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to the housing, and forms an opening for coupling to a specimen container (24).
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Fig. 1

at least two recesses (48a, 48b) defined by an interior surface of the hous-
ing and the body which 1s formed separate from the passageway. The ports
extend from the housing and are configured for connection to medical de-
vices. The valve assembly 1s operable to interchangeably align the pas-
sageway and the recesses with the ports. Finally, the cap 1s connected to
the housing, and forms an opening for coupling to a specimen container
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FLUID FLOW CONTROL APPARATUS AND PATIENT FLUID
SAMPLING METHOD

Background

The present disclosure relates generally to patient specimen collection
devices. More particularly, it relates to devices for collecting fluid samples from
a patient’s respiratory system and incorporating a fluid flow control apparatus

having aspiration and instillation capabilities without a loss of internal pressure.

Fluid sampling devices are commonly used to collect fluid samples from
a patient’s airway or other body cavities. The fluid sample may be subjected to

laboratory testing or evaluation, therefore the integrity of the sample must be

‘maintained during the sampling procedures. Additionally, it 1s often necessary

to avoid secondary infection or contamination of other persons during the

aspirated back (along with a specimen from the targeted area) into a sampling
container. The fluid sample is then directed into a collection container in order
that the sample may be examined for cells, micro organisms, blood or other
biological material. To assist in these efforts, a fluid flow control apparatus can
be employed that enables the user to control the direction and/or amount of
fluids transported in a given system or procedure. The majority of apparatuses
used for this procedure are either separate apparatuses whereby, following
instillation, the catheter or tube is exposed to room air and internal pressure 1s

lost, or multiple stopcocks are required to accomplish the same functions.

In light of the above, needs exist for improved fluid flow control

apparatuses used with patient fluid sampling devices and methods.
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Summary

One aspect provides a fluid flow control apparatus used in medical fluid
sampling. The apparatus includes a valve assembly comprising a body that defines a
passageway, the body rotatably assembled to a housing along an axis of rotation, and
at least two recesses defined by an interior surface of the housing and the body that
are 1s formed separate from the passageway. The apparatus further including a first
port and a second port, each extending from the housing and configured for
connection to medical devices. In this regard, valve assembly is operable to
interchangeably align the passageway and the two recesses with the ports. Finally,
the apparatus includes a cap connected to the housing that includes an opening for
coupling to a specimen container.

According to an aspect of an embodiment, there is provided a fluid flow
control apparatus used in medical fluid sampling, comprising: a valve assembly
comprising a body that defines a passageway through a horizontal axis of the body
and defining at least two diametrically opposed circumferential recesses along
respective vertical axes, the body rotatably assembled to a housing along an axis of
rotation, the at least two diametrically opposed circumferential recesses defined by an
interior circumierential surface of the housing and respective recessed portions of an
exterior surface of the body that are fluidly isolated from the passageway; the housing
having (1) a first port and a second port, each port extending from the housing and
configured for connection to medical devices, and (i1) a ridge on an upper portion of
the housing comprising first and second protrusions, the first protrusion being
engaged by a stem portion of the body in a first flow position, and the body being
rotatable such that the stem portion engages a second protrusion i1n a second flow

position; and a cap integrally connected to the housing and forming an opening for

coupling to a specimen contamner; wherein the opening 1s configured to be fluidly
connected to the ports through the at least two diametrically opposed circumferential
recesses when two of the at least two diametrically opposed circumferential recesses
are aligned with the first and second ports; and wherein the valve assembly 1is

operable to interchangeably align the passageway and two of the at least two

diametrically opposed circumferential recesses with the first and second ports.
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According to another aspect of an embodiment, there is provided a fluid
sampling apparatus for use in medical fluid sampling comprising: a first port; a
second port; a valve assembly including four flow positions, comprising a body
rotatably assembled to a housing, the body defining a passageway and at least two
diametrically opposed circumferential recesses defined by an interior circumferential
surface of the housing and respective recessed portions of an exterior surface of the
body, the at least two diametrically opposed circumferential recesses being fluidly
1solated from the passageway; a cap connected to the housing, the cap forming an
opening fluidly connected to the first and second ports through the at least two
diametrically opposed circumferential recesses; and a specimen container removably

connected to the opening of the cap.

Brief Description of the Drawings

The accompanying drawings are included to provide a further understanding
of embodiments and are incorporated in and constitute a part of this specification.
The drawings 1llustrate embodiments and together with the description serve to
explain principles of embodiments. Other embodiments and many of the intended
advantages of embodiments will be readily appreciated as they become better
understood By reference to the following detailed description. The elements of the
drawings are not necessarily to scale relative to each other. Like reference numerals
designate corresponding similar parts.

