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FLUID OPTIMIZATION AND CONTAMINANT CONTAINMENT DEVICE AND
METHOD USING DISPLACEABLE PLUG

CROSS-REFERENCE TO RELATED APPLICATIONS

&

0081 ] This application claims the benefit of UK. Provisional Application No. 63/033,19

filed June 1, 2020, This application is incorporated herein by reference in its entirety.
BACKGROUND

[0002] Bacteracmia s the presence of microorganisms i the blood. Sepsis, on the other
hand, is bacteracmia in the presenece of clinical symptoms and signs such as fever, tachycardia,
tachypnea and hypotension. Bacteracmia and sepsis are associated with a high mortality and an
ncreased incidence and duration of hospital stav and associated costs. Many bacteracnyias,
sepsis, fungacmias and other pathogens actually occur within a hospital or other healtheare
settings with catheters and venipunctures being a source of contamination as potential carriers of

these pathogens.

HEUTRY Blood cultures are the standard test used to detect microbial pathogens related to
bacteracmia and sepsis in a patient’s blood. The term blood culture refers to a single
vemipuncture, cither from a peripheral site or central or arterial line, with the blood woculated
into one of more biood culture bottles or containers. One bottle is considered a blood culture
where two or more are considered a set. Multiple sets may be obtained from multiple

venipunctures and are associated with different sites on the patient.

{0004] These methods allow for mucrobial wdentification and susceptibility testing to be
performed, which is a critical component to managing sepsis, however the lack of rapid results
and decreased sensitivity for fastidious pathogens has led to the development of improved

svstems and adjunctive molecular or protecunuc testing.

{0005] Collection of blood samples for conducting blood cultures is 3 critical component of
modemn patient care and can either positively atfect the patient outcome by providing an accurate
diagnosis, or can adversely affect the outcome by prolonging unnecessary antimicrobial therapy,

the length of hospital stayvs, and increasing costs.

[0006] Ome outcome of collection of blood cultures s contammation. Blood culture
contamination can icad to a false positive culture result and/or significant increase in healtheare

related costs. Sources of blood culture contamination mnclude improper skin anfisepsis, improper
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collection tube disinfection, and contamination of the mitial blood draw which may then skew

results.

03007} Blood cultare collection kits generally consist of a “batterfly™ set, mfusion set, or
other type of venipuncture device as offered by companies like BP, Smiths, B. Braun and others,
and aerobic and anaerobic blood culture bottles. Vanous different bottles are also available
depending on the test requirements. These bottles are specifically designed to ophimize recovery
of both acrobic and anacrobic organisms. In conventional kits, a bottle used is known generally
as a “Vacutainer,” which is a blood collection tube formed of a stenile glass or plastic tube with a
closure that 1s evacuated to create a vacuum inside the tube to facilitate the draw of a

predeternmined volume of liguud such as blood.

[G008] False positive blood cultures are typically a result of poor sampling technigues. They
cause the use of antibictics when not needed, 1ncreasing hospital costs and patient anxiety.
Blood cultures arc drawn from a needlestick into the skin, and then a Vacutainer is attached to
capture a sample of blood. Contamination may occur from improper or incomplete disinfection
of the skin area in and arcund the puncture site. It may also occur from the cornng of the skin by
the needie duning insertion, with the cored skin cells and any associated contamination being

pulled into the sample.

{3069 Blood flow through a bvpodermnic needle 1s laminar, and as such, a velocity gradient
can be developed over the flow tube as a pressure drop s applied to the hypodermic needle.
Either forceful aspiration of blood, or using a very small hypodermic needle, can cause lysis and

a refease of potassium from the red blood cells, thereby rendering the blood samples abnormal

001 8] in other instances, some patients have debicate veins that can collapse under a
pressure drop or vacuum, particularly as applied by a svange’s plunger that is drawn too quickly
for the patient’s condition. Since such condition is impossible to know beforehand, such vein

collapses are a risk and very difficult io control.

[0011] Various sirategics have been implemented to decrease blood culture contamination
rates, e.g. training staff with regard to aseptic collection technique, feedback with regard to
contamination rates and implementation of blood culture collection kits. Although skin antisepsis
can reduce the burden of contammation, 20% or more of skin organismos are tocated deep within
the dermis and are unaffected by antisepsis. Changing needles before bottle moculation is not
advisable as it increases the risk to acquire needle stick inpurics without decreasing

contamination rates.
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001 2] Some conventional systems and techmques for reducing blood culture contamination
nclude discarding the initial aliquot of blood taken from central venous catheters. venipunctures,
and other vascular access systems. However, these systems require the user to mechanically
manipulate an intravascular device, or require a complex series of steps that are difficult to

ensure being followed.

{001 3] Recent innovations have proposed novel approaches to reduce blood contaminants by
utilizing methods based on US Patent No. 9,820,682, The ‘682 patent utilized the patient’s own
blood pressure to manage blood contamunation by aliowing the nitial aliquot of blood to flow
nto a channel that vents to atmosphere. While this approach works well, if a patient’s blood

pressore 18 too low it can lead to tong fill times of the contanmnant containment reservoir.

[6014] Another approach disclosed 1 US Patent Publication No. 2019/0363303, whic
appears wnspired by the congepis of the "682 patent, makes use of vacuum pressure frony a
syringe or vacuunt bottle, and dissolving membranes, flow controllers or flow restrictors, and
other mechanical moving parts to reduce blood sample contamination. This approach, while
possibly eliminating extended fill times of the contaminant contamment reservoir that may occur
with reliance on patient blood pressure as the driving mechanism, presents other problems in the
second channel, the sarapling chanvel. First, dissolving materials may tmpact sample test resubts
and understanding all the potential testing vanations that may occur 1s difficult to assess.
Second, flow controllers or flow restrictors as described in the “303 publication impede flow, and
such restrictions may create hemolysis which can negatively impact test results. Further, flow
restrictions come with a poiential addition of wait time 1o £ill a fhud collection device, which 1s

also undesirable.
SUMMARY

{001 5] This document describes a non-venting bodily fluid sample ophimuzation device and
system, for use in a blood sampling or blood culture collection system. In accordance with
implementations described herein, a device has no permanently-attached, statically positioned
moving parts, such as valves, state-transitioning switches or diverters, or other mechanisms that
move, shift or transition from one operating mode to another operating mode, or from one state

to another state.

{001 6] In one aspect, a fhud sample optimization device 1s described for optimizing a fluid
sample collected by a fhud collection device from a fhud source, where a first portion of the fluid

sample potentially has contarainants. The fhuid sample optimization device includes an indet
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configured to connect with the fluid source, an outlet configurad to conmect with the fluid
collection device, and a sample path connected between the inlet and the ouvtlet. The flud
sample optimization device further includes a contanunant containment reservoir conngcted
between the inlet and the outlet. The contaminant contaimment reservoir has an air permeable
fhnd resistor proxamate the outlet, and is arranged to receive, when a pressure differential is
applied between the inlet and the outlet, a first portion of the fluid sample from the fhud source
to displace air therein through the air permeable fluid resistor and the outlet, such that upon
receipt of the first portion of the fleid sample and containment of the contaminants in the
contaminant containment reservolr, subseguent portions of the fhud sample can be conveyed by
the sample path from the mnlet to the outlet when subsequent pressure differentials are applied
between the infet and the outlet. The fluid sample optimization device can further include a
displaceable plug between the mlet and the sample path, or in the sample path, that can be
displaced by the subsequent pressure differentials to allow the subsequent portions of the fluid to

be conveyed through the sample path.

{8017] In another aspect, a fluid sarple optimization device includes an olet configured to
connect with the fluid source, and an outlet configured to connect with the fluid collection device
that provides a negative pressure differential between the mlet and the outlet. The fluid sample
optimization device further inchudes a sample path conmocted between the wnlet and the cutlet, a
junction between the inlet and the sample path having a displaceable plug that 1s configured to
mhibit at feast a part of the first portion of the fluid sample and the contaminants from entering
the sample path. The fluid sample optinuzation device further includes a contaminant
containment reservoir connected between the inlet and the outlet, and that includes an awr
permeable fluid resistor proximate the outlet. The contaminant containment reservoir 18 arranged
o receive, when a pressare differential 1s applied between the mdet and the outlet, the first
portion of the fluid sample from the fluid source to displace air thergin through the air permeable
fluid resistor and the outlet, such that upon receipt of the first portion of the fluid sample and
containment of the contaminants m the contaminant containment reservoir, subsequent portions
of the fluid sample can move the displaceable plug and be conveved by the sample path from the
irdet to the outlet when subsequent pressure differentials are apphied between the indet and the

outlet,

[0018] The details of one or more embodiments are set forth in the accompanyimg drawings
and the description below. Other features and advantages will be apparent from the description

and drawings, and from the claims,
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BRIEF DESCRIPTION OF THE DRAWINGS

001 9] These and other aspects will now be described 1 detail with reference 1o the

following drawings.
6028] FIG. 1 ilhustrates a blood sample optimization system,

{80211 FIG. 2 illustrates a blood sample optinization system 1n accordance with an

alternative mplementation.

16622} FIG. 3 illustrates a blood sample optimization system in accordance with another

alternative implementation.

{8023] FIG. 4 illustrates a blood sample optinmization system in accordance with another

aliernative muplementation.

0024] FI1G. 5 illustrates a blood sample optimization system in accordance with another

alternative implersentation.

{0025] FIG. 6 illustrates a blood sample optimization system in accordance with an

alternative voplementation.
{8026} FI1G. 7 is a flowchart of a method for optimizing a guality ot a blood culiure.

16027} FIGS. 8A -~ 8E ihustrate a blood sequestration system for non-contaminated blood

sampling, in accordance with some mplementations.
{30281 FIG. 9 illustrates a pathway sphitter for use i a blood sequestrations system.

{0023] FIGS. 10A ~ 10D illustrate a blood sequestration systom for non-contaminated blood

sampling, 1 accordance with alternative implementations.

{0030 FIGS. 11A — 11E illustrate a blood sequestration system for non-contaminated blood

saropling, in accordance with other alicmative implementations.

HEIRYY FIGS. 12A-12D illustrate a blood sample optimiization system including a blood

sequestration device in accordance with vet other aliernative implementations.

03032 FIGS. 13A-13D dhustrate a blood saraple optimization system 1300 in accordance

with yet another aliernative implementations.

D
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[6033] FIGS. 14A-14E iHustrate vet another implementation of a blood sampling system to
sequester contanunaies of an mitial aliquot or sample to reduce false positives in blood cultures

or tests performed on a patient’s blood sample.

{0034] FIGS. 15A-15G illustrate a blood sequestration device and method of using the same,

m accordance with vet another implementation.

{3035] FIGS. 16A-16D dlustrate a blood sequestration device in accordance with vet another

implementation.

HEIRTY FIGS. 17A - 17E itlustrate a bottom member of a housing for a blood sequestration

device.,

{80371 FIGS. 18A — 18F illustrate a top member of a housing for a blood sequestration

device.

6038} FIGS. 19A and 198 iHlustrate a blood sequesiration device having a top member

mated with a botiom member.

03039] FIG. 20 shows a blood sample optimization system inclading a blood sequestration

device.

0048 FIG. 21 dlustrates a non-vented blood sequesiration device using a wicking matenal

chamber.

{0041] FIGS. 22A and 228 illustrate a material makeup of a filter for sequestering blood ina

sequestration chamber of a blood sequestration device.

U FIGS. 23A - 23E illustrate another implementation of a blood sequestration device

that uses a vacuum force from a blood collection device.

[0043] FIGS. 24A - 24D illustrate another implementation of a blood optimization system

and blood sequestration device.

[03044] FIGS. 25A - 250 dlustrate another implementation of a blood optimization systers

and blood sequestration device.

[6045] FIGS. 26A - 26E illustrate another implementation of a blood optimization system

and blood sequestration device.

6
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{6046} FIGS. 27A - 27D ilustrate another implementation of a blood optimization system

and blood sequestration device.

03047} FIGS. 28A - 28F illustrate another implementation of a blood optimization system

and blood sequestration device.

0048] FIGS. 29A — 29C illustrate another implemendation of a blood optimization system

and blood sequestration device.

103049] FIGS. 30A - 306 llastrate another implementation of a blood optimization system

and blood sequestration device.

HELH] FI1G. 31 dlustrates a non-venting fluid contaminant sample optinization devices, in

accordance with implementations described herein;

00811 FIGR. 324 - 32C dlustrate a fluid sample optinization device having a housing, an
air-permeable flind barmer, and a displaceable plug, consistent with implementations described

herein.

HELRYY FIGS. 33A - 330 illustrate a fluid sample optimization device congistent with

implementations described herein

[0053] FIGS. 34A - 34C illastrate various alternative implomentations of a displaceable plug

or stopper, shown n the form of a ball or rounded object.

HEIREY FIGS. 35A and 358 illustrate various alternative implementations of a displaceable

plug ot stopper, shown n the form of a disk.

{B085] FIGS. 36A - 36C ilustrate further various alternative impleroentations of a

displaceable plug or stopper, consistent with the devices described herein,

{356] FIGS. 37A and 37B show a vanation of a fluid path for fhud flow afier displacement

of a plug; and

{087 FIGS. 38A - 38C illustrate another fluid sampie optimization device consistent with

implementations described herem.

[6058] Like reference symbols in the various drawings indicate Iike clements.

~J
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BETAILED DESCRIPTION

[B059] This document describes fluid sample optimization systems and methods for reducing
or ehiminating contaminates in collected blood samples, which 1n turn reduces or eliminates false
positive readings in blood cultures or other testing of collecied blood samples. In some
mplementations, a blood sample optimization svstemn mncludes a patient needle for vascular
access 1o a patient’s bloodstream, a sample needle for providing a blood sample to a blood
collection contamer, such as an evacuated blood collection container or tube like a Vacutainer™
or the like, or other sampling device, and a fluid sample optimization device, for containing
possible contaminants in a first amount of a fluid sample, such as a blood sample. Subsequent
amounts of the fluid sample are allowed to bypass the first amount, thereby containing any
contaminants in the first amount while providing less to zero contaminates in fluid samples in the

subsequent amounts of the fluwd.

HEUSH FIG. 1 ilustrates a blood sample optimization system in accordance with some
implementations.  The system includes a patient needle 1 to puncture the sk of a patient to
access the patient’s vein and blood therein. The system further includes a sample needle (e, a
rescalably closed needle for use with Vacutainers™ or the Like} 5, which may be contained
within and mitially scaled by a resealable boot 10, a Luer activated valve, or another collection
miertace or device. The resealable boot 10 can be pushed aside or around the sample needle S by
apphication of a Vacutammer™ bottle (not shown} for drawing the patient’s blood. The system can
further melude a tow volume chamber 30 that leads to the sample veedle S, but also includes an
orifice or one or more channels 43 that lead to a sequestration chamber 55 formed by a housing

30.

[0061] The sequestration chamber 55 1s a chamber, channel, pathway, lock, or other structure
for recciving and holding a first aliquot of the patient’s blood, which may be m a predetermined
or measured amount, depending on a volome of the sequestration chamber 55, The first draw of
blood typically contains or is more susceptible to containing organisms that cause bacteracmia
and sepsis or other pathogens than subsequent blood draws. The sequestration chamber 55 can
be a vessel encased in a solid housing, formed in or defined by the housing ttself, or can be
implemented as tubing or a lumen. The sequestration chamber 55, regardless how formed and
mmplemented, may have a predetermined volume. In some implementations, the predetermined
volame may be based on a volume of the patient needle, 1.e. ranging from less than the volume of

the patient needle to any volume up to or greater than 20 times or more of the volume of the
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patient needic. The predetermuned volume of the sequestration chamber 55 may also be

gstablished to economize or minumize an amound of blood to be sequestered and disposed of.

