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ABSTRACT 

The invention generally relates to systems, methods, and devices for ex vivo 

organ care. More particularly, in various embodiments, the invention relates to caring 

for a liver ex vivo at physiologic or near-physiologic conditions. 
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EX VIVO ORGAN CARE SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a divisional of Australian Patent Application No. 2023200688 filed 

8 February 2023, which is a divisional of Australian Patent Application No. 2020270499 

filed 18 November 2020, which is a divisional of Australian Patent Application No. 5 

2019206070 filed 18 July 2019, which is a divisional of Australian Patent application No. 

2015271799 filed 2 June 2015, is related to PCT/US2015/033839, and claims priority from 

U.S. Provisional Application Nos. 62/006,871 filed 2 June 2014 and 62/006,878 filed 2 June 

2014, the disclosure of each of which is incorporated by reference in its entirety herein for all 

purposes. 10 

FIELD OF THE INVENTION 

The invention generally relates to systems, methods, and devices for ex vivo organ 

care. More particularly, in various embodiments, the invention relates to caring for an organ 

ex vivo at physiologic or near-physiologic conditions. 

BACKGROUND 15 

Current organ preservation techniques typically involve hypothermic storage of the 

organ packed in ice along with a chemical perfusate solution.  In the case of a liver transplant, 

tissue damage resulting from ischemia can occur when hypothermic techniques are used to 

preserve the liver ex vivo.  The severity of these injuries can increase as a function of the 

length of time the organ is maintained ex-vivo. For example, continuing the liver example, 20 

typically it may be maintained ex-vivo for about seven hours before it becomes unusable for 

transplantation.  This relatively brief time period limits the number of recipients who can be 

reached from a given donor site, thereby restricting the recipient pool for a harvested liver.  

Even within this time limit, the liver may nevertheless be significantly damaged.  A 

significant issue is that there may not be any visible indication of the damage.  Because of 25 

this, less-than-optimal organs may be transplanted, resulting in post-transplant organ 

dysfunction or other injuries.  Thus, it is desirable to develop techniques that can extend the 

time during which an organ such a liver can be preserved in a healthy state ex-vivo and 

enable assessment capabilities.  Such techniques would reduce the risk of transplantation 

failure and enlarge potential donor and recipient pools.  30 
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FIG. 65 illustrates a Portal Vein Flow in an OCS-Liver Preservation arm vs.

5

Preservation arm.

FIG 68 illustrates an ALT Level OCS-Liver Preservation arm VS. control Cold
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Calcium Gluconate 4.65mEq
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Insulin

about 1 ml/L-about 100 ml/L

about 500 U/L-about 1500 U/L
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Perfusion Solution

Amount

L-Alanine

L-Glutamic Acid

L-Leucine

L-Proline

L-Serine

L-Thereonine

L-Valine

106

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

L
-
A
l
a
n
i
n
e

L
-
G
l
u
t
a
m
i
c
 
A
c
i
d

L
-
L
e
u
c
i
n
e

L
-
M
e
t
h
i
o
n
i
n
e

L
-
P
r
o
l
i
n
e

L
-
S
e
r
i
n
e

L
-
T
r
y
p
t
o
p
h
a
n

L
-
V
a
l
i
n
e

1
0
6



   

       

 

       

       

      

      

     

 

    

     

     

           

                 

            

               

               

               

           

           

              

               

                

              

               

              

Dextrose

Insulin

Units

MVI-Adult
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Sodium Bicarbonate
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Calcium Chloride ± about 10%

L-Alanine ± about 10%
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L-Serine ± about 10%
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amounts listed in Table 5 are relative to each other and/or to the amounts of
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MVI-Adult 1 mL unit vial Vitamin

Steroid

Buffer

111

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

1
1
 
M
a
r
 
2
0
2
6

5

2
0
2
6
2
0
1
8
4
4

V
i
t
a
m
i
n

S
t
e
r
o
i
d

B
u
f
f
e
r

1
1
1



   

         

                

          

          

                

              

            

           

             

   

              

             

            

           

               

               

                 

            

       

             

            

           

           

          

              

             

          

              

              

             

              

            

             

5

15

20

25

112

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
1
2



   

              

           

             

             

      

      

    

   

      

           

                

   

          

              

             

            

              

          

              

           

              

            

            

            

        

 

   

             

                

              

                

                

5

Amount

Dextrose

10

20

25

E. Final-flush solution

the liver. This flush solution is referred to herein as the final flush solution. In some

113

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r

A
m
o
u
n
t

D
e
x
t
r
o
s
e

2
5

E
.

