic effects seen after heat sterilization of peritoneal dialysis solutions.  

The answers for avoiding glucose degradation, as proposed by (Ledebo et al., 2000, and 

Wieslander et al., 1995), are primarily based on avoiding heat sterilization. If a solution
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must be heat sterilized, then this should be done at a low pH, preferentially around 3 to 

3,5, or glucose should not be sterilized together with the electrolytes.  

In dextran solutions for organ perfusion, the glucose concentration generally is about 

0,05 to 0,5%. It has been well recognised that glucose is degraded during heat 

5 sterilization and this has been counteracted through over-supplementation of glucose 

during production by about 5 to 10%, to at least be closer to the estimated target in the 

final product following heat sterilization. Typically, 10 to 15% of the glucose would be 

degraded during heat sterilization based on steam sterilization as described above, e.g.  

to achieve an FO of 12 to 15. The potentially toxic effects of the degradation products 

10 have not been considered, probably because the subsequent exposure is short and one

time. Although no such direct toxicity has been observed with use of dextran solutions 

for organ perfusion, a reduction of potentially toxic glucose degradation products, as 

achieved for the organ preservation and perfusion solution as disclosed herein, should 

be beneficial as it should further improve safety of the product. Another advantage with 

15 stabilized glucose during production of the organ preservation and/or perfusion 

solutions is that it better guarantees the important glucose content in the final product 

at levels that will support the metabolism during storage of an isolated tissue or organ.  

Glucose stabilization 

Considering glucose stabilization in more detail, as is shown in the referenced prior art 

20 (Ledebo et al., 2000, and Wieslander et al., 1995), a low pH is considered essential to 

reduce glucose degradation and formation of glucose degradation products.  

Furthermore (Wieslander et al., 1995) states that Ca2+ is a catalytic substance for the 

glucose degradation and suggests that Ca2+, along with Mg2+, Cl-, and Na' ions, should 

be kept separated from the glucose during heat sterilization.  

25 As noted above, the present inventors have shown that, contrary to the prior art, an 

increased pH of 7,0 to 7,8, preferably 7,4 0,2, prior to heat sterilization stabilizes 

glucose during the heat sterilization process, again based on steam sterilization as 

described above, e.g. to achieve an F of 12 to 15. Also as noted, contrary to the prior 

art, the present inventors have shown that supplementation of calcium ions, together
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with a pH of 7,0 to 7.8, preferably 7,4 0,2, synergistically stabilizes glucose during 

heat sterilization. No stabilizing effect is seen when the solution is supplemented with 

calcium ions but without the increased pH. As is shown in Table 2 of Example 1, the 

two solutions without pH adjustment and without a heat sterilization stable organic or 

5 biological buffer such as TRIS (i.e. LPD and LPD + CaCl2) lose almost 13% of the 

glucose due to degradation of the glucose during heat sterilization, whereas in the TRIS 

buffered solution adjusted to a pH of 7,4 0,2 (LPD +TRIS) the degradation is less than 

10%, and with also calcium ion supplementation (LPD +TRIS +CaCl2) the degradation 

is less than 9%.  

10 As described above the organ preservation and/or perfusion solution as disclosed herein 

is pre-buffered to a physiologically acceptable pH and supplemented with a low 

concentration of calcium ions, which provides a more plasma-like electrolyte matrix for 

the solution. The buffering with TRIS to a physiologically acceptable pH has a glucose

protective effect during heat sterilization. Moreover, the combination of calcium ions 

15 and a physiologically acceptable pH of the solution synergistically further stabilizes 

glucose during heat sterilization.  

Selection of buffer 

Considering buffers in more detail, buffers for the organ preservation and/or perfusion 

solution as disclosed herein, being intended for heat sterilization, must be carefully 

20 selected, as many buffers, such as MOPS and HEPES, might degrade during heat 

sterilization. Another important factor, when selecting a buffer for a near physiological 

electrolyte solution, is the risk of precipitation between the buffer and divalent cations 

during production and throughout the shelf-life of the product. Bicarbonate and 

phosphate are both known to precipitate with calcium and magnesium ions when 

25 present in concentrations above the solubility limits. TRIS is an ideal buffer for heat 

sterilized solutions, although other buffers providing the same two properties of being 

heat sterilizable and not forming precipitate with divalent cations might be used.  

