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(57) Abstract: Systems and methods herein generally relate to prolonging viability of bodily tissue, especially an organ such as a lung,
by adjusting pressure as needed to maintain a constant pressure within the organ even during external pressure fluctuations due, for
example, to transportation of the organ in an airplane. The systems and methods herein can include an electronic pump that pumps gas
into an organ and a mechanical pressure regulator to release gas based on organ pressure.
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SYSTEMS AND METHODS FOR MAINTAINING ORGAN PRESSURE

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS

[0001] Any and all applications for which a foreign or domestic priority claim is
identified in the Application Data Sheet as filed with the present application are hereby
incorporated in their entireties by reference under 37 CFR 1.57. In particular, this application
claims priority to the U.S. Provisional Application 63/578796, filed August 25, 2023, and U.S.
Provisional Application 63/631923, filed April 9, 2024, which are incorporated by reference
herein in its entirety.

TECHNICAL FIELD

[0002] The disclosure relates to systems and methods for the storage and
transportation of bodily tissuc.

BACKGROUND

[0003] The current invention generally relates to devices, systems, and methods for
extracorporeal preservation of bodily tissue. Extracorporeal preservation of bodily tissue is
essential in transplant procedures so that donor tissue can be transported to a recipient in a
remote location. In order to provide the best graft survival rates, donor tissues must be matched
to appropriate recipients. Because of the sudden nature of most tissue donation events,
appropriate recipients must be rapidly located and must be within a limited geographic area of
the donor. Time limitations on the extracorporeal viability of donor tissue can lead to less than
ideal tissue matching and, worse, wasted donor tissue. Prolonging the viability of donor tissue
can allow for better matching between donor tissue and recipients and, in turn, can increase
graft survival rates and increase availability of donor tissue to the growing waitlists of
individuals in need of transplants.

[0004] The most prevalent current technique for preserving a bodily tissue for
transplantation is static cold storage. While hypothermic temperatures decrease the oxygen
demand of the bodily tissue, the tissue’s viability is still time-limited by insufficient oxygen
levels to meet the tissue’s decreased metabolic needs. Another known technique for preserving
a bodily tissue for transplantation includes the use of hypothermic perfusion devices that can

perfuse the tissue with oxygenated perfusate, supplying additional oxygen to the tissue’s cells

-1-



WO 2025/049335 PCT/US2024/043714

and prolonging tissue viability. The portability of such known devices is limited, however,
becausce such known devices arc large and require a significant volume of compressed gas and
electrical power. Furthermore, such known devices are very complex, which can lead to
increased manufacturing costs and higher failure rates.

[0005] An additional limitation of hypothermic storage is the tendency to cause
edema, or the accumulation of fluid within the bodily tissue. The level of edema generally
increases with the length of hypothermic storage, providing another limitation on the amount
of time that a tissue can be stored and remain viable.

[0006] Because of the time limitations on tissue viability, even given modern
hypothermic storage and perfusion techniques, tissue and organs are often transported via air

and, accordingly, subjected to pressure changes associated with changes in altitude.

SUMMARY OF THE INVENTION

[0007] Systems and methods of the invention are directed to increasing donor tissue
viability during and after storage and transport. In particular, systems and methods relate to
storage and transport of lungs that accommodate pressure changes. As noted above, tissue
transported by air may be subjected to changes in pressure associated with increases and
decreases in altitude during flight. While changes in pressure may affect any tissue being
transported, they can be particularly harmful to lung tissue. In typical donor lung retrieval and
preparation, the donor lung is inflated with air and the trachea or bronchus is stapled to hold
the air in the partially inflated lung and to keep preservation fluid out of the airways during
storage and transport. Unfortunately, this inflation occurs on the ground and, once subjected
to decreases in air pressure from flights at high altitude, the pressure differential between the
sealed lung airways and surrounding preservation fluid and air can result in over inflation of
the lung and damage to the tissue including rupturing of the alveoli or other air passages.
Accordingly systems and methods of the invention may be used to monitor and maintain a
relatively constant pressure within donor lungs during transport and storage while maintaining
a desired level of inflation. Systems and methods can accomplish those tasks while maintaining
separation between the non-sterile airway environment and the sterilized outer tissue surfaces

and preservation fluid to help prevent infection of the donor tissue or the transplant recipient.
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[0008] In order to maintain a desired pressure differential, systems and methods of
the invention may usc a combination of an clectronic pump and a mechanical pressure regulator
to release and/or capture excess pressure within the lungs and/or to re-pressurize the lungs. An
electronic pump may be connected to a regulator to supply air for the lungs through connected
tubing and a pressure relief valve that can maintain a desired lung pressure (e.g., 10-15cmH-0,
12-15¢cmH-0).

[0009] In certain embodiments, the organ is placed in one or more sterilized
containers (e.g., bags) to provide a sterile environment for the organ and a barrier between the
organ and the storage device and fluids. In embodiments, the organ or tissue is placed within
three nested bags, each sealed to the external environment. The bags may include nested filters
allowing connection of a gas or fluid line from the external environment into the inside of the
inner-most bag. Gas or other fluids may be introduced into the organ through such a
connection. In certain embodiments, a single filtered connector may be used where each of the
nested bags is secured to the single filter in progressive locations. Inter-bag connectors may
include one or more filters to filter gasses being introduced into the organ as well as to allow
any gas lost from the tissue into the bag to escape. Allowing lost gas to escape can avoid
damaging air bubbles within the fluid as well as maintaining tissue contact with any
preservation fluid in which the tissue may be submerged. The use of one-way valves may help
ensure that gasses can escape from the storage bags but not enter through the vents.

[0010] The gas provided to the lungs to maintain a desired pressure can be treated
in various ways to further aid in tissue preservation. For example, the gas may be cooled and/or
humidified to maintain a desired preservation temperature and avoid organ desiccation. In
certain embodiments, the organ may be slightly compressed (e.g., fitted with an elastic sleeve)
in order to mimic the natural pleural pressure on the tissue. Such static pressure, in combination
with the compressed gas systems of the invention can be used to create a pulsatile or cyclic
flow of gas into and out of the lung. That pulsatile flow can be used in combination with gas
cooling and/or humidifying for better maintenance of tissue temperature and humidity as well
as providing oxygen to the tissue.

[0011] Where humidity is added to the gas entering the tissue, various active

compounds can be added to the evaporative fluid in order to treat the organ. For example,
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antimicrobial or any other soluble compound can be introduced via the wetting fluid used to
humidify the air entering the tissue.

[0012] Cooling can be accomplished by storing the gas source within a cooled
space such as the organ transport container itself. In various embodiments, the transport
container can include cooling or heating elements to control temperature therein. The
temperature of gas entering the organ can be controlled, in certain embodiments, by passing
the air lines through a heating or cooling element.

[0013] Similarly, gas used to initially inflate a donor lung at the donor site may be
conditioned via any of the above methods. For example, cooling the air used to inflate a donor
lung can aid in bringing the temperature of the organ down to the appropriate temperature for
storage and transport, complementing the external cooling afforded by a cooled storage space
and cooled preservation fluid. Providing cooled air to the smallest airways of the lung can help
prevent damage and deterioration of those delicate structures during storage and transportation.

[0014] In various embodiments, pleural pressure can be emulated by inflating a
cavity in or between one or more of the storage bags surrounding the tissue with a gas or liquid.
The external pressure may be static with internal pulsatile flow driven by the internally-
delivered compressed gas. In other embodiments, the external pressure may be pulsatile itself
with fluid being added to and removed from the tissue-surrounding cavities. In certain
embodiments, the compressive fluid used to inflate the cavities surrounding the tissue may be
compressed gas from the same source used to pressurize the tissue as described above.

[0015] Another drawback of current lung transport techniques is that lungs are
typically transported horizontally on a flat surface or on a bed of crushed ice. Both techniques
are far different from the geometry and orientation of the lung’s anatomical home. By resting
the lung horizontally, gravity can crush or damage the bottom-most airways. A rough bed of
crushed ice only complicates the issue. Accordingly, systems and methods of the invention
may include replicating the geometry of the chest cavity and/or the orientation of the lung
therein during transport and storage of donor lungs. In certain embodiments, a lung or pair of
lungs may be placed horizontally on a smooth surface with a raised central saddle portion to
replicate the spine. Alternatively, a lung or pair of lungs may be suspended in an upright
position similar to the orientation of the lung in a standing human body. In such instances, the

lung or lungs may be suspended by the trachea or bronchus which may be secured to a support



WO 2025/049335 PCT/US2024/043714

tube in fluid communication with, for example, an electronic pump as described above. In
certain cmbodiments, a rack and tray systcm may be used to provide a smooth surface for
supporting the bottom of the organ and to further provide a variety of mounting holes to
position supporting rods in various configurations. The supporting rods can be used to provide
configurable lateral support to the organ.

[0016] Systems and methods of the invention have application in both static cold
storage devices and hypothermic machine perfusion devices. In certain embodiments,
hypothermic machine perfusion devices are configured to oxygenate and perfuse a bodily
tissue for extracorporeal preservation of the bodily tissue. In lung applications, the perfusate
may be pumped through the lung’s vasculature and kept separate from the electronic pump air
system described above. The perfusion apparatuses can include a pneumatic system, a pumping
chamber, and an organ chamber. The pneumatic system may be configured for the controlled
delivery of fluid to and from the pumping chamber based on a predetermined control scheme.
The predetermined control scheme can be, for example, a time-based control scheme or a
pressure-based control scheme. The pumping chamber is configured to diffuse a gas into a
perfusate and to generate a pulse wave for moving the perfusate through a bodily tissue. The
organ chamber is configured to receive the bodily tissue and the perfusate. The organ chamber
is configured to substantially automatically purge excess fluid from the organ chamber to the
pumping chamber. The pumping chamber may be configured to substantially automatically
purge excess fluid from the pumping chamber to an area external to the apparatus.

[0017] In some embodiments, the system herein can include an organ adapter
configured to seal with a lumen of an organ; a manifold in fluid communication with the organ
adapter; an electronic pump configured to pump gas to the manifold; and a pressure regulator
in fluid communication with the manifold, the pressure regulator configured to release gas
from the manifold at a gas release rate, wherein the pressure regulator is configured to increase
the gas release rate when organ pressure is above a high pressure threshold, and wherein the
pressure regulator is configured to decrease the gas release rate when organ pressure is below
a low pressure threshold.

[0018] In some embodiments, the organ is a lung and the lumen of the organ is
selected from the group consisting of a trachea or bronchus of the lung. In some embodiments,

the system can include one or more containers operable to receive the organ and form a sealed
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environment around the organ, the one or more containers including a connector to facilitate
fluid communication between the organ adapter within the onc or more containers and the
manifold external to the one or more containers. In some embodiments, the one or more
containers are nested within each other. In some embodiments, the system can include one or
more sensors configured to measure a parameter of the organ. In some embodiments, the
parameter is selected from the group consisting of temperature and pressure. In some
embodiments, the system can include a cooling element. In some embodiments, the cooling
element is configured to cool gas traveling to the lumen of the organ. In some embodiments,
the system can include a humidifying element configured to humidify gas traveling to the
lumen of the organ. In some embodiments, the system can include a compressive sleeve
operable to compress the organ. In some embodiments, the system can include one or more
pouches of phase change material (PCM) for surrounding and cooling the one or more
containers. In some embodiments, the electronic pump pumps gas into the manifold at a
constant rate. In some embodiments, the system can include a pressure sensor configured to
measure organ pressure. In some embodiments, the electronic pump is configured to pump gas
from an organ chamber to the manifold. In some embodiments, the high pressure threshold is
15cmH20. In some embodiments, the low pressure threshold is 10cmH20O. In some
embodiments, the low pressure threshold is 12cmH20. In some embodiments, the system can
include an outer container configured to be removed without disconnecting the organ adapter.
In some embodiments, the system can include a suspension mechanism to suspend the organ
upright. In some embodiments, the phase change material (PCM) is engineered to have a
temperature between 2-10°C. In some embodiments, the phase change material (PCM) is
arranged in recesses. In some embodiments, the system can include a pressure management
module. In some embodiments, the electronic pump is configured to pump gas from an external
environment to the manifold. In some embodiments, the pressure regulator is configured to
pump gas to an external environment from the manifold. In some embodiments, the pressure
regulator is configured to pump gas to an organ chamber from the manifold. In some
embodiments, the system can include a datalogger configured to log information from the one
or more sensors. In some embodiments, the techniques described herein relate to a system and
26, further including an alarm when the parameter is above or below a threshold. In some

embodiments, the system can include a battery pack configured to charge the electronic pump.
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In some embodiments, the system can include a sterilizing filter. In some embodiments, the
clectronic pump is configured to be controlled by a user.

[0019] In some embodiments, the method herein can include providing an organ
transport container including an organ adapter, a pressure regulator, and a manifold, wherein
the manifold is in fluid communication with the pressure regulator and the organ adapter;
sealing the organ adapter to a lumen of an organ; pumping, using an electronic pump, gas to
the manifold; releasing, using the pressure regulator, gas from the manifold at a gas release
rate; increasing, using the pressure regulator, a gas release rate when organ pressure is above
a high pressure threshold, and decreasing, using the pressure regulator, the gas release rate
when organ pressure is below a low pressure threshold.

[0020] In some embodiments, the organ is a lung and the lumen of the organ is
selected from the group consisting of a trachea or bronchus of the lung. In some embodiments,
the method can include receiving the organ in one or more containers and forming a sealed
environment around the organ, the one or more containers including a connector to facilitate
fluid communication between the organ adapter within the one or more containers and the
manifold external to the one or more containers. In some embodiments, the one or more
containers are nested within each other. In some embodiments, the method can include
measuring a parameter of the organ using one or more sensors. In some embodiments, the
parameter is selected from the group consisting of temperature and pressure. In some
embodiments, the method can include cooling the organ using a cooling element. In some
embodiments, the cooling element is configured to cool gas traveling to the lumen of the organ.
In some embodiments, the method can include humidifying gas traveling to the lumen of the
organ using a humidifying element. In some embodiments, the method can include
compressing the organ using a compressive sleeve. In some embodiments, the method can
include surrounding and cooling the one or more containers using one or more pouches of
phase change material (PCM). In some embodiments, the electronic pump pumps gas into the
manifold at a constant rate. In some embodiments, the method can include measuring organ
pressure using a pressure sensor. In some embodiments, the electronic pump is configured to
pump gas from an organ chamber to the manifold. In some embodiments, the high pressure
threshold is 15cmH20. In some embodiments, the low pressure threshold is 10cmH20. In

some embodiments, the low pressure threshold is 12cmH20. In some embodiments, the
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method can include removing an outer container without disconnecting the organ adapter. In
some cmbodiments, the method can include suspending the organ upright using a suspension
mechanism. In some embodiments, the phase change material (PCM) is engineered to have a
temperature between 2-10°C. In some embodiments, the phase change material (PCM) is
arranged in recesses. In some embodiments, the organ transport container further includes a
pressure management module. In some embodiments, the electronic pump is configured to
pump gas from an external environment to the manifold. In some embodiments, the pressure
regulator is configured to pump gas to an external environment from the manifold. In some
embodiments, the pressure regulator is configured to pump gas to an organ chamber from the
manifold. In some embodiments, the method can include logging information from the one or
more sensors with a datalogger. In some embodiments, the techniques described herein relate
to a method and 56, further including activating an alarm when the parameter is above or below
a threshold. In some embodiments, the method can include charging the electronic pump using
a battery pack. In some embodiments, the method can include filtering the gas using a
sterilizing filter. In some embodiments, the electronic pump is configured to be controlled by
a user.