1
1
3



   

            

            

          

         

               

               

             

       

  

              

              

            

              

             

        

   

             

              

              

             

            

           

                

        

              

             

              

             

                 

                

               

                 

5

10

15

A.

20

25

30

114

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

V
I
.
 
M
e
t
h
o
d
s

1
0

A
.

2
5

1
1
4



   

               

            

           

                

              

              

                

              

           

             

               

            

             

            

             

               

              

               

               

               

             

  

               

               

             

              

                        

                      

             

               

                 

            

5

10

15

20

30

115

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
0

1
1
5



   

            

               

             

                 

                 

              

             

               

             

             

              

                

              

                

                 

             

                 

              

                 

                

                

              

             

               

              

              

               

             

              

            

               

              

           

5

15

20

116

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
8
4
4
 
1
1

1
1
6



   

               

             

             

           

            

           

           

            

               

                

    

               

             

            

               

             

              

              

               

                

            

              

             

              

             

             

            

             

             

            

               

              

     

5

10

15

20

25

117

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

1
1
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
8
4
4

1
1
7



   

  

             

             

                  

              

            

               

              

                 

             

             

               

                

               

              

               

           

              

              

             

        

             

            

                  

            

              

            

          

 

  

              

              

1. Cannulation

5

10 free drains. The bile duct can also be cannulated as well and connected to a reservoir

15

20

25

30

Instrumentation

118

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

3
0

2
.

I
n
s
t
r
u
m
e
n
t
a
t
i
o
n

1
1
8



   

              

              

            

   

      

            

               

            

             

           

           

                

              

                

          

         

            

              

               

              

             

          

             

     

            

              

              

             

                  

               

                  

              

10

15

20

25

30

119

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

1
1
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
8
4
4

1
1
9



   

                

               

              

               

                

                  

    

            

               

           

          

   

              

               

                 

                

              

              

              

              

             

              

              

              

              

            

               

            

        

5

2.

15

20

25

30

120

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

5

1
2
0



   

   

            

              

             

               

             

             

               

              

                 

            

                

           

             

              

            

              

           

          

                

               

             

               

          

                 

             

    

            

                

                

              

               

             

3. Chemical control

5

10

15

20

25

30

121

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
2
1



   

                   

              

                 

             

     

           

               

             

                

              

                

                

               

                

                 

             

               

               

               

          

              

                

                

                

                  

                 

                 

            

       

             

               

122

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
2
2



   

  

             

           

            

             

              

             

               

           

            

         

             

              

                

             

             

               

             

               

               

             

        

             

            

                    

                  

     

            

           

             

               

               

             

4. Assessment

5

10

15

20

25

30

123

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

A
s
s
e
s
s
m
e
n
t

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
2
3



   

              

           

                

              

      

          

             

                

            

                 

             

               

          

     

    

            

                

           

             

              

                    

                           

               

              

               

               

                 

            

                 

      

             

                 

10

15

20

25

30

124

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
5

1
2
4



   

                

                 

                

             

              

              

             

                

              

                 

       

                 

        

             

               

            

   

            

           

             

      

       

             

                   

               

             

            

             

           

   

            

      

5

125

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
2
5



   

               

             

            

            

   

           

                

           

             

               

             

             

               

               

                

               

    

            

             

            

               

               

             

              

                  

            

               

               

              

                

                

             

5 VII.

10

15

20

25

30

126

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
2
6



   

              

               

                 

            

                 

                 

              

   

            

                  

               

             

              

             

                 

        

   

             

                 

             

                

                

               

                

                 

              

                  

                    

               

    

        

5

15

A.

20

25

B.

127

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

B
.

