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ABSTRACT

The invention relates to an apparatus for mechanical organ perfusion during the
transport phase of a donor organ, which apparatus comprises an organ receptacle
for accommodating the organ, propuision means for moving the perfusate
contained in a liquid compartment of the apparatus to and through the organ
receptacle, and oxygenation means for the aeration of the organ receptacle. The
propulsion means are embodied as a pump driven by compressed air, while the

compressed air serves at the same time for the aeration of the organ receptacile.
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Apparatus for mechanical perfusion of a donor’s organ dur-

ing its transport

The invention relates to an apparatus for me-
chanical organ perfusion during the transport phase of a
donor organ, which apparatus comprises an organ receptacle
for accommodating the organ, propulsion means for moving
the perfusate contained 1in a liquid compartment of the ap-
paratus to and through the organ receptacle, and oxygena-
rion means for the aeration of the organ receptacle. Such
an apparatus is useful, for example, for the transporta-
tion of kidneys or livers.

Mechanical organ perfusion during the transport
phase of donor organs 1mproves the quality of organs for
transplantation. Compared with the known method of cold
storage on ice shavings, this method of preservation has
important advantages with regard to improving direct graft
function, reduction of post-operative dialysis and short-
ening the stay in hospital. The number of donor organs
suitable for transplantation may be greatly increased be-
cause mechanical organ perfusion makes it possible to
transplant sub-optimal organs. Mechanical organ perfusion
further makes it possible to determine the organ's quality
and viability prior to transplantation.

In the known organ perfusion system the perfusate
is propelled by means of a battery-powered pump and cooled
by means of a cooling element and heat exchanger. OXygena-
tion takes place with the aid of bottled compressed alr Or
oxygen. Because of the size, the weight, and high initial
costs and maintenance costs, as well as the necessary Op-
erating expertise, the use of the known system is still
limited. Only few specialized centres are able to employ
this known perfusion system.

It is the object of the invention to provide a
simple and inexpenslve apparatus for perfusion with which

it is possible to achieve a higher success rate of trans-
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plantations and to increase the number of usable donor or-
gans.

To this end the apparatus according to the inven-
rion is characterized, in that the propulsilion means are
embodied as a pump driven by compressed air, while the
compressed air serves at the same time for the aeration of
the organ receptacle. Thus in this system the compressed
air required for oxygenation of the perfusate is used for
driving the pump, thereby economizing on an electrically-
powered pump and battery. This perfusion system is simple
and makes perfusion of donor organs possible in all hospi-
tals, thus improving the quality of offered organs. In
this way the considerable supply of sub-optimal organs cah
be made available for transplantation.

A suitable embodiment of the apparatus 1s thus
characterized in that the pump comprises a membrane mova-
bly mounted in the liquid compartment, providing a separa-
tion between the perfusate contained in the ligquid com-
partment on the one side and the compressed air on the
other side, and which membrane assumes a position that de-
pends at least on the pressure of the compressed air di-
rectly in communication with the membrane. In thls manner
a simple movement of the membrane makes it possible to
push perfusate present 1in the ligquid compartment into the
organ receptacle that is 1in communication with the liquid
compartment, while a reverse movement of the membrane
causes the perfusate to be drawn back into the ligquid com-
partment.

This is preferably executed such that the pump
comprises a valve which is 1in communication with the mem-
brane in the liquid compartment and which, subject to the
position of the membrane, either allows oxr blocks the
transport of compressed air to the membrane. Depending on
the position of the valve, which in turn depends on the
position of the membrane, the compressed air thus simply
provides the driving force for displacing the perfusate

from and to the liquid compartment.
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One thing and another is preferably arranged
such, that the valve blocks the transport of compressed
air to the membrane when and as soon as the membrane
reaches a first extreme position at which the volume of
the liquid compartment is at a minimum with regard to ac-
commodation of the perfusate, and that the valve subse-
quently allows the transport ot compressed alr to the mem-
brane when and as soon as the membrane reaches a second
extreme position in which the volume of the liquid com-
partment is larger than the minimum volume.

In another aspect of the invention the apparatus
is characterized in that the valve is provided with a vent
to allow a reflux of compressed air to the pérfusate when
the membrane moves from the second to the first position.
The compressed air that primarily served to excite the
pump for the transport of the perfusate 1s thus also used
in a simple manner for enriching the perfusate with the
necessary oxygen needed for the aeration of the organ re-
ceptacle.