[0021] In some embodiments, the system herein can include a transport container
configured to receive a lung; a lung adapter configured to seal with an airway of the lung; one
or more sensors configured to measure a gas concentration in the lung; a gas source configured
to be in fluid communication with the lung adapter; and a pump configured to pump gas from
the gas source to the lung adapter and the airway of the lung.

[0022] In some embodiments, the one or more sensors are configured to measure
an oxygen concentration. In some embodiments, the pump is configured to pump oxygen to
the airway of the lung when the oxygen concentration is below an oxygen threshold. In some
embodiments, the oxygen threshold is 20%. In some embodiments, the one or more sensors
are configured to measure a carbon dioxide concentration. In some embodiments, the pump is
configured to pump oxygen to the airway of the lung when the carbon dioxide concentration
is above a carbon dioxide threshold. In some embodiments, the pump is configured to remove
carbon dioxide from the airway of the lung when the carbon dioxide concentration is above a
carbon dioxide threshold. In some embodiments, the carbon dioxide threshold is 1%. In some

embodiments, the system can include a port connected to the lung adapter including a
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bronchoscopy component. In some embodiments, the system can include a port connected to
the lung adapter including a mucus removal component configured to remove mucus sccretion
from the airway of the lung. In some embodiments, the system can include a port connected to
the lung adapter including a delivery component configured to deliver at least one diagnostic
agent to the airway of the lung. In some embodiments, the system can include a port connected
to the lung adapter including a delivery component configured to deliver at least one
therapeutic agent to the airway of the lung. In some embodiments, the pump is configured to
deliver nitric oxide to the airway of the lung. In some embodiments, the one or more sensors
is configured to sample a gas concentration in a trachea of the lung. In some embodiments, the
one or more sensors is configured to sample a gas concentration in one or more lobes of the
lung. In some embodiments, the one or more sensors is configured to sample a gas
concentration in preservation solution in the transport container. In some embodiments, the
system can include cooling material disposed in the transport container.

[0023] In some embodiments, the methods herein can include providing a transport
container configured to receive a lung; sealing an airway of the lung to a lung adapter of the
transport container; measuring, using one or more sensors, an oxygen concentration in the lung;
and delivering, using a pump, oxygen to the lung through the lung adapter when the oxygen
concentration is below an oxygen threshold.

[0024] In some embodiments, measuring the oxygen concentration of the lung
includes measuring the oxygen concentration of the lung at multiple points in time during
preservation of the lung. In some embodiments, the oxygen threshold is 20%. In some
embodiments, the method can include inputting the oxygen threshold.

[0025] In some embodiments, the methods herein can include providing a transport
container configured to receive a lung; sealing an airway of the lung to a lung adapter of the
transport container; measuring, using one or more sensors, a carbon dioxide concentration in
the lung; and removing, using a pump, carbon dioxide from the lung through the lung adapter
when the carbon dioxide concentration is above a carbon dioxide threshold.

[0026] In some embodiments, measuring the carbon dioxide concentration of the
lung includes measuring the carbon dioxide concentration of the lung at multiple points in time
during preservation of the lung. In some embodiments, the carbon dioxide threshold is 1%. In

some embodiments, the method can include inputting the carbon dioxide threshold.
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[0027] In some embodiments, the methods herein can include providing a transport
containcr configurcd to reccive a lung; scaling an airway of the lung to a lung adapter of the
transport container; measuring, using one or more sensors, an oxygen concentration in the lung
during hypothermic preservation; and determining viability of the lung for transplantation
based on the oxygen concentration in the lung.

[0028] In some embodiments, measuring the oxygen concentration of the lung
includes measuring the oxygen concentration of the lung at multiple points in time during
preservation of the lung. In some embodiments, the method can include determining viability
of the lung for transplantation based on a change in oxygen concentration during preservation
of the lung.

[0029] In some embodiments, the methods herein can include placing a lung in a
transport container; delivering, using one or more electrodes, electricity to the lung; measuring,
using the one or more electrodes, voltage of the lung during hypothermic preservation;
determining impedance of the lung based on the voltage of the lung; and determining viability
of the lung for transplantation based on the impedance of the lung.

[0030] In some embodiments, determining the impedance of the lung includes
determining the impedance of the lung at multiple points in time during preservation of the
lung. In some embodiments, the method can include determining viability of the lung for
transplantation based on a change in impedance during preservation of the lung.

[0031] In some embodiments, the methods herein can include providing a transport
container configured to receive a lung; sealing an airway of the lung to a lung adapter of the
transport container; delivering, with a pump, gas including oxygen into the lung through the
lung adapter to inflate the lung; and removing, with the pump, gas including carbon dioxide
from the lung through the lung adapter to deflate the lung, wherein the pump is configured to
cyclically inflate and deflate the lung during preservation.

[0032] In some embodiments, the system herein can include a transport container
configured to receive a lung; a lung adapter configured to seal to an airway of the lung; a gas
source containing gas including oxygen; a pump configured to deliver the gas including oxygen
from the gas source to the lung through the lung adapter to inflate the lung; and the pump

configured to remove gas including carbon dioxide from the lung through the lung adapter to
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deflate the lung, wherein the pump is configured to cyclically inflate and deflate the lung during
preservation.

[0033] In some embodiments, the methods herein can include placing a lung in a
transport container; delivering, using one or more electrodes, electricity to the lung; measuring,
using the one or more electrodes, voltage of the lung during hypothermic preservation;
determining impedance of the lung based on the voltage of the lung; and pumping oxygen into
the lung when the impedance of the lung is above a threshold.

[0034] In some embodiments, the methods herein can include providing a transport
container configured to receive a lung; sealing an airway of the lung to a lung adapter of the
transport container; measuring, using one or more sensors, a first volume in the lung during
hypothermic preservation; measuring, using one or more sensors, a first airway pressure of the
lung during hypothermic preservation; delivering gas to the airway of the lung or removing
gas from the airway of the lung; measuring, using one or more sensors, a second volume in the
lung during hypothermic preservation; measuring, using one or more sensors, a second airway
pressure of the lung during hypothermic preservation; based on the difference between the first
volume and the second volume in the lung and the difference between the first airway pressure
and the second airway pressure of the lung, determining a compliance of the lung; and
determining viability of the lung for transplantation based on the compliance of the lung.

[0035] In some embodiments, the methods herein can include providing a transport
container configured to receive a lung; sealing an airway of the lung to a lung adapter of the
transport container; measuring, using one or more sensors, a first volume in the lung during
hypothermic preservation; measuring, using one or more sensors, a first airway pressure of the
lung during hypothermic preservation; delivering gas to the airway of the lung or removing
gas from the airway of the lung; measuring, using one or more sensors, a second volume in the
lung during hypothermic preservation; measuring, using one or more sensors, a second airway
pressure of the lung during hypothermic preservation; based on the difference between the first
volume and the second volume in the lung and the difference between the first airway pressure
and the second airway pressure of the lung, determining a compliance of the lung; and
delivering oxygen into the lung when the compliance of the lung is above a threshold.

[0036] In some embodiments, the methods herein can include providing a transport

container configured to receive a lung; sealing an airway of the lung to a lung adapter of the
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transport container; measuring an oxygen consumption rate of the lung; and changing a
temperaturc in the transport container bascd on the oxygen consumption rate of the lung.
[0037] In some embodiments, methods herein can include providing a transport
container configured to receive a lung; sealing an airway of the lung to a lung adapter of the
transport container; measuring an oxygen concentration in the lung; and changing a

temperature in the transport container based on the oxygen concentration in the lung.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1A is a side view of an embodiment of a transport container for an
organ with a pneumatic pressure control system.

[0039] FIG. 1B is a front view of an embodiment of a transport container for an
organ with a pneumatic pressure control system.

[0040] FIG. 2 is an example schematic of the flow of air in an embodiment of a
pneumatic pressure control system when lung pressure is at target pressure.

[0041] FIG. 3 is an example schematic of the flow of air in an embodiment of a
pneumatic pressure control system when lung pressure is below target pressure.

[0042] FIG. 4 is an example schematic of the flow of air in an embodiment of a
pneumatic pressure control system when lung pressure is above target pressure.

[0043] FIG. 5 is a front view of a pneumatic pressure control system.

[0044] FIG. 6 is an angled, side view of a pneumatic pressure control system.

[0045] FIG. 7 is a side view of an organ storage system.

[0046] FIG. 8 is an example of the pneumatic pressure control system in connection
with a static or perfusion-type preservation apparatus.

[0047] FIG. 9 is an example of a tracheal connector, or organ adapter, of the organ
storage system.

[0048] FIG. 10A is a side, angled view of a sterilizing filter of the organ storage
system.

[0049] FIG. 10B is a front view of a sterilizing filter of the organ storage system.

[0050] FIG. 11 is an example of a manifold of the pneumatic pressure control

system.
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[0051] FIG. 12 is an example of tubing between the three bags of the organ storage
systcm.

[0052] FIG. 13A is an exploded side view of a first portion of the middle bag
connector that attaches to the middle bag of the organ storage system.

[0053] FIG. 13B is a side view of a first portion of the middle bag connector that
attaches to the middle bag of the organ storage system.

[0054] FIG. 14A is an exploded side view of a second portion of the middle bag
connector that attaches to the outer bag of the organ storage system.

[0055] FIG. 14B is a side view of a second portion of the middle bag connector that
attaches to the outer bag of the organ storage system.

[0056] FIG. 15 is an angled, side view of an example of a transport container for
an organ with a pneumatic pressure control system.

[0057] FIG. 16 shows an example of an organ transport system with a component
in fluid communication with the organ adapter and electrodes on the lung.

[0058] FIG. 17 shows a graph of lung compliance based on measures of pressure

and volume in the lung.

DETAILED DESCRIPTION

[0059] Devices, systems and methods are described herein that are configured for
extracorporeal preservation and transportation of bodily tissue. Specifically, devices for
monitoring and stabilizing pressure within inflated lungs are described including organ
connectors to filter air moving to and from the lung and to permit any leaked air to escape the
preservation fluid-filled container. Systems and methods can compensate for pressure changes
resulting from, for example, increases and decreases in altitude during air transport of the
organ. By bleeding off and returning excess gases, volumetric expansion of the lung (i.e., over-
inflation) may be prevented, avoiding damaging the organ which can result in decreased organ
viability and decreased survival rates for transplant recipients. Additional aspects include
contoured storage and transport chambers that can replicate the in-vivo anatomical orientation
and geometry for a given organ. For example, a pair of donor lungs may be placed against a
smooth, raised, central saddle designed to replicate the spine that the lungs would be resting

against in vivo. Organs, such as lungs or hearts, may be suspended in an upright position to
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replicate the organ’s orientation in a standing human and to prevent tissue damage caused by
pressurc from the organ’s own weight resting on itsclf.

[0060] The devices, systems and methods described herein can be used to transport
organs from a donor to a recipient while maintaining both the temperature of the organ and the
differential pressure in the organ relative to its environment. Organs can be exposed to
substantial environmental pressure changes in transit due to both air travel and differences in
elevation of the donor and recipient sites. Negative clinical effects of both high and low
differential organ pressures have been documented in the literature. The devices, systems and
methods described herein are intended to improve clinical outcomes by maintaining the
temperature and differential pressure of the organs during transit at levels that are known to be
safe.

[0061] In certain embodiments, pressure modulation can be carried out using
various combinations of electronic pumps, compressed gas, pressure regulators, pressure relief
valves, filters, pressure accumulators, and compressive features. The pressure modulating
apparatuses may be connected to the interior airways of a stored lung in order to add and
remove gas to maintain a desired pressure. The air connection is preferably sealed to allow the
pressure regulation to function and to maintain a sterile environment. Pressure modulating
apparatuses may be connected to a sealed environment of a sealed organ in order to add and
remove gas to maintain a desired pressure. A coupled compressed gas source or an interior
environment of the storage container may comprise oxygen in order to provide oxygen to the
living tissue being stored. A pressure regulator may sense pressure within the system and open
a connection to the compressed gas source in order to increase pressure when the system
pressure falls below a selected threshold that may result in tissue damage. Similarly, if pressure
within the system is above a safe threshold to avoid tissue damage, one or more pressure relief
valves may release excess gas volume until the desired internal pressure is achieved. Any point
of access for adding or releasing gas may include a filter to avoid contamination of the sterile
environment.

[0062] FIGS. 1A and 1B shows a side view and a front view of an exemplary
transport container 100 with a pneumatic pressure control system 500. The transport container
100 can be a storage container. The transport container 100 can include cooling and/or

insulating materials to cool the tissue to a desired temperature and maintain that temperature
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for an extended period. The system may use any of a number of cooling media to maintain the
temperaturc inside an insulated transport container 100 during transport. Cooling media may
comprise eutectic cooling blocks, which have been engineered to have a stable temperature
between 2-10 °C, 2-8 °C, 0-10 °C, or 0-8 °C for example. The cooling media can be arranged
in recesses 102 in the interior of the insulated vessel. The recesses 102 may be a slot or the
recess 102 may be a press-fit, or the cooling media may be coupled to the walls of the insulated
vessel using a snap, screw, hook and loop, or another suitable connecter. Eutectic cooling
media suitable for use with the system is available {rom TCP Reliable Inc. Edison, NJ 08837,
as well as other suppliers. Other media, such as containerized water, containerized water-
alcohol mixtures, or containerized water-glycol mixtures may also be used. The transport
container 100 need not be rigid, for example the cooling media may be contained in a bag
which is placed in the recess 102. Using the cooling media, e.g. eutectic cooling blocks, the
invention is capable of maintaining the temperature of the sample in the range of 2-10 °C for
at least 60 minutes, e.g., for greater than 4 hours, for greater than 8 hours, for greater than 12
hours, or for greater than 16 hours.