FIG.1 1s a side perspective view of a fluid sampling device according to
aspects of the present disclosure;

FIG. 2 1s a side perspective view ot a fluid flow control apparatus 1n

accordance with aspects of the present disclosure and useful with the device of FIG.
L
FIG. 3 1s an exploded, cross-sectional view of the fluid flow control apparatus

of FIG. 2;

FIG. 4A 1s a cross-sectional view of the fluid flow control apparatus of FIG. 3

upon final assembly and in a first position;

-7 -
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FIG. 4B is a cross-sectional view of the fluid flow control apparatus of

FIG. 4B in a second position,
FIG. 5 is a top view of the fluid flow control apparatus of FIG. 2;

FIG. 6 is a front view of the fluid sampling device of FIG. 1 1n an

instillation mode of operation,

FIG. 7 is a cross-sectional view of the fluid sampling device of FIG. 6

and illustrating an instillation flow path;

FIG. 8 is a front view of the fluid sampling device of FIG. 1 1n an

aspiration mode of operation;

FIG. 9 is a cross-sectional view of the fluid sampling device of F1G. &

and illustrating an aspiration flow path; and

FIG. 10 illustrates use of the fluid sampling device of FIG. 1 in

performing a medical specimen collection procedure.

Detailed Description

One construction of a fluid sampling device 20 in accordance with the
present disclosure is shown in FIG. 1 and includes a fluid flow control apparatus
22 and a specimen container 24. The fluid flow control apparatus 22 includes a
valve assembly 26, first and second ports 23, 30, and a cap 32. Details on the
various components are provided below. In general terms, however, the fluid
flow control apparatus 22 is selectively secured to the specimen container 24.
The valve assembly 26 operates to selectively fluidly connect the first and
second ports 28, 30 with each other and the specimen container 24. With this
construction, the fluid sampling device 20 can be employed to obtain respiratory
fluid samples or specimens from an intubated patient as part of a patient
ventilation system, such as in conjunction with a bronchoalveolar lavage
procedure, by instillating liquid into, and aspirating fluid specimens from, the

patient.

PCT/US2009/069152
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With reference to FIGS. 2 and 3, the valve assembly 26 includes a valve

body 34, a housing 36, and a handle 38. The valve body 34 1s rotatably

maintained by the housing 36, with the handle 38 serving to allow a user to
selectively alter a rotational position of the valve body 34 relative to the housing
36. The valve assembly 26 is configured as a stopcock valve in some

embodiments, although ball, gate or other suitable valves may be used.

As illustrated in FIG. 3, the valve body 34 includes or forms a base 40,
an intermediate section 42, and a stem 44. The base 40 has an exterior surface
46 along which opposing recesses or grooves 48a, 48b are defined. The
intermediate section 42 extends from the base 40, and forms a passageway 50.

The passageway 50 is fluidly open to an exterior of the intermediate section 42
at opposing, first and second ends 52a, 52b (best shown in FIG. 4B). As shown,
the passageway 50 is fluidly isolated from the recesses 48a, 48b. Relative to the
upright orientation of the valve assembly 26 shown, the passageway 50 can be
described, in some embodiments, as being horizontal whereas the recesses 48a,
48b are vertical. Other constructions, however, are also acceptable. The stem 44
extends from the intermediate section 42 opposite the base 40, and in some
embodiments forms a circumferential rib 54 configured for rotatable assembly to

the housing 36, as described below.

The housing 36 is sized to receive the valve body 34, and can be
integrally formed with the ports 28, 30 and the cap 32 as shown. Regardless, the
housing 36 includes or forms a lower portion .58, an intermediate portion 60, and
an upper portion 62. The upper portion 62 has a ridge 66 along which position
indicators 64 are formed. The position indicators 64 are further illustrated in
FIG. 2 and may be formed as touch-feel indicators or any other useful
configuration. In one embodiment, the position indicators 64 project outward
along the ridge 66 of the upper portion 62. The position indicators 64 may be
selectively formed as raised points or as raised elongated sections. Alternatively,
the position indicators 64 may be selectively formed as grooves Or recesses n
the ridge 66. The upper portion 62 also includes a channel 68 on an interior
surface 70 of the housing 36. The channel 68 may continuously extend around

the perimeter of the interior surface 70. The intermediate portion 60 extends

-4 -
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from the upper portion 62, in a direction opposite the ridge 66, and forms
opposing openings 72a, 72b. The lower portion 58 extends from the

intermediate portion 60.