{0062} The sequestration chamber 55 can be formed, contained or housed in a chamber
housing 50, and can be made of plastic, rubber, steel, aluminun or other suitable material., For
example, the sequestration chamber 33 could be formed of flexible tubing or other clastomeric
materials. The sequestration chamber 55 further includes an air permeable blood barrier 20 that
allows air to exit the sequestration chamber 55. As used herein the term “air permcable blood
barrier” means an air permeable but substantially biood impermeable substance, maienial, or
structure. Examples may melude hydrophobic membranes and coatings, a hydrophilic
membrane or coating combined with a hydrophobic membrane or coating, mesh, a filter, a
mechanical valve, antimicrobial material, or any other means of allowing air to be displaced from
the sequestration chamber 55 as i 18 filed with blood. In various excraplary embodiments, an air
permeable blood barnier may be formed by one or more matenals that allow air to pass through
until contacted by a liguid, such material then becomes completely or partiatly sealed to provent
or infubit the passage of air and/or liquid. fu other words, prior to contact with hgud, the
maicrial forms a barrier that is air permeable. After contact with a higund, the matenial

substantially or completely prevents the further passage of air and/or bhqued.

[0063] The onifice or channel 45 can be any desired length, cross-sectional shape or size,
and/or can be formed to depart from the low volume chamber 30 at any desired angle or
ontentation. The orifice or channel 435 may also melude a onc-way flap or valve 60 that mantains
an mitial aliguot of blood sample within the sequestration chamber 55, In some specific
implementations, the orifice or channel 45 can include a “duck bill” or flapper valve 60, or the
like, for one-way flow of blood from low volume chamber 30 to the sequestration chamber 55,
The air permeable blood barrier 20 can also be constructed of a reatenial that allows air to exat but
then seals upon contact with blood, thereby not allowing external air {o enter sequestration

chamber 55, This sealing would climinate the need for 8 valve.

{03064 Valve 60 can be any type of valve or closing mechamsm. Chamber 30 15 designed o
hold virtually no residual blood, and can be designed to be adapted to hold or allow pass-through
of a particular volume or rate of blood into sequesiration chamber 35, Likewise, sequestration

chamber 55 may also include any tvpe of coating, such as an anti-microbial coating, or a coating

that aids identification and/or diagnosis of components of the first, sequestered blood draw.

[0065] Housing 50 and 40 can be formed of anv suitable matenial, including plastic, such as

acrylonitrile butadiene styrene (ABS) or other thermoplastic or polymeric material, rubber, steel,
9
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or aluminum. The air permeable blood barrier 20 can mchsde a color-providing substance, or
other signaling mechanism, that is activated upon contact with blood from the mitial blood draw,
or when air displacement 1s stopped, or any combination of events with blood m the
sequestration chamber 55, The air permeable barrier may also mclude an outer laver such as a
hydrophobic membrane or cover that inhibits or prevents the inadvertent or premature sealing of
the filter by an external fhud source, splash etc. Sequestration chamber 55 can also be

transhicent or clear to enable 3 user to visually confirm the chamber 1s filled.

{3066] FIG. 2 ilustrates a blood sample optimization system in accordance with some
alternative implementations. In the implementation shown m FIG. 2, a sequestration chamber
35, or waste chamber, surrounds the patient needle T, with an open-ended cuff or housing
connected with the waste chamber and encircling the sample needle housing base and housing.
The patient needle | and sample needle 3 are convected together by a boot 56, which forms a
continaous blood draw chanwel therethrough. The boot 36 includes a single orifice or channel
leading from the blood draw chanpel into sequestration chamber 55, The device can include
more than one single orifice or channel, i other implementations. Each orifice or channel can

include a one-way valve, and can be sized and adapted for predetermined amount of bicod flow.

{3067) The sequestration chamber 55 includes an air permeable blood barrier. The filier can
further include a sensor or indicator to sense and/or indicate, respectively, when a predetermined
volume of blood has been collected in the sequestration chamber 55, That indication will alert a
user 1o attach an evacuated blood collection tube or bottle, such as a Vacutainer™ to the sampie
needle 5. The housing for the sequestration chamber 55 can be any size or shape, and can
mclade any type of material to define an interior space or volume therein. The inferior space is
mitialiy filied only with air, but can also be coated with an agent or substance, such as a
decontaminate, solidifying agent, or the ke, Once evacuated blood collection tube s attached to
the sample needle 3, blood will flow antomatically into the patient needle 1, through the blood
draw channel and sample needle 5, and mto the boitle. The sample needle 3 1s covered by a
resealable boot, coating or membrane that seals the sample needle when a biood collection bottle

1s not attached thercon or thereto.

[0068) FiG. 3 iHustrates a blood sample optimization system 1n accordance with some
alternative implementations. In the implementation shown, a sample needle 5 s surrounded by a
resealable boot or membrane, and 1s further connected with a patient needie 1. A blood flow

channel is formed through the samuple needle and the patient needie. The connection between the

10
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sample needle and patient needle includes a *T7 or *Y7 connector 102, which includes a channel,

port or aperture leading out from the main blood flow channel to a sequestration chamber 104,

{0069} The T or Y connector 102 may include a flap or one-way vabve, and have an opening
that is sized and adapied for a predetermined rate of flow of blood. The sequestration chamber
104 can be formed from tubing, or be formed by a solid housing, and is mitially filled with air,
The sequestration chamber 104 will receive blood that flows out of a patient automatically, 1.0,
under pressure from the patient’s own blood pressure. The sequestration chamber 104 inchudes
an ait permaeable blood barrier 106, preferably at the distal end of tubing that forms the
sequestration chamber 104, and which 1s connected at the proxamal end to the T or Y connecior
102, The T or Y connector 162 can branch off at any desired angle for most efficient blood flow,
and can be formed so as to minimize an interface between the aperture and channel and the main
blood tflow channel, so as to minimize or climinate muxing of the itial aliguot of blood with

main blood draw samples.

[B076] In some alternative impiementations, the sample needle may be atfixed to a tubing of
any length, as shown in FIG. 4, connecting at its opposite end to the T or Y connector 102, The
sequestration chamber 104 can be any shape or volume so long as it will contain a predetermined
amount of blood sample m the jnttial aliquot. The T or Y connector 102 may also include an
opening or channel that is parallel to the main blood flow channel. The air permeable blood
barrier may further include an indicator 107 or other mechanism to indicaie when a
predetermined amount of blood has been collected in the sequestration chamber, or wheo air
being expelled reaches a certain threshold, i.¢. {o zero. The tubing can also include a chip 109 that

can be used to pinch off and prevent fluid flow therethrough.

[6671] Once the air permeable blood barrier and primary chamber are sealed the instial
aliguot of blood is trapped 10 the sequestration chamber 104, an evacuated blood collection tube,
such as a Vacutainer™ bottle may be attached to the sample needle 3 to obtain the sample. The
blood collection tube can be removed, and the samaple needle 5 will be resealed. Any number of
follow-on blocd collection tubes can then be attached for further blood draws or samples. Upon
completion of all blood draws, the system can be discarded, with the initial aliquot of blood

rematning trapped in the sequestration chamber 104,

{0072 FI1G. 5 illustrates a blood sample optimization system in accordance with some
alternative implementations. In the implementation shown, a sample needle 5 is connected with

a patient needle by tubing. A “T7 or “Y” connector 120 13 added along the tubing at any desired
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location, and includes an aperture, port or channel leading to a sequestration chamber 204,

substantially as described above.

{B073] FIG. 6 illusirates a blood sample optinization system in accordance with some
alternative tnplementations, in which a sequestration chamber 304, formed as a primary
collection channel, recerves an initial aliquot of blood, and is provided adjacent to the blood
sampling channel. The sequestration chamber 304 can encircle the blood sampling channel, the
patient needie 1, and/or the sample needle 5. The pnmary collection channel can include a T or
Y connector 120, or other type of aperture or channel. The scquestration chamber 304 includes
an wir permeable blood barrer, which can also mnclude an indicator of being contacted by a fhud

such as blood, as described above.

[0074] In some implementations, either the patient needle 1 or the sample needie 5, or both,
can be replaced by a Lucr lock male or fomale connector. However, in various implementations,
the connector at a sample needle end of the blood sample optinvization sysiem is nitially sealed
to permit the diversion of the imitial aliquot ot blood to the sequestration chamber, which is
pressored at ambient air pressure and includes the air outlet of the air permeable blood bamer. In
this way, the system passively and avtomatically uses a patient’s own blood pressurg to
overcome the ambient air pressure of the sequestration chamber to push out aiv through the air

permeable blood barmer and digplace air mn the sequestration chamber with blood.

{0075] FIG. 7 15 a flowchart of an exemplary method for optimizing the guality of a blood
cultare. At 702, a clinician places a needle into a patient’s vein. At 704, blood then flows into a
sequestration chamber, pushing the air in the sequestration chamber out of the sequestration
chamber through an air permeable blood barricr. fo some tnplementations, the volume of the
sequestration chamber ts fess than 0.1 to more than 5 cubic centimeters {(c¢’s}, or more. The
sequestration chamber 1s sized and adapted to collect a first portion of a blood sample, which s
more prone o contamination than secondary and other subsequent portion of the blood sample or
subsequent draws. Since the sequestration chamber has an air-permeable blood barrier through
which air can be displaced by blood pushed from the patient’s vein, such blood will naturally and
automatically flow into the sequestration chamber before it is drawn info or otherwise eniers mnto

a Vacutaimer or other bottle for receiving and storing a blood sample.

{0076} When the sequestration chamber fills, the blood will gather at or otherwise make
contact with the air permeable blood barner, which will inhibit or prevent blood from passing
therethrough. At 706, when the blood comes into contact with the entire internal surface area of

the air permeable blood barrier, the air permeable blood barrier is then closed and air no longer
12
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flows out or in. At 708, the clinician may be provided an indictor or can sec the full chamber, to
indicate the evacuated blood collection tube, such as a Vacutainer™ can be attached. The
mdicator can include visthility into the primary chamber to see whether 1€ 1s full, the blood
barrier changimg color, for example, or other indicator. The fill time of the sequestration
chamber may be substantially instantaneous, so such indicator, if present, may be only that the

sequestration chamber s filled.

{6077] Prior to an evacuated Mood collection tube being attached, communication between
the needle, sampling channel, and the sequestration chamboer 1s restricted by the sealing of the
sequestration chamber blood barner thereby not permitting air to reenter the system through the
sequestration. Sealing the communication path could alse be accomplished with a mechanical
fwist or other movement, a small orifice or tortuous pathway, climinating the need for a separate
valve or mechanical movernent or opcration by the chinician. At 710, once the evacuated blood
collection tube s removed, the self-seabing membrane closes the sample needle, and at 712,
additional subsequent evacuated blood collection tubes may be attached. Once samples have

been taken, at 714 the device 1s removed from the patient and discarded.

{0078] FIGS. 8A ~ 8E ihustrate an exemplary blood sample optimization systerm 800 for
non-contaminaied blood sampling, in accordance with some implementations. The blood sample
optimization svstem 300 includes an mlet port 802 that can be connected to tubing, a patient
needie (or both}, or other vascular or venous access device, and a pathway sphitter 804 having a
first outlet to a sequestration chamber tubing 806 and a sccond outlet to sample collection tubing
808. One or both of the sequestration chamber tubing 806 and the sample collection tubing 808
can be formed of tubing. In some implementations, the sequestration chamber tubing 806 1s
sized so as to contain a particular volume of intial blood sample. The sampie collection tubing
%08 will receive a blood sample once the sequestration chamber tubing 806 1s filled. The sample
collection tubing 808 can be connected to a Vacutainer™ base or housing 810, or other blood

sample collection device.

{B079] The bood sequestration system 800 further includes a blood sequestration device 812
which, as shown in more detail in FIGS. 8B - 28D, inclades a housing #18 that includes a
sampling channel 820 defining a pathway for the non-contaminated sample collection tubing 808
or connected at either end 1o the non-contaminated sample collection tubing 808. The sampling
channel 820 can be curved through the housing 818 so as to better affix and stabilize the housing

8138 at a location along the non-contaminated sample collection tubing 808,
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{6086} The blood sequestration device 812 further includes a sequestration chamber 822
connected with the sequestration chamber tubing 806 or other chamber. The sequestration
chamber 822 terounates at an air permeable blood barrier 824, The air permeable blood barrier
824 can also include a coloring agent that tums a different color upon full contact with blood, as
an indicator that the regular collection of blood samples (ie. the non-contaminated biood
samples) can be initiated. Other indicators may be used, such as a small ight, a sound generation
mechamsm, or the like. In some implementations, the air permeable blood barner is positioned
at a right angle from the direction of sequestration chamber 822, but can be positioned at any
distance or origntation in order to conscrve space and materials used for the housing 318, The

housing %1% and s contents can be formed of any rnigid or serat-rigid matenal or set of matenials.

{0081] FiG. 9 illusirates a pathway splitter 900 for use in a blood sequestrations system, such
as those shown 1 FIGS. 8A - 8E, for example. The pathway splitter 900 includes an inlet port
902, a main hine outlet port 904, and a sequestration channel outlet port 906. The inlet port 902
can be connected to main tubing that is in turm connecied to a patient needle system, or directly
to a patient needle. The main bine outlet port 904 can be connected to main boe tubing to a blood
sampling system, such as a vacutainer base or housing, or directly to such biood sampling
system. The sequestration channgel outlet port 906 can be connected to sequestration tubing for
receiving and sequestering a first sample of blood, up to a measured amount or predetermined
threshold. Alicmatively, the sequestration channel outlet port 906 can be connected to a
sequestration chamber. The sequestration channel outlet port 906 1s preferably 20-70 degrees
angled from the main line outlet port 904, which in turn is preferably in-line with the inlet port
902. Once the predeternuned amount of nitial blood sample is sequestered in the sequestration
tubmg or chamber, in accordance with mechanisms and technmiques described herein, follow-on
blood samples will flow inio the inlet port 902 and directly out the main line outlet port 504,

without impedance.

[0082] FIGS. 10A —~ 10D illustrate a blood sequestration device 1000 in accordance with
alternative implementations. The blood sequestration device 1800 includes an indet port 1002, a
main outlet port 1004, and a sequestration channel port 1006, The miet port 1002 can be
connected {0 a patient needle or related tubing. The main outlet port 1004 can be connected to a
blood sample collection device such as a Vacutainer, associaied tubing, or a Luer activated valve,
or the like. The sequestration channel port 1006 splits off from the main outlet port 10040 a
sequestration chamber 1008, In some implernentations, the sequestration chamber 1008 18

formed as a helical chanvel within a housing or other container 1001,
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008 3] The sequestration chamber 1008 15 connected at the distal end to an air permeable
blood barrer 1010, substantially as described above. Air in the sequestration chamber 1008 is
displaced through the air permeable blood barner 1010 by an mitial aliquot of blood that is
guided into the sequestration channel port 1006, Once the sequestration chamber 1008 15 filled,
further blood draws through the main ountlet port 1004 can be accomplished, where these samples

will be non-contamiunated.