[0063] In various embodiments, cooling blocks may include eutectic cooling media
or other phase change material (PCM) such as savENRG packs with PCM-HSO1P material
commercially available from RGEES, LLC or Akuratemp, LLC (Arden, NC). Exemplary PCM
specifications including a freezing temperature of 0° C +/- 0.5° C, a melting temperature of 1°
C +/- 0.75° C, latent heat of 310 J/g +/- 10 J/g, and density of 0.95 gram/ml +/- 0.05 gram/ml.
Pouch dimensions may vary depending on application specifics such as tissue to be transported
and the internal dimensions of the transport container 100 and external dimensions of the tissue
storage device, chamber, or canister. PCM may be included in pouches approximately 10
inches by 6 inches having approximately 230 g of PCM therein. In some embodiments, the
transport container 100 can have integrated coolant in the walls. In some embodiments, the
transport container 100 can have active temperature maintenance.

[0064] Pouches may be approximately 8.5 mm thick and weigh about 235g to 247g.
In some embodiments, pouches may be approximately 6.25 inches by 7.75 inches with a
thickness of less than about 8.5 mm and a weight of between about 193 g and about 201 g.
Other exemplary dimensions may include about 6.25 inches by about 10 inches. Pouches may

be stacked or layered, for example in groups of 3 or 4 to increase the total thickness and amount
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of PCM. In certain embodiments, PCM containing pouches may be joined side to side to form
a band of coupled PCM pouches. Such a band may bc rcadily manipulated to wrap around the
circumference of a cylindrical storage container and may have dimensions of about 6 inches
by about 26 inches consisting of approximately 8 individual pouches joined together in the
band. Pouches may be formed of a film for containing the PCM having a desirable moisture
vapor transmission rate to avoid PCM mass loss over time. Suitable films include X2030
EVOH and nylon pouch film available from Protect-all (Darien, WI) and pluss plain laminate
162p OP nylon multilayer {ilm 350mm available from Shrinath Rotopack Pvt. Ltd. (India).

[0065] The recesses 102 for PCM may be above the organ chamber 104. The
recesses 102 for PCM may be below the organ chamber 104. The recesses 102 for PCM may
be above and below the organ chamber 104. He organ chamber 104 can contain the organ
storage system 700. In some embodiments, the transport container 100 can have a rigid bottom
portion and a flexible top portion. In some embodiments, the transport container can have a
pressure management module disposed within it. The PCM can be placed above and below
the organ chamber.

[0066] One or more racks may be included below and/or above the organ and may
include a pattern of holes. The holes may receive support rods which can be placed in different
patterns of holes depending on the size and shape of the tissue being transported to maintain
the tissue in a desired position and prevent lateral movement thereof during transportation and
storage. The organ can be suspended with a suspension mechanism.

[0067] In various embodiments, organ containers may comprise insulation material
at least around the organ chamber. Preferably, all sides of the organ chamber 104 are insulated,
along with the pumping chamber in embodiments where a pumping chamber is included.
Insulation material can comprise an aerogel. When used in conjunction with cooling blocks or
packs within the insulated area, containers of the invention can maintain a desired temperature
for extended periods of time of 18 hours or more. Aerogel insulation materials may be at least
1 mm, at least 2 mm, at least 3 mm, at least 4 mm, at least 5 mm, at least 6 mm, at least 7 mm,
at least 8§ mm, at least 9 mm, at least 10 mm, or at least 15 mm thick in various embodiments.
The thickness of the aerogel insulation may vary at different points around the container (e.g.,
thicker at the top and bottom than the sides). In some embodiments, the transport container

100 can include features to constrain the position of the organ.
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[0068] The transport container 100 can have a handle for transporting the transport
containcr 100. The handle can be retractable. The transport container 100 can have whecels for
transporting the transport container 100.

[0069] FIG. 2 is an example schematic of the flow of air in an embodiment of a
pneumatic pressure control system 500 when lung pressure is at target pressure. In some
embodiments, target pressure can be 10-15cmH20O. In some embodiments, target pressure can
be 12-15cmH>0. In particular embodiments, the target differential pressure is fixed. In certain
examples, the user may adjust the target differential pressure. The electronic pump 204 can
pump gas from the pump intake 202 to the manifold 206. The pump 204 can be a peristaltic
pump, a positive displacement pump, a kinetic pump, a centrifugal pump, a jet pump, and/or a
diffusion pump. The pump intake 202 can take in gas from the interior of the transport
container 100. The gas from the interior of the transport container 100 can be cooled by the
PCM.

[0070] A pressure sensor 208 can be positioned near the manifold 206. The
pressure sensor may be electric and include a wireless sender located on the closed system
such that pressure may be wirelessly monitored from outside an organ transport container
during transport.

[0071] The manifold 206 can at least partially allow the gas flowing from the
electronic pump 204 to flow to the mechanical pressure regulator 210. The mechanical pressure
regulator 210 can allow the gas to flow out of the pressure regulator exhaust 212. The
mechanical pressure regulator 210 can at least partially open a valve to the pressure regulator
exhaust 212 when lung pressure is at target pressure. The pressure regulator exhaust 212 can
release the gas back into the interior of the transport container 100. The pressure regulator
exhaust 212 can release the gas to the exterior of the transport container 100.

[0072] In some embodiments, gas does not flow between the manifold 206 and the
lung 214 when the lung pressure is at target pressure. The system herein may include an intake
filter 506 upstream of the electronic pump 204 that filters out larger particulate to prevent pump
damage. The intake filter 506 may be a 48 micron intake filter.

[0073] FIG. 3 is an example schematic of the flow of air in an embodiment of a
pneumatic pressure control system 500 when lung pressure is below target pressure. In some

embodiments, below target pressure can be below 10cmH:20. In some embodiments, below
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target pressure can be below 12cmH»0O. The electronic pump 204 can pump gas from the pump
intake 202 to the manifold 206.

[0074] The mechanical pressure regulator 210 can at least partially prevent the gas
from flowing out of the pressure regulator exhaust 212. The mechanical pressure regulator 210
can at least partially close a valve to the pressure regulator exhaust 212 when lung pressure is
below target pressure. In some embodiments, gas does not flow between the manifold 206 and
the mechanical pressure regulator 210 when the lung pressure is below target pressure. In some
embodiments, gas has a low {low between the manifold 206 and the mechanical pressure
regulator 210 when the lung pressure is below target pressure.

[0075] The manifold 206 can allow the gas flowing from the electronic pump 204
to flow to the lung 214. The flow of gas into the lung 214 can cause pressure in the lung 214
to increase. The flow of gas into the lung 214 can cause the lung 214 to inflate.

[0076] FIG. 4 is an example schematic of the flow of air in an embodiment of a
pneumatic pressure control system 500 when lung pressure is above target pressure. In some
embodiments, above target pressure can be above 15cmH>O. The electronic pump 204 can
pump gas from the pump intake 202 to the manifold 206.

[0077] The mechanical pressure regulator 210 can at least partially allow gas to
flow out of the pressure regulator exhaust 212. The mechanical pressure regulator 210 can at
least partially open a valve to the pressure regulator exhaust 212 when lung pressure is below
target pressure. Gas can release from the pressure regulator exhaust 212 into the interior of the
transport container 100. The pressure regulator exhaust 212 can release the gas to the exterior
of the transport container 100.

[0078] Gas can flow from the lung 214 to the manifold 206. The flow of gas from
the lung 214 can cause pressure in the lung 214 to decrease. The flow of gas from the lung 214
can cause the lung 214 to deflate.

[0079] In some embodiments, the flow of gas to the mechanical pressure regulator
210 is higher when lung pressure is above target pressure than when lung pressure is at target
pressure. In some embodiments, the flow of gas to the mechanical pressure regulator 210 can
be controlled by the opening and closing the valve to the pressure regulator exhaust 212 to

varying degrees.
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[0080] Included in the system, in some embodiments, may be a pressure regulator
for controlling when gas i1s added to the system, onc or more check valves for preventing back-
flow of gas, one or more pressure relief valves for allowing excess gas to escape the lungs, and
one or more connectors to facilitate system setup. Pressure can be maintained between 10-15
cmH>O0 by the regulator and relief valves. Pressure can be maintained between 12-15 cmH>O
by the regulator and relief valves.

[0081] When lung pressure is at target pressure, the valve can be open enough to
allow most of all of the gas [rom the electronic pump to [low out of the pressure regulator
exhaust 212, but closed enough to prevent some or all of the gas from the lung from flowing
out of the pressure regulator exhaust 212. When lung pressure is above target pressure, the
valve can be open enough to allow most or all of the gas from the electronic pump to flow out
of the pressure regulator exhaust 212, and open enough to allow some gas from the lung to
flow out of the pressure regulator exhaust 212. When lung pressure is below target pressure,
the valve can be closed enough to prevent some or all of the gas from the electronic pump from
flowing out of the pressure regulator exhaust 212, and closed enough to prevent some or all of
the gas from the lung from flowing out of the pressure regulator exhaust 212.

[0082] Systems herein may include a variety of sensors configured to sense and
report, for example, temperature of the tissue, ambient temperature, airway temperature,
temperature of a preservation fluid or perfusate, pressure within the closed air system, pressure
within the fluid, or ambient pressure. Displays for the sensors may be disposed on the outer
surfaces of the organ transport or may be wirelessly linked to the internal sensors. The air
entering the organ may be temperature controlled as it is taken in from the interior of the
transport container 100, which is temperature controlled. In some embodiments, the gas can
be humidified by a humidifying element as it travels to the lumen of the organ. In some
embodiments, a display connected to the sensors may be disposed on the outside of the
transport container 100.

[0083] The systems herein can include a datalogger capable of logging and
displaying temperature, pressure, and/or battery voltage. Information from the datalogger can
be displayed on an outside of the transport container 100. Information from the datalogger can
be displayed on a mobile application. Information from the datalogger can be displayed on a

computer. In some embodiments, the systems herein can include sensors to measure the
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position, velocity, and acceleration of the transport container. In some embodiments, the
sensors can transmit position, velocity, and acccleration data wirclessly to be displayed on a
mobile application or computer.

[0084] In some embodiments, a temperature sensor may include a probe positioned
in the transport cavity and attached by a flexible cable to a temperature datalogger. The probe
may not be wetted (i.e., the probe would remain outside of any sterile bags or containers) and
may be suspended in air by a bracket or support in order to avoid direct contact with any
cooling materials. The probe would thereby record and/or report the cavity temperature rather
than the lung tissue temperature. The probe may be outside the outer bag 712. The probe may
be outside the middle bag 714. The probe may be outside the inner bag 716. The probe may be
inside the inner bag 716. The probe can measure temperature through the bags. In some
embodiments, temperature is measured directly inside the organ. In some embodiments,
temperature is measured directly inside an airway of the organ.

[0085] In certain embodiments, the sensor may comprise a mechanical flag that
indicates the possibility that additional pressure was absorbed by the lung tissue through over-
inflation. In certain embodiments, the sensor may comprise a mechanical flag that indicates
high pressure in the system. In certain embodiments, the sensor may comprise a mechanical
flag that indicates low pressure in the system. A datalogger connected to the pressure sensor
may initiate the mechanical flag. A mechanical flag may indicate that the temperature is above
or below a threshold. The mechanical flag may be an alarm.

[0086] In certain examples, the pump intake 202 can take in gas from the interior
of the transport container 100. In another embodiment, the pump intake 202 can take in gas
from the external environment. In another embodiment, the pump intake 202 can take in gas
from a pressurized gas source.

[0087] In some embodiments, the pump 204 and/or the pressure regulator 210 can
be used to cycle pressure in the lung 214. For example, the pump 204 and/or the pressure
regulator 210 can be used to inflate and deflate the lung 214 in a cycle. The pump 204 and/or
the pressure regulator 210 can be used to ventilate the lung 214.

[0088] FIG. 5 is a front view of a pneumatic pressure control system 500. FIG. 6 is
an angled, side view of a pneumatic pressure control system 500. The system includes a pump

intake 202 that can be connected to the interior of the transport container 100. Gas can flow
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from the transport container 100 to the pump intake 202 to the electronic pump 204. The
clectronic pump 204 can pump the gas to the manifold 206. The gas can flow from the manifold
206 to the mechanical pressure regulator 210 and/or the organ output 502. The organ output
502 is connected to the outer bag connector 702. The mechanical pressure regulator 210 is
connected to the pressure regulator exhaust 212. The mechanical pressure regulator 210 can
control a valve that increases or decreases a gas release rate from the pressure regulator exhaust
212.

[0089] The battery pack 504 can power or charge the electronic pump 204. The
electronic pump 204 can be powered on and off by the user using a switch. The electronic
pump 204 can run at a constant rate during transport. In some embodiments, the system
includes an interlock feature where the pump is only powered when the organ container is
connected to it. In some embodiments, the system can use rechargeable batteries. In some
embodiments, the system can use AC power.

[0090] In some embodiments, a pressure management system including hardware
and software can actively pump air into and out of organ and/or the environment to maintain
constant pressure differential. In some embodiments, a pressure management system including
hardware and software can actively pump air into and out of organ and/or the environment to
replicate a physiologic pressure cycle. In some embodiments, the organ container can have an
integrated connector for a ventilator.

[0091] FIG. 7 is a side view of an organ storage system 700. Systems and methods
of the invention may include sterile, nested containers for isolating stored tissue from the
external environment and the potentially contaminated interior of various storage and transport
apparatuses. The containers can include a nested series of three sealed bags with the organ
(e.g., lungs) being placed in the inner bag 716 and that bag being then sealed in two additional
bags. The bags may have one or more connectors allowing gasses or other fluids to move
between the bags, the tissue, and the external environment.

[0092] The organ storage system 700 can be positioned in the transport container
100. The outer bag connector 702 can be connected to the organ output 502. Gas can flow
between the outer bag connector 702 and the organ output 502. The outer bag connector 702

can be external to the outer bag 712. The outer bag connector 702 can have an airway sealing
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mechanism. In some embodiments, the outer bag can include a connection point for a ventilator
or an cndotrachcal tube.