Another beneficial factor for a buffer used in a perfusion and/or preservation solution 

for use at hypothermia of less than or equal to 25 °C, or preferably less than or equal to
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15 °C, is pH dependency of temperature. As noted above, TRIS provides an increase of 

pH of about 0,01 per degree Celsius decrease. This means that the solution might be 

stored at a slightly lower pH at room temperature, providing stability to the product, 

without compromising the required acceptable physiological pH at the lower 

5 temperature of use.  

The concentration of the buffer should be sufficient to maintain a pH of 6,6 to 7,8 

throughout the product shelf-life, but should not exceed any toxicity level for the tissue.  

For TRIS a concentration in the final solution of 1 to 15 mM, or preferably 1 to 5 mM, 

is considered both sufficient and safe.  

10 Calcium ion source 

The calcium ion source for the organ preservation and/or perfusion solution as disclosed 

herein can be any soluble physiologically acceptable calcium ion salt, such as calcium 

lactate, calcium gluconate, or preferably calcium chloride. The concentration of calcium 

ions in the organ preservation and/or perfusion solution should be similar to the 

15 concentration in human plasma, which is about 1,5 mM. A slightly lower concentration 

could be beneficial as it reduces the risk of precipitation with phosphate ions present in 

the solution. The optimal concentration of calcium ions in the solution is therefore 0,3 

to 1,5 mM.  

Water 

20 As noted, the organ preservation and/or perfusion solution as disclosed herein also 

comprises water. Suitable water includes water of extra high quality, such as water for 

injection.  

Methods of preparing the organ preservation and/or perfusion solutions 

As noted above, the present invention also provides a method of preparing the organ 

25 preservation and/or perfusion solution for an isolated tissue or organ.
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The method comprises a step of (1) combining the dextran, the glucose, the calcium 

ions, the buffer, and the water to obtain an initial solution. The method also comprises 

a step of (2) adjusting the pH of the initial solution to 7,0 to 7,8, or to 7,2 to 7,6, if 

needed. The method also comprises a step of (3) subjecting the initial solution to heat 

5 sterilization, thereby obtaining the organ preservation and/or perfusion solution.  

Methods of preserving and/or perfusing an isolated tissue or organ 

As noted above, the present invention also provides a method of preserving and/or 

perfusing an isolated tissue or organ.  

The method comprises a step of (1) obtaining a volume of the organ preservation and/or 

10 perfusion solution for an isolated tissue or organ from a sterile container in which the 

solution has been stored. The method also comprises a step of (2) administering the 

obtained volume ofthe solution to the isolated tissue or organ, thereby preserving and/or 

perfusing the isolated tissue or organ. The sterile container can be, for example, a sterile 

fluid bag, such as a 1000 mL sterile fluid bag, or a 3000 mL sterile fluid bag, among 

15 other containers.  

In some embodiments ofthe method, the obtaining of step (1) comprises inserting sterile 

tubing into the sterile container and allowing the volume of the solution to flow from 

the sterile container through the sterile tubing, and the administering of step (2) 

comprises administering the obtained volume of the solution from the sterile tubing to 

20 the isolated tissue or organ.  

Also in some embodiments, the administering of step (2) is carried out at hypothermia 

of less than or equal to 25 °C. For example, in some embodiments, the administering of 

step (2) is carried out at hypothermia of 2 to 15 °C.  

