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SYSTEMS AND METHODS FOR REAGENT STORAGE

BACKGROUND

[0001] Various medical procedures utilize reagents or mixtures of reagents for
treatment or diagnosis of patient conditions. For example, certain imaging modalities
use radiopharmaceuticals to generate medical images of a patient. Some such
imaging modalities include positron emission tomography (PET) or single photon
emission computed tomography (SPECT). PET and SPECT are used in conjunction
with a radiopharmaceutical or a radioactive tracer that is administered to (e.g.,
injected into) the patient, which results in the emission of gamma rays from locations
within the patient’s body. The emitted gamma rays are then detected by the PET or
SPECT detector and an image is created based on characteristics of the detected
gamma ray emissions. Additionally, certain radiopharmaceuticals may be used to
treat various patient conditions. Examples of radiopharmaceuticals include FDG (2-
['*F]-fluoro-2-deoxyglucose), other '°F based fluorinated tracers, "N ammonia, ''C

based tracers, °O gas, and >0 water, and others.

[0002] Radiopharmaceuticals have short half lives typically ranging from minutes
to hours, and thus, the injection and imaging generally takes place within a short time
after production of the radiopharmaceutical. Accordingly, to prevent undue decay of
such radiopharmaceuticals prior to wuse, the radiopharmaceuticals are often
synthesized onsite at or near medical facilities where the PET or SPECT imaging
system is located. However, the systems used to generate such radiopharmaceuticals
often are only capable of generating large batches, which is not only time-consuming
and expensive, but often generates excess radiopharmaceutical product that cannot be
used by the medical facility and is wasted. Accordingly, it is desirable to provide a
system that enables long-term storage of radiopharmaceutical reagents and a synthesis

technique that yields small batches of radiopharmaceuticals.
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BRIEF DESCRIPTION

[0003] In one embodiment, a microfluidic device for storing a reagent includes a
single unit having a first portion having a reagent storage chamber configured to hold
a reagent. The device also includes a second portion having a reaction chamber
configured to support the reagent during a reaction process to form a product. The
device also includes means to selectively isolate the reagent storage compartment
from the reaction chamber. This means can be a valve configured to isolate the
reagent storage compartment from the reaction chamber when the valve is in a closed

state. In an alternative said means can be a breakable septum.

[0004] In one embodiment, a system for storing a reagent includes a microfluidic
device having one or more layers forming a substrate and a reagent storage
compartment configured to store a reagent disposed within the substrate. The device
also includes a reaction chamber fluidly coupled to the reagent storage compartment
via a flow path extending between the reagent storage chamber and the reaction
compartment, and the reaction chamber is configured to hold the reagent during a
reaction process. The device further includes a valve disposed across the flow path,
the valve being configured to seal the flow path when the valve is in a closed state.
The system also includes an interface system that is configured to receive the device
and to manipulate the device to initiate movement of the reagent from the reagent

storage compartment toward the reaction chamber.

[0005] In one embodiment, a method of manufacturing a microfluidic device for
storing a reagent is provided. The method includes generating a substrate having one
or more layers and creating reagent storage compartment within the substrate, wherein
the reagent storage compartment includes an inlet and a flow path configured to
transport a reagent from the reagent storage compartment. The method also includes
inserting a reagent into the reagent storage compartment via the inlet, applying a valve
having a valve body and a membrane along the flow path, and positioning a sealing
mechanism over the membrane and through the valve body to seal the flow path and

to contain the reagent within the reagent storage compartment.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] These and other features, aspects, and advantages of the present invention
will become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

[0007]  FIG. 1 is a schematic of a technique for using a microfluidic cassette and an
interface system to generate a radiopharmaceutical for patient imaging procedures, in

accordance with an embodiment;

[0008] FIG. 2 is a flow diagram of a method of generating a radiopharmaceutical
using a microfluidic cassette and an interface system, in accordance with an

embodiment;

[0009] FIG. 3 is a top perspective view of a microfluidic cassette having a reagent
storage compartment, a reaction chamber, flow paths, and valves, in accordance with

an embodiment;

[0010] FIG. 4 is an exploded view of multiple layers of one embodiment of the

microfluidic cassette of FIG. 3;

[0011] FIG. 5 is cross-sectional side view schematic of a microfluidic cassette

having a reagent storage compartment and a reaction chamber;

[0012] FIG. 6 is a top view schematic of a reagent storage compartment having

isolation elements, in accordance with an embodiment;

[0013] FIG. 7 is a cross-sectional side view schematic of a microfluidic cassectte
having a first portion including a reagent storage compartment and a second portion
including a reaction chamber, wherein the first portion and the second portion are

removably coupled together;

[0014] FIG. 8 is a cross-sectional top perspective view of a valve configured to

control a flow of a reagent, in accordance with an embodiment;
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[0015] FIG. 9 is side view schematic of a sealing mechanism in an open

configuration, in accordance with an embodiment;

[0016] FIG. 10 is a side view schematic of a secaling mechanism in a closed

configuration, in accordance with an embodiment;

[0017] FIG. 11 is a flow diagram of a method of manufacturing a microfluidic
cassette having a reagent stored in a reagent storage compartment, in accordance with

an embodiment; and

[0018] FIG. 12 is a perspective view schematic of an interface system configured
to receive a microfluidic cassette and to facilitate generation of a radiopharmaceutical,

in accordance with an embodiment.

[0019] FIG 13 illustrates a microfluidic cassette of the invention.

DETAILED DESCRIPTION

[0020] The present disclosure relates to a microfluidic cassette configured to store
various reagents, such as reagents for the synthesis of radiopharmaceuticals. The
microfluidic cassette may be used in conjunction with an interface system (e.g., a
synthesizer) that is configured to facilitate synthesis of radioactive compounds from
the reagents stored within the microfluidic cassette. While the techniques of the
present application are described in the context of a PET or SPECT system and
synthesis of a radiopharmaceutical suitable for PET or SPECT imaging, it should be
understood that the systems and methods disclosed herein may be utilized and/or
adapted for storage of any of a variety of reagents and/or for use in any of a variety of

diagnostic or therapeutic contexts.

[0021] Radiopharmaceutical production is relatively complex and involves
specialized equipment and skilled personnel. The use of microfluidic cassettes for
radiopharmaceutical production facilitates smaller-scale production of compounds at
the point of use, which in turn may enable production of such compounds in smaller

facilities and with smaller synthesis machines. Provided herein are embodiments of
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microfluidic cassettes that may enable long-term storage of reagents for the synthesis
of radiopharmaceuticals and facilitate more efficient production of
radiopharmaceuticals in a medical setting. Also provided herein are embodiments of
methods for manufacturing the microfluidic cassettes and for generating
radiopharmaceuticals using the microfluidic cassettes in conjunction with an interface

System.