[0093] The middle bag connector 704 can be connected to the outer bag connector
702. The middle bag connector 704 can be inside the outer bag 712 and external to the middle
bag 714. The middle bag connector 704 can have an airway sealing mechanism. Each
connector may include a flange to be sealed to its nested container and may include its own
filter. In certain embodiments, a single filter may be used on the air line. Joining the connectors,
filters, and tubing can provide a sterile, sealed connection between a gas source and the internal
lung via an endotracheal tube. The bags can include tubes. The tubes can be welded in to the
bags. The connectors can be part of the tubing of the bags. In some embodiments, the bags can
store statically inflated organs and the pressure inside the bags can be actively controlled. In
some embodiments, the bags can include easy to assemble scaffolding. The bags can include
integrated sealing mechanisms. The shipper or transport container 100 can have features for
securing the position of the bags. The bags can have features for securing the position of the
organ.

[0094] The sterilizing filter 706 can be connected to the middle bag connector 704.
The sterilizing filter 706 can be inside the middle bag 714 and external to the inner bag 716.
The sterilizing filter can be external to the outer bag 712. The sterilizing filter can be internal
to the inner bag 716. The sterilizing filter 706 can filter the gas flowing through. The sterilizing
filter 706 can include an outer housing which can include tie-off locations for securing sterile
isolation bags. The tie-off locations can comprise circumferential indentations in the outer
surface of the sterilizing filter 706 to provide purchase for the tie-off mechanism and prevent
incidental separation of the sterile isolation bag from the assembly. The sterilizing filter 706
can ensure that gas entering the organ is sterile.

[0095] The organ adapter 708 can be connected to the sterilizing filter 706. The
organ adapter can be inside the inner bag 716. The organ adapter 708 can be sealed to an organ.
The organ adapter 78 may comprise a lumen that, when the organ adapter 708 is coupled to
the lung, is in fluid communication with the airways of the lung. The organ adapter can be
sealed to the organ using cable ties 710. The organ adapter 708 can include an integrated
mechanism for sealing to the organ. The organ adapter 708 can be sealed to the organ using a

clamp. The organ adapter 708 can be sealed to the organ using strings. The cable ties 710 can
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have sleeves on them to prevent the bag material from being caught in them when the cable
tics 710 arc tightened. The slecves on the cable tics 710 can prevent puncturing of the bags. In
some embodiments, the cable ties can form an airtight seal. In some embodiments, the bags
can be tied closed with strings. In some embodiments, the sterile bags contain integrated
structural supports that allow them to be loaded or unloaded without the use of an external
structure such as a basin. In some embodiments, the sterile bags include external structural
supports that allow them to be loaded or unloaded.

[0096] The organ adapter 708 can be sealed to a bronchus of the lung. The organ
adapter 708 can be sealed to a trachea of the lung. The organ adapter 708 may be a connection
point for securing an endotracheal tube or otherwise securing the lungs. The connection point
should form a tight seal such that the only gas or fluid access to the internal lung is through the
air line and sterilizing filter 706. The air line may have a sealing mechanism, such as a clamp,
to seal off the internal lung during connection and disconnection from the pressure regulating
apparatus.

[0097] Accordingly, the bagged organ may be easily and quickly connected to the
pneumatic pressure control system 500 and inflated during loading and easily and quickly
disconnected upon arrival at the transplantation site. To maintain an aseptic environment in the
bags outside of the airway, all three bags can be closed using an external closure mechanism
such as the cable ties 710 or hand-tied strings. The outer bag 712 can be removed before
entering a sterile environment at the transplantation site, as the outer bag 712 may no longer
be sterile. The outer bag 712 may be removed if the outer bag is contaminated or possibly
contaminated. The middle bag 714 can include an airway sealing mechanism (the middle bag
connector 704). This can allow aseptic transfer of the inner two bags to a sterile field without
loss of airway pressure.

[0098] In some embodiments, the organ adapter 708 (or simply referred as the
adapter) can be configured to support the bodily tissue when the bodily tissue is coupled to the
adapter. For example, in some embodiments, the adapter can include a retention mechanism
(not shown) configured to be disposed about at least a portion of the bodily tissue and to help
retain the bodily tissue with respect to the adapter. The retention mechanism can be, for
example, a net, a cage, a sling, or the like. In some embodiments, the system can include a

basket (not shown) or other support mechanism configured to support the bodily tissue when
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the bodily tissue is coupled to the adapter or otherwise received in the system. The organ
adapter may be rigidly coupled to an interior wall (c.g. a lid) of an organ container such that
the organ may be suspended via its connection point to the adapter. In some embodiments, the
organ adapter 708 can have an integrated valve to maintain pressure. In some embodiments,
the organ adapter 708 can have an integrated sealing or retention mechanism. In some
embodiments, the organ adapter can include a connection point for a ventilator or endotracheal
tube.

[0099] The portion of the adapter that is inserted into a lumen of the organ may
include a series of tapered steps such that a distal end of the adapter portion is narrower than a
proximal end. In this manner, the adapter is configured to be inserted into a range of lumen
sizes. The portion of the adapter that is inserted into a lumen of the organ may include a
mechanism to adjust its diameter. The portion of the adapter that is inserted into a lumen of the
organ may include a compliant component that enables sealing onto organs with a range of
lumen diameters.

[0100] The lumen may be secured or sealed to the organ adapter 708 via any means
including elastic tension in the organ lumen itself or through the use of sutures, elastic band,
or other securing mechanisms on the outside of the lumen applying pressure thereupon to form
an air- tight seal between the lumen of the organ and the lumen of the adapter.

[0101] Any gas that may be formed or leak from the interior of the tissue can be
vented out through bag filters. Another filter can be included centrally to filter gas passing
between the lung internals and the air line.

[0102] Nested containers may be configured in a series of 2 or more (preferably 3)
sterile nested bags allowing for venting of air via 1-way check valves with integrated
hydrophobic filtration media with communication allowed through a series of interconnected
ports to a controlled plug (e.g., an accumulator element, relief valve, or gas source), system
temperature can be monitored by a temperature probe placed in contact with the outside of the
bag. Additional useful information regarding preservation solution temperature, oxygen
content, pH, ionic chemistry, and other aspects may be obtained and monitored via a series of
integrated probes (temp, oxygen, pH, ion-specific, conductivity, etc.) which may pass into the
bags through a series of bulkhead fittings or similar or be placed within the inner bag 716 and

communicate in a wireless fashion through near field communications or Bluetooth
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connectivity or similar to an external device which processes the signal. In certain
cmbodiments, such probes may be affixed to the inner bag 716. In some embodiments, probes
may be in a free-floating assembly placed into the bag prior to use. In certain embodiments,
probes can be in communication with a user interface such as a display on the device or a
remote display. Accordingly, user monitoring can be permitted to allow for environmental
parameter recording and/or intervention. In certain embodiments, such probes can be in
communication with a computer device including a non-transitory, tangible memory and a
processor operable to receive information from the various probes and sensors and engage
various apparatuses for maintaining or altering environmental parameters. For example, an
active solution management tool may be used to dynamically adjust preservation solution
properties to optimize the organ storage environment based on pH, ionic chemistry, or
composition by adding or removing compounds from the preservation fluid. The computer
may also manipulate cooling or heating elements and or the pressure control mechanisms
described herein to maintain optimal storage conditions in response to changes detected via the
connected probes. In some embodiments, the container walls may display information
regarding preservation solution temperature, pH, ionic chemistry, and other suitable aspects
via non-electronic means. For example, an element of the transport container 100 can change
color.

[0103] In certain embodiments, the containers or nested containers may be rigid
cassettes instead of flexible bags. In some embodiments, the nested containers may be a
combination of rigid containers, bags, and semi-rigid containers with a rigid component and a
flexible component. In such embodiments, it might be desirable to have a larger reservoir of
aqueous solution for thermal reasons than might be economically or functionally practical. It
might also be of advantage or necessary to provide a rigid container to an organ in transit which
would not be provided by flexible bags. In such cases, a sterile, disposable, rigid enclosure
may be used to contain the organ and some small volume of preservation solution directly,
afterwards being inserted into the standard bag system containing a larger volume of aqueous
media (preservation solution or otherwise) that may serve as a thermal reservoir/inertial

dampener.
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[0104] In some embodiments, such enclosures may be completely sealed and may
not communicate with the surrounding aquecous media in order to maintain an isolated sterile
environment while still realizing certain thermal benefits of a larger fluid reservoir.

[0105] In certain embodiments, such enclosures may be perforated such that the
fluid inside the enclosure communicates passively with the surrounding aqueous media. In
some embodiments, perforated enclosures can communicate actively with the surrounding
aqueous media by means of a pump or other means of introducing fluid flow. In certain
embodiments, active communication can occur with a reservoir of liquid or gas external to the
sterile enclosures for a variety of reasons such as achieving gas exchange for the preservation
medium, for example, to actively maintain either nominal equilibration with air or a gas-
enriched environment (for example oxygen rich) for tissue preservation. Active
communication with an external reservoir can also be used for chemistry exchange for the
preservation medium including adjusting dissolved species in the aqueous species over time in
either a fixed or dynamic fashion (e.g., introduction of a drug, therapeutic, dilute acid or base
to maintain pH, etc.).

[0106] Solution exchange (e.g., simply cycling out some fraction of *“spent”
solution for fresh) and thermal exchange (e.g., creating an isolated microenvironment either
surrounding or potentially within the organ that is slightly different from nominal system temp)
are other potential functions of an external reservoir in active communication with the sterile
cassette. While pressure modulating apparatuses described herein are especially useful in lung
storage and transportation, the aforementioned storage containers (e.g., flexible bags, rigid
cassettes, or some combination) can also be used to store or transport other tissue or organs
including heart, kidney, liver, or pancreas for example. In such embodiments, various organ-
specific cassettes or bags may be used that are sized to accommodate the organ being stored or
transported. Similarly, organ-specific preservation solutions may also be used and may be pre-
loaded into the appropriate container.

[0107] The gas entering and leaving the lung may be conditioned to create a
favorable preservation environment. The gas may be oxygenated, cooled, humidity-controlled,
and/or cycled to provide the preferred characteristics for tissue viability post-transport. Some

embodiments may include sensors that measure the oxygen content, temperature, and/or
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humidity of the gas. Some embodiments may include control systems that modulate the rate
of oxygenation, cooling, humidity control, and/or cycling based upon sensor input.

[0108] A mechanical pressure regulator 210 or relief valve will augment the
internal sealed volume or allow excess gas to escape, relieving any pressure differential and
avoiding stress on the tissue. In the example of air travel, as a plane gains altitude, external
pressure will drop while the amount of gas sealed within the lung will stay the same causing a
pressure differential between the internal and external lung driving expansion of the tissue. As
the plane descends, external pressure will increase while internal gas volume remains the same
causing a compressive pressure differential on the lung. To compensate, the mechanical
pressure regulator 210 can add oxygen or other gasses to oppose the compressive force and
avoid tissue damage.

[0109] FIG. 8 is an example of the pneumatic pressure control system 500 in
connection with a static or perfusion-type preservation apparatus. An apparatus 10 is shown
configured to oxygenate a perfusate (not shown) received in a pumping chamber 14 of the
apparatus. The apparatus 10 includes a valve 12 configured to permit a fluid (e.g., oxygen) to
be introduced into a first portion 16 of the pumping chamber 14. A membrane 20 is disposed
between the first portion 16 of the pumping chamber 14 and a second portion 18 of the pumping
chamber. The membrane 20 is configured to permit the flow of a gas between the first portion
16 of the pumping chamber 14 and the second portion 18 of the pumping chamber through the
membrane. The membrane 20 is configured to substantially prevent the flow of a liquid
between the second portion 18 of the pumping chamber 14 and the first portion 16 of the
pumping chamber through the membrane. In this manner, the membrane can be characterized
as being semi-permeable.

[0110] The membrane 20 is disposed within the pumping chamber 14 along an axis
Al that is transverse to a horizontal axis A2. Said another way, the membrane 20 is inclined,
for example, from a first side 22 to a second side 24 of the apparatus 10. As such, as described
in more detail below, a rising fluid in the second portion 18 of the pumping chamber 14 will
be directed by the inclined membrane 20 towards a port 38 disposed at the highest portion of
the pumping chamber 14. The port 38 is configured to permit the fluid to flow from the
pumping chamber 14 into the atmosphere external to the apparatus 10. In some embodiments,

the port 38 is configured for unidirectional flow, and thus is configured to prevent a fluid from
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being introduced into the pumping chamber 14 via the port (e.g., from a source external to the
apparatus 10). In somc embodiments, the port 38 includes a luer lock.

[0111] The second portion 18 of the pumping chamber 14 is configured to receive
a fluid. In some embodiments, for example, the second portion 18 of the pumping chamber 14
is configured to receive a liquid perfusate. The second portion 18 of the pumping chamber 14
1s in fluid communication with an adapter 26. The adapter 26 is configured to permit movement
of the fluid from the pumping chamber 14 to a bodily tissue T. For example, in some
embodiments, the pumping chamber 14 defines an aperture (not shown) configured to be in
fluidic communication with a lumen (not shown) of the adapter 26. The adapter 26 is
configured to be coupled to the bodily tissue T. The adapter 26 can be coupled to the bodily
tissue T in any suitable manner. For example, in some embodiments, the adapter 26 is
configured to be sutured to the bodily tissue T. In another example, the adapter 26 is coupleable
to the bodily tissue T via an intervening structure, such as silastic or other tubing. In some
embodiments, at least a portion of the adapter 26, or the intervening structure, is configured to
be inserted into the bodily tissue T. For example, in some embodiments, the lumen of the
adapter 26 (or a lumen of the intervening structure) is configured to be fluidically coupled to a
vessel of the bodily tissue T.

[0112] Where the tissue T is, for example a lung, the airways of the tissue T may
be coupled to the pneumatic pressure control system 500 (e.g., via the trachea or bronchus).

[0113] In some embodiments, the adapter 26 is configured to support the bodily
tissue T when the bodily tissue T is coupled to the adapter. For example, in some embodiments,
the adapter 26 includes a retention mechanism (not shown) configured to be disposed about at
least a portion of the bodily tissue T and to help retain the bodily tissue T with respect to the
adapter. The retention mechanism can be, for example, a net, a cage, a sling, or the like. In
some embodiments, the apparatus 10 includes a basket (not shown) or other support
mechanism configured to support the bodily tissue T when the bodily tissue T is coupled to the
adapter 26 or otherwise received in the apparatus 10.