1
2
7



   

          

             

            

           

                

              

            

            

              

            

              

           

            

            

             

            

                

              

              

            

         

            

         

       

             

             

             

           

            

             

              

             

             

5

10

15

20

25

128

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

1
1
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
8
4
4

1
0

1
2
8



   

              

           

              

               

             

          

            

              

             

              

             

            

            

                

             

            

              

  

   

              

             

            

         

         

       

               

            

          

    

5

15

locations.

20 C.

25

129

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r

2
0

1
2
9



   

  

             

                

              

                 

     

   

           

              

               

             

                

            

              

             

  

             

              

               

            

            

            

               

              

           

          

           

          

             

            

           

D.

5

10

15

20

25

30

those connections which are more reliable such as a hardwired Internet connection

130

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
8
4
4
 
1
1

1
3
0



   

            

      

            

             

                

             

            

             

            

            

          

            

               

              

               

               

           

      

            

                

             

          

               

                  

             

          

            

            

         

                

          

            

5

15

20

131

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
3
1



   

               

   

            

               

              

      

            

               

             

                  

              

              

               

                

             

          

              

              

      

             

            

           

               

            

              

  

            

                

          

                

              

            

              

5

10

15

20

interface.

132

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
3
2



   

              

             

      

          

              

           

             

               

               

               

                 

                

           

           

                

               

              

      

            

             

            

            

              

              

                

               

         

               

           

              

                

             

     

5

10

15

20

600 via the server.

133

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
3
3



   

             

                

           

               

             

          

             

              

              

           

             

              

               

              

                

             

               

             

              

             

              

  

              

                 

              

              

            

   

             

              

               

              

5

communication link. The information transmitted to the server can be reviewed in an

10

15

20

25

assessment results.

134

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

5

1
3
4



   

               

     

           

                

               

             

      

           

              

              

             

                 

               

            

               

             

           

         

             

               

              

              

    

    

            

    

           

           

            

             

            

              

5

10

15

transmission once the communication link has been re-enabled.

20

IX.

135

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
3
5



   

               

               

              

            

       

           

              

           

             

               

               

            

            

               

              

  

           

               

              

                 

             

              

              

        

            

               

               

                 

                

            

                 

                

       

5

15

20

25

136

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

1
1
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
8
4
4

2
5

1
3
6



   

            

                 

             

                

               

              

              

                

                     

                

             

           

  

           

             

               

               

          

            

           

           

   

               

                

            

        

              

             

             

     

              

               

5

X.

15

20

A. Phase I

25

30

137

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

X
.

A
.

P
h
a
s
e
 
I

1
3
7



   

               

                

             

           

    

             

               

            

          

          

               

             

         

              

           

                  

             

             

    

               

               

               

    

              

           

             

           

              

              

              

           

              

              

5

10

15

20

25

138

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
3
8



   

               

            

              

              

     

            

             

            

                   

                 

           

             

          

            

             

       

               

           

          

         

          

             

            

         

        

5

10

12 I

Methylprednisclone 500 mgs

Sodium Bicarbonate (NaHCO3) 8.4% 50-70 mmol

1 unit

Calcium Gluconate 10% [100 mg/ml) 10 mls

Gram-positive antibiotic: Cefazolin 1 gm.

25

139

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

1
1
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
8
4
4

1
2
 
I

5
0
-
7
0
 
m
m
e
l

2
5

1
3
9



   

           

            

            

           

           

            

            

        

             

            

              

              

               

                 

              

            

  

          

            

             

           

        

5

Continuous Infusion Mix Dose

Insulin 30 IU 30-50 ml/hr.

Dose
Prostacyclin infusion as needed to control Hepatic artery pressure

Bile Salts

1.5 meq/1 bas

excess

10

15

minutes.

20

140

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

1
1
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
8
4
4

D
o
s
e

D
o
s
e

e
x
c
e
s
s

1
0

1
4
0



   

           

           

              

             

                

             

             

      

     

              

            

             

               

                 

             

    

           

            

             

               

    

            

              

              

             

               

                 

             

             

               

            

           

5

10

15

20

25

30

141

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
0

1
4
1



   

             

           

               

           

              

               

               

               

             

                 

           

            

              

             

                

               

              

              

     

                

            

               

            

                

               

                

            

  

               

            

             

            

