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[57] ~ ABSTRACT 

Apparatus and process are provided for the conserva 
tion of living organs by using a cooled perfusing means 
enriched with a respiratory gas in a thermally insu 
lated receptacle with a pumping device driven by a gas 
and which regulates ‘the perfusing medium according 
to the ?ow-resistance in the organ. 

8 Clainis, 4 Drawing Figures 
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PROCEDURE FOR CONSERVATION OF LIVING 
ORGANS AND APPARATUS FOR THE EXECUTION 

OF THIS PROCEDURE 

The invention concerns a procedure for preservation 
of living organs by using a cooled perfusion enriched 
with a respiratory gas as well as an apparatus for the ex 
ecution of this procedure. 
The existing apparatus for perfusion and for the con 

servation of organs are mainly used for stationary oper 
ating due to their size and large weight and because 
electric energy is needed for running them. Another 
disadvantage is the fact that the rate of flow of the per 
fusion pump is manual and ?xed by the circumstance 
that the living organ is endangered, if the pressure of 
solution in the vessel rises. 
The main problem is that the organs have to be trans 

ported, because the donor and the receptor of a living 
organ, e.g. a human kidney, are usually in different 
places. Therefore it is often not possible to use the of 
fered organ because without preservation an organ re 
mains vital only for a very short time and transport in 
existing devices is not possible due to the aforemen 
tioned reasons. 

The present invention solves this problem and re 
moves the disadvantages of the existing devices. The 
invention makes it possible to produce a portable, ap 
paratus for perfusion, independent from electricity and 
with pumping characteristics that save the organ, with 
all the necessary provisions for regulation. 
This invention is characterized by automatic regula 

tion of the perfusion which is adapted to the flow resis 
tance in the organ, using a perfusing pump, which is 
driven by a gas, e.g., by a respiratory gas. 
The operation of the perfusion pump and the cooling 

of the perfusate are achieved by COz-gas resulting from 
dry ice. The dry ice can even be used to run a pumping 
device to oxygenate the perfusate. The cooling temper 
ature of the perfusate is kept constant by changing the 
position or the insulation of the dry ice compartment 
in relation to the organ and pump compartment. 
The operation of the perfusion pump may be 

changed from the COg-gas to a respiratory gas. In this 
case, the respiratory gas after passing the pump is used 
to oxygenate the perfusate. The apparatus for the exe 
cution of this procedure is characterised by a thermally 
insulated receptacle which contains one compartment 
for the pump, one for the organ and, if necessary, one 
for the dry ice. The pump compartment is provided 
with an inflow and an out?ow valve for the perfusate 
the gas enters through a gas inlet and is vented through 
a pressure or volume monitored outlet valve. 
Further the device is provided with regulators for 

monitoring the physiologic pulse form, the pulse fre 
quency, the rate of ?ow and the maximal pressure of 
perfusion for a pulsating or non pulsating organ perfu 
sion, as well as for operating under hyperbaric condi 
tions in the organ compartment. ' 

In the drawings examples for the execution of the in~ 
vention are illustrated. 
FIG. 1 shows a section through a perfusion apparatus 

with a pressure monitored outlet valve for the gas. 
FIG. 2 shows a variation of the perfusion apparatus 

in FIG. 1. 1 
FIG. 3 shows a perfusion apparatus driven by dry ice. 
FIG. 4 shows a part of a perfusion apparatus with a 

magnetic outlet valve. ‘ 
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2 
The apparatus ‘for perfusion shown in FIG. 1 consists 

of a receptacle with thermoinsulation 2. It is divided 
into a pumping compartment 3 and an organ compart 
ment 4. In the pump compartment 3 there are the pas 
sive in?ow valve 5 and the passive out?ow valve 6 for 
the perfusate 21, the gas inlet 7 and the gas outlet 8 as 
well as the pressure monitored outlet valve 9 for the 
Gas. The latter is composed of a mobile part in the 
form of a prestressed monostabile membrane 10 with 
an opening 11 for the gas and a ?xed part 12, the valve 
?tting. A monostabile membrane is a membrane, which 
after de?ecting to one side returns automatically into 
the original position. 
The gas inlet 7 is directed through a tube 13 which 

carries the ?xed part 12 of the‘ outlet valve 9 for the 
gas. This tube 13 is inserted with an outer thread 13a 
into an inner thread on the receptacle 1. By turning the 
tube 13 the position of the part 12 and at the same time 
the stressing of the membrane 10 can be changed. 
Above the gas outlet 8 a surplus-pressure valve 14 is 
mounted. _ 