A.suitable and very simple embodiment in which
this may be effectively realized, 1s characterized in that
the ligquid compartment is positioned under the organ re-
ceptacle, and in that the pump is 1in communication with
the liquid compartment, with the vent of the valve de-
bouching below the perfusate level.

In another aspect of the invention, the apparatus
is characterized in that the organ receptacle is provided
with a pre-formed, moisture-permeable, relatively soft
support for the donor organ. In this way the donor organ
to be transported is supported so that shifting and dam-
age, for example, bruises to the organ, may be prevented.
As mentioned earlier, the apparatus according to the 1in-
vention may be used for the transportation of diverse oOr-
gans such as kidneys and livers. When the apparatus 1s 1in-
rended for the transportation of livers, it is desirable
that the liquid compartment be in communication with the
organ receptacle via an inlet pipe debouching in a first

inlet conduit and a second inlet condult, which serve for
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feeding the liver artery and the portal vein of the liver,
respectively. The second inlet condult serving to feed the
portal vein needs then preferably to be embodied such that
the same transports a substantially continuous stream of
perfusate to the portal vein.

In a first embodiment this may be realized simply
by the second inlet conduit having an elastic wall such
that during use said wall expands due to the pressure 1in
the conduit. This buffs the pulsating action of the perfu-
sate stream. This pulsating action of the apparatus ac-
cording to the invention imparted on the perfusate stream,
actually does have the advantage that it mimics the heart
rhythm.

In a second alternative embodiment an expansion
vessel may be provided, which is in communication with the
second inlet conduit. To both embodiments applies that it
is desirable for a non-return valve to be provided 1in the
second inlet conduit near the inlet pipe. This prevents
liquid from the second inlet conduit flowing back to the
first inlet conduit.

It is further desirable that at least one of the
two inlet conduits be provided with an adjustable con-
striction to allow the proportional adjustment of the per-
fusate streams in the two inlet conduilts.

The invention is also embodied in a pump sultable
for use in an apparatus of the kind referred to in the
preamble. In accordance with the invention, said pump 1S
characterized in that the same comprises an inlet pipe and
an outlet pipe for compressed air, both of which connect
to a space which is at least partially defined by a mov-
able membrane, and which comprises valve means providing a
mutually excluding connection between the inlet pipe and
the space on the one side, and the outlet pipe and the
space on the other side. Due to the fact that the valve
means either allow a communication between the inlet pipe
and the space, or a communication between the outlet pipe
and the space, the pump effectively differentiates between

an incoming and an outgoing thrust of compressed air.
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The valve means are then preferably coupled with
the membrane, so that the position of the membrane may de-
termine the position of the valve means.

Thus a convenient and very effective embodiment
of the pump is one in which the valve means comprise twoO
parts arranged opposite to one another, a first part of
which is provided with a efflux nozzle connected to the
inlét pipe, and the second part is provided with a dis-
charge stump connected to the outlet pipe, with the inter-
position of a movable valve part between the two parts,
capable of non-synchronously closing off the efflux nozzle
and the discharge stump.

Preferably there are presser means'that effect a
position of preference the valve part in which the dis-
charge stump of the second part is closed off, while the
efflux nozzle of the first part 1is open.

As presser means it is possible to use, for exam-
ple, a spring construction. However, preferably the first
part and second part and/or the valve part are made from
mutually attracting magnetic materials. This has the ad-
vantage of preventing the occurrence of friction as much
as possible, so that only very little energy 1s required
to activate the pump.

Thus a desirable embodiment of the pump 1s char-
acterized in that a catch organ is coupled with the mem-
brane, which catch organ is coupled with the valve part
via a coupling sliding over a limited distance 1n such a
manner that when a predetermined distance of displacement
is exceeded, the catch organ releases the valve part from
the second part until it is in a position where the wvalve
part contacts the first part, and therein closes off the
efflux nozzle while the discharge stump 1is open.

The invention will now be elucidated with refer-
ence to the drawings i1n which

Figure 1 schematically shows the apparatus ac-
cording to the invention;

Figure 2, shows a perspective view of a pump ac-

cording to the invention; and
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Figure 3, shows five successive positions of a
number of parts that constitute the pump according to the
invention.

Similar parts in the drawings are referred to by
identical reference numbers.

