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(57) Abregée/Abstract:

A first Iinternal compartment (300) under a first cover of an organ perfusion apparatus (10) includes a cavity, In which a coolant
container configured to cool the organ, and a sample compartment (170A) for holding a biological sample (170D), are located. The
sample compartment (1/0A) Is disposed near the coolant container and thus cooled by the coolant container. In addition, a
plurality of biological samples that require less strict temperature control and/or warmer temperatures, may be carried in further
sample compartments (1/70B, 170C) that are located in a second Iinternal compartment (310) including at least part of the
perfusion circuit. Most of the heat generated during operation of the apparatus Is produced by components, e.g. the pump (80), In
the second internal compartment.
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(57) Abstract: A first mternal compartment (300) under a first cover of an organ perfusion apparatus (10) includes a cavity, in which
a coolant container configured to cool the organ, and a sample compartment (170A) for holding a biological sample (170D), are loc -
ated. The sample compartment (170A) 1s disposed near the coolant container and thus cooled by the coolant container. In addition, a
e plurality of biological samples that require less strict temperature control and/or warmer temperatures, may be carried i further
sample compartments (170B, 170C) that are located in a second internal compartment (310) including at least part of the perfusion
circuit. Most of the heat generated during operation of the apparatus 1s produced by components, e.g. the pump (80), in the second
internal compartment.
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ORGAN TRANSPORT APPARATUS WITH SAMPLE COMPARTMENTS

BACKGROUND

[0001] Biological samples may be used for a variety of reasons 1n conjunction with an

associated organ or tissue that is being stored, transported, assessed and/or treated in a

perfusion apparatus. Typically, biological samples are transported at the same time as the

organ or tissue buf the samples and the organ or tissue are not cooled simultaneously at the

same temperature within a single apparatus. Documents such as medical records relating to
cach of the biological samples and the organ or tissue are typically transported in separate
devices.

[0002) The practice of storing or transporting organs or tissue, biological samples and
documents associated with the organs or tissues may suffer certain shortfalls. When
biological samples and documents relating to an organ or tissue are separately stored and/or
transported from the organ or tissue, the likelthood that they may be misplaced, misassociated
and/or damaged is increased. 1f documents for the organ or tissue are lost or cannot be
correlated with the organ or tissue with certainty, then a doctor or clinician may refuse to
transplant the organ or tissue to a recipient or otherwise use the organ or tissue. If the
documents are lost or cannot be correlated to the organ or tissue or biological sample, results
from any testing or use of the biological samples, organ or tissue may be invalid or
disregarded.

[0603] The practice of storing or transporting biological samples with an organ or

tissue also suffer certain deficiencies. Some biological samples need to be handled (o
maintain viability in a similar manner as an organ or tissue. For example, sterility and
temperature requirements may be required for the organ or tissue and the biological samples.
Thus, an efficient and more effective means of cooling a biological sample simultaneously

with an organ or tissue is desired.

SUMMARY

[0004] A perfusion device for transport, assessment, treatment and/or storage of an

organ or tissue as described herein may be configured to carry one or more biological
samples in addition to the organ or tissue. Such a device may reduce cost, conserve space,
provide convenience, and/or increase security to the organ or tissue and the biological
sample(s). The device may conveniently carry various biological samples of various sizes

with the organ or tissue. Documents for each of the biological sample(s) and the organ or
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tissue may stay together in the same device to ensure that they are readily accessible and
continuously associated with one another, which may readily allow confirmation that the
organ or tissue and the biological sample(s) are suitable for use such as transplantation and/or
testing. The device may efficiently and compactly meet sterility, viability and temperature

requirements for the organ or tissue as well as the biological sample(s).

[0005] Exemplary implementations according to this disclosure may include
an apparatus for at least one of storage, assessment, treatment and transport of an organ or

tissue. The apparatus includes a coolant container configured to cool and optionally support

the organ or tissue, and a sample compartment for holding a biological sample separate from

the organ or tissue, wherein the coolant container is configured to cool and optionally support

the sample compartment. The coolant container may include a first cavity and a second
cavity, wherein the first cavity is configured to cool and optionally support the organ or
tissue, and the second cavity is configured to cool and optionally support the biological
sample. The first cavity and the second cavity may be separate from each other. The second
cavity may define at least a portion of the sample compartment and/or be located in a corner
of the coolant container.

10006] Exemplary implementations according to this disclosure include a first internal
compartment under a first cover of the apparatus, the first internal compartment including the
coolant container and the sample compartment. The apparatus may include a second internal
compartment under a second cover that is configured to close the apparatus in cooperation
with the first cover, wherein the sample compartment is not accessible when the first cover is
closed and the second cover is open or closed. The second internal compartment may include
a second sample compartment, a heat-generating device and/or at least part of a perfusion
circuit. An interior wall of the first internal compartment may act in cooperation with the
second cavity to define the sample compartment. The sample compartment may be located 1
a corner of the first internal compartment located farthest away from the second internal
compartment.

[0007] Exemplary implementations according to this disclosure include a sample
compartment that is configured to support a sample container (specimen cup). The sample
compartment may be shaped to complementarily support the specimen cup. The apparatus
may include the sample compartment being configured to support a first specimen cup with a
first shape and the second sample compartment being configured to support a second

specimen cup with a second shape, wherein the first and second shapes are different. The
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apparatus may include a cooling structure that provides external cooling air to cool the
apparatus.

[0008] Exemplary implementations according to this disclosure include a kit in the
form of a saleable package containing a sterilized basin configured to hold an organ or tissue
in a perfusion apparatus, a sterilized cradle configured to support the organ or tissue in the
sterilized basin, and a sterilized specimen container.