{0084] FIGS. 11A -~ 11E iilustrate a blood sequestration device 1100 in accordance with
other alternative implementations. The blood sequestration device 1100 inchudes an wdet port
1102, similar to the mlet ports described above, a man outlet port 1104, and a sequestration
channel port 1106 that splits off from the main outlet port 1104 and inlet port 1102, The
sequestration channel port is connected to a sequestration chamber 1108, In the implementation
shown in FIGS. 11A - 11K, the blood sequestration device includes a base member 1101 having
a channel therein, which functions as the sequestration chamber 1108, The channel can be
formed as a tortuous path through the base member 1101, which is in tura shaped and formed to

rest on a limb of a patient.

HEIRRY A portion of the sequestration chamber 1108 can protrude from the base member or
near a top surface of the base mermber, just before exiting to an air permeable blood barmer 1116,
o serve as a blood sequestration indicator 1109, The indicator 1109 can be formed of a clear

material, or a matenal that changes color when i contact with blood.

{3086} In some implementations, the blood sequestration device 1100 can include a blood
sampling device 1120 such as a normmally closed needle, Vacutainer™ shield or other collection
device. The blood sampling device 1120 can be manufactured and sold with the blood
sequestration device 1100 for etficiency and convenience, so that a first aliquot of blood that may
be contamimated by a patient noedle insertion process can be sequestered. Thereaficr, the blood
sarapling device 1120 can draw non-contaminated blood samples to reduce the nsk of false

postitve testing and ensure a non-contanunated sample.

{0087] FIGS. 12A-12D itustrate a blood sample optinuization system 1200 in accordance
with vet other altemative implementations. The system 1200 includes a blood sequestration
device 1202 for attaching to a blood sampling device 1204, sach as a Vacutamer™ or other
collection and sampling device. The blood sequestration device 1202 s configured and arranged
to receive, prioT to a Vacutainer™ countainer or vial being attached to a collection needle of the
blood samphing device 1204, a first aliquot or amount of blood, and sequester that fivst aliguot or

amount in a sequestration channel of the blood sequestration device 1202,
15
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[0088] in some mnplementations, the blood sequestration device 1202 can include an inlet
port 1212, a main cutlet port, and a sequestration channel port. The inlet port 1212 can be
connected to a patient needle or related tubing. The main outlet port 1214 can be connected to a
normally closed needle or device to enable connection with an evacuated blood collection
container or other collection device such as a Vacutainer™, associated tubing, luer connectors,
syringe, a Luer activated valve, or the like. The sequestration channel port splits off from the

main outlet port fo a sequestration chamber 1218,

{0089 In some mplementations, the sequestration chamber 1218 18 formed as a channel
within the body of a sequestration device 1202, The sequestration chamber 1218 canbe a
winding channel, such as a U-shaped channel, an S-shaped channel, a helical channel, or any
other winding channel. The sequestration device 1202 can include a housing or other containing
bodv, and onc or more chanunels formed therein. As shown in FIGS. 12A and 128, the
sequestration device 1202 includes a main body 1206 and 8 cap 1208, The main body 1206 1s
formed with one or more cavities or channels, which are further formed with one or more arms
1210 that extend from the cap 1208, and which abut the cavities or channels m the main body

1206 to form the primary collection port and main outlet port.

HELE ] FIGS. 13A-13D itustrate a blood sample optinuization system 1300 in accordance
with vet other altemative implementations. The system 1300 includes a blood sequestration
device 1302 for attaching to a blood sampling device 1304, such as a Vacotamer or other bodily
fluid collection and sampling device. The blood sequestration device 1302 15 configured and
arranged to receive, prior to a Yacutainer container or vial being attached to a colicction needle
of the blood sampling device 1304, a first aliguot or amount of blood, and to sequester that first
aliguot or amount of blood or other bodily Hluid in a sequestration channel of the blood

sequestration device 1302,

{0091 The blood sequestration device 1302 inchides a housing 1301 having an inlet port
1314, a main outlet port 1312, and a sequestration channel port 1316, The inlet port 1314 can be
connected to a patient needie or associated fubing. The main outlet port 1312 can be connected
o a normmally closed needle or device to enable connection with an evacuated blood collection
container or other collection device such as a Vacutainer™, associated tubing, luer connectors,
svringe, a Luer activated valve, or the like. The sequestration channel port 1316 sphis oft from

the main inlet port 1314 to a sequestration chamber 1318,

{0002] In the mmplementation shown in FIGS. 13A-D, the sequestration chamber 1318 18

formed as a cavity or chamber within housing 1301 or formed by walls that define bousing 1301
16
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The sequestration chamber 1318 can be a winding channel, such as a U-shaped channel, an 5-
shaped chanunel, a helical channel, or any other winding channel, that is defined by the
cooperation and connection of housing 1301 with cap 1307 which cap 1307 can include a
protrusion 1305 that provides one or more walls or divectors for the winding channel in the
sequestration chamber 1318, The protrusion 1305 from the cap 1307 can be straight or carved,
and may have various channels, apertures or grooves embedded therein, and can extend from the
cap 1307 any angle or orientation. When the cap 1307 1s connected with the housing 1301 to
compiete the formation of the sequestration chamber 1318, the protrusion 1305 forms at least
part of the winding channel to sequester a first aliquot or amount of blood or other bodily fluid in

a sequestration channel formed m the sequestration chamber 1318 and by the winding channel.

{0093] The sequestration chamber 1318 includes an air permeable blood bamer 1316,
substantiaily as described above. Airin the sequestration chamber 1318 1s displaced through the
air permeable blood barrier 1310 by an initiad aliquot of blood that is provided mto the
sequestration chamber 1318 by the blood pressure of the patient. Unee the sequestration
chamber 1318 s filled and the air in the sequestration chamber 1318 displaced, the blood
pressure of the patient will be msafficient to drive or provide further blood into the blood
sequestration device 1302, and i particular the outlet port 1312, until a force such as a vacoum
or other pressure, such as provided by the blood sample collection device like Vacutainer is
provided to draw out a next aliquot or amount of blood or bodily thutd. Further blood draws
through the mawn outlet port 1312 can be accomplished, where these samples will be non-
contaminated since any contaminants would be sequestered in the sequestration chamber 1318

with the first aliguot of blood.

{0094] FIGS. 14A-14E llustrate yet another implomentation of a blood sampling system
1400 to sequester contaminates of an initial aliquot or sample to reduce false positives 1 blood
cultures or tests performed on a patient’s blood sample. The blood sampling system 1400
includes a blood scquestration device 1401 that can be connected between a blood sample
collection device 1403 and a patient needle {not shown). The blood sample collection device
1403 can be a Vacutainer or the ike. The blood sequestration device 1401 includes an mlet port
1402 that can be connected with a patient necdle that s mnserted into a patient’s vascular system
for aceess to and withdrawing of a blood sample. The mlet port 1402 may also be connected

with tubing or other conduit that s in twrn conunected with the patient needle.

j095] The inlet port 1402 defines an opening into the blood sequestration device 1401,

which opening can be the same cross sectional dimensions as tubing or other conduit connecied
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with the patient needle or the patient needie itself. For instance, the opening can be circular with
a diameter of approximately 0.045 inches, but can have a diameter of between 0.01 toches or less
10 0.2 inches or more.  The blood sequestration device 1401 further includes an outlet port 1404,
which defines an opening out of the blood sequestration device 1401 and to the blood sample
collection device 1403, The cutlet port 1404 may also be connected with tubing or other condait
that is 1n turn connected with the blood sequestration device 1403, The ocutlet port 1404 can
further include a connector device such as a threaded cap, a Luer connector {male or female), a
non threaded mterference or glue joint fitting for attachment of various devices mehuding but not

limited to tubing, or the like.

HEGEY The blood sequestration device 1401 further inclades a sampling channel 1406
between the inlet port 1402 and the outlet port 1404, and which functions as a blood sample
pathway once a first aliquot of blood has been sequesiered. The sampling channel 1406 can be
any sized, shaped or configured channel, or condwit. In some implementations, the sampling
channel 1406 has a substantially similar cross sectional area as the opening of the inlet port 1402,
In other implementations, the sampling chaonnel 1406 can gradually widen from the inlet port

1402 1o the outlet port 1404,

[00597] The blood sequestration device 1401 further includes a sequestration chamber 1408
that 1s connected to and split off or diverted from the samphing channel 1406 at any point
between the inlet port 1402 and the outlet port 1404, but preferably from a proximal end of the
saropling channel 1406 near the wndet port 1402, The sequestration chamber 1408 is af first
maintained at atmospheric pressure, and meludes an air outlet 1412 at or near a distal end of the
sequestration chamber 1408 oppostte the diversion point from the samphing channel 1406, The
air outlet 1412 inchuides an air permeable blood barmer 1412, Ag shown in FiG. 148, the air
permeable blood barmer 1412 can be overlaid with a protective cover 1416, The protective cover
1416 can be sized and configured to mhibit a user from touching the air permeable blood barrer
1412 with their finger or other exterpal implement, while still allowing air to exit the air
permeable blood barrer 1412 as the air is displaced from the sequestration chamber 1408 by
blood being forced into the sequestration chamber 1408 by a patient’s own blood pressure. In
addition the protective cover 1416 can be constructed to inhibit or prevent accidental exposure of
the air permeable blood barrier to covironmental fluids or splashes. This can be accomphished in
a varncty of mechanical ways including but not imited to the addition of a hydrophobic

membrane o the profective cover.
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{0098} As shown in FIGS. 14C and 14D, the sampling channgl 1406 can be cylindrical or
frusto-conical in shape, going from a smaller diameter to a larger diameter, to minimize a
potential to lyse red blood cells. Likewise, the sampling channel 1406 is formed with a minimal
amount of or no sharp turns or edges, which can also yvse red blood cella. The sampling channel
1406 splits off to the sequestration chamber 1408 near the inlet port 1402 via a diversion
pathway 1409, The diversion pathway 1409 can have any cross-sectional shape or size, but is

preferably similar to the cross-sectional shape of at least part of the mnlet port 1402,

8099 In some mplementations, the sampling channel 1406 and the sequestration chamber
1408 are formed by grooves, channels, locks or other pathways formed in housing 1414, The
housing 1414 can be made of plastic, metal or other rigid or semi-rigid material. The housing
1414 can have a bottom member that sealably mates with a top member. Ong or both of the
bottom menber and the top member can include the sampling channel 1406 and the
sequestration chamber 1408, as well as the diversion pathway 1409, the inlet port 1402, and the
outlet port 1404, In some other implementations, one or more of the diversion pathway 1409, the
nlet port 1402, and/or the outlet port 1404 can be at least parally formed by a cap member that
is conngcted to either end of the housmg 1414, In some implementations, the top menber and
the bottom member, as well as the cap memberis), can be coupled together by laser welding, heat
sealing, gluing, snapping, scrowing, bolting, or the kike. In other implementations, some or all of
the interior surface of the diversion pathway 1409 and/or sequestration chamber 1408 can be
coated or loaded with an agent or substance, such as a decontammate, sohdifving agent, or the
bke. For mstance, a solidifying agent can be provided at the diversion pathway 1406 sach that
when the sequestration chamber 1408 is filled and the 1owial aliquot of blood backs up to the
diversion pathway 1409, that last amount of sequestered blood could sohdify, creating a barnier

between the sequestration chamber 1408 and the sampling channel 1406.

[G106] FIGS. 15A-15G illustrate a blood sequestration device 1500, The blood sequestration
device 1500 can be connected to a normally closed needle or device to enable connection with an
evacuated blood collection container or other collection device such as a Vacutamer™,

associated tubing, luer connectors, syringe, a Luer activated valve, or the like.

[0101] The blood sequestration device 1500 includes an indet port 1502 that can be connected
with a patient needle that is inserted mio a patient’s vascular system for access {o and
withdrawing of a blood sample. The nlet port 1502 may also be connected with tubing or other
condutt that 18 in tum connected with the patient needle. The inlet port 1502 defines an opening

mto the blood sequestration device 1500, which opening may be the same cross sectional
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dimensions as tubing or other condait connected with the patient ncedle or the patient needle
itself. For instance, the opening can be circular with a diameter of approximately $.045 inches,

but can have a diameter of between 0.01 inches or less to 0.2 1nches or more.

{0102] The miet port 1502 ¢an also inclade a sealing or fluid-tight connecior or connection,
such as threading or Luer fitting, or the like. In some tnplementations, tubing or other conduit
associated with the patient needle can be integral with the mlet port 1502, such as by co-molding,
gluing, laser weld, or thermally bonding the parts together. In this manner, the blood
sequestration device 1300 can be fabricated and sold with the patient needle as a single unit,
eliminating the need for connecting the patient needie fo the blood sequestration device 1500 at

the time of blood draw or sampling.

[6103] The blood sequestration device 1300 further inchudes an outlet port 1504, which
defines an opening out of the blood sequestration device 1500 and to the blood sample collection
device. The outlet port 1504 may also be connected with tubing or other conduit that 1s in tum
connected with the blood sequestration device, and may also include a sealing or fluid-tight
connector or connection, such as threading or Luer fitting, or the like. Accordingly, as discussed
above, the blood sequestration device 1500 can be fabricated and sold with the patient necdle
and/or tubing and the blood sample collection device as a single unit, elininating the need for
connecting the patient needle and the blood sample collection device to the blood sequestration

device 1500 at the time of blood draw or sampling.

{3164] The blood sequestration device 1500 further inclades a samphing channel 1506
between the inlet port 1502 and the outlet port 1504, and which functions as a blood sample
pathway once a first aliguot of blood has been sequestered. The sampling channet 1506 can be
any sized, shaped or configured chanunel or conduit. In some implementations, the sampling
channel 1506 has a substantially similar cross sectional area as the opening of the inlet port 1502,
In other implementations, the sampling channel 1506 can gradually widen from the inlet port

1502 1o the outlet port 1504,

16103] The blood sequestration device 1500 further mcludes a sequestration chamber 1508
that 18 connected to and split off or diverted from the sampling channel 1506 at any point
between the inlet port 1502 and the outlet port 1504, but preferably from a proximal end of the
samnpling chanoel 1506 near the indet port 1502, In some implementations, the diversion includes
a ¥ -shaped junction. The sequestration chamber 1508 is preferably maintained at atmospheric
pressure, and includes a vent 1510 at or near a distal end of the sequestration chamber 1508, The

vent 1510 includes an air permeable blood barrier 1512, FIG. 15C illustrates the blood
24
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sequestration device 1500 with the sequestration chamber 1508 filled with a first aliquot or

sample of blood from the patient.

{3166] The air permeable blood barner 1512 can be covered with a protective cover 1516
The protective cover 1516 can be sized and configured to inhibit 2 user from touching the air
permeable blood barrier 1512 with their finger or other external implement, while still allowing
air to exit the air permeable blood barrier 1512 as the air 15 displaced from the sequestration
chamber 1508 by blood being forced into the sequestration chamber 1508 by a patient’s own
blood pressure. The protective cover 1516 can be constructed to mhibit or prevent accidental
exposure of the filter to environmental fluids or splashes. This can be accomplished in a vanety
of mechanical ways mehuding but not limited to the addition of a hydrophobic membrane to the

protective Cover.