Referring first to Figure 1, reference number 1
indicates the apparatus for the mechanical perfusion of
organs during the transport phase of a donor organ. This
apparatus comprises an organ receptacle 2 for accommodat-
ing the donor organ and propulsion means 3, 4, 5 for mov-
ing perfusate 7 to and through the organ receptacle 2.
Further, oxygenation means 3, 4 are provided for the aera-
tion of the organ receptacle 2. The propulsion means 3, 4,
5 are embodied as a pump driven by compressed ailr from a
compressed-air cylinder 3. As will be explained hereinbe-
low, the compressed air from the compressed-air cylinder 3
additionally serves for the aeration of the organ recepta-
cle 2. The pump 4, 5 is embodied with a membrane 5 movably
mounted in the liquid compartment 7, which membrane 5 pro-
vides a separation between on the one side the perfusate 7
contained in the liquid compartment 8 and on the other
side the compressed air in the space for carrying refer-
ence number 9. The membrane assumes a position that de-
pends at least on the pressure of the compressed air in
the space 9, that is to say the compressed air directly in
communication with the membrane 5. The pump 4, 5 further
comprises a valve 4 which is in communication with the
membrane 5 mounted in the liquid compartment 8 and which,
subject to the position of the membrane 5, either allows
or blocks the transport of compressed air 3 from the com-
pressed-air cylinder 3 to the membrane 5. Figure 1 sche-
matically shows the coupling 6 between the membrane 5 and
the valve 4. The valve 4 blocks the transport of com-
pressed air to the membrane 5 when and as soon as the mem-
brane 5 reaches a first extreme position 1n which the vol-
ume of the liquid compartment 8 for the accommodation of
the perfusate 7, is at a minimum. The valve 4 then allows

the transport of compressed air to the membrane 5 when and
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ags soon as the membrane 5 reaches a second extreme posi-
tion in which the volume of the ligquid compartment 8 1is
larger than the minimum volume mentioned previously. In
this manner the membrane 5 undergoes a reciprocating mo-
tion causing the perfusate 7 to be pushed from the liquid
compartment 8 into an inlet pipe 18 for the organ recepta-
cle 2, while enabling refluxing perfusate from the organ
receptacle 2 to enter the liquid compartment & via an out-
let pipe 10. To this end the valve 4 1is provided with a
vent to facilitate the escape of a reflux of compressed
air from the space 9 to the perfusate 7 when the membrane
moves from the second to the first position, i.e. in the
direction indicated by B. Figure 1 further shows that the
ligquid compartment 8 is preferably positioned under the
organ receptacle 2, and that the pump 4, 5 is located be-
tween the liquid compartment 8 and the organ receptacle 2,
with the vent 11 of the valve 4 during use debouching be-
low the level of the perfusate 7.

The support 19 for the organ to the transported
is indicated very schematically in the Figure. In a par-
ticular aspect of the invention it is preferred that said
support 19 be comprised of a pre-formed, moisture-perme-
able, relatively soft material, so that a shift-resistant
support is provided for the organ, whereby damage to the
organ is prevented.

The apparatus schematically illustrated 1in Figure
1 is suitable for the transportation of livers and kidneys
as well as other organs. Especially when transporting liv-
ers it is desirable for the liquid compartment 8 with the
organ receptacle 2 to be in communication via an inlet
pipe 18 that opens into a first inlet conduit 18’ to feed
the liver artery, and a second inlet conduit 18" serving
to feed the portal vein of the liver. As the portal velin
needs to receive a continuous stream of perfusate rather
than a pulsating one, the second inlet condult 18'’ may be
provided with an elastic wall so that during use said wall
expands under the influence of the pulsation pressure 1in

the conduit, thereby buffing the pulsation. This 1s sche-
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matically indicated by a dotted line. Another possibility
is to connect an expansion vessel with the second inlet
conduit 18’’. This is not shown but is completely clear to
the person skilled in the art. The second inlet conduit
18’' is preferably provided near the inlet pipe 18 with a
non-return valve 21 to prevent liquid from the second in-
let conduit 18" flowing into the first inlet condult 18’'.
Finally, the Figure shows that in the first inlet conduit
18’ , an adjustable constriction 20 is provided to allow
the proportional adjustment of the liquid streams in the
first inlet conduit 18’ and the second inlet conduilt 18''.