With reference to FIG. 2, the handle 38 includes a directional end 74, an
opposing terminal end 78, and a midpoint 76. In some embodiments, the
directional end 74 includes a tang 80. The tang 80 may be formed as a
protrusion or extension on the directional end 74. The midpoint 76 defines an
axis of rotation that extends through the handle 38 and valve body 34. The

handle 38 can assume a variety of shapes conducive to convenient grasping by a

user’s hand/fingers.

Connection of the handle 38 with the valve body 34 is shown in FIGS. 2
and 3. The handle 38 provides a means for a medical personal to rotate the valve
body 34 within the housing 36 of the valve assembly 26. The handle 38 1s
aligned with the passageway 50 (i.e., a direction of extension of the handle 38
between the ends 74, 78 corresponds with an axis of the passageway 50); in this
manner, the orientation of the handle 38 provides confirmation to a user 1n
aligning the passageway 50 relative to the ports 28, 30. A relationship of the
tang 80 of the handle 38 and the position indicators 64 is further reflected in the
view of FIG. 2. The tang 80 of the handle 38 interacts with the position
indicators 64 on the ridge 66 on the upper portion 62 of the housing 36 as the
handle 38 is turned. In one embodiment, the position indicator 64 consists of a
pair of closely positioned molded protrusions, formed such that the tang 50 may
rest comfortably between the protrusions and may also move past them. In one
embodiment, the position indicators 64 may also be formed to prevent further
rotation of the handle 38 in a certain direction by protruding a sufficient distance
above the ridge 66 to interfere with further movement of the tang 80 in that
direction. Generally, the positions of the position indicators 64 correspond to

the desired positions of the valve body 34 useful in patient fluid sampling.

The valve body 34 rotates within the housing 36 of the valve assembly
26. The housing 36 is configured to enclose the working components of the
valve body 34. A relationship of the channel 68 of the housing 36 and the rib 54

PCT/US2009/069152
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of the valve body 34 is further reflected in the views of FIGS. 4A and 4B. As
shown, the channel 68 serves as a path within which the rib 54 rotates and serves
to rotatably secure the valve body 34 within the housing 36. The r1b 54/ channel
68 interface is configured to provide a consistent, long term seal and leak tight
fit. The exterior surface 46 of the valve body 34 maintains a fluidly sealed
relationship with the interior surface 70 of the housing 36. Other mounting
relationships of the valve body 34 within the housing 36 are also equally
acceptable. The passageway 50 and recesses 48a, 48b are sized and defined
within the valve body 34 such that they correspond with openings 72a, 72b when
aligned. For example, in the first valve body position of FIG. 4A, the recesses
48a, 48b are aligned with the openings 72a, 72b of the housing 36. In the second
valve body position of FIG. 4B, the openings 72a, 72b of the housing 36 are
aligned with the passageway 50 of the valve body 34 through reorientation of the
valve body 34 when the handle 38 is turned (i.e., transitioned from the position

or state of FIG. 4A to the position or state of FIG. 4B).

Returning to FIG. 1, it is illustrated that the first and second ports 28, 30
are attached to the valve assembly 26, mounted substantially opposite one
another along the housing 36. The ports 28, 30 can be integrally formed with or
by the housing 36. Alternatively, the ports 28, 30 can be formed separately and
later assembled to the housing 26. Further illustrated in FIG. 3, the ports 28, 30
are structural bodies forming passageway 84a, 84b with inlet ends 86a, 86b and
outlet ends 88a, 88b, respectively. The inlet end 86a of the port 28 may be
formed with exterior barbs 90, as shown in FIG. 2. The inlet end 86b of the port
30 may be formed recessed threading 92. The ports 28, 30 may be female and
male fittings and additionally may be luer fittings or any other suitable fitting
type. To this end, the second port 30 is suitable for connection to a catheter or
other tube or apparatus suitable for placement and connection within a patient’s
bodily cavity (e.g., lung) or organ. The first port 28 is suitable to connect and
disconnect to various medial devices without removal of the catheter (or other
component) from the second port 30. In more general terms, however, the ports

28,30 are conﬁgured to facilitate coupling with a flexible tube, catheter or other
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medical device which can be received, and connection maintained, with the ports

28, 30.