16107} FI1G. 158 1s a parspective view of the blood sequestration device 1500 from the cutlet
port 1504 and top side of 2 housing 1501 of the blood sequestration device 1500 that wncludes the
vent 1510, and illustrating an mitial ahiquot of blood filling sequestration chamber 1508 while the
sampling channel 1506 1s empty, before a sample collection device is activated. FIG. 15G s a
perspective view of the blood sequestration device 1500 frony the outlet port 1504 and botiom
stde of the housing 1501 of the blood sequestration device 1500, and lustrating the mial
aliguot of blood filling sequestration chamber 1508 while the sampling channel 1506 is empty,
before the sample collection device is activated. FIG. 15 15 another perspective view of the
blood sequestration device 1500 from the inlet port 1502 and top side of a housing 1501 of the
blood sequestration device 1500 that includes the vent 1510, and illustrating blood now being
drawn through sampling channel 1506 while the sequestered blood remains substantially in the

sequestration chamber 1508,

{0108} FIG. 158 18 a cross section of the blood sequestration device 1500 in accordance with
some implementations, showing the housing 1501 that defines the sampling channel 1506 and
the sequestration chamber 1508, FIGS. 13K and 135F dlustrate various form factors of a housing
for a blood sequestration device, in accordance with one or more implementations described

herein.

[6109] The sequestration chamber 1508 can have a larger cross-sectional area than the
sampling channel 1506, and the cross-sectional arca and length can be configured fora
predetermined or specific velume of blood to be sequestered or locked. The sampling channel
1506 can be sized to be compatible with tubing for cither or both of the patient necdle tubing or

the blood collection device tubing.
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{6118 The housing 1301 can be formed of multiple parts or a single, unitary part. In some
unplementations, and as tlustrated in FIG. 158, the bousing 1501 includes a top member 1520
and a bottom member 1522 that arc mated together, one or both of which having grooves,
channels, locks, conduits or other pathways pre-formed therein, such as by an ingection molding
process or by etching, cutting, drilling, ete. The top member 1320 can be conngcted with the
bottom member 1522 by any mating or connection mechanism, such as by laser welding, thermal
bonding, ultrasonic welding, gluing, using screws, rivets, bolts, or the bke, or by other mating

mechamsms such ag latches, grooves, tongues, pins, flanges, or the like.

3111} In some mplementations, such as shown in FIG. 15D, the top mermber 1520 can
include the grooves, channels, locks, conduits or other pathways, while the botiom member 1522
can include a protrasion 1524 that s sized and adapted to it into at least one of the grooves,
chamuels, locks or other patbways of the top member 1520, The protrusion 1524 can provide a
sarface feature, such as a partial groove or channel, for instance, to complete the formation of
cither the sampling channel 1506 and/or the sequestration chamber 1508, fn some
waplementations, the protrusion 1324 can be formed with one or more angled sides or surfaces
for a tighter fit within the corresponding groove, channel, lock or other pathway. In yet other
implementations, both the top member 1320 and the bottom member can include grooves,

channels, locks or other pathways, as well as one or more protrusions 1524,

{6112} In some implementations, the sampling channel 1506 and the sequestration chamber
1508 are formed by grooves, chanuels, locks or other pathways formed i housing 1501, The
housing 1501 can be made of any suitable material, including rubber, plastic, metal or other
material. The housing 1501 can be formed of a clear or transhicent material, or of an opague or
non-transhicent maierial. In other implomentations, the housing 1501 can be mostly opaque or
non-translucent, while the housing surface diroctly adjacent to the sampling channcl 1506 and/or
the sequestration chamber 15038 18 clear or transhucent, giving a practitioner a visual cue or sign
that the sequestration chamber 1508 s first filled fo the extent necessary or desired, and/or then a
visual cue or sign that the sequestered blood remains sequestered while a clean sample of blood
18 drawn through the sampling channel 1506, Other visual cues or signs of the sequestration can
mclade, without hmitation: the air permeable blood barrier 1312 tuming a different color upon
contact, saturation, or partial saturation with blood; a color-coded tab or indicator at any point
along or adjacent to the sequestration chamber; an audible signal; a vibratory signal; or other

signal.
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[6113] After a venipuncture by a patient needle of a patient {(not shown}, which could gather
a number of pathogens from the patient’s skin, a first amount of the patient’s blood with those
pathogens will make s way into the miet port 1302 blood sequestration device 1500 and flow
into the sequestration chamber 1508 by following the path of least resistance, as the patient’s
own blood pressure overcomes the atmospheric pressure in the sequestration chamber 1508 to
displace air thercin through the air permeable blood barrier 1512, The patient’s blood pressure
will not be sufficient to overcome the air pressure that builds up in the scaled sampling chamnel
1506. Eventually, the sequestration chamber 1508, which has a predetermined volume, is filled
with blood that displaces air through the air permeable blood barrier 1512 Once the blood hits
the air permeable blood barrier, the blood interacts with the air permeable blood barrier 1512
maierial to completely or partially scal the vent 1510, A signal or indication may be provided
that the practitioner can now utilize the Vacutamer capsule or other blood sample collection
device to acquire a next amount of the patient’s blood for sampling. The blood in the

sequestration chamber 1508 15 now effectively sequestered in the sequestration chamber,

{3114] Upon filling the blood sequestration pathway 1508 but prior to use of the Vacutainer
or other blood sample collection device, the patient’s blood pressure may drive compression of
the air in the sampling channel 1506, possibly resulting in a small amount of blood moving past
the diversion point to the sequestration chamber 1508 and mto the sampling channel 1506,

quening up the uncontaminated blood to be drawn through the sampling channel 1506,

{8115] In some instances, as shown in FIG. 15H, an inlet port 15332 can include a male luer
connector for connecting 1o a removable patient needle, and an outlet port 11534 can include a
female Tuer connector for connecting with a syringe. This implementation of the inlet port and
outiet port can be used with any device described herein, for avoiding a propensity of a
Vacutainer-type device collapsing a patient’s vein. In this implementation, a clinician can use
the syringe m a modulated fashion to obtaim a blood sample. In operation, the synnge is attached
to the outlet port 1004, and the needle s attached to the inlet port 1002, A venipuncture is
performed with the needle, and without the clinician pulling on the syringe. An nitial aliguot of
blood fills a sequestration chamber, and then the syringe can be used o draw a sample of blood

through the collection channel, byvpassing the sequestered blood o the sequestration chamber.

6116} FIGS. 16-19 lustrate vet another implementation of a blood sequestration device.
FIGS. 16A-16D ilastrate a blood sequestration device 1600 that can be connected between a
biood sample collection device, such as an evacuated blood collection container like a

VYacutainer ™ (not shown), and a paticnt needle (not shown) and/or associated tubing. FiG. 17
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ithustrates a bottom member of the blood sequestration device, and FIG. 18 illustrates a top
menber of the blood sequestration device, which top member and bottom member can be mated
together to forr an miet port, and outlet port, a sequestration chamber and a sampling channel,
as explained more fully below. FIGS. 19A and B show the top member and botiom member
mated together. It should be understood that FIGS. 16-19 iHlustrate one excmplary manner of
constructing a blood sequestration device as described herein, and other forms of construction are

possible.

{3117] Referring to FIGS. 16A — D, the blood sequestration deviee 1600 jncludes an mlet
port 1602 that can be connected with a patient needle that 1s inserted into a patient’s vascular
system for access to and withdrawing of a blood sample. The mlet port 1602 may also be
connected with tubing or other conduit that 1s in turn connected with the patient needle. The inlet
port 1602 defines an opening into the blood sequestration device 1600, which opening can be the
same cross sectional dimensions as tubing or other condait connected with the patient needle or
the patient needle tiself. For instance, the opening can be circular with a diameter of
approximately 0.045 inches, but can have a diameter of between 0.01 inches or less to 0.2 inches

QF moie,

[6118] The inlet port 1602 can also mclude a sealing or fluid-tight connector or connection,
such as threading or Luer fitting, or the hike. In some implementations, tubing or other conduit
associated with the patient necdle can be integral with the mlet port 1602, such as by co-molding,
glumg, laser weld, or thennally bonding the parts together. in this mauner, the blood
sequestration device 1600 can be fabricated and sold with the patient needle and/or tubing as a
stngle unit, climinating the need for conmecting the patient needle to the blood seqaestration

device 1600 at the time of blood draw or sampling.

0119} The blood sequestration device 1600 further meludes an outlet port 1604, which
defines an opening out of the blood sequestration device 1600 and to the blood sample collection
device. The outlet port 1604 may also be connected with tubing or other conduit that 1s in tum
conmected with the blood sequestration device, and may also include a sealing or fluid-tight
connector or conngction, such as threading or Luer fitting, or the like. Accordingly, as discussed
above, the blood sequestration device 1600 can be fabricated and sold with the patient needle
and/or tubing and the blood sample collection device as a single unit, eliminating the need for
connecting the patient needie and the blood sampile coliection device to the blood sequestration

device 1600 at the time of blood draw or sampling.
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{6126} The blood sequestration device 1600 further inchides a sampling channel 1606
between the inlet port 1602 and the outlet port 1604, and a sequestration chamber 1608 that is
connected to and sphit off or diverted trom the sarapling channel 1606 at any pomt between the
inlet port 1602 and the outlet port 1604, The sampling channel 1606 functions as a blood
sampling pathway once a first aliquot of blood has been sequestered in the sequestration chamber
1608. The sampling channel 1606 can be any sized, shaped or configured channel, or conduit.
In some mplementations, the sampling channel 1606 has a substantially similar cross sectional
area as the opening of the inlet port 1602, In other implementations, the sampling chamel 1606
can gradually widen from the inlet port 1602 to the outlet port 1604, The sequestration chamber
1608 may have a larger cross section to form a big reservoir toward the sequestration channel
path so that the blood will want to enter the reservoir first versus entering a smaller diameter on

the sampling channel 1606, as is shown more fully in FIGS. 17 and 19

{0121} in some exemplary implementations, the diversion between the sampling channel
1606 and the sequestration chamber 1608 is by diverter junction 1607, Biverter junction 1607
may be a substantially Y-shaped, T-shaped, or U-shaped. In some preforred excraplary
implementations, and as shown n FIG. 17A - 17B, the diverter junchion 1607 13 configured such
that the flow out of the mmlet port 1602 15 preferentially directed toward the sequestration chamber
1608. The sequestration chamber 1608 may also include or form a curve or ramp to direct the

iitial blood flow toward and nto the sequestration chamber 1608,

{81223 The sequestration chamber 1608 is preferably maimtained at atmospheric pressure,
and mcludes a vent 1610 at or near a distal end of the sequestration chamber 1608, The vent

1610 may inclode an air permeable blood barrier 1612 as described above.

{0123} The blood sequestration device 1600 can mclude a housing 1601 that can be formed
of mudtiple parts or a single, unitary part. In some implementations, and as illustrated in FIGS.
17A ~ 17E and FIGS. 18A — 18F the housing 1601 includes a top member 1620 and a botiom
member 1627 that are mated together. The blood sequestration device 1600 can also include a
gasket or other sealing member (not shown) so that when the top member 1620 18 mechanically
attached with the bottom member 1622, the mterface between the two is scaled by the gasket or
scaling member. The FIGS. 17A — U7E llustrate a bottom member 1622 of a housing for a blood
sequestration device 1600, The botiom member 1622 can include grooves, channels, locks,
conduits or other pathways pre-formed therein, such as by an mjection molding process or by
ciching, cutting, drilling, ¢tc., to form the sampling channel 1606, the sequestration chamber

1608, and diverter junction 1607
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{6124} The sequestration chamber 1608 may have a larger cross section than the sampling
channel 1606 so that the blood will preferentially move into the sequestration chamber first

versus erderimg a smaller diameter on the sampling channel 1606,

{3125] FIGS. 18A ~ 18F illustrate the top member 1620, which can be connected with the
botiom member 1622 by any mating or connection mechanism, such as by laser welding, thermal
bonding, gluing, using screws, rivets, bolts, or the like, or by other mating mechanisms such as
latches, grooves, tongues, pins, flanges, or the hike. The top member 1620 can include some or
all ot the grooves, channels, locks, conduits or other pathways to form the sampling channel
1606, the sequestration chamber 1608, and the diverter junction 1607, In vet other
mmplementations, both the top member 1620 and the bottom member 1622 can include the

grooves, channels, locks or other pathways.

6126} In some mplementations, the sampling channe]l 1606 and the sequestration chamber
1608 are formed by grooves, chanuels, locks or other pathways formed in housing 1601, The
housing 1601 can be made of rubber, plastic, metal or any other suitable material. The housing
1601 can be formed of a clear or translucent matenal, or of an opaque or non-translucent
material. In other implementations, the housing 1601 can be mostly opaque or non-translacent,
while the housing surface ditectly adjacent to the sampling channel 1606 and/or the scquestration
chamber 1608 may be clear or translucent, giving a practitioner a visual cue or sign that the
sequestration chamber 1608 15 first filled to the extent necessary or desired, and/or then a visual
cuc or sign that the sequestered blood remains sequestered while a clean sample of blood s
drawn through the sampling channel 1606, Other visual cues or signs of the sequestration can
mclade, without hmitation: the air permeable blood barrier 1612 tuming a different color upon
contact, saturation, or partial saturation with blood; a color-coded tab or indicator at any point
along or adjacent to the sequestration chamber; an audible signal; a vibratory signal; or other

signal.

{81271 As shown in FIGS. 18A — 18F, the air permeable biood barmier 1612 can be covered
with, or surrcunded by, a protective member 1616, The protective member 1616 can be sized
and configured to inhibit a user from touching the air permeable blood barrier 1612 with thewr
finger or other external implement, while still allowing air to exit the air permeable blood barvier
1612 as the air 1s displaced from the sequestration chamber 1608, In some implementations, the
protective member 1616 imchudes a protrusion that extends up from a top surface of the top
menber 1620 and around the air permeable blood barnier 1612, The protective member 1616

can be constructed to inhibit or prevent accidental exposure of the filter to covironmental fluids
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or splashes. This can be accomplished m a variety of mechanical ways mchuding but not limited

to the addition of a hydrophobic membrane to the protective cover.

3128] In use, the blood sequestration device 1600 includes a samphing channcl 1606 and a
sequestration chamber 1608, Both pathways are initially air-filled at atmospheric pressure, but
the sampling channel 1606 1s divected to an cutlet port 1604 that will be initially sealed bv a
Vacutaimer or other such sealed blood sampling device, and the sequestration chamber 1608

terminaies at a vent 1610 to atmosphere that includes an air permeable blood barrier 1612,

3129] After a venipunctare by a patient needle of a patient (not shown}, which could gather
a number of pathogens from the patient’s skin, a first amount of the patient’s blood with those
pathogens will pass through wndet port 1602 of blood seguestration device 1600, This wutial
volume of potentially contaminated blood will preferentially flow mito the sequestration chamber
1608 by finding the path of least resistance. The patient’s own blood pressure overcomes the
atmospheric pressure in the vented sequestration chamber 1608 to displace awr therein through
the air permeable blood barrier 1612, but 1s not sufficient to overcome the air pressure that builds
up in the scaled sampling channel 1606, In various exemplary embodiments, the sequestration
chamber 1608 and samphing channel 1606 can be configured such that the force gencrated by the
patient’s blood pressure 1s sufficient to overcome any effoct of gravity, regardicss of the blood

sequestration device’s orentaion.