Referring now to the Figures 2 and.3, the pump 4,
5 according to the invention will now be explained 1in more
detail. Said pump 4, 5 is especially suitable for use in
an apparatus as described heretofore. In the pump 4, 5 a
valve part 4 and a membrane 5 may be distinguished (see
Figure 2). Further provided are an inlet pipe 12 and an
outlet pipe 13 for compressed air, both of which are in
communication with a space in the interior of the pump 4,
5, which space is at least partially defined by the mov-
able membrane 5. The valve means 4 provide a mutually ex-
cludable connection between on the one side the inlet pipe
12 and the space, and on the other side the outlet pipe 13
and the space. The valve means 4 are further physically
coupled with the membrane 5 in a manner that will be elu-
cidated below with reference to Figure 3.

Figure 3, very schematically shows a few parts
that are part of the pump 4, 5 according to the invention.
The successive positions that may be assumed by the parts
of the pump 4, 5 are indicated by the numbers 1 to 5, re-
spectively. Referring first to the position indicated by
number 1, it is shown that the valve means 4 comprise two
parts 4', 4'’ arranged opposite to one another, a first
part 4’ of which is provided with an efflux nozzle 14 con-
nected to the inlet pipe 12, and the second part 4'’ 1s
provided with a discharge stump 16 connected to the outlet
pipe 15, with the interposition between the two parts 47,

4'' of a movable valve part4’’’, which is capable of non-
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synchronously closing off the efflux nozzle 14 and the

discharge stump 16. The position indicated by number 1 1l-

lustrates how via the inlet conduit 12 and efflux nozzle
14 compressed air can reach the membrane 5, which subse-
quently inflates, as shown in the positions indicated by

numbers 2 and 3. The valve means 4’ and 4’’ are further

provided with presser means that provide a position of

preference of the valve part 4’’’, wherein the discharge
stump 16 of the second part 4’’ is closed off, and the ef-
flux nozzle 14 of the first part 4’ is open. For this pur-
pose the first part 4’ and second part 4’’ and/or the
valve part 4’’’ are preferably made from mutually attract-
ing magnetic materials. Thus in the positioﬁ indicated by
number 1, compressed air is prevented from escaping. The
inflation of the membrane 5 causes the same to catch a
catch organ 6 that is coupled thereto. Said catch organ 1is
coupled with the valve part 4’’’ via a coupling 17 sliding
over a limited distance in such a manner that when a pre-
determined distance of displacement is exceeded, the catch
organ 6 releases the valve part 4’’’ from the second part
4’' until it reaches the position indicated by number 3,
where the valve part 4’’’ contacts the first part 4’, and
therein closes off the efflux nozzle 14, while the dis-
charge stump 16 is open. In this situation the membrane 5
cannot inflate any further and the reverse happens in that
compressed air escapes from the space defined by membrane
5 via the discharge stump 16 which provides the communica-
tion with the discharge pipe 13. Due to the 5 elasticity
of the membrane or due to a spring construction, the catch
organ 6 moves to a position where the valve part 4’’’ 1is
lifted from the first part 4’ and is moved 1in the direc-
tion of the second part 4’’. In the position indicated by
number 5, the final situation is reached where the valve
part 4’’’ is returned onto the second part 4’'’, thereby
closing off the discharge stump 16 which provides the com-
munication with the discharge pipe 13, while the efflux
nozzle 14 of the first part 4’ is open. From this situa-

tion the cycle is repeated as explained, departing from
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the position indicated by number 1. The frequency of the
pump according to the invention may be adjusted by regu-
lating the pressure of the compressed air. The pumping

rate is also adjusted by this means.
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CLAIMS

1. An apparatus (1) for mechanical organ perfusion
during the transport phase of a donor organ, which
apparatus comprises an organ receptacle (2) for
accommodating the organ, propulsion means (3,4,5) for

moving the perfusate (7) contained 1n a liquid compartment

(8) of the apparatus to and through the organ receptacle
(2), and oxygenation means (3,4) for the aeration of the
organ receptacle (2), wherein the propulsion means (3,4,5)
are embodied as a pump (4,5) driven by compressed ailr,
while the compressed air serves at the same time for the
aeration of the organ receptacle (2), the pump (4,5)
comprising a valve (4), which 1s provided with a vent (11)

P

to allow a reflux of compressed air to the perfusate (7),

characterized 1n that the liquid compartment (8) 1is
positioned under the organ receptacle (2), and in that the
pump (4,5) 1s 1n communication with the liguid compartment
(8), with the vent (11) of the valve (4) debouching below
the perfusate level.