[0009] Exemplary implementations according to this disclosure include a method of
storage, assessment, treatment and/or transport of an organ or tissue. The method includes
transporting the organ or tissue in a basin supported in the coolant container, and transporting
a biological sample, which is associated with the organ or tissue, in a specimen container
placed in the sample compartment. The method may include cooling both the organ or tissue

and the biological sample to a same temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Exemplary implementations are described herein with reference to the
following figures wherein:

[0011] Fig. 1 illustrates a schematic diagram of an exemplary perfusion apparatus for
an organ or tissue;

[0012] Fig. 2 illustrates a top view of an exemplary perfusion apparatus in an
uncovered state;

[0013] Fig. 3 illustrates a first exemplary cross-sectional perspective view, taken
along the line 3-3 in Fig. 2, of an internal compartment of the apparatus;

[0014] Fig. 4 illustrates an exemplary top view of the apparatus of Figure 2 in a

covered state;

[0015] Fig. 5 illustrates an exemplary perspective view of the coolant container of
Figure 2;

[0016] Fig. 6 illustrates a second exemplary cross-sectional perspective view, taken
along the line 6-6 in Fig. 2, of the apparatus; and

[0017] Fig. 7 illustrates an exemplary bottom perspective view of the apparatus of

Figure 2.

I TR T T I T T YTy *7 7T 7% T T 71
rryry Ty Y TRy ey ¥

[0018] The following exemplary embodiments refer to transport, storage, treatment

and/or assessment apparatus for an organ or tissue and a biological sample. I should be
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appreciated that, although the exemplary embodiments according to this disclosure may be
applicable to specific applications, the depictions and/or descriptions included 1n this
disclosure are not intended to be limited to any specific application. Any perfusion apparatus
and method that may advantageously involve an organ or tissue and a biological sample as
described in an exemplary manner in this disclosure are contemplated.

[0019] Blood samples and tissue samples may be used in laboratory testing to conduct
a variety of tests to obtain information about an organ or tissue, the donor and/or the
recipient. For example, they may be used to identify specific antigens. An antigen Is any
substance that causes the immune system to produce antibodies against that substance. A
tissue sample may be, for example, but not limited to, a tissue sample of a donor such as
blood, lymph or a spleen. Tissue samples may be acquired during a biopsy to identify
potential diseases in the organ or tissue prior to transplantation. Tissue samples may be used
in laboratory testing for tissue typing. Tissue typing is a test that determines whether organ
compatibility exists between the donor and a potential recipient of transplantation. Serology
analyzes blood serum and other bodily fluid and may be conducted with blood and/or other
tissue samples to determine allergic reactions in the organ or tissue recipient and diagnose
and/or treat other potential concerns prior to transplantation or other use of an organ or tissue.
These tests may also help in predicting or diagnosing medical problems immediately atter
transplantation. Thus, it may be advantageous to have tissue samples readily available prior
to organ transplantation or other use for these testing purposes.

[0020] Fig. 1 is a schematic diagram of a perfusion apparatus 10 for an organ 20. The
organ 20 may preferably be a liver, kidney, heart, lung, or intestine, but may be any human or
animal, natural or engineered, healthy, injured or diseased organ or tissue. As used herein,
the term "organ" is used to mean organ and/or tissue unless otherwise specified. The
apparatus includes a basin 30 in which the organ may be placed. 'The basin 30 may hold a
cradle 60 as illustrated in Fig. 3, which preferably includes a surface on which the organ 20 1s
disposed when the organ 20 is in the apparatus 10. The basin 30 may 1nclude a first filter that
can function as a gross particulate filter. The basin 30 and/or the cradle 60 are preferably
configured to allow a perfusate bath to form around the orgé.n 20. The basin 30 and/or
apparatus 10 may also include one or more temperature sensor 40 located in or near the
cradle 60. The apparatus 10 and/or basin 30 may include one or more additional temperature
sensors 40, which may provide redundancy in the event of a failure and/or may provide
temperature measurement at multiple locations. Preferably, the temperature sensor(s) 40 1s

an infrared temperature sensor. The temperature sensor(s) 40 is preferably disposed as close
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as practical to the organ 20 when the organ 20 is disposed in the cradle 60 in order to improve
the usefulness and accuracy of the temperature sensor(s) 40, which preferably provide a
temperature measurement of the perfusate that may be correlated to a temperature of the
organ 20. Alternatively or additionally, the temperature sensor(s) 40 may be used to directly
measure the temperature of the organ 20.

[0021] The basin 30 is preferably disposed within a recess of a coolant container 50
that may contain cold materials such as ice, ice water, brine or the like. Coolant container 50
may be permanently or removably attached to, or an integral, monolithic part of, apparatus
10. Thus, in use, the organ 20 is disposed within the cradle 60, which is disposed within the
basin 30, which is disposed within a recess of the coolant container 50. Preferably, each of
the basin 30, cradle 60 and coolant container 50 is configured, or keyed, to fit within its
corresponding mating component in a single orientation in use. The configuration of the
coolant container SO, basin 30 and cradle 60 may provide a configuration that provides
cooling for the organ 20 without the contents of coolant container 50 contacting the organ 20
or the cradle 60. Although the coolant container 50 is described herein as containing ice, any
suitable cooling medium can be used. Ice may be preferable due to the ease with which ice
can be procured, but one of ordinary skill would understand that any suitable cooling
medium, which could be an active cooling medium (such as a thermo electric cooler or a
refrigerant loop) or a passive cooling medium similar to ice or ice water, or a combination
thereof, may be utilized. The amount of ice, or other cooling medium, that can be placed
within the coolant container 50 should be determined based upon the maximum time that

cooling is to be provided while the organ 20 will be in the apparatus 10.