[0022]  With the foregoing in mind, FIG. 1 illustrates a radiocompound synthesis
system 10 for generating a radiopharmaceutical (e.g., a radiocompound or a
radioactive compound) suitable for use in various medical treatments or imaging
techniques, such as PET or SPECT imaging techniques. The system 10 includes a
microfluidic cassette 12 (e.g., a cassette, a microfluidic chip, a microfluidic storage
device, or a microfluidic device) and an interface system 14 (e.g., a
radiopharmaceutical synthesizer, a radiocompound synthesizer, or a radioactive
compound synthesizer). The microfluidic cassette 12 may be configured to store one
or more reagents, which may include radioactive and/or nonradioactive reagents (e.g.,
reagents in a nonradioactive state). The microfluidic cassette 12 may be configured to
store dry solvents (e.g., purified organic solvents), aqueous substances (acidic,
neutral, and alkaline), and lyophilized substances. In accordance with the present
embodiments, the microfluidic cassette 12 may include features that enable the
storage of reagents configured to produce the radiopharmaceutical 18 as well as one
or more solvents used in the radiopharmaceutical production process. These features,
as well as the manufacturing techniques used to produce these features, are discussed

in detail below.

[0023]  As shown, the interface system 14 may have any form suitable form and/or
function and may generally be any component that enables desired functionality of the
microfluidic cassette 12. For example, the interface system may be any component
external to the microfluidic cassette 12 that is configured to facilitate synthesis or
generation of the radiopharmaceutical 18 with the microfluidic cassette 12.
Accordingly, the various embodiments of the interface system 14 described herein are
not intended to be limiting. As shown in the illustrated embodiment, the interface

system 14 may include a slot 16 (e.g., receptacle or cavity) that is shaped to receive
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and/or to accommodate (e.g., hold) the microfluidic cassette 12. Thus, during a
synthesis process, the microfluidic cassette 12 may be placed within (e.g., inserted or
loaded into) the slot 16. Regardless of its form, the interface system 14 is generally
configured to manipulate the microfluidic cassette 12 and/or to initiate a reaction
process to generate a radiopharmaceutical 18 using the one or more reagents stored
within the microfluidic cassette 12. The microfluidic cassette 12 and/or the interface
system 14 may also be configured to coordinate to provide reaction conditions (e.g., a
temperature, a pressure, etc.) for synthesis of the radiopharmaceutical 18. As
described in more detail below, the interface system 14 may be a processor-based
machine that is configured to perform and/or to initiate the synthesis steps without
user intervention, or the interface system 14 may be configured to receive a user input
and to execute instructions in response to the user input. Once synthesized, the
radiopharmaceutical 18 may be then be used in an appropriate therapeutic or
diagnostic technique. For example, as shown the radiopharmaceutical 18 may be
collected and/or transferred to a device, such as a syringe 20, and may be
administered to (e.g., injected into) a patient 22 for PET imaging using a PET system
24.

[0024] FIG. 2 is a flow diagram of an embodiment of a method 30 for synthesizing
the radiopharmaceutical 18 using the microfluidic cassette 12 and the interface system
14. The method 30 includes various steps represented by blocks. It should be noted
that any of the methods provided herein, may be performed as an automated
procedure by a system, such as system 10. Further, certain steps of the method 30
may be implemented by a process-based machine including a memory storing
instructions for facilitating all or part of a particular step of the method 30. The
memory may be any suitable volatile memory device and/or a non-volatile mass-
storage device, and in some embodiments, the processor-based machine may be the
interface system 14. The processor based machine may be configured to perform
certain steps without user intervention or may be configured to receive a user input
and execute instructions in response to the user input. Accordingly, such machines
may include suitable user interface components, including a display and/or user input

controls. The instructions may include providing an input to hardware components of
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the system 10, which may function to mechanically or otherwise physically interact
with one or more components of the system 10. Additionally, although the flow
diagram illustrates the steps in a certain sequence, it should be understood that the
steps may be performed in any suitable order and certain steps may be carried out
simultaneously, where appropriate. Further, certain steps or portions of the method
may be performed by separate devices. For example, a first portion of the method
may be performed by the interface system 14, while a second portion of the method
may be performed by a user or by a separate processing device. Additionally,
although the method 30 is described with respect to one microfluidic chip 12, it
should be understood that the interface system 14 may be configured to receive and to
process more than one microfluidic chip 12 (e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10, or more)
simultaneously or approximately simultancously (e.g., during overlapping time
periods). Through such techniques, one or more batches of the radiopharmaceutical

18, or different product as desired, may be generated.

[0025]  As shown, the method 30 begins by selecting the microfluidic cassette 12
having a reagent storage compartment and a reaction chamber at step 32. As
described in more detail below, the microfluidic cassette 12 may include any suitable
number of separate (e.g., isolated) reagent storage compartments (e.g., 1, 2, 3, 4, 5, 6,
7, 8,9, 10, or more) configured to hold and/or to store one or more reagents, and
optionally with a range of volumes. Reagents may be liquid or gaseous and in the
latter case may be used as pressure sources where required for the desired process.
Additionally, the microfluidic cassette 12 may include any suitable number of
reaction chambers (e.g., 1,2, 3, 4,5, 6,7, 8,9, 10, or more) configured to receive the
one or more reagents from the reagent storage compartments via one or more flow
paths extending between the reagent storage compartment and the reaction chamber.
The reaction chamber may also be configured to hold and/or to support the one or
more reagents as they are mixed or otherwise processed (e.g., heated, cooled, etc.)
during a reaction process (e.g., a mixing process, a chemical reaction, etc.). The
microfluidic cassette 12 may be configured to store the reagents for long periods of
time (e.g., hours, days, months, one year, or longer) without contamination or

degradation of the reagents.
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[0026] In some embodiments, step 32 may be carried out by an operator (e.g., a
user) that selects the microfluidic cassette 12 based on the type and/or the amount
(e.g., volume) of radiopharmaceutical 18 that is desired. In certain embodiments, the
interface system 14 or other automated device (e.g., a microfluidic cassette handling
device) may be configured to select and/or to retrieve the microfluidic cassette 12
(e.g., from a magazine or other storage device having multiple microfluidic cassettes
12) via an automated handling process. Additionally, in some embodiments, the
interface system 14 may be configured to receive a user input and to select and/or to
retrieve the appropriate microfluidic cassette 12 based at least in part on the user
input. In such cases, multiple different microfluidic cassettes 12 may be available
(e.g., stored in a magazine or other storage device), the microfluidic cassettes 12
being configured to synthesize different types and/or amounts of
radiopharmaceuticals 18, for example. Various techniques for storing, selecting,
and/or using a microfluidic cassette using a microfluidic handling system are
disclosed in U.S. Patent Application Publication No. 2013/0170931, which is

incorporated by reference herein in its entirety for all purposes.