The organ compartment 4 includes the organ 15, 
which is to be conserved. This organ is connected with 
its artery 16 to a linking tube 17 for the perfusate. The 
vein 18 is open to the organ compartment 4. A section 
of the linking tube 17 is elastically widened (19). The 
organ 15 enclosed in the organ compartment 4 is sub 
jected to the pressure of an air cushion 20. The liquid 
for perfusion, shortened to “the perfusate” 21, has a 
different level in the pumping compartment 3 to that in 
the organ compartment 4. A ?lter 22 is installed in the 
perfusion circuit. 
The apparatus for perfusion functions in the follow 

ing'way: From a pressure ?ask, not shown in the draw 
ings, a respiratory gas enters the tube 13 through the 
gasinlet 7 and continues from there to the pump com 
partment 3, where it bubbles through the perfusate 21, 
which is thereby enriched with the gas. The gas is col 
lected above the perfusate and, of the outlet valve 9 for 
the gas is closed, builds up a pressure in the pump com 
partment 3. This pressure pumps the perfusate through 
thelpassive out?ow valve 6 via the linking tube 17 into 
the artery 16 of the organ 15. The organ is perfused in 
direction of the arrows. The perfusate ?ows out of the 
vein 18 into the organ compartment 4, where it collects 
at the bottom. By increasing the volume of the perfu 
sate in the organ compartment the overlying air cush 
ion 20 becomes compressed. By achieving the desired 
pressure in the pump compartment 3 the prestressed 
membrane 10 is suddenly lifted from the ?xed part 12 
of the outletvalve 9 and takes position 10a. The gas is 
vented through the opening 11 and the gasoutlet 8. The 
pressure in the pump compartment 3 decreases. The 
previously compressed air cushion 20 in the organ 
compartment 4 pushes the perfusate through the in?ow 
valve 5 back into the pump compartment 3. By running 
through the ?lter 22 the perfusate is cleaned. As soon 
as the pressure in the organ compartment 4 and in the 
pump compartment 3 falls to the original level, the 
membrane 10 returns to the starting position 10 and 
closes the outlet valve 9 for the gas. The gas is still run 
ning through the gas inlet 7 and a new pumping rate 
starts. By turning the tube 13 the stressing of the mem 
brane 10 can be changed. If the fixed part 12 on the 
outlet valve 9 is lifted, the valve 9 already opens at a 
lower pressure. By this means the maximal pulse pres 
sure can be lowered, the rate of ?ow reduced and the 
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pulse frequency raised. The pulse form and the volume 
of perfusion per time unit are monitored according to 
these conditions. They can also be altered in a similar 
manner by regulating the gas in ?ow. If the ?ow resis 
tance in the organ l5 rises, then, at a constant gas in 
?ow, the desired pressure in the pump compartment 3 
is reached sooner and after a smaller rate of ?ow per 
pumping stroke. By means of the pressure monitored 
membrane 10 the pump regulates automatically, like a 
heart, the pulse frequency and the rate of ?ow adapted 
to the ?ow resistance in the organ 15. The maximal 
pulse pressure per pumping stroke is unchanged. This 
safely avoids the dangerous destruction of the organ 15 
caused by over-pressure during perfusion. As a further 
advantage the best corresponding volume of ?ow in re 
lation to the organ resistance is maintained. The elastic 
sections 19 in the wall of the linking tube 17 for the 
perfusate, mounted after the out?ow valve 6, absorb 
the pulse strokes and, if the elasticity is very high, a 
pulseless, continuous perfusion of the organ can be 
achieved, despite the pulsations from the pump. 
A surplus-pressure valve. 14 is provided at the gasout 