[0022] The cradle 60 may include components configured to securely restrain the
organ 20 in place. Such components may, for example, include user selectable netting that is
fastened to the cradle 60.

10023} After passing through the filter 32, the perfusate flows along a first flow path
70 that includes a suitable fluid conduit 72, such as flexible or rigid tubing, a pump 80, a
pressure sensor 90, a second filter 34, an optional oxygenator 100 and a bubble trap 110, each
of which is discussed below.

[0024] The first filter 32 is preferably a relatively coarse filter (relative to the second
filter 34). Such a coarse filter may be provided to prevent large particles, which may for

example be byproducts of the organ or of the organ being removed from the donor, from

entering and clogging fluid paths of the apparatus 10. The first filter 32 may be an integral
part of the basin 30 or the first filter may be disposed elsewhere in the first flow path 70
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downstream of the basin 30. 1 he first filter 32 may also be a separate component from the
basin 30 or disposed within the fluid conduit 72.

[0025] The first flow path 70 may also include a pump 80. The pump 80 may be any
pump that 1s suitable in connection with perfusing of organs. Examples of suitable pumps
may include hand-operated pumps, centrifugal pumps and roller pumps. If a roller pump 18
included, the roller pump may include a single channel or flow path (where only one tube 1s
compressed by the rollers) or the roller pump may include multiple, parallel channels or tlow
paths (where multiple tubes are compressed by the rollers). If multiple, parallel channels or
flow paths are included, the rollers may preferably be disposed out of phase or offset so that
pulses created by the rollers are out of phase, which may result in a fluid flow out of the roller
pump that is relatively less pulsatile than would be the case with a single roller. Such a
multiple channel roller pump may achieve a constant flow rate or a minimally pulsatile flow
rate, which may be advantageous depending on the other components in the flow path and/or
the type of organ being perfused.

[0026] The flow path 70 may include a pressure sensor 90. The pressure sensor 90
may be preferably disposed after the outlet of the pump 80 in order to monitor and/or be used
to control the pressure produced at the outlet of the pump by way of a suitable controller.
The pressure sensor 90 may provide continuous or periodic monitoring of pressure.

[0027] The flow path 70 may include an oxygenator 100 such as an oxygenator
membrane or body to provide oxygenation to the perfusate. Oxygen may be provided to the
oxygenator 100 by any suitable means. Suitable oxygen sources may include pure oxygen or
mixed gases such as air. The gas may be compressed, such as in a high-pressure cylinder,
liquefied as would be stored in a dewar, or drawn from the surrounding atmosphere.
Preferably, the oxygen may be provided by way of an oxygen generator, which may be
separate from the apparatus 10 or integral to the apparatus 10. Oxygen may be generated
through any suitable means, some examples of which include through pressure swing
adsorption using a molecular sieve, through a ceramic oxygen generator (a solid state oxygen
pump) or through decomposition of water.

[0028] The flow path 70 may include a bubble trap 110. The bubble trap 110
preferably separates gas bubbles that may be entrained in the perfusate flow and prevents
such bubbles from continuing downstream and entering the organ 20. The bubble trap 110
may also function as an accumulator that reduces or eliminates pulsatility of the perfusate
flow. The bubble trap 110 may include a volume of gas, initially or through the accumulation

of bubbles, such that pressure fluctuations in the perfusate are dampened or eliminated.
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[0029] The bubble trap 110 may include a vent that allows purging of gas during start
up or a purging process. The vent may be connected to or part of purge flow path 140. The
vent is preferably open during a start up process so that any air or other gas may be purged
from the perfusate path 70. When the vent is open, valves 122, 132 will preferably both be
closed. Once the gas is purged from the perfusate path 70, the vent may preferably be closed.
The vent may be closed manually or may be closed automatically by way of a suitable
controller.

[0030] The bubble trap 110 may include a level sensor 112. A level sensor 112 may
optionally be used during the purging process to determine when the purging 1s complete
and/or may be used to determine when the purging process needs to be repeated, which may
happen after gas has been trapped in the bubble trap 110. Also, through use of the level
sensor 112 and the vent, the accumulator function of the bubble trap can be tuned to account
for differing amplitudes and frequencies of pulsatility in the perfusate flow. The accumulator
function of the bubble trap may be tuned, for example, by adjusting the volumetric ratio of air
to perfusate fluid.

[0031] The bubble trap 110 may have any number of outlets, as needed for a given
application of the perfusion apparatus 10. In Fig. 1, three outlets are shown connected to
three different flow paths, which may be particularly suited for the perfusion of a liver.

When perfusing a liver, the three paths preferably include portal flow path 120 connected to
the portal vein of a liver, hepatic flow path 130 connected to the hepatic artery of a liver, and
bypass flow path 140 that provides a return path to the basin 30. There may also be a port in
any fluid path that allows fluid access to the perfusate solution. The port may preferably be
located in the bubble trap 110. This port may prefefably include a luer type fitting such that a
user may extract a small a sample of the perfusate for analysis. The port may also be utilized
by a user to add substances such as drugs to the perfusate without opening the basin.