[0027] At step 34, the microfluidic cassette 12 may be coupled to (e.g., inserted,
placed, disposed, loaded) the interface system 14 or may otherwise interact with the
interface system 14. As with step 32, the microfluidic cassette 12 may be coupled to
the interface system 14 manually (e.g., by an operator) or via an automated process by
the interface system 14 or other suitable device. In some embodiments, the
microfluidic cassette 12 may be coupled to the corresponding slot 16 of the interface
system. Once coupled to the interface system 14, the microfluidic cassette 12 is
processed at step 36 according to the particular parameters associated with the
microfluidic cassette 14 and/or according to the particular settings of the interface
system 14. For example, in some embodiments, the interface system 14 may
manipulate the microfluidic cassette 12 to open one or more control devices (e.g.,
valves) to enable movement of one or more substances (e.g., reagents or solvents)
from the reagent storage compartments to the reaction chamber. In some
embodiments, the interface system 14 may manipulate the valves to facilitate transfer

(e.g., movement or venting) of materials, such as gas, out of certain portions (e.g., the
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reagent storage compartment, reaction chamber, or other internal portions) of the
microfluidic cassette 12. In certain embodiments, the interface system 14 may be
configured to systematically and automatically control the valves of the microfluidic
cassette 12 to adjust the movement (e.g., flow) of the reagents or solvents within the
microfluidic cassette 12. In certain embodiments, the interface system 14 may control
the valves according to programmed settings, thus opening the wvalves at
predetermined times and in a predetermined sequence. In some configurations, the
valves of the microfluidic cassette 12 may be aligned with various actuators within
the interface system 14 to facilitate control of the valves, as described in more detail

below.

[0028] At step 38, the interface system 14 may initiate, direct, and/or control a
reaction within the reaction compartment of the microfluidic cassette 12. In some
embodiments, the reaction may be initiated by opening the valves to enable
movement of the reagent toward the reaction chamber. In certain embodiments,
initiating the reaction may include additional or alterative techniques. For example,
the interface system 14 may include a heat source, a cooling source, a mechanical
agitation (e.g., vibration) source, or the like. In some embodiments, the interface
system 14 may monitor the reaction (e.g., temperature, pH, or other properties in the
reaction chamber) and/or may adaptively adjust reaction conditions (e.g., temperature,
pressure, agitation, etc.). Through such techniques, the system 10 may synthesize a
product via the reaction, such as the radiopharmaceutical 18 suitable for PET imaging,
as provided in step 40. Because the microfluidic cassette 12 may be used to generate
a particular compound (e.g., the mircofluidic cassette 12 is specific to a particular
compound), successive runs on the interface system 14 may yield different

compounds using different types of microfluidic cassettes 12.

[0029] As discussed in more dectail below, in certain embodiments, the
microfluidic cassette 12 may be a self-contained device that stores all reagents for
generating the radiopharmaceutical 18 and/or the radiopharmaceutical 18 may be
generated on the microfluidic cassette 12 without exchanging any reagents or solvents
with the interface system 14 and/or an environment external to the microfluidic

cassette 12. The reagents or solvents may be stored and isolated from the
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environment external to the microfluidic cassette 12 for a period of time (e.g., an
extended period of time) prior to initiation of the reaction process, as discussed in
more detail below. Thus, the reaction process may be carried out and/or the
radiopharmaceutical 18 may be generated within the microfluidic cassette 12 without
introduction of additional materials or reagents (e.g., without additional materials or
reagents other than those stored within the reagent storage compartment or other
storage components) to the microfluidic cassette 12 prior to initiation of the reaction
process. In certain embodiments, after the radiopharmaceutical 18 is generated, the
radiopharmaceutical 18 may be transferred (e.g., manually by an operator or via an
automated handling system) from the microfluidic cassette 12 to another device, such
as the syringe 20 for administration to the patient 22. In some embodiments, waste
from the reaction process may remain in the microfluidic cassette 12, which may be
ejected into a separate waste container and discarded (e.g., a disposable microfluidic
cassette). In some embodiments, the microfluidic cassette 12 may be transferred in
whole or in part to another device for cleaning and reuse, for example. Thus, in some
embodiments, the microfluidic cassette 12 may be recycled and prepared for reuse
(e.g., by cleaning and reloading reagents). As noted above, multiple microfluidic
chips 12 may be processed simultancously by the interface system 14 via the method
30, or in certain embodiments, multiple microfluidic chips 12 may be selected and
processed sequentially according to the method 30, based on a programmed routine or

user input, for example.

[0030] Turning to FIG. 3, a schematic top perspective view of one embodiment of the
microfluidic cassette 12 is illustrated. As shown, the microfluidic cassette 12 may
include a substrate 46 having multiple layers 48 placed adjacent to each other (e.g., in
direct contact or indirect contact via one or more layers) in a stacked configuration.
The microfluidic cassette 12 may include any suitable number of layers 48 (e.g., 1, 2,
3,4,5,6,7, 8,9, 10, or more layers) that may be coupled together, such as
removeably coupled or fixedly attached or bonded together, as discussed in more
detail below. As shown, the microfluidic cassette 12 includes a first (e.g., top) layer
50 and a second (e.g., bottom) layer 52, which may be in direct or indirect contact

and/or may be coupled together via bonding or other attachment. In some

10
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embodiments, the layers 48 may include any suitable material, including any suitable
polymer material, such as cyclic olefin copolymer (COC) or thermoplastic polymers.
In certain embodiments, the microfluidic cassette 12 may additionally or alternatively
include silicon or glass structures or layers 48. Each layer 48 may include all or a
portion of various features or vessels (e.g., reagent storage compartments, reaction
chambers, flow paths or meanders, valves, as discussed below) and/or the multiple
layers 48 may form certain features or vessels of the microfluidic chip 12 when the
layers 48 are coupled together. Examples of suitable materials for the features or
vessels include glass, stainless steel, polymers, ceramic or silicon-based substrate

sealed by welding, bonding, gluing, optionally with surface coatings applied.

[0031] When the means for selectively isolating the reagent storage compartment
from the reaction chamber is a breakable septum, the method for breaking the septum
is dependent upon the material from which the components are formed. Non-limiting
examples of methods for breaking might include use of mechanical, acoustic, thermal
or optical stress. A breakable septum may be formed from the same materials as the
first and second portion, e.g. may be glass that can either be broken or welded open,
may be a material susceptible to acoustic or optical (e.g. laser) stress. Breakage by
thermal stress may be achieved where a combination of different materials facilitates
this due to differing heat expansion properties. For mechanical stress the means to
selectively isolate the reagent storage compartment from the reaction chamber might
be formed from a different material to that of the reagent storage compartment and the
reaction chamber. Non-limiting examples include foil, glass (perhaps having a
smaller thickness), a septum made from a flexible polymer or a channel blockage that
can be displaced. The interfacing cap arrangement of US2012027648 (A1) could be
considered as a suitable selective isolation means. To carry out the mechanical stress,
one option would be to use a spike. The fluid connector device described in

US2012025521 (A1) could also be adapted for use with the present invention.