[0114] An organ chamber 104 is configured to receive the bodily tissue T and a
fluid. In some embodiments, the apparatus 10 includes a port 34 that is extended through the
apparatus 10 (e.g., through the pumping chamber 14) to the organ chamber 104. The port 34

is configured to permit fluid (e.g., perfusate) to be introduced to the organ chamber 104. In this
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manner, fluid can be introduced into the organ chamber 104 as desired by an operator of the
apparatus. For cxample, in some embodiments, a desired amount of perfusate is introduced
into the organ chamber 104 via the port 34, such as before disposing the bodily tissue T in the
organ chamber 104 and/or while the bodily tissue T is received in the organ chamber. In some
embodiments, the port 34 is a unidirectional port, and thus is configured to prevent the flow of
fluid from the organ chamber 104 to an area external to the organ chamber through the port. In
some embodiments, the port 34 includes a luer lock. The organ chamber 104 may be of any
suitable volume necessary for receiving the bodily tissue T and a requisite amount of [luid for
maintaining viability of the bodily tissue T. In one embodiment, for example, the volume of
the organ chamber 104 is approximately 2 liters.

[0115] The organ chamber 104 is formed by a canister 32 and a bottom portion 19
of the pumping chamber 14. In a similar manner as described above with respect to the
membrane 20, an upper portion of the organ chamber (defined by the bottom portion 19 of the
pumping chamber 14) can be inclined from the first side 22 towards the second side 24 of the
apparatus. In this manner, as described in more detail below, a rising fluid in the organ chamber
104 will be directed by the inclined upper portion of the organ chamber towards a valve 36
disposed at a highest portion of the organ chamber. The valve 36 is configured to permit a fluid
to flow from the organ chamber 104 to the pumping chamber 14. The valve 36 is configured
to prevent flow of a fluid from the pumping chamber 14 to the organ chamber.

[0116] The valve 36 can be any suitable valve for permitting unidirectional flow of
the fluid, including, for example, a ball check valve.

[0117] The canister 32 can be constructed of any suitable material. In some
embodiments, the canister 32 is constructed of a material that permits an operator of the
apparatus 10 to view at least one of the bodily tissue T or the perfusate received in the organ
chamber 104. For example, in some embodiments, the canister 32 is substantially transparent.
In another example, in some embodiments, the canister 32 is substantially translucent. The
organ chamber 104 can be of any suitable shape and/or size. For example, in some
embodiments, the organ chamber 104 can have a perimeter that is substantially oblong, oval,
round, square, rectangular, cylindrical, or another suitable shape.

[0118] In use, the bodily tissue T is coupled to the adapter 26. The pumping

chamber 14 is coupled to the canister 32 such that the bodily tissue T is received in the organ
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chamber 104. In some embodiments, the pumping chamber 14 and the canister 32 are coupled
such that the organ chamber 104 is hermetically scaled. A desired amount of perfusate is
introduced into the organ chamber 104 via the port 34. The organ chamber 104 can be filled
with the perfusate such that the perfusate volume rises to the highest portion of the organ
chamber. The organ chamber 104 can be filled with an additional amount of perfusate such
that the perfusate flows from the organ chamber 104 through the valve 36 into the second
portion 18 of the pumping chamber 14. The organ chamber 104 can continue to be filled with
additional perfusate until all atmospheric gas that initially [illed the second portion 18 of the
pumping chamber 14 rises along the inclined membrane 20 and escapes through the port 38.
Because the gas will be expelled from the pumping chamber 14 via the port 38 before any
excess perfusate is expelled (due to gas being lighter, and thus more easily expelled, than
liquid), an operator of the apparatus 10 can determine that substantially all excess gas has been
expelled from the pumping chamber when excess perfusate is released via the port. As such,
the apparatus 10 can be characterized as self-purging. When perfusate begins to flow out of
the port 38, the apparatus 10 is in a “purged” state (i.e., all atmospheric gas initially within the
organ chamber 104 and the second portion 18 of the pumping chamber 14 has been replaced
by perfusate).

[0119] When the purged state is reached, the operator can close both ports 34 and
38, preparing the apparatus 10 for operation.

[0120] Oxygen (or another suitable fluid, e.g., gas) is introduced into the first
portion 16 of the pumping chamber 14 via the valve 12. A positive pressure generated by the
introduction of oxygen into the pumping chamber 14 causes the oxygen to be diffused through
the semi- permeable membrane 20 into the second portion 18 of the pumping chamber.
Because oxygen is a gas, the oxygen expands to substantially fill the first portion 16 of the
pumping chamber 14. As such, substantially the entire surface area of the membrane 20
between the first portion 16 and the second portion 18 of the pumping chamber 14 is used to
diffuse the oxygen. The oxygen is diffused through the membrane 20 into the perfusate
received in the second portion 18 of the pumping chamber 14, thereby oxygenating the
perfusate.

[0121] In the presence of the positive pressure, the oxygenated perfusate may be

moved from the second portion 18 of the pumping chamber 14 into the bodily tissue T via the
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adapter 26. For example, the positive pressure can cause the perfusate to move from the
pumping chamber 14 through the lumen of the adapter 26 into the vessel of the bodily tissuc
T. The positive pressure is also configured to help move the perfusate through the bodily tissue
T such that the bodily tissue T is perfused with oxygenated perfusate.

[0122] After the perfusate is perfused through the bodily tissue T, the perfusate is
received in the organ chamber 104. In this manner, the perfusate that has been perfused through
the bodily tissue T is combined with perfusate previously disposed in the organ chamber 104.
In some embodiments, the volume of perfusate received {rom the bodily tissue T following
perfusion combined with the volume of perfusate previously disposed in the organ chamber
104 exceeds a volume (e.g., a maximum fluid capacity) of the organ chamber 104. A portion
of the organ chamber 104 is flexible and expands to accept this excess volume. The valve 12
can then allow oxygen to vent from the first portion 16 of the pumping chamber 14, thus,
reducing the pressure in the pumping chamber 14. As the pressure in the pumping chamber 14
drops, the flexible portion of the organ chamber 104 relaxes, and the excess perfusate is moved
through the valve 36 into the pumping chamber 14. The cycle of oxygenating perfusate and
perfusing the bodily tissue T with the oxygenated perfusate can be repeated as desired.

[0123] FIG. 9 is an example of a tracheal connector, or organ adapter 708, of the
organ storage system 700. The tracheal connector can be configured to seal to a trachea or
bronchus or other airway of a lunch. The tracheal connector can include an O-ring 902 to
ensure an air tight seal. The tracheal connector can be connected to the lung with cable ties 710
or another connection mechanism.

[0124] FIG. 10A is a side, angled view of a sterilizing filter 706 of the organ storage
system 700. FIG. 10B is a front view of a sterilizing filter 706 of the organ storage system 700.
The sterilizing filter 706 can be a round filter. In some embodiments, the sterilizing filter 706
can connect to tubing from the inner bag 716 and the middle bag 714.

[0125] FIG. 11 is an example of a manifold 206 of the pneumatic pressure control
system 500. The manifold 206 can have numerous inputs and outputs. The manifold 206 can
allow passage of gas in multiple directions.

[0126] FIG. 12 is an example of tubing between the three bags of the organ storage
system 700. The tubing can be integrated into the bags. The tubing can be connected by the

middle bag connector 704 and the sterilizing filter 706. The tubing can connect to an organ at
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the organ adapter 708. The tubing can be connected to the pneumatic pressure control system
500 by the outer bag conncctor 702.

[0127] FIG. 13A is an exploded side view of a first portion 1300 of the middle bag
connector 704 that attaches to the middle bag 714 of the organ storage system 700. FIG. 13B
is a side view of a first portion 1300 of the middle bag connector 704 that attaches to the middle
bag 714 of the organ storage system 700. The first portion 1300 of the middle bag connector
704 can connect to the second portion 1400 of the middle bag connector 704. This connection
can form an airtight seal.

[0128] FIG. 14A is an exploded side view of a second portion 1400 of the middle
bag connector 704 that attaches to the outer bag 712 of the organ storage system 700. FIG. 14B
is a side view of a second portion 1400 of the middle bag connector 704 that attaches to the
outer bag 712 of the organ storage system 700. The first portion 1300 of the middle bag
connector 704 can connect to the second portion 1400 of the middle bag connector 704. This
connection can form an airtight seal.

[0129] FIG. 15 is an angled, side view of an example of a transport container 100
for an organ with a pneumatic pressure control system 500. The transport container 100 can
have clips to seal a lid to the container. The transport container 100 an have a display. The
display can show temperature or pressure of the organ. The display can show information from
the datalogger.

[0130] FIG. 16 shows an example of an organ transport system 1600 with a
component 1622 in fluid communication with the organ adapter 1608 and electrodes 1624 on
the lung.

[0131] The component 1622 can be a sensor configured to measure the
concentration of a gas. The component 1622 can be in fluid communication with the organ
adapter 1608 via a tube 1620, for example a branching tube.

[0132] The lung can have its own oxygen supply during static hypothermic
preservation. Lowering the temperature of the lung can reduce metabolic activity, but may not
cease all metabolic activity or gas exchange. Lungs preserved with air may continue to
exchange gas and metabolize oxygen . Current devices in the field do not measure or replenish
oxygen concentration during hypothermic static storage. The organ storage system can

measure oxygen concentration within the lung during preservation and/or ex vivo transport.
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The organ transport system 1600, or organ preservation system, can replenish oxygen
concentration within the lung during preservation and/or ex vivo transport.

[0133] The organ transport system 1600 can measure gas concentration within the
lung and/or in the organ transport system 1600 to assess lung viability. In some
implementations, the organ transport system 1600 can measure oxygen and/or carbon dioxide
within the lung and/or in the transport container to assess lung viability. In some
implementations, the organ transport system 1600 can measure nitrogen, argon, neon, helium,
methane, krypton, hydrogen, nitrous oxide, carbon monoxide, xenon, ozone, nitrogen dioxide,
iodine, and/or ammonia within the lung and/or in the transport container to assess lung
viability. The organ transport system 1600 can introduce air with a higher oxygen
concentration into the lung and/or the transport container. The organ transport system 1600
can introduce air to the lung from a gas source using the pump 1604. For example, the system
can introduce air with a higher oxygen concentration when the oxygen concentration within
the lung and/or in the transport container are below a threshold. In some implementations, the
organ transport system 1600 can introduce oxygen into the lung and/or the transport container.
In some embodiments, the system can measure or determine the oxygen consumption of the
lung. For example, oxygen consumption can be determined based on the change in oxygen
concentration. In some embodiments, oxygen consumption can be determined based on the
change in oxygen concentration and the amount of oxygen delivered to the lung and/or
exhausted from the lung. In some embodiments, the system can use oxygen consumption to
determine organ viability. A higher oxygen consumption can be an indicator of better organ
viability.

[0134] The organ transport system 1600 can introduce air with a higher oxygen
concentration into the lung and/or the transport container when the oxygen concentration
within the lung and/or the transport container is below a threshold of 20%. In some
embodiments, organ transport system 1600 can introduce air with a higher oxygen
concentration into the lung and/or the transport container when the oxygen concentration
within the lung and/or the transport container is below a threshold of 10%-30%. In some
embodiments, organ transport system 1600 can introduce air with a higher oxygen

concentration into the lung and/or the transport container when the oxygen concentration
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within the lung and/or the transport container is below a threshold of 5%-50%. In some
cmbodiments, a uscr can sct the threshold for the organ transport system 1600.

[0135] The organ transport system 1600 can introduce air with a higher oxygen
concentration into the lung and/or the transport container when the carbon dioxide
concentration within the lung and/or the transport container is above a threshold of 0.035%. In
some embodiments, organ transport system 1600 can introduce air with a higher oxygen
concentration into the lung and/or the transport container when the carbon dioxide
concentration within the lung and/or the transport container is above a threshold of 0.01%-1%.
In some embodiments, organ transport system 1600 can introduce air with a higher oxygen
concentration into the lung and/or the transport container when the carbon dioxide
concentration within the lung and/or the transport container is above a threshold of 0.001%-
10%.

[0136] Sensors can be positioned on or near the airway of the lung, for example on
the component 1622. The sensors can determine air concentration in the airway of the lung
during hypothermic preservation. The sensors can include electrochemical sensors, optical
sensors, pulse oximeters, capnography sensors, gas analyzers, spirometers, oxygen sensors,
and/or carbon dioxide sensors. In some embodiments, the system can sample a gas
concentration of the air in the trachea. In some embodiments, the system can sample a gas
concentration of the air in one or more lobes of the lung. The system can sample a gas
concentration of the air in the right upper lobe, the right middle lobe, and/or the right lower
lobe of the lung. The system can sample a gas concentration of the air in the left upper lobe
and/or the left lower lobe of the lung. In some embodiments, the system can sample a gas
concentration of the air in the left upper lobe and the right upper lobe. In some embodiments,
the system can sample a gas concentration of the air in the left lower lobe and the right lower
lobe. The lungs can be stored in preservation solution. In some embodiments, the system can
sample or measure an oxygen and/or carbon dioxide concentration of the preservation solution.
The system can determine a viability of the lung for transplantation based on the gas
concentration. The system can communicate the viability of the lung for transplantation to a
user device. The system can display the viability of the lung for transplantation. In some
embodiments, the system can include a flow sensor, for example on or near the airway of the

lung. In some embodiments, the flow sensor can be in the lung adapter or in fluid
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communication with the lung adapter. The flow sensor can measure the flow of gas into and
out of the airway of the lung. The flow sensor can measure the flow of gas delivered from the
pump.

[0137] Compliance of donor lungs may change during preservation as a function
of temperature and/or metabolite concentration in tissue. The organ transport system 1600 can
measure the compliance of the lung during preservation and/or ex vivo transport. The organ
transport system 1600 can adjust the compliance of the lung during preservation and/or ex vivo
transport. Advantageously, determining the compliance and/or impedance of the lung during
hypothermic preservation can predict the functionality of the lung after transplantation.

[0138] The organ transport system 1600 can measure lung compliance through
impedance measurement. The impedance of the lung may change based on the gas
concentration in the lung. The impedance of the lung can be measured using electrical
impedance tomography. The organ transport system 1600 can include electrodes 1624 placed
around the lung to measure impedance. The electrodes 1624 can be placed evenly around the
lung. An electrical current can be applied to the lung using the electrodes 1624. The distribution
of the electrical current can be affected by air content and tissue density of the lung. The
electrodes 1624 can measure the voltage at different points on the lung. The voltage can be
used to determine the impedance of the lung.