[0032] As shown in Fig. 1, the portal flow path 120 and hepatic flow path 130 may
optionally include similar or different components such as valves 122, 132; bubble sensors
124, 134; flow sensors 126, 136; flow control clamps 127, 137; and pressure sensors 128,
138. FEach similar component may function in a similar manner, and such pairs of
components may optionally be structurally and/or functionally identical to reduce
manufacturing costs. Flow sensors 126, 136 may preferably be ultrasonic sensors disposed
around tubing, although any suitable sensor may be used. Ultrasonic sensors may oe

advantageous because in normal usage such sensors do not come into contact with the
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perfusate and therefore are not in the sterile path. Such an implementation of ultrasonic
sensors does not require replacement and/or cleaning atter use.

10033] Valves 122, 132 may be pinch valves that function to squeeze tubing and
reduce or shut off flow, but any suitable valve may be used. Pinch valves may be
advantageous because in normal usage they do not come into contact with the perfusate and
therefore do not require replacement and/or cleaning after use.

[0034] Preferably, the bubble sensors 124, 134 are ultrasonic sensors disposed around

tubing, although any suitable sensor may be used. Similar to pinch valves, ultrasonic sensors
may be advantageous because in normal usage they do not come into contact with the
perfusate and therefore do not require replacement and/or cleaning after use. Instead,
ultrasonic sensors can be disposed in contact with, adjacent to or around an external surface
of tubing in order to sense bubbles.

[0035] Flow control clamps 127, 137 may be used to fine-tune the flow rate in one or
both of portal flow path 120 and hepatic flow path 130. Preferably, the organ provides seli-
regulation to control flow that exits the bubble trap 110 and is divided between the portal
flow path 120 and the hepatic flow path 130. In such self-regulated tlow, pressure sensors
128, 138 provide overpressure monitoring. In the event that pressure delivered to the organ
in either or both of the portal flow path 120 or the hepatic flow path 130 exceeds a
predetermined threshold, the apparatus 10 can automatically stop and/or reduce the flow rate
provided by the pump 80 to prevent damage to the organ. In addition or alternatively, the
pressure sensors 128, 138 may be used to generate warning signals to the user and/or to an
appropriate controller as pressures approach the predetermined threshold. An alternate
software algorithm may be employed to allow the apparatus 10 to perfuse at a preferred
pressure. For example, a software algorithm may allow a doctor or clinician to select a
specific pressure and vary the flow rate accordingly.

[0036] After exiting one or both of the portal flow path 120 and hepatic flow path
130, perfusate flows through the organ and returns to the basin 30 to form an organ bath.

[0037] Bypass flow path 140 may include a valve 142, and/or sensors such as oxygen
sensor 144 and pH sensor 146. Preferably, the valve 142 is a pinch valve and may be of
similar configuration to valves 122 and 132, buf any suitable valve may be used. The oxygen
“sensor 144 and the pH sensor 146 may be used to determine the state of the perfusate.
Preferably, the bypass flow path 140 is only used during a purging or priming process,
although it may also be used during perfusion, preferably continuously, to monitor perfusate

properties in real time.
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[0038] The organ perfusion apparatus 10 may also include an accelerometer 150.

Preferably the accelerometer 150 is a three-axis accelerometer, although multiple single axis
acéelerometers may be used to the same effect. The accelerometer 150 may be used to
continuously or periodically monitor and/or record the state of the apparatus 10. Monitoring
may include monitoring for excessive shocks as well as attitude of the apparatus 10. For
example, if a pitch or a roll exceeds a pre-set alarm limit, the action of the pump 80 may be
momentarily interrupted to stop the flow of perfusate until that specific condition is corrected.
By implementing such monitoring, misuse or potentially inappropriate conditions of the
apparatus 10 can be detected and recorded and appropriate action can be taken.

10039] Preferably, all components of the apparatus 10 that come into contact with
perfusate and/or an organ and/or a biological sample are disposable and/or easily replaced.
Such disposable items may be included in a kit or saleable package. For example, such a kit
may include packaging such as plastic or shrink wrap packaging containing some or all of the
components that come into contact with an organ, biological sample, and/or perfusate. In
embodiments, the tubing, filter, oxygenator and bubble trap may be packaged together in a
manner preconfigured to be placed into the apparatus 10. The cradie and basin may be
packaged individually or together, and optionally together with the tubing, filter, oxygenator
and bubble trap, and specimen cups may be packaged with or separate from such other
components.

[0040] Specimen cup(s) 170D, basin 30, cradle 60 and other components may be
included in a disposable kit and may be sterilized prior to use. For example, the specimen
cup(s) 170D may be wrapped in a separate bag having a closed environment to maintain
sterility prior to storing a biological sample and placing the specimen cup(s) 170D in the

apparatus 10. In this manner, contamination to the tissue or organ and biological samples can

be minimized. The specimen cup(s) 170D may be a disposable item, optionally packaged in
a sterile kit with other disposable components of the perfusion apparatus 10 such as the basin,
and/or cradle, and/or other components, and discarded after use.
[0041] The apparatus 10 may include storage compartments for items other than the

organ 20. For example, the apparatus 10 may include a document compartment 160 (Fig. 3)
to store documents and/or charts related to the organ 20. Also, the apparatus 10 may include
one or more sample compartment 170. The sample compartment 170 may be configured, for
example, to store liquid and/or solid tissue samples. The sample compartment(s) 170 may be

advantageously disposed near, or separated from, the coolant container 50 to provide cooling

—

that may be the same, similar to, or different from the cooling provided for the organ 20.
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[0042] Fig. 2 illustrates a top view of an exemplary apparatus 10 when the cover 200
and second cover 220 are removed. A plurality of sample compartments 170 may be
advantageously disposed at various locations in the apparatus 10. The sample compartments
170 may carry different types of biological samples (not shown), which may include, but are
not limited to, vasculature and blood samples.