2. An apparatus according to claim 1, characterized
1n that the pump (4,5) comprises a membrane (5) movably
mounted 1n the liquid compartment (8), providing a
separation between the perfusate (7) contained in the

liquid compartment (8) on the one side and the compressed
alr on the other side, and which membrane (5) assumes a
position that depends at least on the pressure of the
compressed air directly in communication with the membrane
(5) .

3. An apparatus according to claim 1 or 2,

characterized in that the valve (4) is in communication

with the membrane (5) in the liquid compartment (8) and

which, subject to the position of the membrane (5), either

allows or blocks the transport of compressed air to the

membrane (5).
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4. An apparatus according to claim 3, characterized
in that the valve (4) blocks the transport of compressed
alr to the membrane (5) when and as soon as the membrane
(5) reaches a first extreme position at which the volume of
the liquid compartment (8) 1s at a minimum with regard to
accommodation of the perfusate (7), and that the valve (4)
subsequently allows the transport of compressed air to the
membrane (5) when and as soon as the membrane (5) reaches a
second extreme position in which the volume of the liqguid
compartment (8) 1s larger than the minimum volume.

5. An apparatus according to claim 3 or 4,
characterized in that the valve (4) 1s provided with a vent
(11) to allow a reflux of compressed air to the perfusate
(/) when the membrane (5) moves from the second to the
first position.

6. An apparatus according to any one of the claims 1-

S5, characterized in that that organ receptacle (2) is

provided with a pre-formed, moisture-permeable, relatively

soft support (19) for the donor organ.

/. An apparatus according to any one of the claims 1-
o for the transportation of livers, characterized in that
the liquid compartment (8) is in communication with the
organ receptacle (2) via an inlet pipe (18) debouching in a
first inlet conduit (18’) and a second inlet conduit
(1877), which serve for feeding the liver artery and the
portal vein of the liver, respectively.

8. An apparatus according to claim 7, characterized

in that the second inlet conduit (18’’) has an elastic wall
such that during use said wall expands due to the pressure
1n the conduit.

9. An apparatus according to claim 7, characterized

1n that an expansion vessel is coupled with the second

inlet conduit (18’'7).
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10. An apparatus according to any one of the claims
7-9, characterized 1n that a non-return valve (21) 1is
provided 1n the second inlet conduit (18’’) near the 1inlet
pipe (18).

1l. An apparatus according to any one of the claims
7-10, characterized in that at least one of the two inlet
conduits (18, 18’’) is provided with an adjustable
constriction (20).

12. A pump (4, 5) for us in an apparatus according to
any one ot the claims 1-11, characterized in that the pump
comprises an 1nlet pipe (12) and an outlet pipe (13) for
compressed air, both of which connect to a space which is
at least partially defined by a moveable membrane (5), and
which comprises valve means (4) providing a mutually
excluding connection between the inlet pipe (12) and the
space on the one side, and the outlet pipe (13) and the
space on the other side.

13. A pump according to claim 12, characterized in
that the valve means (4) are coupled with the membrane (5).

14. A pump according to claim 12 or 13, characterized
in that the valve means (4) comprise two parts (4/, 4'7')
arranged opposite to one another, a first part (4’) of
which 1s provided with a efflux nozzle (14) connected to
the 1inlet pipe (12), and the second part (4’’) is provided
with a discharge stump (16) connected to the outlet pipe

(13), with the interposition of a movable valve part (4’’')

petween the two parts (4’, 4’’), capable of non-
synchronously closing off the efflux nozzle (14) and the
discharge stump (16).

15. A pump according to claim 14, characterized in

that there are presser means that effect a position of

preference of the valve part (4’’’) in which the discharge
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stump (16) of the second part (4’’) 1is closed off, while

the efflux nozzle (14) of the first part (4’) 1s open.

16. A pump according to claim 15, characterized in
that the first part (4’) and second part (4’’) and the
valve part (4’7’") are made from mutually attracting
magnetic materials.

17. A pump according to any one of the claims 12-16,
characterized 1n that a catch organ (6) 1s coupled with the
membrane (5), which catch organ (6) 1s coupled with the
valve part (4’’’) via a coupling (17) sliding over a
limited distance in such a manner that when a predetermined
distance of displacement is exceeded, the catch organ (6)
releases the valve part (4’’’) from the second part (4’7)
until 1t 1s 1n a position where the valve part (4'’')
contacts the first part (4’), and therein closes off the

efflux nozzle (14) while the discharge stump (16) is open.
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