[0032] Additionally, the layers 48 may be configured such that the various vessels
are appropriately connected (e.g., interconnected or in fluid communication) to enable
the reagents (e.g., fluid or dry materials) to travel between the vessels of the layers 48

when the layers 48 are coupled together. For example, the vessels may be connected

11
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via aligning the layers 48 and bonding the layers 48 together, as discussed below. As
shown, the layers 48 may be stacked between and may form a first (e.g., top) surface
54 and a second (e.g., bottom) surface 56 generally opposing the first surface 54 of
the microfluidic cassette 12. Certain vessels for storing and/or transporting the
reagents (e.g., reagent storage compartments, flow paths, and/or reaction chambers)
may be fully contained (e.g., housed) within the layers 48 such that no portion of the
vessels protrude or extends past the surfaces 54, 56. Additionally, in some
embodiments, the layers 48 and/or the surfaces 54, 56 may be rigid (e.g., non-flexible
or non-bendable) and may be of greater thickness and stiffness than a film or coating.
Additionally, the microfluidic cassette 12 may have any suitable shape or form,

including a generally rectangular or circular horizontal cross-section.

[0033] In some embodiments, the microfluidic cassette 12 may include a feature
58, such as a surface feature (e.g., notch, cut-out, protrusion, etc.), a color, a material
property, and/or a geometry (e.g., a shape or size), configured to help a user or the
interface system 14 identify the microfluidic cassette 12 or the type of microfluidic
cassette 12. For example, all microfluidic cassettes 12 configured to store reagents
for generating radiopharmaceuticals 18 for PET imaging may have a particular,
recognizable feature or geometry, while microfluidic cassettes 12 for other
applications may include different features. In some embodiments, the surface feature
of the microfluidic cassette 12 may be configured to align with a corresponding
feature within the slot 16 of the interface system to provide a secure fit or connection
between the microfluidic cassette 12 and the interface system 14 and/or to provide a
confirmation that the microfluidic cassette 12 is properly seated within the interface
system 14 for processing, for example. In certain embodiments, the microfluidic
cassette 12 may be tagged or labeled with identification information or processing or
handling instructions for utilizing the cassette to streamline synthesis and processing
by the interface system 14. For example, the feature 58 of the microfluidic cassette
12 may be a bar code, a magnetic strip, an optical tag, an RFID, a color, a physical
shape, a text label, an electronic label, physical features, or any other unique
identifying feature. The identification information may stored on the microfluidic

cassette 12 and may be read by a recognition unit associated with the interface system

12
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14, and the interface system 14 may be configured to take an action in response to

reading the identification information.

[0034] As shown in FIG. 3, one or more valves 60 may be disposed within one or
more layers 48 of the microfluidic cassette 12. The valves 60 may include a
membrane 62 (e.g., a membrane valve) positioned adjacent to the top surface 54 of
the microfluidic cassette 12. The valve 60 may be configured to seal the reagent
within a reagent storage compartment 64 of the microfluidic cassette 12 for storage
and/or to control the movement (e.g., flow, transfer, etc) of the reagent out of the
reagent storage compartment 64 for the reaction process. In some embodiments, the
microfluidic cassette 12 may also include a flow path 66 (e.g., meander) extending
between the reagent storage compartment 64 and another feature or component of the
microfluidic cassette 12, such as a reaction chamber 68, as shown in FIG. 3. For
purposes of discussion, the embodiments described below generally discuss transfer
of the reagent from the reagent storage compartment 64 to the reaction chamber 68
via the flow path 66, but it should be understood that the flow path 66 may extend
between any suitable components, including any of the reagent storage compartment
64, the reaction chamber 68, a heat exchanger, a metering component for measuring a
volume of the reagent, a sensing component, a solid phase extraction component, a
filtration component, a separation component, a mixing component, for example.
Thus, the flow path 66 may enable transfer or transport of the reagent between various
components of the microfluidic cassette 12. Further, as discussed in more detail
below, the valve 60 may be positioned along the flow path 66, and thus, may be
configured to control movement of any material, such as the reagent, between any
suitable components or features of the microfluidic cassette 12. The flow path 66
may be a meandering or generally tortuous channel so as to provide a large surface
arca for improved heat transfer, which may facilitate heating or cooling of the reagent

as the reagent moves through the flow path 66, for example.

[0035] The reagent storage compartment 64 (e.g., each storage compartment 64)
may include an inlet 69 and an outlet 70. In some embodiments, each inlet 69 may
have a corresponding valve 60a (e.g., a first valve or an input valve), and each outlet

may have a corresponding valve 60b (e.g., a second valve or an output valve). In
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certain embodiments, a reagent may be provided to the reagent storage compartment
64 directly via an input septum located adjacent to the reagent storage compartment
64, or indirectly via an inlet channel 71, during manufacturing, for example. In some
such embodiments, the reagent may then be scaled within the reagent storage
compartment 64 by sealing the inlet 69 by closing the first valve 60a, which may be
positioned along the inlet channel 71. Upon actuation of the second valve 60b
positioned along the flow path 66, the reagent may travel from the reagent storage
compartment 64 toward any suitable component of the microfluidic cassette 12, such

as the reaction chamber 68, via flow path 66.

[0036] In certain embodiments, more than one reagent may be provided to the
reaction chamber 68, which supports the reagents during a reaction process to
generate the radiopharmaceutical 18. The reaction chamber 68 may also prevent the
ingress of unwanted (e.g., undesirable) materials (e.g., water or oxygen) into a
reaction mixture of the reactants. For example, the reaction chamber 68 and
associated valving may form a hermetic seal. As discussed above, any suitable
number of valves 60, reagent storage compartments 64, flow paths 66, and/or reaction
chambers 68 may be provided on the microfluidic cassette 12 to facilitate generation
of the radiopharmaceutical 18. Additional vessels or channels may be provided for
further manipulation of the reagent prior to processing and/or for processing after
formation of the radiopharmaceutical 18. For example, additional channels or flow
paths 66, as well as valves 60, may be provided to facilitate transfer (e.g., movement
or venting) of materials, such as gas, out of certain portions (e.g., the reagent storage
compartment, reaction chamber, or other internal portions) of the microfluidic cassette
12. Additionally, such features may be included (e.g., housed or formed) within any
of the layers 48 of the microfluidic cassette 12. It should also be understood that the
reagents may be stored in any suitable portion of the microfluidic cassette 12,
including within the reaction chamber 68, one or more of the flow paths 66, or inlet

channels 71, for example.

[0037] FIG. 4 is an exploded perspective view of one embodiment of the multiple
layers 48 of the microfluidic cassette 12. As noted above, the microfluidic cassette 12

may include multiple layers 48 (e.g., between 2 and 50) having or forming various
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chambers, vessels, or similar features that may be utilized to generate the
radiopharmaceutical 18. Additionally, the layers 48 may be configured such that the
vessels are suitably connected to facilitate generation of the radiopharmaceutical 18,
in accordance with the techniques disclosed herein. In the illustrated embodiment, the
top layer 50 supports the valves 60 and may include the inlet channels 71, the reagent
storage compartment 64, and/or the flow paths 66 extending to the reaction chamber
68. In some embodiments, the top layer 52 may include a cavity 72 that forms a top
of the reaction chamber 68 when the top layer 52 and the bottom layer 54 are coupled
together (e.g., removably or fixedly attached, bonded, mated with, etc.). As shown,
the bottom layer 52 may include corresponding features (e.g., geometric features
formed into the layer 52) that, together with the top layer 52, form vessels such as the
reaction chamber 68. Thus, the reaction chamber 68 is formed when the top layer 52
and the bottom layer 54 are coupled together. Additionally, it should be understood
that one of the layers 48 may house any of the various components of the microfluidic
cassette 12. For example, the reagent storage compartment 64 may be fully housed
(e.g., enclosed or isolated) within the top layer 52 or the bottom layer 54, while the
reaction chamber 68 may be fully housed or formed within the top layer 52 or the
bottom layer 54, wherein the layers 48 are in communication with each other via flow
paths 66. Additionally, the layers 48 may be coupled together via any suitable

technique, such as melting, bonding, or adhesives, for example.