[0043] A container such as a sealable specimen cup 170D may be placed within the
sample compartment(s) 170 to advantageously accompany the organ 20 during perfusion,
transport, and/or storage of the organ 20. The sample compartment(s) 170 may be configured
to secure and support various sizes and shapes of the specimen cup. For example, the
specimen cups 170D may include, but are not limited to, blood tubes, plastic tissue sample
containers and plastic urinalysis cups. The specimen cups 170D may vary in size. Different
biological samples such as blood, tissues and organ vasculature may be carried by various
types of specimen cups 170D. For example, blood tubes are generally between 5-10 cm® in
size. A standard urinalysis cup is a type of specimen cup 170D that may be used to carry
liver blood vessels. Conical tubes are commonly used for spleen and lymph nodes. They are

3

generally between 5-20 cm™ 1n size.

[0044] The specimen cup(s) may preferably be used to hold biological samples such

as donor vasculature. Donor vasculature may be used to rebuild vasculature, such as a vein
or an artery, cooperating with the organ 20 in the body of the recipient during organ
transplantation. Rebuilding of vasculature may be necessary in situations where the
vasculature of the organ recipient may be damaged and/or not functional before, during or
after organ transplantation. It may be advantageous to carry donor vasculature with the organ
20 for co-storage and/or transport of vasculature or other biclogical specimens. Carrying
donor vasculature with the organ 20 may provide the advantage of facilitating rebuilding the
vasculature of the organ recipient with the donor vasculature so that the compatibility of the
vasculature to the organ 20 may be maintained. By maintaining the compatibility of the
vasculature to the organ 20, the likelihood that the recipient's body may reject the donor
organ 20 may be minimized. Additionally, proper functionality of the organ 20 within the
recipient's body may be improved.

[0045] Sample compartment(s) 170 may be located in internal compartments 300,
310 of the apparatus 10. A compartment, for example the internal compartment 300, may be
3 section of the apparatus 10 that is defined by a plurality of walls or regions that divide the
apparatus 10. A compartment may be structurally divided within the apparatus 10 or

functionally divided by the relative location of components of the apparatus 10.
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Compartments may be defined as specific enclosures for a group of elements that function in
relation to one another. Compartments may also be defined with respect to the position of

corresponding covers. For example, Fig. 4 illustrates that components under these covers

may be defined as being in different compartments. Internal compartment 300 may be

defined to be under cover (lid) 200 and a second internal compartment 310 may be defined to
be under the second cover (lid) 220. The internal compartment 300 may include the basin 30,
part or all of the coolant container 50 and/or the cradle 60, The second internal compartment
310 may include the pump 80, the bubble trap 110, the second filter 34, vaives 122, 132,
bubble sensors 124, 134 and/or flow sensors 126, 136.

[0046] As can be particularly appreciated from Fig. 1, an overall container for organ
perfusion apparatus 10 may hold numerous components in a small volume. Thus, volume for
biological samples and/or documents is preferably reserved and allocated in specific, efficient
ways in embodiments described herein.

10047] Preferably, a specimen cup 170D may be located in a sample compartment

170A adjacent to where the cradle 60 and organ 20 may be placed. It may be advantageous
to place the specimen cup 170D carrying donor vasculature, for example, near the organ 20 1f
the organ 20 and donor vasculature require low temperatures for preservation. Thus, it may
be helpful to place biological samples having similar viability requirements as the organ 20
near the organ 20. On the other hand, biological samples such as blood, for example, may
not require such low temperatures and therefore may not need the same level of temperature
control. Accordingly, sample containers such as blood tubes, for example, may be located at
other positions in the apparatus away from the organ 20.

[0048] The coolant container 50 may have one or more cavities or recesses in which
the specimen cup 170D and/or basin 30 may be placed. The basin 30 and the specimen cup
170D may be placed in the same cavity or in separate cavities of the coolant container 50.

Bottom and sides of the basin 30 and/or the specimen cup 170D may be completely enclosed

by the cavity. Alternatively, the basin 30 and/or the specimen cup 170D may be at least
partially enclosed by the cavity. For example, a portion of a side surface of the specimen cup
170D may not be surrounded by the cavity of the coolant container 50. The coolant container
50 may have a plurality of sample compartments 170A to support multiple specimen cups

170D depending on the size and shape of the organ/tissue receiving cavity.

[0049] Fig. 5 illustrates a coolant container 50 with a first cavity 400 where the basin

30 may be placed and a cavity defining sample compartment 170A where one or more

specimen cup 170D may be placed. The walls of the first cavity 400 may surround the basin
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30 on its bottom and sides. For example, the first cavity 400 may have a bottom wali that
supports the basin 30. The specimen cup 170D may be partially surrounded by walls of the
coolant container 50 in the sample compartment 170A, as illustrated in Figs. 2 and 5. The
walls of the sample compartment 170A may include a sidewall and a bottom wall.
Preferably, the sidewall of the sample compartment 170A may be located at a corner of the
coolant container 50. Internal walls of the internal compariment 300 in combination with the
walls of the coolant container 50 may provide support for and/or restrain the specimen cup
170D in the apparatus 10. Alternatively, multiple sidewalls of sample compartment 170A

may be defined by surfaces of the coolant container 50. The amount of surface area of the

coolant container 50 may be selected to achieve a desired temperature range for the biological

sample(s).