let 8 to obtain a hyperbaric perfusion. In contrast to 
FIG. 1 referring now to the perfusion apparatus shown 
in FIG. 2, the gas, after entering through the tube 13, 
is separated from the perfusate 21 by an elastic mem 
brane 23. The gas collects between membrane 10 and 
the elastic membrane 23 until the pressure opens the 
gas-outlet valve 9. The gas is vented through the gas 
outlet 8a and bubbles through the perfusate into the 
organ compartment 4. The counterpressure is effected 
by the contracting elastic membrane 23. The gas pres 
sure pushes the perfusate from the pump compartment 
3 through the filter 22, via out?ow-valve 6a and the 
elastic enlargement 19 of the linking tube 17 into the 
artery 16 of the Organ 15. After perfusing-the Organ in 
direction of the arrows the perfusate ?ows out of the 
vein 18 into the organ compartment 4 and from there 
via in?ow-valve 5a in the pump compartment 3. 
At the membrane 10 an additional inlet-valve 24 for 

the gas is mounted, which at the end of a pumping 
stroke is lifted together with the opening membrane 10 
and closes the gasinlet on the tube 13. By this means 
the gas-supply is interrupted until the next pumping 
stroke and the driving gas can be economized. 
The perfusion-apparatus shown in FIG. 3, contrary to 

the other two models can be driven with COZ-gas re 
sulting from dry ice 32 or with a respiratory gas from 
a pressure ?ask. Besides the pump compartment 3 and 
the organ compartment 4 there is an “additional pres 
sure compartment 31 for the dry ice 32. This dry-ice 
compartment 31 is thermally insulated against the 
organ compartment 4 by the insulation 33. A tube 34 
is connected to the compartment 31 at the joint 13 on 
the gas inlet 7. The gas entering through the tube 13 is 
separated from the perfusate 21 by an elastic mem 
brane 23 as in FIG. 2. For the oxygenation of the perfu 
sate with air an air-outlet valve 36 and an air-inlet-tube 
37 are provided. They open the organ compartment 4 
to the open air outside. For operation with respiratory 
gas from a pressure ?ask, e.g., if they lack dry ice in a 
hospital, the connections illustrated by dashed lines are 
necessary: A connecting tube 38 between air-inlet-tube 
37 and gas-outlet 8 as well as a connection 39 to a pres 
sure ?ask not shown in the drawings. A surplus 
pressure valve 35 in the linking tube 34 may be 
mounted for safety. The apparatus for perfusion in FIG. 
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4 
3 functions in the following way: The CO2—gas resulting 
from the dry ice 32 in compartment 31 by warming up, 
runs through the linking tube 34 into the gasinlet 7 of 
the perfusion pump and causes a pressure on the elastic 
membrane 23, if the gas-inlet valve 9 is closed. The per 
fusate 21 is thereby transported from the pump com 
partment 3 through the outflow-valve 6 into the artery 
16 of the organ 15. The perfusate ?owing out of the 
vein 18 raises the level of the perfusate in the organ 
compartment 4 and presses the air in the upper part of 
the compartment 4 out through the air-outlet valve 36. 
The prestressed membrane 10 is suddenly lifted from 
the valve ?tting 12, if the desired pressure is achieved 
in the pump compartment 3. The COz-gas is vented 
through the opening 11 and the gas-outlet 8. The elas 
tic membrane 23, liberated from the gas pressure, con 
tracts and the perfusate 21 flows from the organ com 
partment 4, via in?ow-valve 5 and ?lter 22 in the pump 
compartment 3. The level of the perfusate in the organ 
compartment 4 falls back to the position illustrated by 
dashed lines. A low pressure is built up in the upper 
part of the organ compartment 4 if the air-outlet valve 
36 is closed. The air from outside is sucked in through 
the air-inlet-tube 37, bubbles through the perfusate 21 
and oxygenates it. If the pressure in the pump compart 
ment 3 is lowered to the original value, the membrane 
10 returns to the starting position and closes the gas 
outlet valve 9. The driving gas continues to run through 
the gas inlet 7 and a new pumping rate starts. In this 
way the perfusion apparatus works completely auto 
matically as long as there remains any dry ice in com 
partment 31. 