{$136] Eventually, the sequestration chamber 1608 fills with blood that displaces air through
the air permeable blood barrier 1612, Once the blood contacts the air permeable blood barmer,
the blood interacts with the air permeable biood barrier 1612 material to completely or partially
scal the vert 1610, A signal or indication may be provided that the practitioner can now utilize

the Vacutainer or other blood sampling device.

{3131] Upon filling the blood sequestration pathway 1608 but prior fo use of the Vacutainer
or other blood sample collection device, the patient’s blood pressure may drive compression of
the air in the sampling channel 1606, possibly resulting in a small amount of biood moving past
the diversion pomt into the sampling channel 1606, gueuing up the uncontanunated blood to be

drawn through the sampling chaunnel 1606,

{31323 FIG. 19A s a side view, and F1G. 198 is a cross-sectional view, of the blood
sequestration device 1600, ilustrating the top member 1620 mated with the bottom member

1622,
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[6133] FIG. 20 shows a blood sample optimization system 2000 that mchudes a patient
needie 2002 for vascular access to a patient’s bloodstream, a blood sample collection device
2004 to facilitate the collecting of one or more blood samples, and a conduit 2006 providing a
tluid connection between the patient needle 2002 and the blood sample collection device 2004,
In some implementations, the blood sample collection device 2004 includes a protective shield
that includes a sealed collection needle on which 3 sealed vacoum-loaded container s placed,
which, once pierced by the collection needle, draws in a blood sample under vacuum pressure or

force throngh the conduit 2006 from the patient needle 2002

0134] The blood sample optimization svstem 2000 further includes a blood sequestration
device 2008, located at any point on the condatt 2006 between the patient needle 2002 and the

blood sample collection deviee 2004 as described herein.

16135} FIG. 21 dlustrates a non-vented blood sequestration device 2100 using a wicking
material chamber. The blood sequestration device 2100 includes a housing 2101 that has a
sampling channel 2104 that 1s at least partially surrounded or abutied by a sequestration chamber
2102 that 1s filled with a wicking maierial. An initial aliguot of blood is drawn 1n from the
patient needie into the sampling channel 2104 where it {s immediately wicked imto the wicking
material of the sequestration chamber 2102, The wicking matenal and/or sequestration chamber
2102 19 sized and adapted to receive and hold a predetermined amount of blood, such that follow-
on or later blood draws pass by the wicking material and flow straight through the sampling
channel 2104 10 a samopling device such as a Vacutainer. The wicking matenal caninclude a

substance such as a solhidifier, a decontamunate, or other additive.

{3136} As described heroin, an air permeable blood barrer may be created using a wide
variety of different structures and matenals. As shown in FIGS. 22A and 22B, an air penmeable
biood barrier 2202 of a blood sequestration device 2200 can mnclude a polymer bead matrix 2204,
it which at least some beads are treated to make them hydrophilic. The air permeable blood
barrier 2202 further includes a self-sealing matenial 2206, such as carboxymethyl cellulose
{CMECY or cellulose gum, or other scaling matenial. The air permeable blood barrier 2202 can
further include voids 2208 that permit air How before contact or during partial contact with a
fluid such as blood.  As shownin FIG. 228, contact with a fluid causes the self-scaling material
2206 to swell and close off the voids 2208, occluding air flow through the voids 2208 and

creating a complete or partial seal.

{31371 FIGS. 23A and 23B illustrate vet another implementation of a blood sequestration
device 2300, having an inlet port 2302 to connet with a patient needle, an outlet port 2304 to
28



2

o

WO 2021/247609 PCT/US2021/035294

connect with a blood sample collection device, a sequestration chamber 2306, and a sampling
channel 2308 that bypasses the sequesiration chamber 2306 once the sequestration chamber is
fled o an tmitial aliquot of potentially contaminated blood to be sequestered. The sequestration
chamber 2306 includes a hydrophobic plug 2312 at a distal end of the sequestration chamber
2306 that 1s farthest from the inlet port 2302, A vacuum or other drawing force apphed from the
outlet port 2304, such as from a Vacutainer or the like, draws in blood mito the inlet port 2302
and directly into the sequestration chamber 2306, where the initial aliquot of blood will contact
the hydrophobic plug 2312 and cause the mitial aliguot of blood to back op into the sequestration
chanyber 2306 and be sequestered there. A small amount of blood may make its way into the
saropling channel 2308, which i initially closed off by valve 2308, Upon release of the valve
2308, and snder firther force of the vacuum or other force, follow-on amounts of blood will flow
mto inlet port 2302, bypass the sequestration chamber 2306, and flow mto and through sampling

channel 2308 toward the outlet port 2304 and to the collection device.

6138} The sampling channel 2308 can have any suitable geometry and can be formed of

plastic tubing or any other suitable matenial. Valve 2308 can be a clip or other enclosing device
to pinch, shunt, bend or otherwise close off the sampling channel 2308 before the mitial aliquot
of blood is sequestered 1n the sequestration chamber 2306, For tnstance, valve 2308 can also be

formed as a flap, door or closable window or barrier within the samphing channel 2308,

[6139] FIGS. 23C — 23E illustrate an alternative mplementation of the blood sequestration
device 2300°, in which a sequestration chamber 2320 branches off from a main collection
channel 2322 between an mlet port 2316 to connect with a patient needle and an outlet port 2318
to connect with a blood sample collection device, such as a Vacutainer, a syringe, or the hke.
The sequestration chamber 2320 includes an air-permeable, blood impermeable biood barner
2324, such as a hvdrophobic plug of material, or a filicr formed of one or more layers, for
example. A valve 2324 closes off and opens the collection channel 2322, and the device 23007

can be ased similardy as deseribed above.

3140 FIG. 24 A - 24D ilustrate a blood sample optimization system 2400 that includes a
patient needle 2407 for vascular access to a patient’s bloodstream, 3 blood sample collection
device 2404 to facilitate the collecting of one or more blood samples for blood testing or blood
cultures, and a conduit 2406 providing a fluid connection between the patient needle 2402 and
the blood sample collection device 2404, In some implementations, the blood sample collection
device 2404 mclhudes a protective shield that includes a sealed collection needle on which a

scaled vacuum-~loaded contaner is placed, which, once pierced by the collection needle, draws in
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a blood sample under vacoum pressure or force through the conduit 2006 from the patient needle

2402,

{3141} The blood sample opuimization system 2400 further mcludes a blood sequestration
device 2408, located at any point on the conduit 2406 between the patient needle 2407 and the
blood sample collection device 2404, The location of the blood sequestration device 2408 can be
based on a length of the conduit between the blood sequestration device 2408 and the pationt

needie 2402, and the associated volume that length provides.

{3147} The blood sequestration device 2408 includes an miet port 2412 for being connected
{0 the conduit 2406 toward the patient needle 2402, and an outlet port 2414 for being connected
to the conduit 2406 toward the blood sample collection device 2404, and a bousing 2416, The
housmg 2416 can be any shape, although 1t is shown in FIGS, 24A - D as being substantially
cylindrical, and includes the inlet port 2412 and outlet port 2414, which can be located anywhere

on the housing although shown as being located on opposite ends of the housing 2416

{0143] The blood sequestration deviee 2408 further includes a blood sequestration chamber
2418 connected with the mlet port 2412, The blood sequestration chamber 2418 is detined by an
inner chamber housing 2419 that is movable from a first position to receive and sequester a first
aligquot of blocd, to a second position to expose one or more apertures 2424 at a proxamal end of
the mner chamber housing 2419 to allow blood 1o bypass and/or flow around the inner chamber
housing 2419 and through a blood sample channel 2422 defined by the outer surface of the mner
chamber housing 2419 and the tnner surface of the housing 2416, The blood sequestration
chamber 2418 icludes an air permeable blood barrier 2420 at a distal end of the blood

sequestration chamber 2418,

[(3144] In operation, the inner chamber housing 2419 15 m the fust position toward the mlet
port 2412, such that the one or more apertures 2424 are closed, and the blood sequestration
chamber 2418 15 in a direct path from the patient needle. Upon vemipuncture of a patient, and
drawing of blood by way of a syringe or Vacutainer, or other blood collection device 2404, the
mottial aliquot of blood flows mito the blood sequestration chamber 2418, As the initial aliguot of
blood flows info the blood sequestration chamber, 1t displaces air therein and eventually the
biood contacts the blood barner 2420, forcing the nner chamber housing to the second position.
The mner chamber housing 2419 and/or housing 2416 can include a locking mechanism of one
or mare small tabs, grooves, detents, bumps, nidges, or the bike, to maintain the inner chamber
housing 2419 m the first posttion until the blood sequestration chamber 2418 18 filled, providing

force to overcome the locking mechanism to enable movement of the inner chamber housing
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2419 to the second position. Once e the second position, the initial aliquot of blood 1s
sequestered in the blood sequestration chamber 2418 and the one or more apartures 2424 are
opened to create a pathway from the inlet port 2412 to the blood sampling channel 24272,

bypassing and/or flowing around the blood sequestration chamber 2418,

{0145} As described above, the housing 2416 and/or inner chamber housing 2419 can be
formed as cylindrical and concentric, but can be any shape, such as squared, rectangular,
elliptical. oval, or other cross-sectional shape. The outer surface of the distal end of the inner
chamber housing 2419 can have one or more outwardly projecting tangs 242 bwith gaps
therebetween. The tangs 242 1 contact the mner surface of the housing 2416 to help define the
blood sampling channel 2422 therebetween, and to help stop the inner chamber housing 2419 1n
the sccond position. The gaps between the tangs 2421 enable blood to flow through the blood
sampling channel 2422 and to the outlet port 2414, When the inner chamber housing 2419 s in
the second position and the blood sequestration chamber 2418 1s illed with the first aliquot of
blood, further blood samples will automatically flow through the inlet port 2412, through the one
or more apertures 2424, through the blood sampling channel 2422, through the gaps between the
{angs 2421, and ultimately through the outlet port 2414 to be coliected by a blood sampling
device 2404,

[6146] FIGS. 25A - D show a blood optimization system 2500 and blood sequestration
device 2502, formed substantially as described in FIGS. 15, 16, 17, 18 and 19, but being formed
to inhibit a user or other object from touching or blocking an ar venting mechanism from a

blood sequestration chamber 2520, Air imutially in the blood sequestration chamber 2520 18
displaced by an initial aliquot of blood wpon venipuncture, where a patient’s blood pressure
overcomes the ambient air pressure in the blood sequestration chamber 2520, The air venting
mechamsm includes an air permeable blood barrier 2506, such as a porous material or set of
materials that allows air to escape but blocks blood from leaving the blood sequestration chamber

2524,

{8147} The air venting mechanism includes an inner wall 2316 that at least partially
circumsacribes or surrounds the air permeable blood barrier 2506, and an outer wall 2504 gpaced
apart from the mner wall 2516, The outer wall 2504 can have one or more air venis 2514 formed
therein. The outer wall 2504 extends higher upward than the mner wall 2516, such that a lid
2514, such as a cap, plug, cover, etc., can be attached to the outer wall 2504 and be displaced by
a small distance from the top of the inner wall 2516, A scal 2508 in the form of a silicone wafer,

or other clastomeric material, fits within the outer wall 2504 to cover the air permeable blood
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barrier 2306 and abut the top of the inmer wall 2516, The seal 2508 covers and scals the air
permeable blood barrder 2506 and inhibits air from entering the blood sequestration chamber
2520 through the air permcable blood barrer 2506, A fulcrum 2512 on an underside of the lid
2510 allows the seal 2308 to flesably disconnect from the top of the inner wall 2516 when
pushed by air displaced from the blood sequestration chamber 2520, 1o allow air to vent from the
air permeable blood barrier 2506 and through the one or more air vents 2514 in the outer wall

2504,

{3148] FIG. 26A - E illustrate a blood sample optimization systern 2600 that includes a
patient needle 2602 for vascular access to a patient’s bloodstream, a blood sample collection
device 2604 to facilitate the collecting of one or more blood samples for blood testing or blood
cultures, and a conduit 2606 providing a fhud connection between the patient needle 2602 and
the blood sample collection device 2604, The condut 2606 can include flexible tubing. In
preferred implementations, the blood sample coliection device 2604 includes a protective shield
2605 that includes a scaled collection needle on which a sealed vacuum-loaded contamer is
placed, which, once pierced by the collection needle, draws in a blood sample under vacoum

pressure or force through the conduit 2006 from the patient needie 2602,

{3149] The blood sample optimization system 2600 further inchudes a blood sequestration
device 2608, located at any point on the conduit 2606 between the patient needle 2602 and the
blood sample collection device 2604, The location of the blood sequestration device 2608 can be
based on a length of the conduit between the blood sequestration device 2608 and the patient

needle 2602, and the associated volume that length provides.

[3138] The blood sequestration device 2608 includes an inlet port 2612 for bemg connected
1o the conduit 2606 toward the patient needle 2602, and an outlet port 2614 for being connected
to the conduit 2606 toward the blood sample collection device 2604, The blood sequestration
device 2608 includes an outer housing 2616 and an inner housing 2617, both having a cvlindrical
form, and being connected concentrically.  The outer housing 2616 nciudes an outer wall 2618
and an inner conduit 2620 that defines a blood sampling channel 2622 to convey blood through
the conduit 2606 to the blood sampling device 2604, The inner housing 2617 fits snugly
between the mner conduit 2620 and the outer wall 2618 of the outer housing, and 1s rotatable in
relation to the outer housing 2616. The fit between the outer housing 2616 and the inmer housing
2617 can be a friction fit that maintains the housings in 8 particular position. The inper housing

2617 defines a blood sequestration chamber 2624, preferably a helical or corkscrew channel
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around the outer surface of inner conduit 2620 of the outer housimg 2616, and which terminates

at an air vent 2628 having an air permeable blood barrier, as shown 1n FIG. Z6E.

HH R The blood sequestration chamber 2624 is connected with the biood sampling channel
2622 via diversion junction 2624 formed in the inner conduit 2620, when the blood sequestration
device in a first state, illustrated in FIG. 26C. The protective shield 2606 on the coliection needle
2604 provides a block for air or blood, enabling a diversion of an mitial aliquot of blood mto the
blood sequestration chamber 2624 as the patient’s blood pressure overcomes the ambient air

pressure 1o the blood sequestration channel 2624 to displace air theretrom through atr vent 2628,

{0152] When the inner housing 2617 is rotated relative to the cuter housing 2616, or vice
versa, 1o a second state, as dlustrated m FilG. 261, the blood sequestration chamber 2624 15 shut
off from diversion junction 2624, ¢nabling a direct path from the paticnt needle through the
conduit 2606 to the collection needle 2604, via blood sampling channel 2622, The outer housing
2616 and/or tnmer housing 2617 can include ridges or grooves formed within a portion of their

surfaces, to facilitate relative rotation from the first state to the second state.