10

15

20

25

30

142

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

2
0

l
i
v
e
r
 
s
i
n
u
s
o
i
d
a
l
 
s
t
r
u
c
t
u
r
e
 
w
i
t
h
 
n
o
 
e
v
i
d
e
n
c
e
 
o
f
 
n
e
c
r
o
s
i
s
 
o
r
 
i
s
c
h
e
m
i
a
 
a
n
d
 
n
o
r
m
a
l
 
b
i
l
e

1
4
2



   

             

          

                

         

               

              

           

             

             

              

        

            

            

             

          

             

            

            

              

      

             

          

              

          

              

               

             

    

           

             

             

25

143

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
4
3



   

               

   

           

              

           

   

              

              

              

                

            

               

            

               

              

               

        

            

            

              

               

                

           

      

            

            

    

           

               

             

                

          

B.

10

15

20

25

30

144

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

B
.

2
5

1
4
4



   

               

                 

               

     

              

          

            

           

              

              

             

             

           

              

   

          

             

         

            

              

              

            

  

            

            

              

             

            

             

           

              

             

              

5

15

20

I.

25

145

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

1
1
 
M
a
r
 
2
0
2
6

5

2
0
2
6
2
0
1
8
4
4

1
4
5



   

            

              

            

         

              

                

              

           

           

            

            

            

               

               

           

               

          

              

        

           

            

         

           

             

            

       

           

              

                

    

          

               

5

25

30

146

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
4
6



   

              

          

          

                 

                 

      

           

           

           

             

            

             

            

              

            

                 

            

            

               

            

           

           

              

              

             

            

            

               

              

               

              

               

                

5

saline bath for 45 minutes.

10

15

25

30

147

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
4
7



   

             

                

               

                

                

             

              

            

        

            

           

              

               

           

            

              

              

            

          

              

              

     

          

            

               

            

            

  

          

             

              

5

10

20

arm.

30

148

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
8
4
4
 
1
1

1
0

a
r
m
.

1
4
8



   

             

           

           

              

             

           

                 

           

            

                

  

          

           

             

   

           

           

           

              

                

               

             

                

    

            

             

            

     

           

            

OCS.

arm.

149

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
4
9



   

        

   

   

          

              

             

               

               

           

               

           

          

            

            

             

          

  

            

            

            

            

            

           

             

             

            

            

            

      

               

             

       

C.

5

10

15

20

25

30

150

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

C
.

P
h
a
s
e
 
I
I
I

3
0

1
5
0



   

          

               

               

                 

             

               

  

            

            

    

            

               

                

                

         

     

          

       

               

                

               

              

                

               

              

            

          

              

           

              

                

5

priming.

10 0.3-0.7 L/min.

151

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

1
1
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
8
4
4

1
5
1



   

            

      

          

               

                 

                 

            

              

  

             

            

   

            

               

                 

               

              

              

    

         

             

     

          

     

20

Dose

Total parenteral nutrition (TPN) Mix:

Insulin 30 IU 30 ml/hr

Heparin 40,000 units

Dose

Prostacyclin infusion as needed to control Hepatic artery pressure
0-20 mics/hr

Bille Salts

15 mEq/1 base

152

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

1
1
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
8
4
4

2
0

D
o
s
e

D
o
s
e

1
5
2



   

             

     

    

              

            

            

           

   

              

                 

         

              

              

              

        

  

              

              

     

       

      

      

        

       

       

      

       

      

1.

5

2.

3.

4.

20 1.

3.

4.

7.

8.

9.

153

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

2
0

1
5
3



   

      

       

      

      

     

           

           

            

            

             

            

    

     

             

            

           

             

              

              

              

         

            

             

               

                

    

              

           

             

10.

11.

12.

20

154

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
8
4
4
 
1
1

1
5
4



   

              

            

            

           

              

             

                

              

             

             

          

            

             

             

                 

                 

                  

                

              

                 

           

           

            

               

       

            

             

                

                 

      

             

             

FIG. 65 illustrates a Portal Vein Flow in an OCS-Liver Preservation arm vs.

10

15

20

25

30

155

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r

1
5
5



   

            

               

   

           

                  

               

                

            

                

              

            

               

            

            

              

             

             

               

    

            

           

            

          

               

              

          

              

            

            

               

              

             

stored arm.