Also in some embodiments, the obtained volume of the solution is not supplemented 

25 with additional ingredients during or between steps (1) and (2). In accordance with these 

embodiments, the obtained volume of the solution is not supplemented with additional 

buffer, nor acid or base, nor culture media, nor any other additional ingredients, during
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or between steps (1) and (2). As will be appreciated, in accordance with these 

embodiments the solution has been provided ready-to-use. As also will be appreciated, 

though, in other embodiments the obtained volume of the solution may be subjected to 

further supplementation with additional ingredients, depending on circumstances of the 

5 preservation and/or perfusion.  

Also in some embodiments, the isolated tissue or organ comprises one or more of lung, 

heart, liver, kidney, pancreas, and/or intestine. The isolated tissue or organ can be either 

circulatory isolated within the donor body cavity, or after retrieval from the donor body, 

or both in sequence.  

10 Methods for flushing, storage, and/or transportation of an isolated lung after 

removal from a donor in preparation for eventual transplantation into a recipient 

As noted above, the present invention also provides a method for flushing, storage, 

and/or transportation of an isolated lung after removal from a donor in preparation for 

eventual transplantation into a recipient.  

15 The method comprises a step of (1) flushing the isolated lung of the donor with a 

flushing volume of an organ preservation and/or perfusion solution for an isolated tissue 

or organ. The method also comprises a step of(2) filling a sterile organ storage container 

at least partially with a filling volume of the solution, and immersing the isolated lung 

in the filling volume of the solution.  

20 In accordance with this method, the organ preservation and/or perfusion solution can 

serve as a pre-buffered, extracellular solution containing Dextran 40 and calcium that 

can be used for rapid cooling, perfusion, and storage of lungs in connection with 

transplantation. Administration of the solution at the recommended temperatures will 

effectively cool the organ to reduce its metabolic requirements. Aseptic technique 

25 should be used.  

Also in accordance with this method, steps (1) and (2) can be carried out in various 

orders. For example, the flushing of step (1) can be carried out first, followed by the
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filling of step (2), then the immersing of step (2). Also for example, the filling of step 

(2) can be carried out first, followed by the flushing of step (1), then the immersing of 

step (2). Also for example, the flushing of step (1) and the filling of step (2) can be 

carried out at the same time, followed by the immersing of step (2).  

5 In some embodiments of the method, the flushing of step (1) might initially be done at 

room temperature to more thoroughly remove blood from the circulation followed by 

cold flushing carried out at 2 to 8 °C. The flushing should preferably be done both 

antegrade and retrograde. The filling according to step (2) is preferably done at 2 to 8 

°C. This can be done, for example, based on the flushing volume of the solution being 

10 provided first at room temperature, then at 2 to 8 °C, and by the filling volume of the 

solution being provided at 2 to 8 °C.  

Also in some embodiments, the flushing of step (1) results in an effluent of the isolated 

lung and is carried out until the effluent is clear. For example, the flushing can be carried 

out by administering the flushing volume of the solution by continuous flow, resulting 

15 in an effluent of the isolated lung. Also for example, the flushing can be carried out until 

the effluent has a clarity that is the same as that of a reference volume of the organ 

preservation and/or perfusion solution that has not been used for flushing.  

Also in some embodiments, the flushing volume of the solution corresponds to 50 to 75 

mL of the solution per kg body weight of the donor and/or from 3 to 8 L of the solution, 

20 although in other embodiments the flushing volume may be greater or lower than these 

volumes.  

Also in some embodiments, the method further comprises steps of (3) sealing the sterile 

organ storage container, with the isolated lung contained therein, with a sterile closure; 

and then (4) maintaining the sterile organ storage container at 2 to 8 °C for up to 12 

25 hours, depending on the initial quality of lung, prior to transplantation of the isolated 

lung into the recipient, wherein steps (3) and (4) are carried out after steps (1) and (2).  

In accordance with these embodiments, the maintaining of step (4) can be carried out, 

for example, by placing the sterile organ storage container, so sealed, within a well-
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insulated carton or shipping case at 2 to 8 °C. In these examples, ice can be used to 

surround the sterile organ storage container, but ice should not be permitted to come in 

direct contact with the isolated lung.  