{3153} FIGS. 27A — D illustrate a blood optimization system 2700 and blood sequestration
device 2702, formed substantially ag described with reference to at least FIGS. 15, 16, 17, 15, 19,
and 23, but being formed to inhibit a sser or other object from touching or blocking an air
venting mechanism trom a blood sequestration chamber 2720, Ajr inttially in the blood
sequestration chamber 2720 1s displaced by an imuial aliquot of blood upon venipuncture, where
a patient’s blood pressure overcomes the ambient air pressure in the blood sequestration chamber
2720. The air venting mechanism includes an air permeable blood barrer 2706, such as a porous
material or set of materials that allows air to escape but blocks blood from leaving the blood

sequestration chamber 2720,

[3154] The air venting mechanism meludes an inner wall 2716 that at least partially
circamscribes or surrounds the air permeable blood barmier 2706, and an outer wall 2704 spaced
apart from the imner wall 2716, A cap 2722 is positioned on the air venting mechantsm,
preterably by having a lower cap wall 2728 that fits between the inner wall 2716 and the outer
wall 2704 of the air venting mechanism, and fictionally abutting either the the inner wall 2716
or the outer wall 2704 or both. The cap 2722 further includes one or more vent holes 2724 or
shits, apertures, openings, or the like, which extend through an upper surface of the cap 2722
around a dowoawardly extending plug 2726, The phlag 2726 15 sized and adapted to fit spugly

within the space defined by mner wall 2716.
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{8155} In a first position, as llustrated i FIG. 27C, the cap 2722 is extended from the awr
venting mechanism to allow air from the blood sequestration chamber 2720 to exit through the
ait perrocable blood barrier 2706 and through the one or more vent holes 2724, Onee the aur
from the biood sequestration chamber 2720 has been displaced, i.¢., when the blood
sequestration chamber 2720 is filled with the first aliquot of potentially tainted blood from the
patient, then the cap 2722 can be pushed down on the air venting mechanism in a second postion
as shown n FIG. 27D, so that the plug 2726 fits within the inner wall 2716 over the air
permeable blood barrier 2706 to seal the air venting mechanism. In either the first position or the
second position, the cap 2722 protects the air permeable blood barrier 2706 from outside air or

from being touched by a user.

13156] FIGS. 28A ~ F illustrate a blood optimization system 2800 and blood sequestration
device 2802, formed substantially as described with reference to at least FIGS. 15, 16, 17, 18, 19,
25 and 26, but uthizing a multi-layered filter, and in some implementations, a filter with trapped
reactive material, for an air permeable blood barrier. As shown in FIGS, 28C and D, an air
permeable blood barder 2803 mcludes a first layer 2804 of an air permeable but biood
impermeable material, and a second layer 2806 that meludes a reactive material, suchas a
hydrophobic material, for repelling blood while still allowing air to pass through both layers. As
shown in FIGS. 28K and F, the air permeable biood basrier 2803 can include any number of
{avers, such as a third layer 2808 formed of the same air perraeable but blood impermeable
material as first laver 2804, while a second laver 2806 mclhudes trapped or embedded blood

reactive material.

{3157} FIGS. 29A - 29C illustrate a blood optimization system 2900 and blood sequestration
device 2902, formed substantially as described with reference to at least FIGS. 15, 16, 17, 18, 19,
25 and 26, but in which a blood sequestration chamber 2904 15 at least partially filled with a
blood-absorptive material 2906, The blood-absorptive material 2906 can act as a wicking
material to further draw 1n blood to be sequestered upon venipuncture of the patient, and prior {0

use of a blood drawing device such as a Vacutainer™ or a syringe, or the fike.

[3158] FIGS. 30A ~ G illusirate a blood optimization system 3000 and blood sequestration
device 3002, formed substantially as described with reference to at least FIGS. 15, 16, 17, 14, 19,
25 and 26. The blood sequestration device 3000 includes an mlet port 3002 that can be
connected with a patient needle that is inserted into a patient’s vascular system for access to and
withdrawing of a blood sample. The inlet port 3002 may also be connected with tubing or other

condutit that is in ture connected with the patient needle. The mlet port 3002 defines an opening
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into the blood sequestration device 3000, whick opening can be the same cross sectional
dimensions as tubing or other conduit connected with the patient needle or the patient needle
ttself. For mstance, the opening can be civcular with a diameter of approximately 0.045 inches,

but can have a diameter of between 0.01 inches or less to 0.2 inches or more.

[0139] The miet port 3002 can also mclude a sealing or fld-tight connecior or connection,
such as threading or Luer fitting, or the bke. In some implementations, tubing or other condwuit
associated with the patient needle can be integral with the inlet port 3002, such as by co-molding,
glumg, laser weld, or thennally bonding the parts together. in this mauner, the blood
sequestration device 3000 can be fabricated and sold with the patient needle and/or tubing as a
stngle unit, climinating the need for conmecting the patient needle to the blood seqaestration

device 3000 at the time of blood draw or sampling.

{0160 The blood sequestration device 3000 further mcludes an outlet port 3004, which
defines an opening out of the blood sequestration device 3000 and to the blood sample collection
device. The outlet port 3004 may also be connected with tubing or other conduit that is in tum
conmected with the blood sequestration device, and may also include a sealing or fluid-tight
connector or conngction, such as threading or Luer fitting, or the like. Accordingly, as discussed
above, the blood sequestration device 3000 can be fabricated and sold with the patient needle
and/or tubing and the blood sample collection device as a single unit, eliminating the need for
connecting the patient needic and the blood sample coliection device to the blood sequestration

device 3000 at the time of blood draw or sampling.

[3161] The blood sequestration device 3000 further includes a sampling channel 3006
between the mlet port 3002 and the outlet port 3004, and a sequestration chamber 3008 that is
connected to and sphit off or diverted from the sampling channel 3006 at any pomt between the
inlet port 3002 and the outlet port 3004, The sampling channel 3006 functions as a blood
sampling pathway once a first aliquot of blood has been sequestered in the sequestration chamber
3008, The sampling chanoel 3006 can be any sized, shaped or configured channel, or conduit,
In some mmplementations, the sampling chanmel 3006 has a substantially similar cross sectional
arca as the opening of the nlet port 3002, In other implementations, the sampling channel 3006
can gradually widen from the inlet port 3002 to the outlet port 3004, The sequestration chamber
3008 may have a larger cross section to form a big reservoir toward the sequestration chamnel
path so that the blood will want to enter the reservoir first versus entering a smaller diameter on

the sampling channel 3006,
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{0162} in some exemplary implementations, the diversion between the sampling channel
3006 and the sequestration chamber 3008 is by diverter junction 3007, Diverter junction 3007
may be a substantially Y-shaped, T-shaped, or U-shaped. In some preforred excraplary
woplementations, and as shown m FIG. 17A — 178, the diverter junction 3007 13 configured such
that the flow out of the mmlet port 3002 s preferentially directed toward the sequestration chamber
3008. The sequestration chamber 3008 may also include or form a curve or ramp to direct the

initial blood flow toward and imto the sequestration chamber 3068,

{3163} The sequestration chamber 3008 is preferably mamtaimed at atmospheric pressure,
and mcludes a vent 3010 at or near a distal end of the sequestration chamber 3008, The vent

3010 may inclode an air permeable blood barrier 3012 as described above.

{0164} The blood sequestration device 3000 can mclude a housing 3001 that can be formed
of multiple parts or a single, unitary part. In some mplementations, and as Hustrated FIG. 30F,
the housing 3001 includes a top member 3020 and a bottor member 3022 that are mated
together. The blood sequestration device 3000 can also include a gasket or other sealing member
{not shown} so that when the top member 3020 1s mechanically attached with the bottom
member 3022, the mterface between the two is sealed by the gasket or sealing member. The
bottom mentber 3022 can include grooves, channels, locks, conduits or other pathways pre-
formed therein, such as by an injection molding process or by etching, cutting, drilling, etc., to

form the sampling channel 3006, the sequestration chamber 3008, and diverter junction 3087,

{#165] The sequestration chamber 3008 may have a larger cross section than the sampling
channel 3006 so that the blood will preferentially move into the sequestration chamber first

versus entering a smaller diameter on the sarapling chaonel 3006,

{8166} In some mplementations, the sampling channel 3006 and the sequestration chamber
3008 are formed by grooves, channels, locks or other pathways tormed in housing 3001, The
housing 3001 can be made of rubber, plastic, metal or any other suitable material. The housing
3601 can be formed of a clear or transtucent matenal, or of an opaque or non-transiucent
material. In other implementations, the housing 3001 can be mostly opaque or non-translucent,
while the housing surface directly adjacent to the samphling channel 3006 and/or the sequestration
chamber 3008 may be clear or translucent, giving a practitioner a visual cue or sign that the
sequestration chamber 3008 1s first filled to the extent necessary or desired, and/or then a visual
cuc or sign that the sequestered blood remains sequestered while a clean sample of blood s
drawn through the sampling channel 3606, Other visnal cucs or signs of the sequesiration can
include, without himitation: the air permeabie blood barrier 3012 turning a different color upon
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contact, saturation, or partial saturation with blood; a color-coded tab or indicator at any point

along or adjacent to the sequestration chamber; an audible signal; a vibratory signal; or other

signal.
{0167) The air permeable blood barner 3012 can be covered with, or surrcunded by, a cap

3032, The cap 3032 can be sized and configured to inlubit a user from touching the air
permeable blood barrier 3612 with their finger or other external implement, while still allowing
air 1o exit the air permeable blood barrier 3012 as the air is displaced from the sequestration
chamber 3008, The cap 3032 can be constructed to mhibit or prevent accidental exposure of the
filter to environmental fhinds or splashes. This can be accomplished 1n a variety of mechanical
ways mcluding but not bmted to the addition of a hvdrophobic membrane to the protective

COVEr.

16168} The air venting mechanism ncludes a wall 3030 that at least partially circumscribes
or surrounds the air permeable blood barder 3012 The wall 3030 can have one or more air vents
formed therein. The cap 3032 covers wall 3030 and can be snapped, glued, or otherwise attache
inplace. A seal 3017 in the form of a silicong wafer, or other elastomeric matenal, fits within
the wall 3030 to cover the air permeable blood barner 3012 and abut the top of the wall 3030
The seal 3017 covers and scals the air permeable blood barrier 3012 and mhibits air from
entering the blood sequestration chamber 3008 through the air permeable blood barner 3012, A
fulcrnum 3012 on an underside of the cap 3032 allows the seal 3008 to flexably disconnect from
the top of the muer wall 3016 when pushed by air displaced from the blood sequestration
chamber 3008, to allow air to vent trom the air permeable blood barner 3012 and through the one

or more air vents in the wall 3630 and/or cap 3032,

[0169] In use, the blood sequestration device 3000 mcludes a sampling channel 3006 and a
sequestration chamber 3008, Both pathways are imtially air-filled at atmospheric pressure, but
the sampling channel 3006 1s directed to an cutlet port 3004 that will be inttially sealed by a
Yacutamner or other such sealed blood sampling device, and the sequestration chamber 3008

terminates at a vent 3010 to atmosphere that includes an air permeable blood barrier 3012.

16176] After a venipuncture by a patient needle of a patient {not shown}, which could gather
a number of pathogens from the patient’s skin, a first amount of the patient’s blood with those
pathogens will pass through nlet port 3002 of blood sequestration device 3000, This mitial
volume of potentially contanunated blood will preferentially flow mto the sequestration chamber
3008 by tinding the path of least resistance. The patient’s own blood pressure overcomes the

atmospheric pressure in the vented sequestration chamber 3008 to displace air therein through
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the air permeable blood barrier 3012, but 1s not sufficient to overcome the air pressure that builds
up in the sealed samphing channel 3006, In various excmplary embodimenis, the sequestration
chamber 3008 and samphing channet 3006 can be configured such that the force gencrated by the
patient’s blood pressure is sufficient to overcome any effect of gravity, regardiess of the blood

sequestration device's orientation.

6171} Eventually, the sequestration chamber 3008 fills with blood that displaces air through
the air permeable blood barmer 3012, Once the blood contacts the air permeable blood barrier,
the blood interacts with the air permeable blood barrier 3012 material to completely or partially
seal the vent 3010, A signal or indication may be provided that the practitioner can now utilize

the Vacutainer or other blood sampling device.

{6172} Upon filling the blood sequestration pathway 3008 but prior to use of the Vacutainer
or other blood sample coliection device, the patient’s blood pressure may drive compression of
the air 1n the samphing channel 3006, possibly resulting 11 a small amount of blood moving past
the diversion point nto the sampling channel 3006, queving up the uncontaminated blood to be

drawn through the sampling channel 3006,

{6173} In vet another aspect, the blood sequestration chamber and/or blood sampling
channel, or other component, of any of the implementations described herein, can provide a
visually discernable warning or result in a component adapted for operative fluid comuwinication
with the Hlash chamber of an mitroducer for an intravenous catheter into a blood vessel of a
patient. The device and method provides a visually discernable alert when blood from the patient
communicates with a fest component reactive to communicated blood plasma, to visually change.
The reaction with the blood or the plasma occurs depending on one or a plurality of reagents
positioned theren configured to test for blood contents, substances or threshold high or low

levels thereof, to visually change in appearance upon a result.

{8174 In vet other aspects, the blood sequestration chamber and/or bicod sampling channel
can be sized and adapied to provide a particular volumetric flow of blood, cither during the

sequestration process and/or the sampling process.

16175} In still et other aspects. a non-venting bodily fluid sample optimization device and
system, for use in a blood sampling or blood culture collection systen, is shown and described.
In accordance with implementations described herein, a bodily fhud sample optimization device
overcomes problems in prior devices that include permanently-attached, fixed-positioned moving

paris, such as valves, state-transitioning switches or diverters, or other mechanisms that move,
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shift or transition from one operating mode to another operating mode, or from one state to

another state.

{0176} As illustrated in FIG. 31, a fluid sample optimization device 3100 mchudes an inlet
3112 and an outlet 3114, The mlet 3112 can melude an mlet port, connector or interface, for
connecting to an external device such as tubmg or mterface thercof. The mmlet 3112 can be
connected with a patient or a patient’s fluid souree, such as via a venipuncture needle, in which
fluid is provided at pressure P1 and which can be the patient’s blood pressure (which can vary

between O and 130 mmHg or more).

{0177) The outiet 3114 can mmchude an outlet port, connector or interface, for connecting to an
external device such as tubing or an interface thercof. For instance, the outlet 3114 can be
connected with a flud collection device, such as an evacuated tube like a Vacutamer® ora
syringe, in which fluid 5 drawn by the fluid collection device from the fhud source by a pressure
P2 that is lower thao prossure PL, 1.e. a negative pressure. The differential pressure between Pl
and P2 can provide a motive force for fluid which then allows the fluid sample optimization
device 3100 to be closed to atmosphere and atmospheric pressure, t.e. where the thad sample
optimization device 3100 need not include any vent or pathway 1o outside atmosphere at least

when n use.