10

15

30

156

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
5
6



   

              

           

                

              

             

            

                

            

          

              

               

              

              

             

             

            

          

       

               

           

             

            

             

             

            

                 

         

         

           

         

        

          

10

15

D.

20

25

30

157

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

1
1
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
8
4
4

2
0

1
5
7



   

           

          

       

        

               

           

        

         

         

          

         

      

          

        

           

          

            

            

             

          

          

          

              

  

          

          

          

         

          

            

          

            

5

15

20

25

30 E.

158

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

3
0

E
.

1
5
8



   

           

            

               

             

                 

                

              

          

             

              

              

            

             

         

                

                

                

   

     

            

            

            

             

              

               

            

         

                

   

5

15

20 F. Ex-vivo immune modulation

25

effect.

159

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

2
0

1
5
9



   

      

            

              

              

               

             

     

  

            

              

             

              

               

             

                 

                

             

             

                

                 

             

              

            

              

              

              

              

             

          

             

           

              

5

such as liver cancer.

XI.

10

15

20

25

160

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
6
0



   

              

            

                

             

                 

            

             

              

              

               

             

        

             

          

               

             

                

             

                   

              

            

               

               

            

              

             

           

               

              

             

              

            

      

5

15

20

25

161

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

1
6
1



   

             

           

            

            

               

              

                

             

                  

                

            

             

     

           

              

           

              

              

            

               

               

              

              

            

             

            

            

            

          

            

            

            

             

5

10

15

20

25

162

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6



   

           

              

           

            

              

             

             

             

                 

                 

             

               

              

      

            

               

          

             

             

             

             

    

            

             

             

               

             

             

                

             

          

           

          

5

15

20

163

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

1
1
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
8
4
4

1
5

1
6
3



   

            

             

             

    

              

              

             

                 

                

                 

           

              

     

           

             

           

              

          

              

               

             

            

           

            

                

               

           

             

               

   

           

            

            

5

10

15

20

164

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r

5

1
6
4



   

               

            

         

              

          

             

    

165

20
26

20
18

44
   

   
11

 M
ar

 2
02

6

2
0
2
6
2
0
1
8
4
4
 
1
1
 
M
a
r
 
2
0
2
6

5

1
6
5



166 

FORMS 

1. A perfusion circuit for perfusing a liver ex-vivo comprising:

a pump for providing pulsatile fluid flow of a perfusion fluid through the 

circuit;  5 

a gas exchanger; 

a divider in fluid communication with the pump configured to divide the 

perfusion fluid flow into a first branch and a second branch;  

wherein the first branch comprises a hepatic artery interface; 

wherein the first branch is configured to provide a first portion of the 10 

perfusion fluid to a hepatic artery of the liver at a high pressure and 

low flow rate via the hepatic artery interface;  

wherein the first branch is in fluid pressure communication 

with the pump;  

wherein the second branch comprises a portal vein interface; 15 

wherein the second branch is configured to provide a second portion of 

the perfusion fluid to a portal vein of the liver at a low pressure and 

high flow rate via the portal vein interface; 

the second branch further comprising a clamp located between 

the divider and the portal vein interface for selectively 20 

controlling the flow rate of perfusion fluid to the portal vein;  

the second branch further comprising a compliance chamber 

configured to reduce the pulsatile flow characteristics of the 

perfusion fluid from the pump to the portal vein;  

wherein the pump is configured to communicate fluid pressure through the 25 

first and second branches to the liver;  

a drain configured to receive perfusion fluid from an inferior vena cava of the 

liver; and  
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a reservoir positioned below the liver and located between drain and the pump, 

configured to receive the perfusion fluid from the drain and store a volume of 

fluid. 

2. The perfusion circuit of form 1, wherein the second branch comprises a plurality

of compliance chambers.5 

3. The perfusion circuit of form 1, wherein  the compliance chamber is located

between the divider and the portal vein interface.

4. The perfusion circuit of form 1, wherein the portal vein interface has a larger cross

sectional area than the hepatic artery interface.

5. The perfusion circuit of form 1 further comprising at least one flow rate sensor in10 

the second branch, and at least one pressure sensor.

6. The perfusion circuit of form 1, wherein the pump comprises a pump driver, and

wherein the position of the pump driver is adjustable to control the pattern of

pulsatile flow to the liver.