Also in accordance with these embodiments, the isolated lung may be stored, based on 

5 its initial quality for, I to 12 hours, 3 to 12 hours, 6 to 12 hours, 9 to 12 hours, 10 to 12 

hours, or 11 to 12 hours, prior to transplantation of the isolated lung into the recipient.  

Also in accordance with these embodiments, while the isolated lung is being so stored, 

the isolated lung may be transported to the recipient, e.g. transported within a medical 

care facility, such as a hospital and/or an organ transplantation centre, or between 

10 medical care facilities.  

Also in some embodiments, the flushing volume of the solution is obtained from one or 

more sterile containers in which the solution has been stored. The one or more sterile 

containers can be sterile containers as discussed above, e.g. one or more 1000 mL sterile 

bags and/or one or more 3000 mL sterile bags, among others. In accordance with these 

15 embodiments, the flushing volume of the solution is not supplemented with additional 

ingredients before or during step (1).  

Also in some embodiments, the filling volume of the solution is obtained from one or 

more sterile containers in which the solution has been stored. The one or more sterile 

containers can be sterile containers as discussed above, e.g. one or more 1000 mL sterile 

20 bags and/or one or more 3000 mL sterile bags, among others. In accordance with these 

embodiments, the filling volume of the solution is not supplemented with additional 

ingredients before or during step (2).  

Also in some embodiments the organ preservation and/or perfusion solution is not 

supplemented with additional ingredients before or during any steps of the method. As 

25 will be appreciated, in accordance with these embodiments, the solution has been 

provided ready-to-use. As also will be appreciated, though, in other embodiments some 

volumes of the solution may be supplemented with additional ingredients, depending 

on circumstances of the flushing, storage, and/or transportation.
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Example 1 

Four test solutions were prepared according to Table 1.  

Table 1.  

Component LPD LPD + TRIS LPD + CaCl2 LPD + TRIS 

+ CaCl2 

Dextran-40 50 g 50 g 50 g 50 g 

Sodium 8 g 8 g 8 g 8 g 

Chloride 

D-Glucose I g I g I g I g 

monohydrate 

Potassium 400 mg 400 mg 400 mg 400 mg 

Chloride 

Magnesium 200 mg 200 mg 200 mg 200 mg 

sulphate 7H20 

Disodium 117 mg 117 mg 117 mg 117 mg 

phosphate 

12H20 

Potassium 63 mg 63 mg 63 mg 63 mg 

dihydrogen 

phosphate 

TRIS not applicable 74 mg not applicable 74 mg
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Calcium not applicable not applicable 242 mg 242 mg 

Chloride 2H 20 

Water (Water add to 1 L add to 1 L add to 1 L add to 1 L 

for Injection) 

pH adjusted to Not applicable 7,4 +/-0,2 Not applicable 7,4 +/- 0,2 

All four solutions were autoclaved simultaneously at 121 °C for 20 min, corresponding 

to an FO of 15.  

The glucose degradation in each solution post heat sterilization was measured using 

5 HPLC DRI glucose analysis according to the US Pharmacopeia for Dextran 40 in 

glucose injection. The results are summarised in Table 2.  

Table 2.  

Solution % Glucose Degradation 

LPD 12,84 

LPD + CaCl2 12,64 

LPD + TRIS 9,8 

LPD + TRIS + CaCl2 8,75
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Calcium ions on their own did not provide a glucose stabilizing effect as pre-buffering 

did. However, the combination of calcium ions and pre-buffering provided a synergistic 

glucose stabilizing effect.  

The formation of precipitate was also measured in two solutions. Table 3 summarizes 

5 turbidimetric data, after 24 months storage at two different temperatures, of LPD and 

LPD + calcium+ TRIS. The measurement of turbidity was carried out using a method 

from the European Pharmacopeia, 2.2.1 Clarity and Degree of Opalescence of Liquids, 

with turbidity expressed as nephelometric turbidity units (hereinafter NTU).  

Table 3.  