[0038] The microfluidic cassette 12 may also include various chambers and/or
vessels having one or more associated openings or valves 60 to facilitate separation of
the radiopharmaceutical 18 from other reaction components, such as solvents. The
materials used in the microfluidic cassette 12 may be chosen to be compatible with
the reagents and solvents used. For example, any reagent-contacting or solvent-
contacting surface of the layer 48 or chambers formed therein may be formed from or
coated with a material that is not affected (e.g., does not degrade, dissolve, or interact

with) the reagents or the solvents used in the reaction.

[0039] FIG. 5 is a cross-sectional side view schematic of one embodiment of the
microfluidic cassette 12 having the reagent storage compartment 64 and the reaction

chamber 68. In the depicted embodiment, the microfluidic cassette is in a single-
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piece configuration, wherein the reagent storage compartment 64 and the reaction
chamber 68 are housed within a single piece of continuous material or in multiple
layers 48 fixedly attached or bonded together. In such embodiments, the reagent
storage compartment 64 and the reaction chamber 68 may not be separable from each
other and may be permanently fixed within the material forming the layer 48 or layers
48. Such a configuration may be durable and may desirably provide a single-piece
microfluidic cassette 12 that is easy to use in medical settings, as opposed to other

storage methods, such as blister packs or the like.

[0040] Additionally, as shown, the microfluidic cassette 12 may include various
features to facilitate isolation of the reagent in the reagent storage compartment 64
and/or to reduce contamination or diffusion of the reagent during storage. For
example, a coating 78 (e.g., a surface coating) may be disposed on various reagent-
contacting surfaces of the microfluidic cassette 12. As shown, the coating 78 is
disposed on at least a portion of an interior surface 79 of the reagent storage
compartment 64 (e.g., the surface of the reagent storage compartment 64 that contacts
the stored reagent or solvent). The coating 78 may be any suitable material that
provides a barrier to reduce diffusion of substrate material into the reagent storage
compartment 64 (e.g., into the reagent or solvent) and/or diffusion of the reagent or
solvent from the reagent storage compartment 64. By way of non-limiting example,
the coating 78 may be any suitable barrier material, such as a metal layer (e.g., an
aluminum layer), a glass, or a ceramic, and the coating 78 may be bondable or non-
bondable. The coating 78 may also provide an additional barrier between the interior
of the reagent storage compartment and the external environment surrounding the
microfluidic cassette 12. It should be understood that the coating 78, may
additionally or alternatively be disposed on at least a portion of reagent-contacting
surfaces of the flow paths 66 and/or the reaction chamber 66. In some embodiments,
multiple different types of coatings 78 may be disposed on the reagent-contacting

surfaces of the microfluidic cassette 12.

[0041] In certain embodiments, as shown, the reagent storage compartment 64
may be at least partially surrounded or encompassed by one or more isolation features

80 (e.g., isolation arms or suspension arms). In some embodiments, one or more
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isolation features 80 may additionally or alternatively partially surround other
chambers or vessels (e.g., the reaction compartment 68). Furthermore, at least a
portion of the microfluidic cassette 12 may be surrounded by a secondary packaging
84 configured to isolate the microfluidic cassette 12 and the reagents stored therein
from the external environment (e.g., from gas, moisture, etc.). Any suitable material
(e.g., barrier material) may be used to form the secondary packaging 84, such as a
biaxially-oriented polyethylene teraphthalate (BOPET) wrapping, a foil wrapping, or
the like.

[0042] FIG. 6 is a top view of one or more isolation arms 80 partially surrounding
the reagent storage compartment 64. The one or more isolation features 80 may be
clongated gaps (e.g., air gaps) in the layers 48 or substrate material that increase the
effective distance and/or reduce the surface contact arca between the reagent storage
compartment 64 and the substrate material. Thus, the isolation features 80 may
provide a barrier to isolate the reagents or solvents and/or to prevent undesirable

diffusion of the reagent and or solvent.

[0043]  As set forth above, the microfluidic cassette 12 may include (e.g., consist of
or consist essentially of) a one-piece, unitary, single structure having all reaction
chambers 68, vessels, channels, and so forth, suitable to form and isolate the
radiopharmaceutical 18. However, in some circumstances, it may be desirable to
provide a modular microfluidic cassette 12 such that various portions or vessels of the
microfluidic cassette 12 can be easily removed to facilitate reuse, replacement, repair,
and increased flexibility and customization of the microfluidic cassette 12, for
example. In such embodiments, the microfluidic cassette 12 may be a single unit that
is an assembly of multiple (e.g., two or more) one-piece structures, each one-piece
structure having a separate portion of the features used to generate the
radiopharmaceutical 18. Accordingly, FIG. 7 is a side view schematic of one
embodiment of the microfluidic cassette 12, wherein the reagent storage compartment
64 and the reaction chamber 66 are removably coupled together. Specifically, in the
depicted example, a first portion 90 (e.g., a first layer, a reagent storage portion, or a
first one-piece structure) may include the reagent storage compartment 64, while a

second portion 92 (e.g., a second layer or reaction portion) may include the reaction
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chamber 66. The first portion 90 and the second portion 92 may be fabricated
separately and may have a shape and/or geometry that enables the portions 90, 92 to
be coupled together (e.g., to form the microfluidic cassette 12 as an assembled single
unit). For example, the second portion 92 may be inserted as shown by arrow 94 into
a cavity 96 formed within the first portion 90. It should be understood that other
configurations may be utilized to form the microfluidic cassette 12. For example, the

first portion 90 may be inserted into a cavity formed within the second portion 92.