7. The perfusion circuit of form 1, wherein the clamp comprises an engaged position15 

and a disengaged position;

wherein the clamp may be adjusted to select the desired clamping force and 

corresponding flow rate when the clamp is in the disengaged position; 

wherein the clamp may be moved to the engaged position to apply the selected 

clamping force without further adjustment when in the engaged position, such 20 

that the user may quickly engage and disengage the clamp while still having 

precise control over the amount of clamping force applied to the perfusion 

circuit. 

8. A system for perfusing an ex vivo liver at near physiologic conditions comprising:

a perfusion circuit comprising: 25 

a pump for pumping perfusion fluid through the circuit; 

the pump in fluid communication with a hepatic artery interface 

and a portal vein interface;  

fluid.

5

10

15

20

circuit.

25
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wherein the pump provides perfusion fluid to a hepatic 

artery of the liver at a high pressure and low flow rate 

via the hepatic artery interface; and  

wherein the pump provides perfusion fluid to the a 

portal vein of the liver at a low pressure and high flow 5 

rate via the portal vein interface; 

a gas exchanger; 

a heating subsystem for maintaining the temperature of the perfusion 

fluid at a normothermic temperature; 

a drain configured to receive the perfusion fluid from  an inferior vena 10 

cava of the liver; 

a reservoir configured to receive perfusion fluid from the drain and 

store a volume of fluid. 

9. The system of form 8, wherein the heating subsystem is configured to maintain

the perfusion fluid at a temperature between 34-37° C.15 

10. The system of form 8, wherein the perfusion circuit further comprises an inferior

vena cava cannula.

11. The system of form 8, further comprising a control system for controlling

operation of the system:

an onboard computer system connected to one or more of the components in 20 

the system;  

a data acquisition subsystem comprising at least one sensor for obtaining data 

relating to the organ; and  

a data management subsystem for storing and maintaining data relating to 

operation of the system and with respect to the liver. 25 

12. The system of form 8, wherein the heating subsystem further comprising a dual

feedback loop for controlling the temperature of the perfusion fluid within the

system.

13. A system for preserving a liver ex vivo at physiologic conditions comprising:

5

10

store a volume of fluid.

15

vena cava cannula.
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a multiple use module comprising a pulsatile pump; 

a single use module comprising; 

a perfusion circuit configured to provide perfusion fluid to the liver; 

a pump interface assembly for translating pulsatile pumping from the 

pump to the perfusion fluid; 5 

a hepatic artery interface configured to deliver perfusion fluid to a hepatic 

artery of the liver; 

a portal vein interface configured to deliver perfusion fluid to a portal vein 

of the liver; 

a divider to supply perfusion fluid flow from the pump interface assembly 10 

to the hepatic artery interface at a high pressure and low flow rate and to 

the portal vein interface at a low pressure and high flow rate;  

an organ chamber assembly configured to hold an ex vivo organ, the organ 

chamber assembly including a housing; 

a flexible support surface suspended within the organ chamber assembly; 15 

and 

a bile container configured to collect bile produced by the liver. 

14. The system of form 13, wherein the flexible support surface is configured to

conform to differently sized organs, and further comprising projections to stabilize

the liver in the organ chamber assembly.20 

15. The system of form 13, wherein the flexible support surface comprises a top layer,

a bottom layer, and a deformable metal substrate positioned between the top layer

and the bottom layer.

16. The system of form 13, wherein the flexible support surface is configured to

cradle and controllably support the liver without applying undue pressure to the25 

liver.

17. The system of form 13, wherein the single use module further comprises a wrap

configured to cover the liver in the organ chamber assembly.
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18. The system of form 13, wherein the single use module further comprises a sensor

to measure the volume of bile collected in the bile container.

19. The system of form 13, wherein the single use module can be sized and shaped for

interlocking with a portable chassis of the multiple use module for electrical,

mechanical, gas and fluid interoperation with the multiple use module.5 

20. The system of form 13 wherein the multiple and single use modules can

communicate with each other via an optical interface, which comes into optical

alignment automatically upon the single use disposable module being installed

into the portable multiple use module.

to measure the volume of bile collected in the bile container.