[0139] The organ transport system 1600 can provide a therapeutic effect through
targeted airway management. In some embodiments, the organ transport system 1600 can
provide a therapeutic effect through static airway management. In some embodiments, the
organ transport system 1600 can provide a therapeutic effect through dynamic airway
management.

[0140] The organ transport system 1600 can deliver oxygen to the lung to target a
specific oxygen concentration. In some embodiments, the targeted oxygen concentration can
be 20%. In some embodiments, the targeted oxygen concentration can be 10%-30%. In some
embodiments, the targeted oxygen concentration can be 5%-50%. The organ transport system
1600 can remove carbon dioxide from the lung to target a specific carbon dioxide
concentration. In some examples, removing carbon dioxide can include drawing gas from the
lung through a filter that prevents oxygen from passing. In some examples, removing carbon

dioxide can include drawing gas from the lung through a filter that absorbs carbon dioxide. In
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some examples, the organ adapter 1608 or pump 1604 can include multiple lumens. In some
cxamples, removing carbon dioxide can be performed using clectrolysis, carbon dioxide
capture, or chromatography. One or more of the multiple lumens can include filters for
removing contaminants or different gases. In some examples, removing carbon dioxide can
include drawing gas from the lung including both carbon dioxide and oxygen. In some
embodiments, the targeted carbon dioxide concentration can be 0.035%. In some
embodiments, the targeted carbon dioxide concentration can be 0.01%-1%. In some
embodiments, the targeted carbon dioxide concentration can be 0.001%-10%. The organ
transport system 1600 can deliver nitric oxide to the lung.

[0141] The organ transport system 1600 can include airway tubing in fluid
communication with an airway of the lung. The airway tubing can be in fluid communication
with the airway of the lung via an organ adapter 1608, or lung adapter. The organ transport
system 1600 can include branching ports in the tube 1620. The branching ports in the airway
tubing can allow for bronchoscopic visualization. For example, the tube 1620 can include a
bronchoscopy component 1622. The branching ports in the airway tubing can allow for suction
and/or removal of mucus secretion. For example, the tube 1620 can include a mucus removal
component 1622. The branching ports in the airway tubing can allow for diagnostic and/or
therapeutic agents. For example, the tube 1620 can include a delivery component 1622.
Diagnostic agents delivered via the airway tubing can include contrast agents, fluorescent dyes,
radioactive tracers, stains, fluorescent probes, liposomal agents, microbubble contrast agents,
nanoparticles, gases such as helium or xenon, and/or enzyme substrates. Therapeutic agents
delivered via the airway tubing can include bronchodilators, corticosteroids, mucolytics,
antibiotics, antiviral agents, anti-inflammatory agents, surfactant preparations,
immunomodulators, and/or oxygen-enriched solutions.

[0142] The organ transport system 1600 can inflate and deflate the lung
intermittently. The organ transport system 1600 can measure dynamic and/or static compliance
of the lung during inflation, deflation, and/or intermittent inflation and deflation. The organ
transport system 1600 can measure changes in oxygen concentration in the lung tissue. The
organ transport system 1600 can measure gas concentration in the lung over time. The organ

transport system 1600 can determine lung viability based on changes in gas concentration
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during preservation. Advantageously, determining the gas concentration in the lung during
hypothermic preservation can predict the functionality of the lung after transplantation.

[0143] The organ transport system 1600 can intermittently pump air into the organ.
The organ transport system 1600 can release air from the organ and reintroduce the air to the
lungs. In some embodiments, reintroduction of air to the lungs can replenish the oxygen
concentration of the lung. In some embodiments, reintroduction of air to the lungs can maintain
or promote a level of lung compliance. In some embodiments, reintroduction of air to the lungs
can recruit lobes that may have been diflicult or not possible (o recruit during procurement.
Recruiting a lobe of the lung can mean expanding or opening the lobe.

[0144] The pump 1604 of the organ transport system 1600 can be turned on and
off. The frequency of turning the pump 1604 on and off can be adjusted to achieve target
oxygen concentrations. The frequency of turning the pump 1604 on and off can be adjusted to
achieve target carbon dioxide concentrations.

[0145] The organ transport system 1600 can cyclically inflate and deflate the lung.
The organ transport system 1600 can pump oxygen or oxygen-rich air into the lung to inflate
the lung. The organ transport system 1600 can remove carbon dioxide or carbon dioxide-rich
air from the lung to deflate the lung.

[0146] In some embodiments, the temperature of storage of the lung in the organ
transport system 1600 can be based on an oxygen consumption rate. In some embodiments,
the temperature in the organ transport system 1600 can be higher when the oxygen
consumption rate is higher. In some embodiments, the temperature in the organ transport
system 1600 can be lower when the oxygen consumption rate is lower. In some embodiments,
the temperature of storage of the lung in the organ transport system 1600 can be based on an
oxygen concentration or percentage. In some embodiments, the temperature in the organ
transport system 1600 can be higher when the oxygen concentration or percentage is higher.
In some embodiments, the temperature in the organ transport system 1600 can be lower when
the oxygen concentration or percentage is lower. Temperature in the organ transport system
1600 can be adjusted by changing the cooling materials and/or the position of the cooling
materials. Temperature in the organ transport system 1600 can be adjusted with an electronic

heating element and/or an electronic cooling element.
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[0147] FIG. 17 shows a graph of lung compliance based on measures of pressure
and volume in the lung.

[0148] In some embodiments, the organ transport system described herein can
measure or calculate compliance of the lung. Compliance can be used to determine lung
viability for transplantation. Compliance in the lung can be used to determine how much gas
should be pumped into the lung or released from the lung. Compliance in the lung can be
measured during hypothermic preservation using a pressure sensor and/or a flow sensor, for
example in a lung adapter.

[0149] Lung compliance can be determined by measuring the volume of air
introduced to lung to increase the airway pressure. The initial volume of the lung can be known
such that flow rate into and/or out of the lung can be used to determine the volume of the lung.
A more compliant lung will have pressure decrease less based on an increase in volume than a
less compliant lung with the same increase in volume. A lung with compliance too high can be
less able to expand and therefore less viable. A lung with compliance too low can expand too
much or have leaks or holes, and therefore less viable. In some examples, a viable lung can
have a compliance of 150-200 CC/ 15 cmH2O. In some examples, a viable lung can have a
compliance of 100-250 CC/ 15 cmH20.

[0150] In some implementations, lung compliance can be determined by measuring
the volume of air to increase airway pressure from 0 to 15cmH20. In some implementations,
lung compliance can be determined by measuring the volume of air to increase airway pressure
from a lowpoint between 0 cmH2O and 14 cmH20 and a high point of between 1 cmH20O and
15 emH20. In some implementations, lung compliance can be determined by measuring the
volume of air to increase airway pressure from a lowpoint between 0 cmH20 and 29 cmH20
and a high point of between 1 cmH20 and 30 cmH2O. In some implementations, compliance
can be determined by measuring the volume exhausted between two pressures. In some
implementations, compliance can be measured with a flow sensor or with a flowrate through
the pump. With a fixed flowrate through the pump, a processor or user can measure compliance
as change in pressure over time.

[0151] At an airway pressure of approximately O cmH20, the volume of the lung
can have a volume of approximately 0 CC during exhaust and approximately 0 CC during

inflation. At an airway pressure of approximately 5 cmH2O0, the volume of the lung can have
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a volume of approximately 50 CC during exhaust and approximately 100 CC during inflation.
At an airway pressurc of approximatcly 10 cmH2O, the volume of the lung can have a volume
of approximately 100 CC during exhaust and approximately 180 CC during inflation. At an
airway pressure of approximately 15 cmH2O, the volume of the lung can have a volume of
approximately 200 CC during exhaust and approximately 200 CC during inflation. The
compliance of the lung measured in the graph of FIG. 17 can be determined to be 200 CC/ 15
cmH20.

[0152] The systems described herein can pump gas in at a {lowrate based on the
determined compliance of the lung. The systems described herein can determine a lung is
viable if the compliance of the lung is over an upper threshold and/or below a lower threshold.
Embodiments
[0153] Embodiment 1. A system for maintaining organ pressure, the system
comprising: an organ adapter configured to seal with a lumen of an organ; a manifold in fluid
communication with the organ adapter; an electronic pump configured to pump gas to the
manifold; and a pressure regulator in fluid communication with the manifold, the pressure
regulator configured to release gas from the manifold at a gas release rate, wherein the pressure
regulator is configured to increase the gas release rate when organ pressure is above a high
pressure threshold, and wherein the pressure regulator is configured to decrease the gas release
rate when organ pressure is below a low pressure threshold.

[0154] Embodiment 2. The system of embodiment 1, wherein the organ is a lung
and the lumen of the organ is selected from the group consisting of a trachea or bronchus of
the lung.

[0155] Embodiment 3. The system of any one of embodiments 1-2, further
comprising one or more containers operable to receive the organ and form a sealed
environment around the organ, the one or more containers comprising a connector to facilitate
fluid communication between the organ adapter within the one or more containers and the
manifold external to the one or more containers.

[0156] Embodiment 4. The system of embodiment 3, wherein the one or more
containers are nested within each other.

[0157] Embodiment 5. The system of any one of embodiments 1-4, further

comprising one or more sensors configured to measure a parameter of the organ.
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[0158] Embodiment 6. The system of embodiment 5, wherein the parameter is
sclected from the group consisting of temperature and pressure.

[0159] Embodiment 7. The system of any one of embodiments 1-6, further
comprising a cooling element.

[0160] Embodiment 8. The system of embodiment 7, wherein the cooling element
is configured to cool gas traveling to the lumen of the organ.

[0161] Embodiment 9. The system of any one of embodiments 1-8, further
comprising a humidilying element configured to humidily gas traveling to the lumen of the
organ.

[0162] Embodiment 10. The system of any one of embodiments 1-9, further
comprising a compressive sleeve operable to compress the organ.

[0163] Embodiment 11. The system of embodiment 3, further comprising one or
more pouches of phase change material (PCM) for surrounding and cooling the one or more
containers.

[0164] Embodiment 12. The system of any one of embodiments 1-11, wherein the
electronic pump pumps gas into the manifold at a constant rate.

[0165] Embodiment 13. The system of any one of embodiments 1-12, further
comprising a pressure sensor configured to measure organ pressure.

[0166] Embodiment 14. The system of any one of embodiments 1-13, wherein the
electronic pump is configured to pump gas from an organ chamber to the manifold.

[0167] Embodiment 15. The system of any one of embodiments 1-14, wherein the
high pressure threshold is 15cmH20.

[0168] Embodiment 16. The system of any one of embodiments 1-15, wherein the
low pressure threshold is 10cmH20.

[0169] Embodiment 17. The system of any one of embodiments 1-16, wherein the
low pressure threshold is 12cmH20.

[0170] Embodiment 18. The system of any one of embodiments 1-17, further
comprising an outer container configured to be removed without disconnecting the organ
adapter.

[0171] Embodiment 19. The system of any one of embodiments 1-18, further

comprising a suspension mechanism to suspend the organ upright.
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[0172] Embodiment 20. The system of embodiment 11, wherein the phase change
material (PCM) is cngincered to have a temperature between 2-10°C.

[0173] Embodiment 21. The system of embodiment 11, wherein the phase change
material (PCM) is arranged in recesses.

[0174] Embodiment 22. The system of any one of embodiments 1-21, further
comprising a pressure management module.

[0175] Embodiment 23. The system of any one of embodiments 1-22, wherein the
electronic pump is configured to pump gas {rom an external environment to the manifold.
[0176] Embodiment 24. The system of any one of embodiments 1-23, wherein the
pressure regulator is configured to pump gas to an external environment from the manifold.
[0177] Embodiment 25. The system of any one of embodiments 1-24, wherein the
pressure regulator is configured to pump gas to an organ chamber from the manifold.

[0178] Embodiment 26. The system of embodiment 5, further comprising a
datalogger configured to log information from the one or more sensors.

[0179] Embodiment 27. The system of any one of embodiments 5 and 26, further
comprising an alarm when the parameter is above or below a threshold.

[0180] Embodiment 28. The system of any one of embodiments 1-27, further
comprising a battery pack configured to charge the electronic pump.

[0181] Embodiment 29. The system of any one of embodiments 1-28, further
comprising a sterilizing filter.

[0182] Embodiment 30. The system of any one of embodiments 1-29, wherein the
electronic pump is configured to be controlled by a user.

[0183] Embodiment 31. A method for maintaining organ pressure, the method
comprising: providing an organ transport container comprising an organ adapter, a pressure
regulator, and a manifold, wherein the manifold is in fluid communication with the pressure
regulator and the organ adapter; sealing the organ adapter to a lumen of an organ; pumping,
using an electronic pump, gas to the manifold; releasing, using the pressure regulator, gas from
the manifold at a gas release rate; increasing, using the pressure regulator, a gas release rate
when organ pressure is above a high pressure threshold, and decreasing, using the pressure

regulator, the gas release rate when organ pressure is below a low pressure threshold.

41-



WO 2025/049335 PCT/US2024/043714

[0184] Embodiment 32. The method of embodiment 31, wherein the organ is a lung
and the lumen of the organ is sclected from the group consisting of a trachea or bronchus of
the lung.

[0185] Embodiment 33. The method of any one of embodiments 31-32, further
comprising receiving the organ in one or more containers and forming a sealed environment
around the organ, the one or more containers comprising a connector to facilitate fluid
communication between the organ adapter within the one or more containers and the manifold
external to the one or more containers.

[0186] Embodiment 34. The method of embodiment 33, wherein the one or more
containers are nested within each other.

[0187] Embodiment 35. The method of any one of embodiments 31-34, further
comprising measuring a parameter of the organ using one or more sensors.

[0188] Embodiment 36. The method of embodiment 35, wherein the parameter is
selected from the group consisting of temperature and pressure.

[0189] Embodiment 37. The method of any one of embodiments 31-36, further
comprising cooling the organ using a cooling element.

[0190] Embodiment 38. The method of embodiment 37, wherein the cooling
element is configured to cool gas traveling to the lumen of the organ.

[0191] Embodiment 39. The method of any one of embodiments 31-38, further
comprising humidifying gas traveling to the lumen of the organ using a humidifying element.
[0192] Embodiment 40. The method of any one of embodiments 31-39, further
comprising compressing the organ using a compressive sleeve.