{3178] The thud sampie optimization device 3100 further includes a contaminant
containment reservoir 3116 connected with the inlet 3112 and with the outlet 3114, and having
an air permeable fluid resistor 3117 between a distal end of the contaminant containment
reservoir 3116 and the outlet 3114, As further described herein, the contaminant containment
reservoir 3116 can be sized for holding a desired amount of fluid, and may contain an absorbent
material that at least partially fills the contaminant contamment reservoir 3116, Also as further
described herein, the contanuinant contamment reservoir 3116 can be configured as a tortuous
path, a series of chambers of differing cross sections and volumes, and/or contain rifling or
baffles extending from an mner surface therein to muvnuze backflow, 1.¢. a flow toward the miet

3112

16179] The air permeable blood resistor 3117 allows air 1o pass through and be displaced by
a first portion, amount or aliguot of fhad such as bood in the mlet 3112 and sequestration

chamber 3116 when a pressure differential is applied between the inlet 3112 and outlet 3114, 1¢.
a negative pressure at the outlet 3114 15 lower than the pressure at the mict 3112, Once the flud

contacts the air permeable fluid resistor 3117 the flow of fluid into the contaminant contanment
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reservoir 3116 1s at least partially stopped, maintaining at least a portion of the fhud in the

contaminant containment reservorr 3116

{3186 The fluid sample optimization device 3100 further includes a sample path 3118 also
connected with the inlet 3112 and the outlet 3114, The sample path 3118 includes a displaceable
plug or stopper 3119 provided in a seat proxamate the nlet 3112 in a junction between the inlet
and the sample path 3118, The seat can be a portion of the junction, and the dispiaceable plug
3119 can be frction-fit into the seat. Altematively, the seat can include a ridge or flange, and the
plug can abut such ridge or flange votil 1f 1s displaced, deflected or compressed by a pressure
differential. At the same time the pressure P2 1s drawing the first portion or amount of flid nto
the contaminant containment reservoir 3116, the displaceabie phig 3119 18 configured to resist,
inhibit, limit or probibit a flow of the fluid into the sample path 18 until the fust portion or
amount of fluid has entered mto the contaminant containment reservolr 3116, and/or blocked the

air permeable fluid resistor 3117,

{01811 Ag described further herein, the displaceable plug 3119 1s contigured such that after
the first portion or amount of fluid has entered into the contanunant containment reservoir 3116
and/or blocked the air permeable fhud resistor 17, the pressure differential increases acrogs the
displaceable plug 3119, The higher pressure on the indet side of the displaceable plug 3119 will
cause the displaceable plug 3119 to deflect, at least in some poriion of an cuier surface, and to
dislodge or become loose, and aliowing it to get displaced or moved out of s seat and to plag
retainer 20, The plug retamer 3120 can be a cavity or chamber that is sized to receive the plug
3119 after it has been displaced, or an extending member that extends from an inner wall of the
sample path 3118, The plug retainer 3120 15 sized and configured to allow fluid How without
restriction beyond a uniform cross-sectional area of the sample path 3118, Once the displaceable
plug 3119 s removed from tis seat, a second and/or subsequent portions or amounts of fluid are
allowed to flow from the mlet 3112 through the sample path 31138 fo the outlet 3114, still under

foree of the pressure differential between P2 and PL

{3182} A displaceable plug described herein can be formed of any compressible or
elastomeric material, such as sificone, EPDM (ethyiene propylene diene monomer}, or PYC
{polyvinyi chloride). The plug can also be made from a more nigid polymer, such as
polvecarbonate, ABS, acetal, ete. with thin enough walls to form a seal and be defiected from s
scat. In addition, the surfaces of the plug that scal against the seat can be lubncated {or the

material itself can be tmpregnated with a fubricious material) to reduce the friction required to
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displace the plog from its seat when exposed to the pressure differential. Any suitable rubber,

syathetic rubber, thermoplastic, or other elastomers can be used.

{3183] In some implementations, the fhaid sample optimization device 3110 can mchude an
acceleration portion between the infet 3112 and the contaminant containment reservoir 3116 over
or near the displaceable plug 3119, to increase the velocity of the fhad, thereby reducing the
pressure of the fluid moving through it. This can further help in preferentially directing the first
portion or amount of fluid from the inlet to the contaminant contatmment reservoir by reducing
the pressure differential across the displaceable plug prior to complete filling of the contaminant

contamment reservoir.

{0184] FIGS. 32A - 32C idlustrate another tuplementation of a fluid sample optimization
device 3200 having just three basic components: ) a bousing 3220, which houses, forms, or
defines an inlet 3202, an outlet 3204, a contaminant containment reservoir 3206, and a sampling
channel 3208 2) an atr-permeable thuid barner 3212, posttioned in or af a first condust
{(hereinafier “frst condwit”) between the contaminant containment reservoir 3206 and the
sampling channel 3208 proximate the cutlet 3204; and 3) a displaceable plug 3214, positioned in
or at a second conduit (hereinafier “second condutt”) between the contaminant containment

reservoir 3206 and the sampling channel 3208 proximate the mlet 3202

{(3185] The wdet 3202 can include an indet port for connecting to a fluid source, suchas a
patient needle and tubing. The miet port can itself mchude a port connector, such as a Luer
locking member, threading, truncated conical opening for a friction it, or the like. Similarly, the
outict 3204 can mclude an outlet port for connecting to a fhuid collector, such as a Vacutainer®,
a syringe, a pump, and associated tubing. The fluid collector provides at the outlet 3204 a
vacuum or negative pressure relative to the mlet 3202, The mlet port can itself include a port
connector, such as a Luer locking member, threading, truncated conical opening for a friction fit,
or the like. Alternatively, the inlet 3202 and/or outlet 3204 can be pormanenily connected with

tubing, such as by glue, heat weld, laser weld, or the hike.

{0186] The contanmunant containment reservoir 3206 1s fluidically connected with the miet
3202, and can include a main reservotr or main basin, and any conduit, channel, pathway
between the main reservoir or basin and the indet 3202, In some mstances, the contaminant
containment reservair 3206 is formed of a single elongated chamber having an opening
connected with the inlet 3202, The contaminant contamment reservoir 3206 is fluidically
isolated from the outlet 3204 or the sampling channel 3208 proximate the outlet by the air

permeable fluid barrier 3212 at the first conduit between the contaminant contaioment rgServolr
41



[$:1

2

o

WO 2021/247609 PCT/US2021/035294

3206 and the outlet 3204 or sampling channel 3208 proximate the outlet 3204, and as explained
further below, the air permeable fluid barrier will seal upon contact with a first portion of fluid
that enters into the contaminant containment reservoir 32006 to displace air therein through the air

permeable fluid bammier 3212,

[6187] The samphing channel 3208 is fluidically connected with the outlet 3204, and 15 at
least mitially sealed from, or not flaidically connected, with the inlet 3204, as the displaceabis
plug blocks, inhibits, restricts or seals the sccond conduit between the sampling channel 3208
and the inlet 3202 or the contarainant containment rescrvoir 3206 proximate the mlet 3202,
Preferably, the sampling channel 3208 1s formed of or defined as a tube, channel or pathway
having any sized- or shaped-cross section or geometry. The sampling channel 3208 can mchide
a protrusion or tang above the displaceable plug 3214, for receiving an holding the dispiaceable
plug 3214 once 1t 1s displaced from the second condutt by a pressure differential between the
outlet 3204 and the inlet 3202 when the contaminant containment reservoir 3206 receives and
contains the first amount of fhuid, as will be described in further detail below. Further, the
saropling channel 3208 can inchide one or more blocks, recesses, side channels, cavities, or the

like, for receiving the plug 3214

{0188] In some implementations, the bousing 3220 can include, or be formed of, a lower
housing portion 3222 mated with an upper housing portion 3224, in accordance with an
orientation of the deviee 3200 as shown. The lower housing portion 3222 can include, form, or
define the contaminant contaimment reservoir 3206, the indet 3202, and a first portion of the first
and second conduits. The upper housing portion 3224 can include, form, or define the sampling
channel 3208, the outlet 3204, and a second portion of the first and second conduits. The lower
housing portion 3222 and upper housing portion 3224 can be mated together and the fluid paths
scaled by ghue, thermal welding (ultrasonic, laser, friction, ¢te ), screws, bolts or any other

connecting mechanism or process.

{3189 As shown in FIG. 2A, when a negative pressure difterential is applied between the
outlet 3204 and the inlet 3202, a first amount of fluid, which s likely to have contaminants, is
“pulled” mto the inlet 3202 by the negative pressure and unto or toward the contaminant
contarment reservolr 3206, since the sarapling channel 3208 15 jnttially blocked or restricted by
displaceable plug 3214, And, because of the presence of the displaceable plug 3214 1n the
second conduit to the sampling channel 3208, the first amount of fluid bypasses the displaceable
plug 3214 and the sampling channel 3208, The negative pressure differential will contimue to

pull fluid 1nto the contaminant containment reservoir 3206 until all the air therein 1s displaced by
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fluid, and the floid contacts the air permeable fhud barrier 3212, effectively sealing it off from

the negative pressure.

{0136} Once the contaminant contatmment reservoir 3206 is filled with the first portion of
fluid and the air permeable fluid barrier 3212 is sealed, the full pressure differential between the
inlet and outlet 1s applied across the displaceable plug 3214 (see FI1G. 2B) , applying a force to
the plug 3214 to deform, collapse inward, loosen and then move it from the second conduit to the
sampling channel 3208, as shown in FIG. 2. Once displaced from the second conduit to the
saropling channel 3208, and into the proxamal end of the sampling chaonel 3208, displacement of
the displaccable plug 3214 can be maintained by a protrusion or tang on an nside surface of the
sampling channel 3208 above the second conduit, as shown in FIG. 2C. Displacement of the
displaceable plug 3214 then allows subsequent amounts of fluid to bypass the first amount of
fluid, enter into and through the sampling channel 3208, and pulled out the outlet 3204, A flow
or drawing of the sebscquent amounts of flaid from the inlet 3202 mto and through the sampling
channel 3208 work 1o keep the plug displaced away from the second conduit. For instance, the
displaceable plug 3214 can have a bottom surface that is planar and circular, or shghtly curved,
$0 as to facilitate displacement from the second conduit. The curvature can be concave or
convex. In some impiementations, the bottom surface of the displaceable plug 3214 can be
coaied with a hydrophobic layer, to facilitate flow of the first portion of fluid past the plug 3214,
as well as faciitate flow past the plug 3214 and through the sampling channel 3208 when the

plug 3214 is displaced.

{0191} FIGS. 33A - 33D iilustrate an alternative implementation of a fluid sample
optimization device 3300, having an mlet 3302, an outlet 3304, The fluid sample optinmization
device 3300 further includes a contaminant contamment reservoir 3306 fluidically coupled with
the inlet 3302 and connected with the outlet 3304 via a first conduit having ao air permeable
fluid barrier 3312, The fluid sample optimization device 3300 further includes a sampling
channel 3308 fluidically coupled with the outlet and connected with the miet via a second

-
ol

conduit having a displaceable plug 3314 that mitially seals the second conduit. The outlet 3304
18 fluidically commected with a fluid sampling device that provides a vacuum or negative pressure
at the outlet 3304, The inlet is fluidically connected with a fluid sosrce, such as a patient needle

configured for venipuncture of a patient.

[6192] Upon activation of the vacuam or negative pressure at the outlet 3334, a negative
prassure differential is formed between the outlet 3304 and the inlet 3302, As shown in FIG. 3B,

the negative pressure from the outlet 3304 draws in thud o the indet 3302 and into the
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contaminant containment rescrvoir 3306, displacing air through the air permeable membrane
3312 and bypassing the second conduit between the indet 3302, as the second conduit is blocked

by displaccable plug 3314

{0193] Once the tnitial amount of fluid Hows o, and i3 contained m, the contaminant
containment reservoir 3306, the still-present vacuum or negative pressure at the outlet 3304 by a
fluid sampling device causes the plag 3314 1o be squeczed or otherwise collapsed, which pulls
the plug 3314 from the second conduit to open i, as shown in FIG. 3C. This allows subsequent
amounts of tluid to be pulled into the vlet 3302, through the second conduit and into the

sampling channel 3308, toward and out the outlet 3304,

[0154] FiG. 3D illustrates a plug 3314 having a post 3332 that has a cross-sectional arca that
is smaller than a cross-sectional area of the second conduit. The plug 3334 further ncludes a
hollow or tubular top portion 3334, which is collapsible upon application of a negative pressure
on a side of the phlug opposite the post 3332, The plug 3334 1s configured to collapse upona
mimimal threshold of pressure. The collapsimg under pressure can be configured by a length of
the top portion 3334, a thickness of walls of the top portion 3334, an elasticity of the material

~
o)

that forms the plug 3314, or any combination thercof. The plug 3314 can further include a set of
vertical ribs 3336 or protrusion, or the like, for creating a space or counduit therehetween to

ensure thad flow therethrough upon displacement ot the plug 3314,

[§195] FIGS. 34A - 34C illustrate various alternative implementations of a displaceable plug
3402 or stopper, shown in the form of a ball or rounded ohyect (1.¢. oblong, or egg-shaped}, but
which can be any shape, such as cylindrical, bullet-shaped., disk-shaped, a curved cap or planar
plug, or anv other shape. The plug 3402 is held in place m a junction 3410 of the device by a
seat 3404 or seating member until displaced by a pressure differential. The seat can be
clastomeric, semi-rigid or rigid. For example, the seat 3404 can be an o-ring fora plug with a
circular or semi-circular cross-section (FIG. 34A), a thin sheet with a hole or aperture (Fi(z.
348), or a short segment of tubing that holds the plug 3407 1n place wniil displaced (FIG. 340C).

The seat 3404 can be held stationary between upper and lower housing members of the device.

6196} In some cases, particularly such as shown in FIGS. 34A and 348, a feature such as g
shelf 3412 or lip in the housing or the sample path or sampling channel can cooperate with the
scating member to keep the phug in place, 1.¢. not allow reverse displacement toward the mlet or
contaminant contatnment reservoir.  The dimensions and geometry of the plug, seating member,
and/or path m which the seating member and plug reside, can be designed such that the plug will

not be pulled through too early — 1.¢. while the contaminant containment reservoir.is filling — bt
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when the contaminant containment reservoir is full and the pressure differential increases across
the stopper, the plug will be pulled upward and aliow flow past the seating member through the

path.

{0197) FIGS. 35A and 358 illustrate various alternative implementations of a displaceable
plug 3502 or stopper, shown m the form of a disk with a shoulder 3503, 3505 that holds it in
place within a junction 35310 or path between the inlet and the sample path or sampling channel,
until the pressure differential overcomes the force of the shouider 3503, 3505 m the junction
3510 to aliow the plug 3502 1o be displaced and oxit #is secat in the junction 3510, The path
between the indet and the sample path or sampling channel can include a protrusion 3504, such as
a small ring or ong or more small tangs or flanges, that mate with the shoulder of the plug wntd

such mating is overcome by pressure,

16198} FI1G. 35A dhustrates the plug as a one-piece elastomer disk with an enlarged diameter
shoulder 3503 that keeps the plug from moving 1n the path until the pressure differential is
apphied. FIG. 358 shows the plug as a disk with a thin flexible sheet 33035 attached that would
deform when pushed upward. Accordingly, the plug can be formed of one unitary piece of
material, or several pieces of matenial each having different durometers, elasticities or flexibility.
For instance, the disk of FIG. 358 can be formed of a rigid material, which can be hollow or
solid, and the larger-diameter flexible sheet can be formed of a highly flexible material that 15

tuned to flex upon exertion of a certain range of pressure on if or the disk,

[3199] While FIGS. 35A and 35B illustrate a rounded disk shape, it should be understood
that the plug can have any cross-sectional geomeiry or shape. For example, m some
implementations, the flexible sheet or extended ridge can be rounded, while the upper disk or
plug member can have one or more angled surfaces, such as a pyvramid, square, cone, or the like,
that 1s configured to it nto a corresponding receptacie in the sample path of a similar shape,

such as with a friction it or the like.