[0044] The portions 90, 92 may be coupled via any suitable technique, such as
adhesives, bonding, or mechanical fit (e.g., corresponding mechanical or geometric
features so as to form a friction fit, interference fit, snap fit, or the like). In some
embodiments, the first portion 90 and the second portion 92 may be coupled together
after the reagents are stored within the reagent storage compartment 64, and thus, it
may be desirable to couple the portions 90, 92 together via any suitable bonding
technique having a temperature that does not affect the stored reagents, such as laser
bonding or ultrasonic bonding techniques. When coupled together, the flow paths 66
of each portion 90, 92 may align to extend between the reagent storage compartment
64 and the reaction chamber 68 to enable the generation of the radiopharmaceutical
18 as described herein. Additionally, in some embodiments the second portion 92
may be removable, such that either one or both of the first portion 90 or the second
portion 92 may be easily cleaned and/or reused, for example. In such embodiments, a
mechanical coupling method may be desirable to facilitate disassembly and
reassembly, and to avoid the use of other costly equipment or other materials that
could be potential source of contamination. In some embodiments, separating the
second portion 92 from the first portion 90 after the radiopharmaceutical 18 is
generated may facilitate transfer of the generated radiopharmaceutical 18 to another
device, such as a syringe 16 for administration to the patient. The first portion 90 and
the second portion 92 may comprise any of the materials described above, and each of
the portions 90, 92 may comprise the same, or different, materials. Additionally, both
portions may be disposable or reusable, or in some embodiments, one portion may be

disposable while another may be reusable.
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[0045] FIG. 8 is one embodiment of the valve 60 configured to control the
movement of the reagent from the reagent storage compartment 64, though the valve
60 is intended to be an example of any one or a combination of valves employed in
the microfluidic cassette 12. As shown, the valve 60 may include a valve body 100
and the membrane 62. The valve 60 may also include a floating gasket 102,
positioned between the valve body 100 and the membrane 62 (e.g., prior to applying
the membrane 62 over the valve body 100). The valve body 100 and membrane 62
may be formed from any suitable polymer material, such as the microfluidic cassette
12 substrate material, while the floating gasket 102 may be made from a soft material,
such as a fluoropolymer (e.g., polytetrafluoroethylene or PTFE). The valve body 100
includes at least one stepped edge 103 such that when the valve 60 is assembled, the
valve body 100 and the membrane 62 define a valve recess 104, in which the floating
gasket 102 is positioned. Additionally, the valve body 100 includes at least two
annular recesses defining a first fluid port 110 and a second fluid port 112, and both
ports 110, 112 are in fluid communication with valve recess 104. The first fluid port
110 and the second fluid port 112 include an inlet aperture 116 and an outlet aperture
118, respectfully, which enable the flow of reagent into and out of the valve 60 (and
therefore the reagent storage chamber 64, or channel, to which it is fluidly coupled).
Each valve 60 may thus be connected to two isolated channels or conduits (e.g., flow
paths 64) at apertures 116, 118 to facilitate the movement of the reagent through the
valve 60. The valve 60 of the presently disclosed embodiments may include any of
the features of the microvalve disclosed in U.S. Patent Application Publication No.
2012/0267561, which is incorporated herein by reference in its entirety for all

purposes.

[0046] In some embodiments, the valve 60 may be secaled by positioning the
membrane 62 adjacent to the valve body 100. For example, the membrane 62 may
deform, adhere, or otherwise be couple to the valve body 100 to seal the valve 60. In
some embodiments, a force and/or heat applied during manufacturing or fabrication of
the valve 60 may cause the membrane 62 to deform, adhere, or otherwise be couple to
the valve body 100. Accordingly, in some embodiments, the microfluidic cassette 12

may include features to facilitate opening the valve 60. For example, the microfluidic
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cassette 12 and/or the interface system 14 may be configured to apply pressure (e.g.,
force) inside the reagent storage chamber 64 or other internal component of the
microfluidic cassette 12 to separate the membrane 62 from the valve body 100 or by
applying pressure (e.g., negative pressure or pulling force) external to the microfluidic

cassette 12 to separate the membrane 62 from the valve body 100.

[0047] In certain embodiments, it may be desirable to provide a secaling
mechanism 120 to control and/or to seal the valve 60. FIG. 9 is one embodiment of
the sealing mechanism 120 in an open position, and FIG. 10 is one embodiment of the
sealing mechanism 120 in a closed position. Sealing the valves 60 of the microfluidic
cassette 12 may reduce or prevent leakage of the reagents or solvents out of the
reagent storage compartments 64 (e.g., so as to inadvertently cause the reaction)
and/or may reduce or prevent contamination of the reagents or solvents. As shown,
the sealing mechanism 120 may include one or more extensions 122 (e.g., arms)
extending from a support structure 124. The support structure 124 may be configured
to be generally parallel to the top surface 126 of the membrane 62 of the valve 60
when applied over the valve 60. The one or more extensions 122 may extend from
the support structure 124 to engage the valve 60 and/or to engage the layers 48 of the
microfluidic cassette 12. In some embodiments, the one or more extensions 122
extend generally orthogonally from the support structure 124. The sealing mechanism
120 may also include a clamp 128 extending from the support structure 124, the
clamp 128 being positioned to cover the second fluid port 112 when the sealing

mechanism 120 is moved to a closed position, as described in more detail below.

[0048] The sealing mechanism 120 may have a shape and/or a geometry that
enables the sealing mechanism 120 to mechanically lock or snap into place about the
valve 60. For example, the one or more extensions 122 may include protrusions 130
or other surface features configured to engage a bottom surface 132 of the valve 60 or
to otherwise engage a portion of the valve 60. In some embodiments, the one or more
extensions 122 may pass through and/or engage one or more layers 48 of the
microfluidic chip 12 and/or may pass through all of the layers of the microfluidic chip
28, engaging the bottom surface 54. In the open position of FIG. 9, the one or more

extensions are positioned within openings 34, which may be formed in the valve body
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100 or in the layer 48 surrounding the valve body 100, for example. As the sealing
mechanism 120 moves into the closed position as indicated by arrow 136, the one or
more extensions 122 move within the openings 34 and expand (e.g., via a spring, such
as a living spring mechanism) to engage the bottom surface 132 of the valve 60, as
shown. The one or more extensions 122 may be biased such that they automatically
expand when the protrusions 130 exit the openings 134, as shown in FIG. 10.
Additionally, in the closed position, the clamp 128 depresses the membrane 62 and/or
the floating gasket 102 to seal the second port 112, thus isolating the second port 112
from the first port 110 and preventing the movement of substances through the valve
60. In some embodiments, the support structure 124 may transition from a planar to
an angled structure when the sealing mechanism is in the closed position, as shown in

FI1G. 9.

[0049] In some embodiments, the sealing mechanism 120 may be utilized to seal
the valve 60, thus controlling the movement of reagents from the reagent storage
compartment 64 to the reaction chamber 68. In certain embodiments, once the sealing
mechanism 120 is applied and secured over the valve 60 (e.g., in the closed position),
the valve 60 may only be opened by breaking, destroying, or otherwise removing
(e.g., irreplaceably removing) the sealing mechanism 120. For example, the valve 60
may be opened by breaking the support structure 124 of the sealing mechanism 120,
thus enabling the clamp 128 to be removed from the second port 112. In other
embodiments, the valve 60 may be opened by breaking the protrusions 130 and/or the
one or more extensions 122, thus enabling the support structure 124 and/or the clamp
128 to be removed. Accordingly, in operation, the interface system 14 may be
configured to initiate and/or to control the movement of the reagent out of the reagent
storage compartment 64 by moving, breaking, or destroying the sealing mechanism
120. As discussed above, the reagent may be transferred from the reagent storage
compartment 64 to any other suitable component of the microfluidic cassette 12, such
as the reaction chamber 68, for example. Therefore, the sealing mechanism 120 not
only securely seals the valve 60, but may also enable the interface system 14 to

initiate the transfer of the reagent out of the reagent storage compartment 64 and/or to
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initiate the reaction process using only actuators and protocols to break the sealing

mechanism 120.