[0050] It may be advantageous to place basin 30 and specimen cup 170D in cavities
in the coolant container 50 so that the organ 20 and the biological sample are cooled in a
similar manner. Placing the basin 30 and the specimen cup 170D in separate cavities of the
coolant container 50 may provide a similar degree of cooling to the organ 20 and the
biological sample. Additionally, having separate cavities in the coolant container 50 allows
the specimen cup 170D to be positioned apart from the organ 20, basin 30 and/or cradie 60 so
that the specimen cup 170D does not act as an obstacle or contamination source during the
handling of the organ 20, basin 30 and/or cradle 60 in the apparatus 10. It may also be
advantageous for the specimen cup 170D and basin 30 to be in thermal contact with multiple
surfaces of the coolant container 50 to maximize cooling efficiency. The amount of thermal
contact between the coolant container 50 and the specimen cup 170D and/or basin 30 may be
optimized to achieve a desired temperature range.

0051} The internal compartment 300 may include a cavity to support the coolant
container 50 and/or the specimen cup(s) 170D. The cavity of the internal compartment 300
may be at various positions in the apparatus 10 depending on the size and shape of the organ
20, basin 30 and/or cradle 60. For example, the internal compartment 300 may have a cavity
in which basin 30, most of coolant container 50, and/or cradle 60 are located, as illustrated in
Fig. 2. The walls of the internal compartment 300 may be configured to surround at least a
portion of a side of specimen cup 170D. Preferably, the basin 30 and specimen cup 170D
may be positioned to be in contact with walls of the coolant container 50 and/or walls of the
internal compartment 300 so that temperatures established by the cooling medium can be

more effectively regulated. This configuration advantageously allows for separate

temperature regulation of the basin 30 and the specimen cup 170D. Energy from heat-
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generating components of the second internal compartment 310 may be used to control the
temperature of the biological samples in specimen cups 170D via at least heat transfer {from

the second internal compartment 310. On the other hand, the temperature of the organ 20 in

the basin 30 may be more isolated and directly controlled by the coolant container 50.

Various configurations of the cradle 60, basin 30, sample compartment(s) 170 and coolant

sulation.

container 50 may be contemplated to achieve the desired temperature re

(K

[0052} Figs. 2 and 3 illustrate that a sample compartment 170A may be positioned in
a corner of the internal compartment 300 that is relatively far from the second internal '
compartment 310. The position of the sample compartment 170A may be dependent upon
the shape and size of the coolant container 50 and/or basin 30 to maintain a compact
configuration in the internal compartment 300 and/or apparatus 10. Preferably, the sampie
compartment 170A may be located at a position distant from the second internal
compartment 310, and may be defined at least in part by an internal surface of the internal
compartment 300 that is physically separated from the second internal compartment 310. For
example, the cradle 60 and/or basin 30 may be located between the sample compartment
170A and the second internal compartment 310. Most of the heat and/or vibration generated
during the operation of the apparatus 10 is produced by components in the second internal

compartment 310. Thus, it may be advantageous to locate the sample compartment 170A as

far away as practical from the second internal compartment 310 to more effectively and more
efficiently maintain the temperature of the specimen cup 170D in the sample compartment
170A and to provide a more stable environment. Alternatively, it may be advantageous to
locate sample compartment(s) 170A at various positions in the internal compartment 300
depending on the desired temperature. For example, a specimen cup 170D may be positioned
closer to the second internal compartment 310 where heat generating components are located
if a higher temperature is desired for a biological sample. Thus, placement of the sample
compartment(s) 170A can take advantage of heating and/or cooling throughout the apparatus
10. Multiple sample compartments 170A may be contemplated at various locations in the
internal compartment 300.

[0053] As discussed above, the coolant container 50 may contain a cooling medium

- (such as ice, ice water or brine, not shown) used to cool the organ 20. If a sample
compartment 170 is disposed near the coolant container 50, the coolant container 50 may aiso
advantageously cool the sample compartment 170 and thus the contents of a specimen cup
170D. The sample compartment(s) 170A may be located at least partially within a cavity of

the coolant container 50 and/or in contact with the coolant container 50 to cool the contents
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of the coolant compartments(s) 170A with the same cooling medium as the organ 20. This

configuration may regulate the temperature of a biological sample in specimen cup 170D and
the organ 20 such that these temperatures are as close as practical. The coolant container 50
may .at least partially surround the basin 30 and/or the sample compartment(s) 170A. It may
be advantageous not to surround a portion of the basin 30 and/or sample compartment 170A,
for example, for ease of handiing and access.

[0054] A portion of the coolant container 50 may extend into the second internal
compartment 310, or within the area under the second cover 220. This portion may include
an opening that allows the coolant container 50 to be filled with the cooling medium. The
opening of this portion of the coolant container 50 may include a cap with a locking
mechanism and/or a sealing mechanism to ensure that the cooling medium is fully enclosed
within the coolant container 50 and to provide a leak free arrangement. This configuration
advantageously allows the cooling medium to be added or changed without opening the cover
200 of the internal compartment 300.

[0055] Preferably, the cooling medium may maintain a temperature between 1°C and
15°C in the sample compartment(s) 170A and the basin 30. More preferably, the cooling
medium may maintain a temperature between 5°C and 10°C in the sample compartment(s)
170A and the basin 30. For example, the cooling medium may maintain a temperature
between 6°C and 8°C in the sample compartmeﬁt 170A and the basin 30. Preferably, the .
temperature may be maintained for a period of time greater than 25 hours. More preferably,
the temperature may be maintained for a period of time greater than 30 hours. For example,
the temperature may be maintained between 6°C and 8°C for a period of time greater than 35
hours at standard temperature and pressure (STP). Positioning the coolant container 50 with
the cooling medium, the basin 30 and/or the sample compartment(s) 170 in relationship with
one another provides the advantage of cooling the biological sample and the organ 20
simultaneously and efficiently by the same cooling system. This may be especially helpful
for certain biological samples where requirements such as viability, temperature and
compatibility are present. Additionally, the biological samples and the 'organ 20 may be
monitored and examined in the same proximate area of the apparatus 10.