24 months Turbidity PhEur 2.2.1 Turbidity PhEur 2.2.1 

(storage at 5 °C) (storage at 25 °C) 

LPD 1,84 NTU 1,76 NTU 

LPD + 3 mM TRIS + 0,5 1,61 NTU 1,60 NTU 

mM Ca2+ 

10 
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Claims 

1. An organ preservation and/or perfusion solution for an isolated tissue or organ, 

the solution comprising dextran, glucose, calcium ions, a buffer, and water, 

wherein the solution has a pH of 6.6 to 7.8 and is sterile based on having been 

subjected to heat sterilization, wherein all the components were present before 

heat sterilisation, and wherein the buffer comprises 

tris(hydroxymethyl)aminomethane (TRIS) that is present in the solution at a 

concentration of 1 mM to 15 mM.  

2. A solution according to claim 1, wherein the dextran has a weight average 

molecular weight (Mw) of 20000 to 70000 daltons.  

3. A solution according to claim 2, wherein the dextran comprises Dextran 40.  

4. A solution according to any one of claims I to 3, wherein the dextran is present 

in the solution at a concentration of 40 g/L to 60 g/L.  

5. A solution according to any one of claims 1 to 4, wherein the glucose was 

present in the solution at 0.5 g/L to 5 g/L before the heat sterilization.  

6. A solution according to any one of claims 1 to 5, wherein the calcium ions are 

present in the solution at a concentration of 0.3 mM to 1.5 mM.  

7. A solution according to claim 1, wherein the buffer comprises 

tris(hydroxymethyl)aminomethane (TRIS) at a concentration of 1 mM to 5 mM.  

8. A solution according to any one of claims 1 to 7, wherein the solution further 

comprises phosphate ions at a concentration of 0.2 mM to 0.8 mM.  

9. A method of preparing an organ preservation and/or perfusion solution for an 

isolated tissue or organ according to any one of claims 1 to 8, comprising steps
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of: (1) combining the dextran, the glucose, the calcium ions, the buffer, and the 

water to obtain an initial solution; (2) adjusting the pH of the initial solution to 

7.2 to 7.6 if needed; and (3) subjecting the initial solution to heat sterilization, 

thereby obtaining the organ preservation and/or perfusion solution.  

10. A method of preserving and/or perfusing an isolated tissue or organ comprising 

steps of (1) obtaining a volume of an organ preservation and/or perfusion 

solution for an isolated tissue or organ according to any one of claims 1 to 8 

from a sterile container in which the solution has been stored; and (2) 

administering the obtained volume of the solution to the isolated tissue or organ, 

thereby preserving and/or perfusing the isolated tissue or organ.  

11. A method according to claim 10, wherein the obtaining of step (1) comprises 

inserting sterile tubing into the sterile container and allowing the volume of the 

solution to flow from the sterile container through the sterile tubing, and the 

administering of step (2) comprises administering the obtained volume of the 

solution from the sterile tubing to the isolated tissue or organ.  

12. A method according to claim 10 or claim 11, wherein the administering of step 

(2) is carried out at hypothermia of less than or equal to 25 °C.  

13. A method according to claim 10 or 11, wherein the administering of step (2) is 

carried out at hypothermia of 2 °C to 15 °C.  

14. A method according to any one of claims 10 to 13, wherein the obtained volume 

of the solution is not supplemented with additional ingredients during or 

between steps (1) and (2).  

15. A method according to any one of claims 10 to -14, wherein the isolated tissue 

or organ comprises one or more of lung, heart, liver, kidney, pancreas, and/or 

intestine.
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16. A method for flushing, storage, and/or transportation of an isolated lung after 

removal from a donor in preparation for eventual transplantation into a recipient, 

the method comprising steps of: (1) flushing the isolated lung of the donor with 

a flushing volume of an organ preservation and/or perfusion solution for an 

isolated tissue or organ according to any one of claims 1 to 8, and (2) filling a 

sterile organ storage container at least partially with a filling volume of the 

solution, and immersing the isolated lung in the filling volume of the solution.
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