As illustrated in FIGS. 3 and 5, the cap 32 includes a top 94 and a
perimeter 96 extending from the top 94 of the cap 32 at a length necessary to

- provide sealable engagement with the fluid sampling container 24 (FIG. 1) as

described below. In one embodiment, the perimeter 96 includes indentations 938
for ease of handling by medical personnel. Additionally, the perimeter 96 may
include flanges 100 to assist with handling. The perimeter 96 also includes a
threaded interior surface 102 that correspond with a threaded exterior (not
shown) of the fluid sampling container 24, although other assembly techniques
(e.g., snap-fit) are also acceptable. Regardless, the top 94 forms an opening 104
through which a fluid connection between an interior of the housing 36 and a
chamber 105 of the cap 32 is established. The cap 32 may be constructed of the
same material as the housing 36, or other suitably compatible material. The cap
32 may be formed integrally with the housing 36, or attached later in the

production process of the fluid flow control apparatus 22.

With the above construction, the valve assembly 26 is sealed into the cap
32 such that the passageway 50 of the valve assembly 26 can be oriented and
fluidly connected to the cap 32 as needed for the desired medical procedure.
With this in mind, the opening 104 of the cap 32 has a diameter corresponding
with the dimensional attributes of the interior surface 70 of the housing 36 to
ensure a desired arrangement of the valve body 34 relative to the cap 32 upon
final assembly. Further, additional components useful in establishing and
maintaining the desired fluid connection, such as a coupling, a seal, etc. may be
included. The valve assembly 26 may also be either formed integrally with, or

appropriately sealed, to the ports 23, 30.

Returning to FIG. 1, the specimen container 24 may be any standard
container used for specimen sampling purposes. In one embodiment, the
specimen container 24 may be clear or translucent in color and may also include
volume indicators along the side. The specimen container 24 may be

constructed of a plastic or any other suitable material. Although not shown,
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container 24 includes a threaded exterior portion that selectively engages with

the threaded interior surface 102 (FIG. 3) of the cap 32 for a sealed connection.

The fluid sampling device 20 includes the valve assembly 26 with at least
two positions, and may include four positions, to facilitate sampling of a
patient’s fluids. To this extent, the position indicators 64 (FIG. 2) may consist of
point positions, for example when the valve assembly 26 1s in an aspiration or

instillation position, or elongated indicators as when the valve assembly 26 is in

a sealed position.

In an instillation position of the valve assembly 26, as illustrated mn FIGS.

6 and 7, the passageway 50 of the valve body 34 is aligned with the ports 28, 30

* such that the ports 28, 30 are fluidly connected to one another. A resultant

inspiration fluid flow path I, represented by arrows in FI1G. 7, is configured for
the instillation procedure. The passageway 50 is connected through the openings
72a, 72b in the housing 36 to each of the respective ports 28, 30 in order to
provide a path for fluids during instillation of the patient. In this position, no
fluids or specimens may pass out of or into the container 24 (FIG. 1). As apoint
of reference, the specimen container 24 need not be connected to the fluid flow
control apparatus 22 in the inspiration position or mode; however, the specimen
container 24 may be connected without affecting the instillation procedure.

Fluid may thus be injected with a syringe or other similar apparatus, down a tube
or catheter into the lungs or other body cavities/organ. In this manner, fluid flow
is directly from a fluid source, through the fluid tflow control apparatus 22, and

into a patient or suction apparatus.

In a second position, the first and second ports 28, 30 are fluidly
connected to the specimen container 24, as illustrated in FIGS. & and 9. Here,
the valve body 34 is oriented such that the passageway 50 1s blocked by the
housing 36 and does not connect to the ports 28, 30. In this position, aspiration
can occur and fluid samples may be drawn into the specimen container 24
attached to the cap 32 with negative pressure by using a suction means attached
to the first port 28. A resultant aspiration fluid flow path A (represented by
arrows in FIG. 9) is through the second port 30, the connected recess 48b, nto
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the specimen container 24, where the fluid is collected, and then continues out of
the specimen container 24, through the opposing recess 4sa, and to the first port
28 connected to a suctioning device. As further illustrated in FIG. 10, when a
syringe 110 or other suction device is connected to the first port 28, fluid 1s
drawn back through the second port 30 and into the specimen container 24 and
the air flows back to the syringe 110. In another embodiment, the second port 30
is connected to tubing 112 that in turn is fluidly connected to an endotrachael
tube or a tracheostomy tube; alternatively, the artificial airway 112 can be
directly connected to the second port 30. The second port 26 1s configured for
fluid connection to the artificial airway 112 otherwise establishing a direct
connection to the patient’s respiratory track 116. In this manner, specimens may

be collected.