[0193] Embodiment 41. The method of embodiment 33, further comprising
surrounding and cooling the one or more containers using one or more pouches of phase change
material (PCM).

[0194] Embodiment 42. The method of any one of embodiments 31-41, wherein
the electronic pump pumps gas into the manifold at a constant rate.

[0195] Embodiment 43. The method of any one of embodiments 31-42, further
comprising measuring organ pressure using a pressure sensor.

[0196] Embodiment 44. The method of any one of embodiments 31-43, wherein

the electronic pump is configured to pump gas from an organ chamber to the manifold.
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[0197] Embodiment 45. The method of any one of embodiments 31-44, wherein
the high pressurc threshold is 15cmH20.
[0198] Embodiment 46. The method of any one of embodiments 31-45, wherein

the low pressure threshold is 10cmH20.

[0199] Embodiment 47. The method of any one of embodiments 31-46, wherein
the low pressure threshold is 12cmH20.

[0200] Embodiment 48. The method of any one of embodiments 31-47, further
comprising removing an outer container without disconnecting the organ adapter.

[0201] Embodiment 49. The method of any one of embodiments 31-48, further
comprising suspending the organ upright using a suspension mechanism.

[0202] Embodiment 50. The method of embodiment 41, wherein the phase change
material (PCM) is engineered to have a temperature between 2-10°C.

[0203] Embodiment 51. The method of embodiment 41, wherein the phase change
material (PCM) is arranged in recesses.

[0204] Embodiment 52. The method of any one of embodiments 31-51, wherein
the organ transport container further comprises a pressure management module.

[0205] Embodiment 53. The method of any one of embodiments 31-52, wherein
the electronic pump is configured to pump gas from an external environment to the manifold.
[0200] Embodiment 54. The method of any one of embodiments 31-53, wherein
the pressure regulator is configured to pump gas to an external environment from the manifold.
[0207] Embodiment 55. The method of any one of embodiments 31-54, wherein
the pressure regulator is configured to pump gas to an organ chamber from the manifold.
[0208] Embodiment 56. The method of embodiment 35, further comprising
logging information from the one or more sensors with a datalogger.

[0209] Embodiment 57. The method of any one of embodiments 35 and 56, further
comprising activating an alarm when the parameter is above or below a threshold.

[0210] Embodiment 58. The method of any one of embodiments 31-57, further
comprising charging the electronic pump using a battery pack.

[0211] Embodiment 59. The method of any one of embodiments 31-58, further

comprising filtering the gas using a sterilizing filter.
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[0212] Embodiment 60. The method of any one of embodiments 31-59, wherein
the clectronic pump is configured to be controlled by a user.

[0213] Embodiment 61. A system for preserving a lung, the system comprising: a
transport container configured to receive a lung; a lung adapter configured to seal with an
airway of the lung; one or more sensors configured to measure a gas concentration in the lung;
a gas source configured to be in fluid communication with the lung adapter; and a pump
configured to pump gas from the gas source to the lung adapter and the airway of the lung.
[0214] Embodiment 62. The system of embodiment 61, wherein the one or more
sensors are configured to measure an oxygen concentration.

[0215] Embodiment 63. The system of embodiment 62, wherein the pump is
configured to pump oxygen to the airway of the lung when the oxygen concentration is below

an oxygen threshold.

[0216] Embodiment 64. The system of embodiment 63, wherein the oxygen
threshold is 20%.
[0217] Embodiment 65. The system of any one of embodiments 61-64, wherein the

one or more sensors are configured to measure a carbon dioxide concentration.

[0218] Embodiment 66. The system of embodiment 65, wherein the pump is
configured to pump oxygen to the airway of the lung when the carbon dioxide concentration
is above a carbon dioxide threshold.

[0219] Embodiment 67. The system of any one of embodiment 65 or 66, wherein
the pump is configured to remove carbon dioxide from the airway of the lung when the carbon
dioxide concentration is above a carbon dioxide threshold.

[0220] Embodiment 68. The system of any one of embodiments 66 or 67, wherein
the carbon dioxide threshold is 1%.

[0221] Embodiment 69. The system of any one of embodiments 61-68, further
comprising a port connected to the lung adapter comprising a bronchoscopy component.
[0222] Embodiment 70. The system of any one of embodiments 61-69, further
comprising a port connected to the lung adapter comprising a mucus removal component

configured to remove mucus secretion from the airway of the lung.
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[0223] Embodiment 71. The system of any one of embodiments 61-70, further
comprising a port connccted to the lung adapter comprising a delivery component configurcd
to deliver at least one diagnostic agent to the airway of the lung.

[0224] Embodiment 72. The system of any one of embodiments 61-71, further
comprising a port connected to the lung adapter comprising a delivery component configured
to deliver at least one therapeutic agent to the airway of the lung.

[0225] Embodiment 73. The system of any one of embodiments 61-72, wherein the
pump is configured to deliver nitric oxide to the airway of the lung.

[0226] Embodiment 74. The system of any one of embodiments 61-73, wherein the
one or more sensors is configured to sample a gas concentration in a trachea of the lung.
[0227] Embodiment 75. The system of any one of embodiments 61-74, wherein the
one or more sensors is configured to sample a gas concentration in one or more lobes of the
lung.

[0228] Embodiment 76. The system of any one of embodiments 61-75, wherein the
one or more sensors is configured to sample a gas concentration in preservation solution in the
transport container.

[0229] Embodiment 77. The system of any one of embodiments 61-76, further
comprising cooling material disposed in the transport container.

[0230] Embodiment 78. A method for preserving a lung, the method comprising:
providing a transport container configured to receive a lung; sealing an airway of the lung to a
lung adapter of the transport container; measuring, using one or more sensors, an oxygen
concentration in the lung; and delivering, using a pump, oxygen to the lung through the lung
adapter when the oxygen concentration is below an oxygen threshold.

[0231] Embodiment 79. The method of embodiment 78, wherein measuring the
oxygen concentration of the lung comprises measuring the oxygen concentration of the lung
at multiple points in time during preservation of the lung.

[0232] Embodiment 80. The method of any one of embodiments 78 or 79, wherein
the oxygen threshold is 20%.

[0233] Embodiment 81. The method of any one of embodiments 78 or 79, further

comprising inputting the oxygen threshold.
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[0234] Embodiment 82. A method for preserving a lung, the method comprising:
providing a transport containcr configured to receive a lung; scaling an airway of the lung to a
lung adapter of the transport container; measuring, using one or more sensors, a carbon dioxide
concentration in the lung; and removing, using a pump, carbon dioxide from the lung through
the lung adapter when the carbon dioxide concentration is above a carbon dioxide threshold.
[0235] Embodiment 83. The method of embodiment 82, wherein measuring the
carbon dioxide concentration of the lung comprises measuring the carbon dioxide
concentration of the lung at multiple points in time during preservation of the lung.

[0236] Embodiment 84. The method of any one of embodiments 82 or 83, wherein
the carbon dioxide threshold is 1%.

[0237] Embodiment 85. The method of any one of embodiments 82 or 83, further
comprising inputting the carbon dioxide threshold.

[0238] Embodiment 86. A method for determining viability of a lung, the method
comprising: providing a transport container configured to receive a lung; sealing an airway of
the lung to a lung adapter of the transport container; measuring, using one or more sensors, an
oxygen concentration in the lung during hypothermic preservation; and determining viability
of the lung for transplantation based on the oxygen concentration in the lung.

[0239] Embodiment 87. The method of embodiment 86, wherein measuring the
oxygen concentration of the lung comprises measuring the oxygen concentration of the lung
at multiple points in time during preservation of the lung.

[0240] Embodiment 88. The method of embodiment 87, further comprising
determining viability of the lung for transplantation based on a change in oxygen concentration
during preservation of the lung.

[0241] Embodiment 89. A method for determining viability of a lung, the method
comprising: placing a lung in a transport container; delivering, using one or more electrodes,
electricity to the lung; measuring, using the one or more electrodes, voltage of the lung during
hypothermic preservation; determining impedance of the lung based on the voltage of the lung;
and determining viability of the lung for transplantation based on the impedance of the lung.
[0242] Embodiment 90. The method of embodiment 89, wherein determining the
impedance of the lung comprises determining the impedance of the lung at multiple points in

time during preservation of the lung.
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[0243] Embodiment 91. The method of embodiment 90, further comprising
determining viability of the lung for transplantation based on a change in impedance during
preservation of the lung.

[0244] Embodiment 92. A method for preserving a lung, the method comprising:
providing a transport container configured to receive a lung; sealing an airway of the lung to a
lung adapter of the transport container; delivering, with a pump, gas comprising oxygen into
the lung through the lung adapter to inflate the lung; and removing, with the pump, gas
comprising carbon dioxide {rom the lung through the lung adapter to deflate the lung, wherein
the pump is configured to cyclically inflate and deflate the lung during preservation.

[0245] Embodiment 93. A system for preserving a lung, the system comprising: a
transport container configured to receive a lung; a lung adapter configured to seal to an airway
of the lung; a gas source containing gas comprising oxygen; a pump configured to deliver the
gas comprising oxygen from the gas source to the lung through the lung adapter to inflate the
lung; and the pump configured to remove gas comprising carbon dioxide from the lung through
the lung adapter to deflate the lung, wherein the pump is configured to cyclically inflate and
deflate the lung during preservation.

[0246] Embodiment 94. A method for determining viability of a lung, the method
comprising: placing a lung in a transport container; delivering, using one or more electrodes,
electricity to the lung; measuring, using the one or more electrodes, voltage of the lung during
hypothermic preservation; determining impedance of the lung based on the voltage of the lung;
and pumping oxygen into the lung when the impedance of the lung is above a threshold.
[0247] Embodiment 95. A method for determining viability of a lung, the method
comprising: providing a transport container configured to receive a lung; sealing an airway of
the lung to a lung adapter of the transport container; measuring, using one or more sensors, a
first volume in the lung during hypothermic preservation; measuring, using one or more
sensors, a first airway pressure of the lung during hypothermic preservation; delivering gas to
the airway of the lung or removing gas from the airway of the lung; measuring, using one or
more sensors, a second volume in the lung during hypothermic preservation; measuring, using
one or more sensors, a second airway pressure of the lung during hypothermic preservation;
based on the difference between the first volume and the second volume in the lung and the

difference between the first airway pressure and the second airway pressure of the lung,
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determining a compliance of the lung; and determining viability of the lung for transplantation
bascd on the compliance of the lung.

[0248] Embodiment 96. A method for determining viability of a lung, the method
comprising: providing a transport container configured to receive a lung; sealing an airway of
the lung to a lung adapter of the transport container; measuring, using one or more sensors, a
first volume in the lung during hypothermic preservation; measuring, using one or more
sensors, a first airway pressure of the lung during hypothermic preservation; delivering gas to
the airway of the lung or removing gas from the airway of the lung; measuring, using one or
more sensors, a second volume in the lung during hypothermic preservation; measuring, using
one or more sensors, a second airway pressure of the lung during hypothermic preservation;
based on the difference between the first volume and the second volume in the lung and the
difference between the first airway pressure and the second airway pressure of the lung,
determining a compliance of the lung; and delivering oxygen into the lung when the
compliance of the lung is above a threshold.

[0249] Embodiment 97. A method for determining viability of a lung, the method
comprising: providing a transport container configured to receive a lung; sealing an airway of
the lung to a lung adapter of the transport container; measuring an oxygen consumption rate of
the lung; and changing a temperature in the transport container based on the oxygen
consumption rate of the lung.

[0250] Embodiment 98. A method for determining viability of a lung, the method
comprising: providing a transport container configured to receive a lung; sealing an airway of
the lung to a lung adapter of the transport container; measuring an oxygen concentration in the
lung; and changing a temperature in the transport container based on the oxygen concentration
in the lung.

Implementation Consideration

[0251] The foregoing description details certain embodiments of the systems,
devices, and methods disclosed herein. It will be appreciated, however, that no matter how
detailed the foregoing appears in text, the systems, devices, and methods can be practiced in
many ways. As is also stated above, it should be noted that the use of particular terminology
when describing certain features or aspects of the invention should not be taken to imply that

the terminology is being re-defined herein to be restricted to including any specific
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characteristics of the features or aspects of the technology with which that terminology is

associated.

LRI LEIYS

[0252] Conditional language such as, among others, “can,” *“could,” “might” or
“may,” unless specifically stated otherwise, are otherwise understood within the context as
used in general to convey that certain embodiments include, while other embodiments do not
include, certain features, elements and/or steps. Thus, such conditional language is not
generally intended to imply that features, elements and/or steps are in any way required for
one or more embodiments or that one or more embodiments necessarily include logic for
deciding, with or without user input or prompting, whether these features, elements and/or
steps are included or are to be performed in any particular embodiment.

[0253] Headings are included herein for reference and to aid in locating various
sections. These headings are not intended to limit the scope of the concepts described with
respect thereto. Such concepts may have applicability throughout the entire specification.

[0254] Many variations and modifications may be made to the above-described
embodiments, the elements of which are to be understood as being among other acceptable
examples. All such modifications and variations are intended to be included herein within the
scope of this disclosure. The foregoing description details certain embodiments. It will be
appreciated, however, that no matter how detailed the foregoing appears in text, the systems
and methods can be practiced in many ways. As is also stated above, it should be noted that
the use of particular terminology when describing certain features or aspects of the systems
and methods should not be taken to imply that the terminology is being re-defined herein to be
restricted to including any specific characteristics of the features or aspects of the systems and
methods with which that terminology is associated.

[0255] It will also be understood that, when a feature or element (for example, a
structural feature or element) is referred to as being “connected”, “attached” or “coupled” to
another feature or element, it may be directly connected, attached or coupled to the other
feature or element or intervening features or elements may be present. In contrast, when a
feature or element is referred to as being “directly connected”, “directly attached” or “directly
coupled” to another feature or element, there may be no intervening features or elements
present. Although described or shown with respect to one embodiment, the features and

elements so described or shown may apply to other embodiments. It will also be appreciated
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by those of skill in the art that references to a structure or feature that is disposed “adjacent”
another fcature may have portions that overlap or underlic the adjacent feature.

[0256] Terminology used herein is for the purpose of describing particular
embodiments and implementations only and is not intended to be limiting. For example, as
used herein, the singular forms “a”, “an” and “the” may be intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will be further understood that the
terms “comprises’” and/or “comprising,” when used in this specification, specify the presence
of stated features, steps, operations, processes, {unctions, elements, and/or components, but do
not preclude the presence or addition of one or more other features, steps, operations,
processes, functions, elements, components, and/or groups thereof. As used herein, the term
“and/or” includes any and all combinations of one or more of the associated listed items and
may be abbreviated as “/”.