If necessary the perfusion apparatus may be run with 
a respiratory gas from a pressure ?ask. In this case the 
linking tube 34 is moved from the joint connection 13 
and replaced by the connexion 39, which leads to the 
?ask containing the respiratory gas. The gas-outlet 8 on 
the pump compartment 3 is joined to the air-inlet-tube 
37 via connecting-tube 38, which conducts the vented 
respiratory gas into the organ-compartment 4, where it 
bubbles through the perfusate 21 and oxygenates it. 
The air is vented through the air-outlet valve 36. The 
necessary cooling in this arrangement is effected with 
normal ice in compartment 31, i.e., if using a respira 
tory gas for operation. The perfusing pump works just 
the same way as when operating with dry ice. The de 
sired constant cooling temperature of the perfusate 21 
is effected by a corresponding position and insulation 
of the dry-ice-compartment 31 in relation to the com 
partment for the organ 4 and the pump 3. The thick 
ness of the insulation 33 is correspondingly selected. 
FIG. 4 shows a variation of the pressure monitored 

outlet-valve 9 for the gas with a magnetic control. This 
consists of a ?xed cylindrical tube 25 with a lateral gas 
outlet 26 and of a mobile, inserted bolt 27 on which a 
holding plate of metal 28 is mounted at the upper end. 
With help of this plate 28 the bolt 27 is held down by 
a magnet 29, the magnet being mounted at the upper 
end of the tube 25 and in this way closing the gas-outlet 
26. When the desired pressure in the pump 
compartment 3 is reached, Then the bolt 27 with hold 
ing-plate 28 is suddenly separated from the magnet 29. 
The bolt 27 is lifted and the gas is vented through the 
gas-outlet 26. The magnet 29 pulls the bolt 27 down 
wards and closes the gas-outlet-valve 9 suddenly, if the 
pressure in the pump-compartment 3 falls to the start 
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ing level. The gas supply is achieved through a sepa 
rated gas-inlet 7. 
The simple procedure, as well as the low weight and 

the smal price of the apparatus and the dry~ice, which 
supplies the energy for cooling, perfusion and oxygena 
tion, the few necessary components for construction 
together with the completely automatic and safe oper 
ating of the apparatus allow a serial-production of a 
compact, portable safely operating and cheap, dispos 
able perfusion-apparatus in which living human and an 
imal organs can be transported anywhere. 
What we claim is: 
1. Apparatus for conservation, storage and transfer 

of living organs which comprises a perfusion medium 
for carrying respiratory gas under pressure to said liv 
ing organs, an organ chamber having one-way valve 
means for ?ow of said perfusion medium into the organ 
chamber, conduit means for connecting said living 
organ to said one~way valve means, check-valve means 
for the passage of said perfusion medium containing 
respiratory gas therethrough from said organ chamber, 
a pump chamber having gas inlet means for directing 
respiratory gas into said pump chamber, vent means for 
venting gas from said pump chamber, including pres 
sure sensitive valve means connected to said pump 
chamber for venting gas therefrom when the pressure 
in said pump chamber reaches a predetermined level 
whereby said perfusion medium is adapted to be circu 
lated through said living organ in said organ chamber 
by the pressure of said respiratory gas in said pump 
chamber. 

2. The apparatus according to claim 1, wherein said 
vent means is disposed adjacent said gas inlet means, 
including a vent passage with a flexible diaphragm 
therein having a ?ow opening therethrough, an adjust 
able valve member having a valve surface adapted to 
rest against said diaphragm to close said opening, said 
diaphragm being ?exible under pressure to move away 
from the valve surface and open a passage there 
through and regulate the size of the opening of said pas 
sage. 

3. The apparatus according to claim 1 wherein said 
apparatus includes ?ltering means for cleaning the per 
fusion medium. 