[0056] The apparatus 10 may include a motor 320 for the pump 80. The apparatus
10 may include a cooling structure 420 that is configured to provide external cooling air to
cool the motor 320 and draw away heat from the interior of the apparatus 10, as illustrated
Figs. 6 and 7. The cooling structure 420 may include a fan that is configured to draw outside

air into the apparatus 10 and/or exhaust internal air from the apparatus 10. Fig. 7 illustrates
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that the cooling structure may include inlet and outlet vents to cycle air into and/or out of the
apparatus 10. It may be advantageous to position the fan and/or the vents at high temperature
areas of the apparatus 10 to efficiently remove unwanted heat. Components of the apparatus

10 that produce heat may define the locations of the high temperature areas. These

components of the apparatus 10 may include, but are not limited to, the motor, power supply
and transformer, batteries, pump 80, a display screen and other electronics. Vents may be
nositioned at various locations of the apparatus 10 to prevent overheating of components,
maximize airflow throughout the apparatus 10, and achieve temperature regulation of vartous
sample compartments 170. External cooling air may advantageously provide improved
thermal efficiency of the apparatus 10 during operation of the motor.

[0057] A plurality of biological samples may also or alternatively be carried in
sample compartments 170B and/or 170C. Specimen cups may be placed within separate
sample compartments 170B and/or 170C of the apparatus 10 to accompany the organ 20
during perfusion, transport, treatment and/or storage of the organ 20. The sample
compartments 170B and/or 170C may be located in the second internal compartment 310 of
the apparatus 10. Preferably, the sample compartments 170B and/or 170C may be located in
the second internal compartment 310 of the apparatﬁs 10 where heat generating components
may be located. For example, sample compartments 170B and/or 170C may be located
adjacent to the pump 80 and may also be located adjacent to each other. Preferably, sample
compartments 170B and/or 170C are used with biological samples that require less strict
temperature control and/or warmer temperatures than provided for the basin 30 and sample
compartment(s) 170A.

[0058] The sample compartments 1708, 170C may be positioned at various locations
depending on the locations of the components of the perfusion circuit 330 to optimize space
constraints, to take advantage of the flow of air in the apparatus 10, to achieve the desired
temperature range for each of the biological samples, and/or to maintain a compact
configuration. .

[0059] The combination of at least the cooling structure 420, the position of the
coolant container 50, the location of the heat generating components, the position of open
spaces around the respective heat generating components, and the fiow path where the air in

the apparatus 10 flows may minimize the effects of heat produced by the heat generating

components and aid in maintaining an appropriate temperature ievel for the sample

compartments 170B, 170C. Although these sample compartments are not located in the
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internal compartment 300, the temperature of biological samples in them can be effectively
regulated in the second internal compartment 310.

[0060] The sample compartments 170B and/or 170C may be cooled by the cooling
medium in the coolant container 50, as illustrated in Fig. 2, even though they are not bounded
by the coolant container 50. This configuration may be advantageous because some
biological samples may have less stringent temperature or viability requirements, or may
require warmer temperatures, than other biological samples. As a result, space optimization
and compactness of the apparatus 10 is achieved while providing temperature regulation of
the sample compartments 170B and/or 170C. Various types of biological sampies may be

advantageously placed relatively distant from the organ 20 and/or coolant container 50, yet

within the apparatus 10, to satisfy space constraints and convenience while maintaining
security and/or cooling requirements of the organ 20 and/or biological samples.

[0061] The location of sample compartments 1708, 170C under the second cover 220
in the second internal compartment 310, as illustrated in Fig. 4, aliows the biological samples
to be accessed only from the interior of the apparatus 10. Moreover, the biological samples
may be accessible without opening the cover 200 of the internal compartmerit 300 where the

organ 20 may be located. This configuration may advantageously protect the organ 20 from

unauthorized access, minimize cooling disruptions, and/or maintain the sterile environment.
Additionally, having two separate iniernal compartments 300, 310 and two respective covers
200, 220 may provide more effective temperature regulation of the organ 20 and biological
samples within the apparatus 10.

[0062] Preferably, the sample compartments 170 may be configured to act as holders
to secure and support the specimen cup(s) 170D. Close fitted sample compartments may
hold the specimen cup(s) 170D. The sample compartments 170A, 170B and/or 170C may be
of the same or different shapes. Thus, the sample compartments 170 in the apparatus 10 may
carry various shapes and sizes of biological samples. The sample compartments 170 of the
apparatus 10 need not be constructed for specific shapes and sizes. Handling fixtures, for
example, may accompany the specimen cup(s) to secure them in the sample compartments
170 of the apparatus 10. Such handling fixtures may aiso be provided 1n a kit with specimen

cup(s) and/or other components. This configuration may advantageously provide a versatile

apparatus 10 to carry biological samples of various shapes and sizes. The specimen cup(s)
1 70D may be for single use and therefore disposable. The sample compartments 170 may be
configured to secure and support different sizes and shapes of specimen cup(s) 170D. The

sample compartments 170 may be insulated to protect the specimen cup(s) 170D from
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damage. Insulation may also protect the specimen cup(s) 170D during turbulent transport of
the apparatus 10.