5
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CLAIMS 

 

1. A method comprising: 

placing an ex-vivo liver in a chamber of an organ care system, wherein the organ care system 

comprises:  

a perfusion circuit comprising:  

a hepatic artery interface configured to provide a perfusion fluid to a hepatic 

artery of the ex-vivo liver; 

a portal vein interface configured to provide the perfusion fluid to a portal vein of 

the ex-vivo liver;  

a gas exchanger; 

a blood gas analyzer probe; 

a heater configured to maintain a temperature of the perfusion fluid at between 

about 34°-37° Celsius; and 

a pressure sensor configured to measure a pressure of the perfusion fluid; 

connecting the ex-vivo liver to the perfusion circuit of the organ care system; 

circulating a priming solution comprising albumin through the perfusion circuit; 

after circulating the priming solution through the perfusion circuit, circulating the 

perfusion fluid to the ex-vivo liver; 

calibrating, using a controller, the blood gas analyzer probe; 

after calibrating the blood gas analyzer probe, performing a first measurement of the 

perfusion fluid to produce a test result;  

adjusting a property of the organ care system in response to the test result; and 

after adjusting the property of the organ care system, performing a second measurement 

of the perfusion fluid.  

 

2. The method of claim 1, wherein the organ care system comprises a water circuit in 

communication with the heater, wherein a difference between a water temperature in the water 

circuit and the temperature of the perfusion fluid is less than 10° Celsius.   

 

CLAIMS
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3. The method of claim 1, wherein the organ care system comprises an oxygen concentrator 

configured to provide an input gas to the gas exchanger.   

 

4. The method of claim 3, wherein the organ care system comprises a water circuit in 

communication with the heater, wherein a difference between a water temperature in the water 

circuit and the temperature of the perfusion fluid is less than 10° Celsius. 

 

5. The method of claim 4, wherein circulating the perfusion fluid to the ex-vivo liver comprises: 

circulating the perfusion fluid, through the hepatic artery interface, to the hepatic artery 

of an ex-vivo liver at a pressure between 25-150 mmHg and a flow rate between 0.25-1 

L/min; and 

circulating the perfusion fluid, through the portal vein interface, to the portal vein of the 

ex-vivo liver at a flow rate between 0.75-2 L/min. 

 

6. The method of claim 1, wherein the test result is indicative of an oxygen concentration level of 

the perfusion fluid, a carbon dioxide level of the perfusion fluid, a nutrient concentration level of 

the perfusion fluid, a blood gas level of the perfusion fluid, a temperature level of the perfusion 

fluid, a flow rate of the perfusion fluid, a pH of the perfusion fluid, a flow pressure of the 

perfusion fluid, an oncotic pressure of the perfusion fluid, a lactate level of the ex-vivo liver, a 

Aspartate Aminotransferase (AST) level in the ex-vivo liver, or an activated clotting time (ACT) 

of the ex-vivo liver.  

 

7. The method of claim 1, wherein:  

the test result is indicative of the activated clotting time (ACT) of the ex-vivo liver; and  

the property of the organ care system is an anti-clotting agent level in the perfusion fluid. 

 

8. The method of claim 1, wherein the test result is indicative of a lactate level of the ex-vivo 

liver, wherein the lactate level is a differential between a first lactate value and a second lactate 

value, wherein the first lactate value is with respect to the perfusion fluid flowing into the ex-

vivo liver, and wherein the second lactate value is with respect to a perfusion fluid flowing out of 

the ex-vivo liver.    the ex-vivo liver.
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9. The method of claim 1, wherein adjusting the property of the organ care system improves a 

transplantation suitability of the ex-vivo liver. 

 

10. The method of claim 1, wherein circulating the perfusion fluid to the ex-vivo liver comprises: 

circulating the perfusion fluid, through the hepatic artery interface, to the hepatic artery 

of an ex-vivo liver at a pressure between 25-150 mmHg and a flow rate between 0.25-1 

L/min; and 

circulating the perfusion fluid, through the portal vein interface, to the portal vein of the 

ex-vivo liver at a flow rate between 0.75-2 L/min. 