[0257] In the descriptions above and in the claims, phrases such as “at least one of”
or “one or more of " may occur followed by a conjunctive list of elements or features. The term
“and/or” may also occur in a list of two or more elements or features. Unless otherwise
implicitly or explicitly contradicted by the context in which it used, such a phrase is intended
to mean any of the listed elements or features individually or any of the recited elements or
features in combination with any of the other recited elements or features. For example, the
phrases “at least one of A and B;” “one or more of A and B;” and “A and/or B” are each
intended to mean ‘A alone, B alone, or A and B together.” A similar interpretation is also
intended for lists including three or more items. For example, the phrases “at least one of A,
B, and C;” “one or more of A, B, and C;” and “A, B, and/or C” are each intended to mean “A
alone, B alone, C alone, A and B together, A and C together, B and C together, or A and B and
C together.” Use of the term “based on,” above and in the claims is intended to mean, “based
at least in part on,” such that an unrecited feature or element is also permissible.

[0258] Spatially relative terms, such as “forward”, “rearward”, “under”, “below”,
“lower”, “over”, “upper” and the like, may be used herein for ease of description to describe
one element or feature’s relationship to another element(s) or feature(s) as illustrated in the
figures. It will be understood that the spatially relative terms are intended to encompass
different orientations of the device in use or operation in addition to the orientation depicted in

the figures. For example, if a device in the figures is inverted, elements described as “‘under”
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or “beneath” other elements or features would then be oriented “over” the other elements or
features duc to the inverted state. Thus, the term “under” may encompass both an oricntation
of over and under, depending on the point of reference or orientation. The device may be
otherwise oriented (rotated 90 degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly. Similarly, the terms “upwardly”,
“downwardly”, “vertical”, “horizontal” and the like may be used herein for the purpose of
explanation only unless specifically indicated otherwise.

[0259] As used herein in the specification and claims, including as used in the
examples and unless otherwise expressly specified, all numbers may be read as if prefaced by
the word “about” or “approximately,” even if the term does not expressly appear. The phrase
“about” or “approximately” may be used when describing magnitude and/or position to
indicate that the value and/or position described is within a reasonable expected range of values
and/or positions. For example, a numeric value may have a value that is +/- 0.1% of the stated
value (or range of values), +/- 1% of the stated value (or range of values), +/- 2% of the stated
value (or range of values), +/- 5% of the stated value (or range of values), +/- 10% of the stated
value (or range of values), etc. Any numerical values given herein should also be understood
to include about or approximately that value, unless the context indicates otherwise.

[0260] For example, if the value “10” is disclosed, then ‘“about 10 is also
disclosed. Any numerical range recited herein is intended to include all sub-ranges subsumed
therein. It is also understood that when a value is disclosed that “less than or equal to” the
value, “greater than or equal to the value” and possible ranges between values are also
disclosed, as appropriately understood by the skilled artisan. For example, if the value “X” is
disclosed the “less than or equal to X” as well as “greater than or equal to X” (e.g., where X is
a numerical value) is also disclosed. It is also understood that the throughout the application,
data is provided in a number of different formats, and that this data, may represent endpoints
or starting points, and ranges for any combination of the data points. For example, if a
particular data point “10” and a particular data point “15” may be disclosed, it is understood
that greater than, greater than or equal to, less than, less than or equal to, and equal to 10 and
15 may be considered disclosed as well as between 10 and 15. It is also understood that each
unit between two particular units may be also disclosed. For example, if 10 and 15 may be

disclosed, then 11, 12, 13, and 14 may be also disclosed.
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[0261] Although various illustrative embodiments have been disclosed, any of a
number of changes may be madce to various embodiments without departing from the teachings
herein. For example, the order in which various described method steps are performed may be
changed or reconfigured in different or alternative embodiments, and in other embodiments
one or more method steps may be skipped altogether. Optional or desirable features of various
device and system embodiments may be included in some embodiments and not in others.
Therefore, the foregoing description is provided primarily for the purpose of example and
should not be interpreted to limit the scope of the claims and specific embodiments or particular
details or features disclosed.

[0262] The examples and illustrations included herein show, by way of illustration
and not of limitation, specific embodiments in which the disclosed subject matter may be
practiced. As mentioned, other embodiments may be utilized and derived therefrom, such that
structural and logical substitutions and changes may be made without departing from the scope
of this disclosure. Such embodiments of the disclosed subject matter may be referred to herein
individually or collectively by the term “invention” merely for convenience and without
intending to voluntarily limit the scope of this application to any single invention or inventive
concept, if more than one is, in fact, disclosed. Thus, although specific embodiments have been
illustrated and described herein, any arrangement calculated to achieve an intended, practical
or disclosed purpose, whether explicitly stated or implied, may be substituted for the specific
embodiments shown. This disclosure is intended to cover any and all adaptations or variations
of various embodiments. Combinations of the above embodiments, and other embodiments not
specifically described herein, will be apparent to those of skill in the art upon reviewing the
above description.

[0263] The disclosed subject matter has been provided here with reference to one
or more features or embodiments. Those skilled in the art will recognize and appreciate that,
despite the detailed nature of the example embodiments provided here, changes and
modifications may be applied to said embodiments without limiting or departing from the
generally intended scope. These and various other adaptations and combinations of the
embodiments provided here are within the scope of the disclosed subject matter as defined by

the disclosed elements and features and their full set of equivalents.
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CLAIMS
WHAT IS CLAIMED IS:

I. A system for maintaining organ pressure, the system comprising:
an organ adapter configured to seal with a lumen of an organ;
a manifold in fluid communication with the organ adapter;
an electronic pump configured to pump gas to the manifold; and
a pressure regulator in fluid communication with the manifold, the pressure
regulator configured to release gas [rom the manifold at a gas release rate,
wherein the pressure regulator is configured to increase the gas release
rate when organ pressure is above a high pressure threshold, and
wherein the pressure regulator is configured to decrease the gas release
rate when organ pressure is below a low pressure threshold.

2. The system of claim 1, wherein the organ is a lung and the lumen of the organ is
selected from the group consisting of a trachea or bronchus of the lung.

3. The system of any one of claims 1 or 2, further comprising one or more containers
operable to receive the organ and form a sealed environment around the organ, the one or more
containers comprising a connector to facilitate fluid communication between the organ adapter
within the one or more containers and the manifold external to the one or more containers.

4. The system of any one of claims 1-3, further comprising one or more sensors
configured to measure a parameter of the organ, wherein the parameter is selected from the
group consisting of temperature and pressure.

5. The system of any one of claims 1-4, wherein the electronic pump pumps gas into
the manifold at a constant rate.

6. The system of any one of claims 1-5, wherein the electronic pump is configured to
pump gas from an organ chamber to the manifold.

7. The system of any one of claims 1-6, wherein the high pressure threshold is
15¢cmH-0.

8. The system of any one of claims 1-7, wherein the low pressure threshold is

10cmH-O0.
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9. The system of any one of claims 1-8, wherein the electronic pump is configured to
pump gas from an cxtcrnal environment to the manifold.

10. The system of any one of claims 1-9, wherein the pressure regulator is configured
to pump gas to an external environment or an organ chamber from the manifold.

11. A method for maintaining organ pressure, the method comprising:

providing an organ transport container comprising an organ adapter, a pressure
regulator, and a manifold, wherein the manifold is in fluid communication with the
pressure regulator and the organ adapter;

sealing the organ adapter to a lumen of an organ;

via an electronic pump, pumping gas to the manifold;

via the pressure regulator, releasing gas from the manifold at a gas release rate;

increasing the gas release rate when organ pressure is above a high pressure
threshold, and

decreasing the gas release rate when organ pressure is below a low pressure
threshold.

12. The method of claim 11, wherein the organ is a lung and the lumen of the organ is
selected from the group consisting of a trachea or bronchus of the lung.

13. The method of any one of claims 11 or 12, further comprising receiving the organ
in one or more containers and forming a sealed environment around the organ, the one or more
containers comprising a connector to facilitate fluid communication between the organ adapter
within the one or more containers and the manifold external to the one or more containers.

14. The method of any one of claims 11-13, further comprising measuring a parameter
of the organ using a sensor, wherein the parameter is selected from the group consisting of
temperature and pressure.

5. The method of any one of claims 11-14, wherein the electronic pump pumps gas
into the manifold at a constant rate.

16. The method of any one of claims 11-15, wherein the high pressure threshold is
15¢cmH-0.

17. The method of any one of claims 11-16, wherein the low pressure threshold is

10cmH-O.
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18. The method of any one of claims 11-17, wherein the pressure regulator is
configurcd to pump gas to an external environment from the manifold.

19. A system for preserving a lung based on oxygen concentration, the system
comprising:

a transport container configured to receive a lung;

a lung adapter configured to seal with an airway of the lung;

a sensor configured to measure an oxygen concentration in the lung;

a gas source configured to be in {luid communication with the lung adapter; and

a pump configured to pump gas from the gas source to the lung adapter and the
airway of the lung when the oxygen concentration is below an oxygen threshold.

20. The system of claim 19, wherein the oxygen threshold is 20%.

21. The system of any one of claims 19 or 20, wherein the sensor is configured to
measure a carbon dioxide concentration.

22. The system of claim 21, wherein the pump is configured to pump oxygen to the
airway of the lung when the carbon dioxide concentration is above a carbon dioxide threshold.

23. The system of any one of claims 21 or 22, wherein the pump is configured to
remove carbon dioxide from the airway of the lung when the carbon dioxide concentration is
above a carbon dioxide threshold.

24. The system of claim 23, wherein the carbon dioxide threshold is 1%.

25. The system of any one of claims 19-24, further comprising a port connected to the
lung adapter comprising a bronchoscopy component.

26. The system of any one of claims 19-25, further comprising a port connected to the
lung adapter comprising a mucus removal component configured to remove mucus secretion
from the airway of the lung.

27. The system of any one of claims 19-26, further comprising a port connected to the
lung adapter comprising a delivery component configured to deliver at least one diagnostic
agent to the airway of the lung.

28. The system of any one of claims 19-27, further comprising a port connected to the
lung adapter comprising a delivery component configured to deliver at least one therapeutic

agent to the airway of the lung.
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29. The system of any one of claims 19-28, wherein the pump is configured to deliver
nitric oxide to the airway of the lung.

30. The system of any one of claims 19-29, wherein a sensors is configured to sample
a gas concentration in a trachea of the lung.

31. The system of any one of claims 19-30, wherein a sensors is configured to sample
a gas concentration in a lobe of the lung.

32. The system of any one of claims 19-31, wherein the sensor is configured to sample
a gas concentration in preservation solution in the transport container.

33. The system of any one of claims 19-32, further comprising cooling material
disposed in the transport container.

34. A method for preserving a lung based on oxygen concentration, the method
comprising:

providing a transport container configured to receive a lung;

sealing an airway of the lung to a lung adapter of the transport container;

via a sensor, measuring an oxygen concentration in the lung; and

via a pump, delivering oxygen to the lung through the lung adapter when the
oxygen concentration is below an oxygen threshold.

35. The method of claim 34, wherein measuring the oxygen concentration of the lung
comprises measuring the oxygen concentration of the lung at multiple points in time during
preservation of the lung.

36. The method of any one of claims 34 or 35, wherein the oxygen threshold is 20%.

37. The method of any one of claims 34-36, further comprising inputting the oxygen
threshold.

38. A method for cyclically inflating and deflating a lung, the method comprising:

providing a transport container configured to receive a lung, the transport
container comprising a lung adapter;

sealing an airway of the lung to the lung adapter;

via a pump, delivering gas comprising oxygen into the lung through the lung
adapter to inflate the lung; and

via a pump, delivering gas comprising carbon dioxide from the lung through

the lung adapter to deflate the lung,
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wherein the pump is configured to cyclically inflate and deflate the lung
during preservation.
39. The method of claim 38, further comprising measuring an oxygen concentration in
the lung.
40. The method of claim 39, further comprising changing a temperature in the transport
container based on the oxygen concentration.
41. The method of any one of claim 39 or 40, further comprising adjusting a frequency
of the inflation and deflation based on the oxygen concentration.
42. The method of any one of claims 38-41, further comprising measuring an oxygen
consumption rate in the lung.
43. The method of claim 42, further comprising changing a temperature in the transport
container based on the oxygen consumption rate.
44. The method of any one of claim 42 or 43, further comprising adjusting a frequency
of the inflation and deflation based on the oxygen consumption rate.
45. The method of any one of claims 38-44, further comprising measuring a carbon
dioxide concentration in the lung.
46. The method of claim 45, further comprising changing a temperature in the transport
container based on the carbon dioxide concentration.
47. The method of any one of claims 45 or 46, further comprising adjusting a frequency
of the inflation and deflation based on the carbon dioxide concentration.
48. A system for preserving a lung, the system comprising:
a transport container configured to receive a lung;
a lung adapter configured to seal to an airway of the lung;
a gas source containing gas comprising oxygen;
a pump configured to deliver the gas comprising oxygen from the gas source to
the lung through the lung adapter to inflate the lung; and
the pump configured to remove gas comprising carbon dioxide from the lung
through the lung adapter to deflate the lung,
wherein the pump is configured to cyclically inflate and deflate the lung

during preservation.
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49. The system of claim 48, further comprising a sensor configured to measure an
oxygen concentration in the lung.

50. The system of claim 49 further comprising a temperature controller configured to
change a temperature in the transport container based on the oxygen concentration.

51. The system of any one of claims 49 or 50, wherein a frequency of the inflation and
deflation is based on the oxygen concentration.

52. The system of any one of claims 48-51, further comprising a sensor configured to
measure an oxygen consumption rate in the lung.

53. The system of claim 52, further comprising a temperature controller configured to
change a temperature in the transport container based on the oxygen consumption rate.

54. The system of any one of claims 52-53, wherein a frequency of the inflation and
deflation is based on the oxygen consumption rate.

55. The system of any one of claims 48-54, further comprising a sensor configured to
measure a carbon dioxide concentration in the lung.

56. The system of claim 55, further comprising a temperature controller configured to
change a temperature in the transport container based on the carbon dioxide concentration.

57. The system of any one of claims 55 or 56, wherein a frequency of the inflation and

deflation is based on the carbon dioxide concentration.
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