A third position of the fluid flow control apparatus 22, when available, 1s
located between the instillation and aspiration positions described above. The
third position is a paused position. In this position, the ports 28, 30 are blocked
and pressure to the catheters 112 is maintained in order that additional fluid or
vacuum can be prepared for attachment to the first port 28. In one embodiment,
a fourth position is available beyond the aspiration position, whereby the ports
28, 30 are sealed (i.e., fluidly disconnected from the passageway S50 and the

recesses 48a, 48b) for sending the collected specimen for analysis.

Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that a variety of
alternate and/or equivalent implementations may be substituted for the specific
embodiments shown and described without departing from the scope of the
present invention. This application is intended to cover any adaptations or
variations of the specific embodiments discussed herein. Therefore, 1t 1s
intended that this invention be limited only by the claims and the equivalents

thereof.
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WHAT IS CLAIMED I8S:

1. A fluid flow control apparatus used 1n medical fluid sampling, comprising:

a valve assembly comprising a body that defines a passageway through a
horizontal axis of the body and defining at least two diametrically opposed
circumferential recesses along respective vertical axes, the body rotatably assembled to
a housing along an axis of rotation, the at least two diametrically opposed
circumferential recesses defined by an interior circumferential surface of the housing
and respective recessed portions of an exterior surface of the body that are fluidly
1solated from the passageway;

the housing having (1) a first port and a second port, each port extending from
the housing and configured for connection to medical devices, and (11) a ridge on an
upper portion of the housing comprising first and second protrusions, the first protrusion
being engaged by a stem portion of the body in a first flow position, and the body being
rotatable such that the stem portion engages a second protrusion in a second flow
position; and

a cap integrally connected to the housing and forming an opening for coupling
to a specimen container;

wherein the opening i1s configured to be fluidly connected to the ports through
the at least two diametrically opposed circumferential recesses when two of the at least
two diametrically opposed circumferential recesses are aligned with the first and second
ports; and

wherein the valve assembly 1s operable to interchangeably align the passageway

and two of the at least two diametrically opposed circumferential recesses with the first

and second ports.

2. The fluid flow control apparatus of claim 1, wherein the valve assembly

comprises a stopcock valve.

3. The fluid flow control apparatus of claim 1 or claim 2, wherein the valve

assembly 1s configured to provide at least two flow positions.

- 10 -
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4. The tluid flow control apparatus of claim 3, wherein the protrusion corresponds

to each of the at least two flow positions of the valve assembly.

. The tluid tlow control apparatus of claim 3, wherein a first flow position of the

valve assembly includes the passageway fluidly connecting the first and second ports.

6. The tluid flow control apparatus of claim 5, wherein a second flow position of
the valve assembly defines a direction of fluid flow from a first port, through one of the

at least two recesses, into the cap, through the opposite of the at least two recesses and

the second port.

7. The fluid flow control apparatus of any one of claims 1 to 6, wherein the first

port 1s a female fitting and the second port 1s a male fitting.

8. The fluid flow control apparatus of any one of claims 1 to 7, wherein the first

port and second port are luer fittings.

9. A fluid sampling apparatus for use in medical fluid sampling comprising:

a first port;

a second port;

a valve assembly including four flow positions, comprising a body rotatably
assembled to a housing, the body defining a passageway and at least two diametrically
opposed circumferential recesses defined by an interior circumferential surface of the

housing and respective recessed portions of an exterior surface of the body, the at least
two diametrically opposed circumferential recesses being fluidly i1solated from the
passageway,

a cap connected to the housing, the cap forming an opening fluidly connected to

the first and second ports through the at least two diametrically opposed circumferential

recesses; and

a specimen container removably connected to the opening of the cap.

217 -
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10. The fluid sampling apparatus of claim 9, wherein an instillation position of the

valve assembly tluidly connects the first port to the second port.

11. The fluid sampling apparatus of claim 9 or claim 10, wherein the at least two
diametrically opposed circumferential recesses are formed by an intersection of the
body with the housing of the valve assembly, and further wherein an aspiration position
of the valve assembly fluidly connects the first port and the second port to the specimen

container via the at least two diametrically opposed circumferential recesses.

12. The fluid sampling apparatus of any one of claims 9 to 11, wherein the cap

forms a threaded interior for removable connection to the specimen container.

13. The fluid sampling apparatus of any one of claims 9 to 12, wherein the valve
assembly includes a handle coupled to a top portion of the body, the handle having a

flow 1ndicating end.

14, The fluid sampling apparatus of any one of claims 9 to 13, further including

position indicators corresponding to the four flow positions of the valve assembly.
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