 

11. A method comprising:  

receiving an ex-vivo liver in a chamber of an organ care system, wherein the organ care 

system comprises: 

a perfusion circuit comprising: 

a hepatic artery interface configured to provide a perfusion fluid to 

a hepatic artery of an ex-vivo liver; and 

a portal vein interface configured to provide the perfusion fluid to 

a portal vein of the ex-vivo liver; 

a gas exchanger; 

a blood gas analyzer probe; 

a heater configured to maintain a temperature of the perfusion fluid 

at between about 34°-37° Celsius; and 

a pressure sensor configured to measure a pressure of the perfusion 

fluid; 

allowing the ex-vivo liver to be connected to the perfusion circuit of the organ care 

system; and 

after the ex-vivo liver is connected to the perfusion circuit of the organ care system, 

receiving a priming solution comprising albumin in the perfusion circuit;  

after receiving the priming solution in the perfusion circuit, circulating the perfusion fluid 

to the ex-vivo liver; 

ex-vivo liver at a flow rate between 0.75-2 L/min.
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calibrating, using a controller, the blood gas analyzer probe; 

after receiving a calibration of the blood gas analyzer probe, allowing for a first 

measurement of the perfusion fluid to produce a test result; 

receiving an adjustment of a property of the organ care system in response to the test 

result; and 

after receiving the adjustment of the property of the organ care system, allowing for a 

second measurement of the perfusion fluid.  

 

12. The method of claim 11, wherein the organ care system comprises a water circuit in 

communication with the heater, wherein a difference between a water temperature in the water 

circuit and the temperature of the perfusion fluid is less than 10° Celsius.   

 

13. The method of claim 11, wherein the organ care system comprises an oxygen concentrator 

configured to provide an input gas to the gas exchanger.   

 

14. The method of claim 13, wherein the organ care system comprises a water circuit in 

communication with the heater, wherein a difference between a water temperature in the water 

circuit and the temperature of the perfusion fluid is less than 10° Celsius. 

 

15. The method of claim 14, wherein receiving the perfusion fluid through the perfusion circuit 

comprises: 

receiving the perfusion fluid, through the hepatic artery interface, in the hepatic artery of 

the ex-vivo liver at a pressure between 25-150 mmHg and a flow rate between 0.25-1 L/min; and 

receiving the perfusion fluid, through the portal vein interface, in the portal vein of the 

ex-vivo liver at a flow rate between 0.75-2 L/min. 

 

16. The method of claim 11, wherein the test result is indicative of an oxygen concentration level 

of the perfusion fluid, a carbon dioxide level of the perfusion fluid, a nutrient concentration level 

of the perfusion fluid, a blood gas level of the perfusion fluid, a temperature level of the 

perfusion fluid, a flow rate of the perfusion fluid, a pH of the perfusion fluid, a flow pressure of 

the perfusion fluid, an oncotic pressure of the perfusion fluid, a lactate level of the ex-vivo liver, 

ex-vivo liver at a flow rate between 0.75-2 L/min.
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a Aspartate Aminotransferase (AST) level in the ex-vivo liver, or an activated clotting time 

(ACT) of the ex-vivo liver.  

 

17. The method of claim 11, wherein:  

the test result is indicative of the activated clotting time (ACT) of the ex-vivo 

liver; and  

the property of the organ care system is the anti-clotting agent level in the 

perfusion fluid. 

 

18. The method of claim 11, wherein the test result is indicative of a lactate level of the ex-vivo 

liver, wherein the lactate level is a differential between a first lactate value and a second lactate 

value, wherein the first lactate value is with respect to the perfusion fluid flowing into the ex-

vivo liver, and wherein the second lactate value is with respect to the perfusion fluid flowing out 

of the ex-vivo liver.    

 

19. The method of claim 11, wherein adjusting the property of the organ care system improves a 

transplantation suitability of the ex-vivo liver. 

 

20. The method of claim 11, wherein circulating the perfusion fluid to the ex-vivo liver 

comprises: 

providing the perfusion fluid, through the hepatic artery interface, to the hepatic artery of 

an ex-vivo liver at a pressure between 25-150 mmHg and a flow rate between 

0.25-1 L/min; and 

providing the perfusion fluid, through the portal vein interface, to the portal vein of the 

ex-vivo liver at a flow rate between 0.75-2 L/min. 
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