4. The apparatus according to claim 1, wherein said 
apparatus includes an outer top wall, an outer bottom 
wall and at least one outer side wall, and said pump 
chamber is disposed in said apparatus adjacent said 
organ chamber and separated therefrom by an inner 
partition wall connected to said top wall and substan 
tially parallel to said side wall, said pump chamber has 
an inner bottom wall connected to said inner partition 
wall and said outer said wall, said one-way valve means 
is disposed in said inner partition wall, and said conduit 
means for connecting said living organ to said one-way 
valve means has a bladder connected thereto for reliev 
ing pressure therein, said check-valve means is dis 
posed in said inner bottom wall of said pump chamber, 
and ?lter means are disposed between said check-valve 
means in said inner bottom wall and said outer bottom 
wall of said apparatus for cleansing perfusion medium 
after circulation through said living organ therein. 

5. The apparatus according to claim 1, wherein said 
apparatus has an outer top wall, an outer bottom wall, 
and at least one side wall, and said pump chamber is 
disposed in said apparatus beneath said organ chamber 
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6 
and separated therefrom by an inner partition wall con 
nected to said side wall and substantially parallel to said 
bottom wall, a platform mounted in said organ cham 
ber for supporting said living organ therein, said one 
way valve means is mounted between said inner parti~ 
tion wall and said platform, conduit means for connect~ 
ing said living organ to said one-way valve means, said 
check-valve means is disposed at said inner partition 
wall in said pump chamber, and ?lter means are dis 
posed between said check-valve means and said one 
way valve-means for cleaning perfusion medium after 
circulation through said living organ therein, said gas 
inlet means is adjustably mounted in said inner parti 
tion wall, at least one vent passage is provided in said 
inner partition wall adjacent said gas inlet means, pres 
sure-sensitive valve means supported on a movable 
spring member are provided for closing said gas inlet 
means when pressure in said organ chamber reaches a 
predetermined level, an elastic membrane is disposed 
in said organ chamber covering said gas inlet means 
and said vent passage including said ?exible dia 
phragm. 

6. The apparatus according to claim 1, wherein said 
vent means for venting gas from said pump chamber 
includes a valve tube mounted in the top of said cham 
ber, a gas outlet in said tube outside said pump cham 
ber, a magnet member mounted at the end of said tube 
outside said pump chamber, a valve bolt slidably 
mounted within said tube, said bolt having a magnetiz 
able valve holding plate attached to the end of said bolt 
outside said pump chamber for closing said valve tube. 

7. Apparatus for conservation, storage and transfer 
of living organ which comprises a perfusion medium for 
carrying respiratory gas under pressure to said living 
organ, an organ chamber having one-way valve means 
for ?ow of said perfusion medium into the organ cham 
ber adapted to contain said perfusion medium, air inlet 
means for introducing air into said organ chamber be 
neath the surface of said perfusion medium and air out 
let means for venting air from said organ chamber 
above the surface of said perfusion medium, conduit 
means for connecting said living organ to said one-way 
valve means, check-valve means for the passage of said 
perfusion medium containing respiratory gas there 
through from said organ chamber, a pump chamber 
having gas inlet means for directing gas into said pump 
chamber, vent means for venting gas from said pump 
chamber including a vent passage with a ?exible dia 
phragm therein having a ?ow opening therethrough, an 
adjustable valve member having a valve surface 
adapted to rest against said diaphragm to close the 
opening, said diaphragm being ?exible under pressure 
to move away from the valve surface and open a pas 
sage therethrough and regulate the size of the opening 
of the passage, an elastic membrane disposed in said 
pump chamber covering said gas inlet means and said 
vent passage including said ?exible diaphragm, and a 
thermally insulated chamber for retaining cooling and 
gas generating means therein, whereby said perfusion 
medium is adapted to be circulated through said living 
organ by the pressure of said respiratory gas contained 
in said pump chamber. 

8. The apparatus according to claim 7, wherein said 
thermally insulated chamber is adapted to contain solid 
CO2 and said gas generating means is solid CO2. 
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