{03200] FIGS. 36A ~ 36C illustrate further varous altemative implomentationg of a
displaceable plug or stopper, cousistent with the devices described herein. FIG. 36A shows a
plug in the shape of a thin elastomeric disk, or membrane, with a circamterential o-ning member,
such as a gasket, where the circumfcrential o-ring member has a thickness or cross-section that is
larger than a thickness of the disk, and abuis or is set within a seat. In some impiementations, the
disk can be in the shape of an umbrella. When subjected to a differential pressure (1.6, a
relatively higher or positive pressure on the underside of the plug than on the top side of the

plug), the membrane will deform and the entire plug will be displaced from its seat. The
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membrane can be corved, sach as curved apward. In some implementations, the plug can

nclude only one or more peripheral abutments or sections.

{0201} FI(3. 36B shows a plug 3602 being formed as a hollowed-out elastiomentc stopper
which deforms casily under a threshold amount of pressure, 1o release the plug 3602 for
displacement from its scat. FIG. 36C shows a plug 3602 formed as a soft, compressible material
such as a closed-cell foam, and which is press-fit or friction-fit into the junction or path. The

plug 3602 can also be formed from an open-cell foam, but preforably covered by a fluid barrier.

{03202} One challenge of a device as described herein is providing a location or member to
which the plug or stopper can move or couple with so that it does not block the flow through the
sample path or move downstream into a coliection device, such as a Vacutainer® bottle. in some
implementations, a screen or grate can be used or positioned in the sample path downstream from
the junction or path scat, and which can catch the stopper after it is displaced from the seat.
Altematively, the shape of the sample path can be configured so as to have a umiform cross-
sectional arca along the sample path, but which changes shape so as to not allow the plug or

stopper to traverse the length of the sample path.

16203} FIGS. 37A and 378 show a vanation of a junction into the sample path in which a
stopper 3702 or phug, which 1s not permanently attached to any wall or other structare of the
device, moves to a position that allows flow through an alternate path, created by a divider 3716
within the sample path or samphing channel. In some maplementations, the housing of the device
can be formed to allow a free movement of the stopper 3702 or phlug from a seat within a junction
between the inlet and the sample path, and a receptacle such as a recess, cavity, pin, or other
protrusion, formed on an inner surface of the sample path. Preferably, once the stopper or plug is
displaced, the resultant path through the sample path 15 configured to allow a free flow of flud,

1.e. unimpeded or unrestricted, from the mlet through the sample path,

03204] FIG3. 38A 15 a side cross-sectional view, FIG. 38B is front-to-back cross-sectional
view, and FiG. 38C is an exploded view of another nuplementation of a fluid sample
optimization device 3800 having: 1) a housing 3820, which bouses, forms, or defines an inlet
3802, an outlet 3804, a contaminant contaimment reservoir 3806, and a sampling channel 3808;
2} an air-permeable fhad barrier 3812, positioned in or at a first conduit between the contaminant
containment reservoir 3806 and the sampling channel 3808 proximate the outlet 3804; and 3) a
displaceable plu

g 3814, positioned 1 or at a sccond conduit between the contarinant

<O

contamment reservoir 3806 and the sampling channel 3808 proximate the inlet 3802,
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[0205] The et 3802 can include an inlet port for connecting to a Huid souree, suchas a
patient needie and tubing. The mlet port can 1tseif include a port connector, such as a Luer
locking reerber, threading, trancated conical opening for a friction fit, or the like. Sunilarly, the
outlet 3804 can mchide an outlet port for connecting to a fluid collector, such as a Vacutainer®,
a syringe, a pump, and associated tabing. The fluid collector provides at the outlet 3804 a
vacuum or negative prassure relative to the miet 3802, The inlet port can itself inclade a port
connector, such as a Laer locking member, threading, truncated conical opening for a friction fit,
or the like. Alternatively, the inlet 3802 and/or outlet 3804 can be permanently connected with

tubing, such as by gloe, heat weld, laser weld, or the hike.

[03206] The contaminant containment reservoir 3806 1s fluidically connected with the miet
3802, and can include a main reservoir and associated conduit, channel, or pathway between the
main reservolr and the mnlet 3802, In some mstances, the contaminant containment rescrvoir
3806 1s formed of a single clongated chamber having an opening connected with the mlet 3302
The contaminant contaimment reservoir 3808 is fluidically isolated from the outlet 3804 or the
sampling channel 3808 proximate the outlet 3804 by the air permeable fhud barrier 3817 at the
first conduit between the contaminant containment reservoir 3806 and the outlet 3804 or
sampling channel 3808 proximate the outlet 3804, and as explained further below, the air
permeable fluid barrier will seal upon contact with a first portion of fhid that enters into the
contaminant containment reservoir 3806 1o displace air therein through the air permeable fuid

barrier 3812,

{32671 The sampling channel 3808 15 fhindically connected with the outlet 3804, and 18 at
least mnitially sealed from, or not fhadically connected, with the mlet 3804, as the displaceable
plug blocks, inhibits, restricts or seals the second conduit between the sampling channel 380%
and the inlet 3802 or the contaminant contatnment reservoir 3806 proximate the inlet 3802
Preferably, the samplhing channel 3808 15 formed of or defined as a tube, channel or pathway
having any sized- or shaped-cross section or geometry. The sampling channel 3808 can include
a protrasion or tang above the displaceable plug 3814, for receiving an holding the dispiaceable
plug 3814 once it is displaced from the second conduit by a pressure differential between the
outlet 3804 and the inlet 3802 when the contaminant containment reservorr 3806 receives and
contains the first amount of fluid, as will be descrbed in further detail below. Further, the
sampling channel 3808 can inchude one or more blocks, recesses, side charnels, cavities, or the

fike, for receiving the plug 3814,
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[6208] In some implementations, the housing 3820 can inclade, or be formed of, a lower
housing portion 3822 mated with an upper housing portion 3824, in accordance with an
ortentation of the device 3800 as shown. The lower housing portion 3822 can include, form, or
defing the contaminant containment reservoir 3806, the inlet 3802, and a first portion of the first
and second conduits. The upper housing portion 3824 can include, form, or define the sampling
channel 3808, the outlet 3804, and a second portion of the first and second conduits. The lower
housing portion 3822 and upper housing portion 3824 can be mated together and the flaid paths
scaled by glae, thermal welding (oltrasonic, laser, friction, ic.}, screws, bolts or any other

connecting mechanism Of Process.

03209] Ag with the device shown in FI(G. 32A and 32B, when a negative pressure differgntial
is applied between the outlet 3804 and the nlet 3802, a first amount of fluid, which is likely to
have contagunants, s “pulled” into the wilet 3802 by the negative pressure and into or toward the
contaminant containment rescrvoir 3806, since the sampling channel 3808 is initially blocked or
restricted by displaceable plug 3814, And, because of the presence of the displaceable plug 3814
m the second conduit to the sampling channel 3808, the first amount of fluid bypasses the
displaceable plug 3814 and the sampling channel 3808, The negative pressure differential will
contirnie to pell fluid into the contaminant containment reservoir 3806 until all the air therein 1s
displaced by fluid, and the fluid contacts the air permeable fluid barrier 3812, effectively sealing

it off from the negative pressure.

{8216 Once the contanminant containment reservoir 3806 is filled with the first portion of
thud and the air pormeable fluid barrier 38172 15 sealed, the full pressure differential between the
inlet and outlet is applied across the displaceable plug 3814 (simidar to what 1s shown i FIGS.
32A ~ 320y, applying a force to the plug 3814 to deform, collapse inward, loosen and then move
it from the sccond conduit to the sampling charmel 3808, Unee displaced from the second
conduit to the sampling channel 3808, and into the proximal end of the sampling channel 3808,
displacement of the displaceable plug 3814 can be maintained by 3 protrusion or tang on an
wnside surface of the sampling channel 3808 above the second conduit. Displacement of the
displaceable plug 3814 theo allows subsequent amounts of fluid to bypass the first amount of

fliid, enter into and through the sampling channel 3808, and pulled owut the outlet 3804,

6211} A flow or drawing of the subsequent amounts of fluid from the mlet 3802 into and
through the sampling chanmel 3808 work to keep the plag displaced away from the second
conduit. Forinstance, the displaceable plug 3814 can have a bottom surface that is planar and

circular, or shightly curved, so as to faciuate displacement from the second conduit. The
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curvature can be concave or convex. In some implementations, the bottom surface of the
displaceable plag 3814 can be coated with a hydrophobic layer, to facifitate flow of the first
portion of fluid past the plug 3814, as well as facduate flow past the phlug 3814 and through the

sampling channel 3808 when the plug 3814 15 displaced.

6212} Although a variety of embodiments have been desceribed in detail above, other

modifications are possible. Other embodpnents may be within the scope of the following claims.
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CLAIMS

I A fluid sample optimization device for optimizing a fluid sample
coliected by a thud collection device from a thud source, a first portion of the flind
sample potentially having contaminants, the fluid sample optimization device comprising:

an mnlet configured to connect with the fluid source;

an outlet configured to connect with the fluid collection device;

a sample path connected between the inlet and the outlet;

a contaminant containment reservoir connected between the mlet and the
outlet, the contaminant containment reservoir having an air permeable fluid resistor
proximate the outlet, the contaminant confainment reservoir being arranged to recoive,
when a pressure differennial 1s applied between the miet and the outlet, the first portion of
the flind sample from the fluid source to displace air therein through the air pormeable
fluid resistor and the outlet, such that upon receipt of the first portion of the fhud sample
and containment of the contaminants in the contaminant containment reservolr,
subsequent portions of the fluid sample can be conveved by the sample path from the
mlet to the outlet when subsequent pressure differentials are applicd between the indet and
the outlet; and

a digplaccable plog between the milet and the sample path that 1s displaced
by the subsequent pressure differentials to allow the subseguent portions of the fluid to be

conveyed through the sample path.

2. The fluid sample optimization device in accordance with claim 1,
further comprising a housing that houses and defines one or more of the inlet, the outlet,

the sample path, and the contaminant containment reservolr.
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3. The fluid sample optimization deviee in accordance with claim 1,
wheren the air permeable fluid resistor includes a material that seals upon countact with

the first portion of the fluid sample.

4 The fluid sample optimization device in accordance with claim 1,
wherein the contaminant containment reservoir ncludes a main basin and a channel

comnecting the main basin and the mist.

5. The thud sample optimization device 1o accordance with clavmn 1,
wherein cach pressure differential is provided by a vacuum pressure from the fhind

collection device.

6. A fuid sample optumization device for optimizing a fluid sample
collected by a fiuid collection device from a fluid source, a first portion of the fhad
sample potentially having contanunants, the fluid sample optimization device comprising:

an miet configured to connect with the fluid source;

an outlet configured to connect with the fluid collection device;

a sample path connected between the inlet and the outlet, the sample path
further having a displaceable plug that s configured to inhibit at lcast a part of the first
portion of the fhuid sample and the contaminants from entering the sample path: and

& contaminant containment reservoir connected between the milet and the
outlet, the contanunant containment reservoir further having an air permeable fluid
resistor proximate the outlet, the contaminant containment reservolr being arranged to
recerve, when a pressare differential 1s apphied between the mlet and the outlet, the first

portion of the flaid sample from the fluid source to displace air therein through the air
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permeable fluid resistor and the outlet, such that upon receipt of the first portion of the
fhuid sample and containment of the contaminanis in the contaminant containment
reservoir, subsequent portions of the fluid sample displace the displaceable plug and are
conveyed by the sample path from the indet to the outlet when subsequent pressure

differentials are applicd between the nlet and the outlet.

7. The fluid sample optimization device in accordance with claim 6,
further comprising a housing that houses and defines one or more of the inlet, the outlet,

£

the sample path, and the contaminant containment reservoir.

8. The fluid sample optimization device n accordance with claim 6,
wherein the air permeable fluid resistor includes a material that seals upon cordact with

the first portion of the fhuid sample.

8. The fluid sample optimization deviee in accordance with claim 6,

wheren the comtaminant containment reservorr includes a tortuous path.

10, The fluid sample optimization device n accordance with claim 6,
wherein cach pressure differential 1s provided by a vacuum pressure provided by the flind

collection device.

11, The fluid sample optimization devies in accordance with claim 6,

wherein the displaceable plug is friction-fit into a portion of the sample path.
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12, The flaid sample optimization devies 1n accordance with claim 11,
wheren the portion of the sample path in which the displaceable plug s friction-fit

inchides a seat.

13 The fluid sample optimization device in accordance with claimm 12,

wherein the seat comprises an elastomeric {-ring.

14, A fluid sample optinuzation device for optimizing a fluid sample, a
first portion of the fluid sample potentially baving contaminants, the fluid sample
optimization device comprising:

an inlet;

an outlet;

a contaminant containment reservoir connected between the mlet and the
cuilet, the contaminant containment reservoir having an atr permeable floid resistor
proximate the outlet, the contanminant confainment reservoir being arranged to receive,
when a pressure differcntial is applied between the inlet and the outlet, a first portion of
the flaid sample to displace air therein through the air permeable fluid resistor and the
outlet, such that upon receipt of the first portion of the fluid sample and contaimment of
the contaminants in the contaminant containment reservoir; and

a sample path connected between the inlet and the outlet, the sample path
further mclading a displaceable phig that is configured to inhubit at least a part of the first
portion of the fluid sample and the contaminants from entering the sample path durmg
receipt of the first portion of the fluid sample and containment of the contaminants o the

contaminant containment reservoir, wherein subsequent portions of the fhud sample are
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conveyed by the sample path from the inlet to the outlet when subsequent pressure

differentials are applicd between the ndet and the outlet.

13. The fhud sample optimization device in accordance with claim 14,
wherein the displaceable plug 1s initially secured 1n the sample path proximate the inlet by

an elastomeric seat.

16, The fluid sample optimization devies 1n accordance with claim 14,
further coraprising a housing that houses and defines one or more of the wilet, the outlet,

the sample path, and the contaminant contaimment rescrvoir.

17 The fluid sampie optinuzation device in accordance with clam 14,
wherein the air permueable fluid resistor includes a material that seals upon contact with

the first portion of the fhid sample.

18, The fluid sample optimization device 1o accordance with claim 14,

wherein the contaminant containment reservoir mnclades a main basin fluidically

connected with the miet by a condwt.

19, The fluid sample optimization device in accordance with claim 135,

wherein the displaceable plug s friction-fit into a portion of the sample path.

28, The fluid sample optimization device in accordance with claim 19,

wheremn the displaceable plug s formed of an elostomeric material.
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o 702
Clinician places a nsedle info the patient's vein -
Blood then flows inte a chamber pushing the air in the /,/’“ 704
chamber out of the chamber through a filter the volume of |
bloed in this chamber can be 110 5 cc. '
A:d
P ?(}6
When the blood comes into contact with the filter, the S
filter is then closed, and the air no longer flow out or in
A
. n o o~ 708
Clinician is provided an indictor or can see the full chamber, | _J
ta indicate the blood collection fube can be aftached
4
s s . T ?16
Once the blood collection tube is removed, the self sealing A
membrane closas the sample needle i
¥
/""" ?12
Additional blood collection tubes may be attached L
h:
o 714
Once samples have been taken, the device is removed from |~
the patlent and discarded.
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