[0063] It may be advantageous that documents are safely stored and kept together
with an organ. I the documents for the organ are lost or disassociated with the organ, then a
doctor or clinician may refuse to transplant the organ and/or otherwise use the organ. This 1s
because the transplantation or other use may require data to ensure, for example,
compatibility of the organ to a recipient, chain of custody to ensure that the organ has not
been tampered with during transport, identity of the organ to confirm that the organ is the
organ requested for transplant or other use, and/or viability of the organ to ensure that the
organ 1s stable and prepared for transplantation or other use. If documents for the biological
samples are lost or cannot be correlated to the organ and samples being transplanted, the
results from any testing of the biological samples may not be used or useful because the
original state of the biological samples and their relationship to the organ is uncertain.

[0064] The apparatus 10 may carry associated documents, such as donor medical
records and/or organ data, in the document compartment 160, The document compartment

160 may be positioned between the cover 200 and lid 210 in the internal compartment 300, or

i1 the second internal compartment 310. Preferably, the cover 200 and the lid 210 form the
document compartment 160. Fig. 3 illustrates a portion of the document compartment 160
formed on the lid 210. Wall portions 230 may protrude from a top surface of the lid 210.
The wall portions 230 may be integral to the lid 210 or they may be separate parts that are
connected to the lid 210 during assembly. The wall portions 230 may act as side surfaces of
the document compartment 160 and the top surface of the lid 210 may form the bottom
internal surface of the document compartment 160. When the first internal compartment
cover 200 closes the first internal compartment 300, the document compartment 160 may be
closed. As aresult, the bottom surface of the first cover 200 may be the top internal surface
of the document compartment 160 and the top surtace of the lid 210 may be the bottom
internal surface of the document compartment 160. Alternatively, or in addition, lids of the
compartment 310 may have such a structure.

[0065] It should be appreciated that various features disclosed above and other
features and functions, or alternatives thereof, may be desirably combined into many other
devices. Also, various alternatives, modifications, variations or improvements therein may
be subsequently made by those skilled 1n the art, which are also intended tfo be encompassed

by this disclosure.
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l. A perfusion apparatus for at least one of storage, tfeatment, assessment and
transport of an organ or tissue, the perfusion apparatus comprising:
a coolant container having a cooling surface configured to ceool the organ or
tissue; and
a first sample compartment for holding a biological sample separate {from
the organ or tissue, wherein
the coolant container 1s configured to cool the first sample compartment.
2. The pertusion apparatus of claim 1, wherein the coolant container defines a
wall of the first sample compartment.
3. The perfusion apparatus of claim 1, wherein
the coolant container has a first cavity and a second cavity,
the first cavity is configured to cool and support the organ or tissue, and
the second cavity is configured to cool and support the biological sample.
4. The perfusion apparatus of claim 3, wherein the first cavity and the second
cavity are separate from each other.
5. The perfusion apparatus of claim 3, wherein the second cavity defines at
least a wall of the first sample compartment.
6. The pertusion apparatus of claim 3, wherein the second cavity is located at a
corner of the coolant container.
7. The perfusion apparatus of claim 1, further comprising:
a first internal compartment under a first cover of the perfusion apparatus,
the first internal compartment including:
the cooling surface of the coolant container; and
the {irst sample compartiment; and
a second internal compartment under a second cover that is configured 1o
close the perfusion apparatus in cooperation with the first cover.,
8. The perfusion apparatus of claim 7, wherein the first sample compartment is
not accessible when the first cover is closed and the second cover is open or closed.
9. The perfusion apparatus of claim 7, wherein the second internal

compartment includes a second sample compartment.

10. The perfusion apparatus of claim 9, wherein the second internal
compartment includes at least one heat-generating device.

11. The perfusion apparatus of claim 7, wherein the second internal

compartment includes at least part of a perfusion circuit.
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12, The perfusion apparatus of claim 7, wherein an interior wall of the first
internal compartment acts in cooperation with the coolant container to define the first sample
compartment.

13. The perfusion apparatus of claim 7, wherein

the first sample compartment is locked in a comer of the first internal
compartment spaced away from the second internal compartment.

14. The perfusion apparatus of claim 1, wherein the first sample compartment 1s
configured to support a specimen cup.

135. The perfusion apparatus of claim 1, further comprising:

a second sample compartment having a different shape from the first sample
compartment.

16. The perfusion apparatus of claim 7, further comprising a cooling structure
that provides external cooling air to cool the second internal compartment.

17. A method of using the perfusion apparatus of claim 1, the method
comprising:

transporting an organ or tissue 1n a basin in contact with the cooling surface;
and

simultaneously transporting a biological sample, which is associated with
the organ or tissue, in a specimen container in the first sample compartment.

18. A method of preparing an organ or tissue and an associated biological
sample for transportation or storage, the method comprising:

placing the organ or tissue in a basin of a perfusion apparatus, the basin
being cooled by a cooling surface of a coolant container; and

placing a specimen container containing a biological sample, which 1s
associated with the organ or tissue, in a sample compartment cooled by the cooling surface of
the coolant container.

19. The method of claim 18, wherein the organ or tissue and the biological
sample are both maintained at approximately a same temperature by the coolant container.

20. 1The method of claim 18, wherein the biological sample comprises
vasculature for the organ or tissue.

21. A kit comprising:

a sealable package containing:
a sterilized basin configured to hold an organ or tissue in a perfusion

apparatus,

19
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a sterilized cradle configured to support the organ or tissue in the

sterillized basin, and

a sterilized specimen container, the container including (1) a cooling
surface and (11) a first sample compartment for holding a biological sample separate from the
organ or tissue, wherein the cooling surface is configured to cool the organ or tissue and the

first sample compartment.
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