[0050] The microfluidic cassettes 12 described herein may include various vessels
formed within multiple layers 48 (e.g., a layered substrate), and such microfluidic
cassettes 12 may be formed through any suitable manufacturing process. FIG. 11 is a
flow chart of a method 150 for manufacturing the microfluidic cassette 12, in
accordance with one embodiment. The method 150 includes various steps
represented by blocks. As noted above, any of the methods or steps of the methods
provided herein may be performed as an automated procedure by a system. Further,
certain steps of the method 150 may be implemented by a process-based machine
including a memory storing instructions for facilitating all or part of a particular step
of the method 150. Additionally, although the flow chart illustrates the steps in a
certain sequence, it should be understood that the steps may be performed in any
suitable order and certain steps may be carried out simultaneously, where appropriate.
Further, certain steps or portions of the method may be performed by separate devices
and/or separate means. Additionally, although the method 150 is described with
respect to one microfluidic cassette 12, it should be understood that more than one
microfluidic chip 12 (e.g., 2, 3,4, 5, 6,7, 8,9, 10, or more) may be manufactured or
generated simultaneously or approximately simultaneously (e.g., during overlapping

time periods) by the method 150.

[0051] Room temperature substrate bonding methods suitable for use in the
manufacture of parts of the microfluidic cassettes described herein are known in the
art (US 20130112650 Al). A first substrate substantially transparent to a laser
wavelength is selected. A second substrate for mating at an interface with the first
substrate is then selected. A change in index of transmission is created at the interface
and the first and second substrates are mated at the interface. The first substrate is
then irradiated with a laser of the transparency wavelength substantially focused at the
interface and a localized high temperature at the interface from energy supplied by the
laser is created. The first and second substrates immediately adjacent the interface are

softened with diffusion across the interface to fuse the substrates.
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[0052]  As shown, the method 150 begins at step 152 by generating a base (e.g., a
substrate or a frame) having one or more layers 48, including polymer layers 48. The
layers 48 may be individually fabricated via injection molding techniques, machining
techniques, etching techniques, or any other suitable techniques, and various vessels
or chambers (e.g., the reagent storage compartment 64) may be formed within or on
the layers 48. The layers 48 may be fabricated in parallel, thus reducing

manufacturing time and/or costs.

[0053] At step 154, the one or more layers 48 may be bonded together via any
suitable process, such as thermocompression fusion bonding, solvent assisted
bonding, or other technique. In embodiments where the reagent storage compartment
64 comprises the coating 78 (FIG. 5), additional sealing or bonding techniques may
be carried out. For example, a labyrinth seal or a pinch seal may be created at a
junction between adjacent layers 48 by compressing small protrusions from surfaces

of each layer 48 created during the molding process.

[0054] At step 156, a reagent is dispensed into the reagent storage compartment 64
via an inlet (e.g., inlet septum). In certain embodiments, multiple reagents and/or
solvents may be dispensed into multiple reagent storage compartments 64, each
having a respective inlet. The particular reagents and/or solvents dispensed into the
various reagent storage compartments 64 may be used to generate a PET or a SPECT

tracer, in some embodiments.

[0055]  After the reagent and/or solvent is inserted into the reagent storage
compartment 64, the inlet is closed and/or sealed to block movement of the reagent
out of the inlet of the reagent storage compartment 64 via any suitable technique, at
step 158. At step 160, the valve 60 may be applied over an outlet of the reagent
storage compartment 64. The valve 60 may be seated over the valve body 100 as
shown in FIG. 8, for example. At step 162, the sealing mechanism 120 is positioned
over the valve 60 to seal the outlet and to contain the reagent within the reagent
storage compartment 64. For example, the sealing mechanism 120 may be snapped or
mechanically fitted into place, as shown in FIG. 10, for example. Once the sealing

mechanism 120 is in place, the microfluidic cassette 12 may be stored for long
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periods of time (e.g., days, months, one year, two years, or longer) prior to use
without decay or contamination of the stored reagents. After manufacture, the
microfluidic cassette 12 may be provided to a medical facility where it can be used in
conjunction with the interface system 14, or other suitable device, to generate a

product using the stored reagents, as set forth in method 30 of FIG. 2.

[0056] With the foregoing in mind, FIG. 12 is one embodiment of the interface
system 14 that may be configured to receive the microfluidic cassette 12 and to
control the reaction process. As noted above, the interface system 14 may be
configured to initiate and/or to control synthesis of the radiopharmaceutical 18
manually or automatically and may be any suitable processor-based machine
including a memory storing instructions executable by one or more processors for
facilitating the synthesis of the radiopharmaceutical 18. Additionally, the interface
system 14 may be configured to perform steps without user intervention or may be
configured to receive a user input and execute instructions in response. The
instructions may include providing an input to hardware components of the system
10, which may function to mechanically or otherwise physically interact with one or
more components of the interface system 14. For example, the instructions may
include providing an input to a valve control component (e.g., actuator) of the
interface system 14, which may function to mechanically alter (e.g., break or destroy)
the sealing mechanism 120 on the microfluidic cassette 12 to initiate the reaction
process, as discussed above. Accordingly, in certain embodiments, the interface
system 14 may be configured to operate the valve control component according to
programmed settings, thus opening the wvalves 60 and/or altering the sealing

mechanisms 120 (FIG. 9) at predetermined times and in a predetermined sequence.

[0057] In some embodiments, the interface system 14 may include components
(e.g., cassette handling components) configured to select and/or to retrieve the
microfluidic cassette 12 (e.g., from a magazine or other storage device) as set forth
above with respect to FIG. 2. Additionally, as noted above, the interface system 14
may include a heat source, a cooling source, a mechanical agitation (e.g., vibration)
source, or the like. In some embodiments, the interface system 14 may include

appropriate types of sensors configured to enable the processors to monitor the
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reaction (e.g., temperature, pH, or other properties in the reaction chamber), for
example to may adaptively adjust reaction conditions (e.g., temperature, pressure,
agitation, etc.). Through such techniques, the system 10 may synthesize a product via
the reaction, such as the radiopharmaceutical 18 suitable for PET imaging, as

provided in step 40.

[0058] In some embodiments, the interface system 14 may also include various
features for receiving input from the user and/or for conveying information to the
user. For example, the interface system 14 may include a display 170 or a speaker
172 configured to provide visual or audible information, such as alarms or
notifications that signal an error, an end (e.g., completion) of the reaction process,
time remaining in the reaction process, reaction conditions, instructions for use, or the
type of microfluidic cassette 12 or product that is being synthesized, for example. In
some embodiments, the interface system 14 may include one or more user inputs 174
that may enable the user to scroll through various display options, to trigger the
interface system 14 to begin the reaction process, or to enable the user to input the
product desired or to provide other instructions for operation, for example.
Additionally, the interface system 14 may include components configured to facilitate
or to direct transfer of the microfluidic cassette 12 to a waste container for disposal or
for separating any reusable portions from disposable portions and transferring the
portions to appropriate waste or recycling containers. In some embodiments, the
interface system 14 may be configured to facilitate transfer of the radiopharmaceutical

to a device, such as the syringe 20, for administration to the patient 22.

[0059] As noted above, although the microfluidic cassette 12 and the techniques
for manufacturing and/or utilizing the microfluidic cassette 12 are discussed in the
context of PET and SPECT imaging systems, it should be understood that the
microfluidic cassette 12 and the disclosed techniques may be adapted for use with any
suitable type of system that utilizes a small scale fluid processor and stored reagents.
For example, the disclosed mircofluidic cassette 12 and techniques may be adapted
for storing any suitable fluid or reageant and for use in cell processing, chemical

processing, and/or biomolecule processing systems.
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[0060] FIG. 12 shows a microfluidic cassette 12 of the invention having a reagent
storage compartment adapter assembly 200 which is connected to the microfluidic
cassette 12. Connection can be permanent or temporary. Reagent storage
compartments (vials) 201 contain reagents in gas, liquid, solid, or gel condition.
There is a connector interface 202 between reagent storage compartment (vials),
reagent storage compartment adapter 200 and the microfluidic cassette 12. A spike
202 piercing septum 203 of reagent storage compartment 201. A solid phase
exchange column 204 is part of the reagent storage compartment assembly and is
connected to a microfluidic chip via the reagent storage compartment adapter 200 and
tubing 205. Also shown is an additional connector port 206 of reagent storage
compartment adapter for connecting additional reagent sources or sinks such as

product output, gas input, reagent input, sample output, sample input for example.
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[0061] This written description uses examples to disclose the invention, including
the best mode, and also to enable any person skilled in the art to practice the
invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims,
and may include other examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims if they have structural
elements that do not differ from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences from the literal languages

of the claims.
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CLAIMS:
1. A microfluidic device for storing a reagent, comprising;:
a single unit, comprising:

a first portion of the microfluidic device comprising a reagent
storage compartment configured to hold a reagent;

a second portion of the microfludic device comprising a
reaction chamber configured to receive the reagent and to support the
reagent during a reaction process to form a product; and

means to selectively isolate the reagent storage compartment
from the reaction chamber.

2. The microfluidic device of claim 1, wherein the microfluidic device is

configured to store and to isolate all reagents utilized in the reaction process to form
the product from a surrounding environment for a period of time prior to initiation of

the reaction process.

3. The microfluidic device of either claim 1 or claim 2 wherein said
means to selectively isolate the reagent storage compartment from the reaction
chamber is a valve configured to isolate the reagent storage compartment from the

reaction chamber when the valve is in a closed state.

4. The microfluidic device of claim 3, comprising a sealing mechanism
positioned over the valve proximate to the first surface of the device and configured to

engage the second surface of the device to hold the valve in the closed state
5. The microfluidic device of claim 4, wherein the sealing mechanism is

configured to enable the valve to be in an open state only when at least a portion of

the sealing mechanism is broken.
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6. The microfluidic device of either claim 1 or claim 2 wherein said
means to selectively isolate the reagent storage compartment from the reaction

chamber is a breakable septum.

7. The microfluidic device of any one of claims 1-6, wherein the first

portion and the second portion are coupled together to form the single unit.

8. The microfluidic cassette of any one of claims 1-7, wherein the first

portion includes a cavity configured to removably receive the second portion.

9. The microfluidic cassette of any one of claims 1-8, comprising a
coating disposed within the reagent storage compartment configured to reduce

diffusion of the reagent from the reagent storage compartment.

10.  The microfluidic cassette of any one of claims 1-9, wherein the first
portion comprises at least two reagent storage compartments cach storing different

reagents.

11. The microfluidic cassette of any one of claims 1-10, comprising the
reagent within the reagent storage compartment, wherein the reagent is configured to

generate a PET or a SPECT tracer.

12. A system for storing a reagent, comprising:

a microfluidic device comprising:

one or more layers forming a substrate;

a reagent storage compartment configured to store a reagent
and disposed within the substrate;

a reaction chamber fluidly coupled to the reagent storage
compartment via a flow path extending between the reagent storage
compartment and the reaction chamber, wherein the reaction chamber

is configured to hold the reagent during a reaction process;
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means to selectively isolate the reagent storage compartment

from the reaction chamber disposed across the flow path, said means

being configured to isolate the reagent storage compartment from the
reaction chamber; and

an interface system configured to manipulate the device to initiate the

movement of the reagent from the reagent storage compartment toward the

reaction chamber.

13.  The system of claim 12 wherein said means to selectively isolate the

reagent storage compartment from the reaction chamber is a valve.

14.  The system of claim 13, comprising a sealing mechanism positioned

over the valve and configured to place the valve in the closed state.

15.  The system of claim 13, wherein the interface system is configured to

break at least a portion of the sealing mechanism to adjust the valve to an open state.

16.  The system of claim 12 wherein said means to selectively isolate the

reagent storage compartment from the reaction chamber is a breakable septum.

17.  The system of any one of claims 12-16, wherein the device comprises
the reagent, wherein the system is configured to synthesize a PET tracer or a SPECT

tracer using the reagent.

18.  The system of any one of claims 12-17, wherein the device comprises
a first portion having the reaction storage compartment and a second portion having
the reaction chamber, wherein the first portion is removably coupled to the second

portion.
19. A method of manufacturing a microfluidic device for storing a reagent,

comprising:

generating a substrate having one or more layers;
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creating a reagent storage compartment within the substrate, the
reagent storage compartment having an inlet and a flow path configured to
transport a reagent from the reagent storage compartment;

inserting a reagent into the reagent storage compartment via the inlet;

applying a means to sclectively isolate the reagent storage
compartment from the reaction chamber; and

positioning a sealing mechanism over the membrane and through the
valve body to seal the flow path and to contain the reagent within the reagent

storage compartment.

20.  The method of claim 19, comprising coupling one or more additional

layers having a reaction chamber formed therein to the flow path.

21. The method of claim 19 or 20, comprising bonding the one or more

additional layers to the one or more layers.

22.  The method of any one of claims 19-21, comprising applying a coating
to at least a portion of an interior of the reagent storage compartment, the coating
being configured to reduce diffusion of the reagent out of the reagent storage

component.

23.  The method of any one of claims 19-22, wherein the sealing
mechanism comprises one or more arms extending through the one or more layers to

engage a surface of the valve body to seal the inlet.

24.  The method of any one of claims 19-23, wherein the stored reagent is

configured to be used to synthesize a PET tracer.
25. The method of any one of claims 19-24 wherein said means to

selectively isolate the reagent storage compartment from the reaction chamber is a

valve having a valve body and a membrane along the flow path.
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26. The method of any one of claims 19-24 wherein said means to
selectively isolate the reagent storage compartment from the reaction chamber is a

breakable septum.
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