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TISSUE ACCESS, PRESSURE MONITORING

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to United States Provisional Patent
Application No. 61/424,241, filed on December 17, 2010, which is incorporated by reference

in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present disclosure relates generally to systems, methods, and devices for
facilitating access to a target anatomical site. More specifically, methods and structures are
provided for detecting and facilitating positioning of a probe in a vascular tissue of a patient,

such as a patient’s vein for central line or catheter placement.

[0003] Needles and catheters are routinely inserted or injected into a patient’s body for
various purposes or indications. One type of indication that involves such insertion is the
placement of vascular lines or catheters, for instance, the placement of a central venous
catheter (CVC). A CVC is typically used to administer fluids (e.g., intravenous (IV) drugs,
chemotherapeutic agents, blood, or saline) into the body in medical situations in which large
fluid transfer volume and/or high fluid transfer rate is desired. Common CVC insertion
targets include an internal jugular vein, located in the neck; a subclavian vein, located in the

chest; or a femoral vein, located in the groin.

[0004] During a central line procedure, a large tube (cannula) called a catheter is inserted
into a central vein, like the internal jugular vein in the neck or the subclavian vein under the
collarbone. Large arteries, like the carotid artery, lie next to these veins, and putting the
catheter into the artery by accident (arterial cannulation) can result in serious injury, stroke or
even death. In the event that a large bore catheter is accidentally inserted into an artery,
emergency surgery is usually required to remove the catheter and repair the artery. To avoid
arterial cannulation, the Seldinger technique was developed where a small introducer needle
is used to locate the vein, before inserting the much larger catheter. The small needle can be
safely removed from an artery or a vein — it only makes a small hole that is able to seal after
the needle is removed. In this technique, a small introducer needle is attached to a syringe

and the needle is inserted into the vessel. Blood is pulled back (aspirated) through the needle
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and into the syringe, and the color of the blood in the syringe is used to determine whether

the introducer needle is an artery or a vein. Arterial blood is usually bright red and venous
blood is darker. However, in sick patients this is not always true — arterial blood could

appear quite dark in a patient with low blood oxygen levels.

[0005] Once the physician confirms that the needle is in the vein using the color of the
blood, the syringe is removed and the blood is allowed to flow directly out the rear of the
needle. If the blood “spurts” out the back of the needle, it is an indication that the needle
might be in an artery. If the blood comes out of the needle slowly, the needle is likely in a
vein. Unfortunately, there are many reasons why arterial blood might not “spurt” out of the
needle, and so this method for identifying an artery is also prone to error. After looking at the
blood color and pulsatility, if the physician decides that the needle is in a vein, a small
flexible guidewire is inserted through the needle. The introducer needle is then removed and
the catheter is inserted over the guidewire. The guidewire ensures that the catheter enters the

vein.

[0006] A problem with CVC placement via the Seldinger technique alone is that
misplacement of either or both of the needle and the CVC is still far too common. For
example, an unintended puncture or tear of a venous wall and/or the placement of one or both
of the needle and the CVC into an artery (i.c., an unintended arterial cannulation) can occur,
which may result in serious and expensive complications including severe bleeding,
emergency vascular surgery, stroke, and possibly death. Moreover, the Seldinger technique,
which relies on both blood color and pulsatility to differentiate a vein from and artery, does
not always prevent accidental arterial cannulation, and this error happens in as many as 1 out

of every 100 procedures.

[0007] Manometry is a technique that has been used for verifying that an appropriate type
of blood vessel has been targeted during catheterization (e.g., in association with the
Seldinger technique). See, ¢.g., FIGS. 2A-F. Conventional manometry directed toward
vascular target verification includes an extension set (e.g., a 50 centimeter extension tube set)
attached to a needle or a catheter (e.g., an 18-gauge needle or catheter) that has been inserted
into a vessel. Blood flows or is drawn from the patient’s body into the needle or catheter, and
further flows into an elevated section of tube along the extension set, thereby forming a blood
column indicative of probe positioning (e.g., column height, color, pulsatility). The height
attained by the blood column, e.g., gives an indication as to the pressure of the blood within
the vessel under consideration. Such an assessment can enable the practitioner to verify a

venous or an arterial placement of the needle or the catheter. However, needle or catheter
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occlusion or patient state or condition can impact the visible properties of the blood column,

and hence the surgeon’s assessment, which can lead to a false conclusion about needle or
catheter placement. For instance, in a hypotensive patient, an inadvertent arterial needle
insertion may not be readily apparent from a naked-eye assessment of blood column height

within the elevated section of tube.

[0008] Once the physician decides that the needle is in a vein using this blood column, he
detaches the tubing from the needle and then proceeds to insert the guidewire through the
needle, leaving a “blind spot” where monitoring for needle positioning does not occur. A risk
with this technique is that the needle can move while attaching or detaching the tubing; it is
possible the needle could move from a vein to an artery after the tubing has been removed. If
this were to happen, the tube based pressure measurement would not prevent arterial
cannulation. Further, widespread adoption of manometry has been severely limited by
procedure awkwardness, additional time, equipment and steps required, and the increased
chance of infection. Studies show that many physicians do not routinely utilize manometry
for verifying needle or catheter placement for at least some of these reasons. Accordingly,
manometry procedures are generally cumbersome and not routinely used, and even when
used the risk of complication (e.g., accidental arterial puncture or cannulation, infection, etc.)

has not been eliminated.

[0009] Ultrasound has been conventionally utilized for determining the position of objects
within the body, and can be utilized for facilitating placement or positioning of needles,
guidewires, and catheters. See, e.g., FIGS. 3A-D. Reduced expense and increased portability
of ultrasound equipment has led to application of ultrasound imaging to guide central line
placement. However, one aspect of ultrasound guidance particularly relevant to discussion of
arterial cannulation, is that the needle and/or wire may not always be visualized in the target
vein. Because of the tomographic nature of an ultrasound beam, it is sometimes difficult to
distinguish a needle shaft from the needle tip. Thus, confusion between the tip and the shaft
of the needle in an image can lead to inadvertent arterial cannulation when the needle passes
through the target vein and into a nearby artery. Further, recent surveys show that
widespread use of ultrasound equipment in vascular catheterization procedures is limited to a
small minority of practitioners (e.g., as little as 15%). The relative expense, lack of
accessibility, equipment sharing between multiple groups or departments, and need for
additional medical personal may explain the limited use of ultrasound in central line
placement. Additionally, ultrasound guidance is not particularly well suited to guide

catheters inserted into the subclavian vein (the most common access vein used in trauma
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situations). The subclavian vein is beneath the collarbone, and the collarbone blocks the

ultrasound signal. Further, ultrasound ties up one hand, forcing the physician to perform the
procedure with a single hand. For this reason, a second person is often used to assist during

ultrasound guided procedures.

[0010] Accordingly, improved methods and structures are needed for facilitating probe
access and/or positioning in a target vascular tissue, and could significantly improve
efficiency and reduce complications associated with many medical procedures, such as

central line or catheter placement in a vein of a patient.

BRIEF SUMMARY OF THE INVENTION

[0011] The present disclosure relates generally to systems, methods, and devices for
facilitating access to a target anatomical site. More specifically, aspects of the present
disclosure relate to methods and structures for detecting or facilitating positioning of a probe
(c.g. aneedle) in a vascular tissue (e.g., vein, artery) of a patient, including probe positioning,
monitoring and the like during medical procedures such as venous catheter placement (e.g.,

central line procedure).

[0012] In one aspect, the present invention provides methods and structures for positioning,
detecting or monitoring a probe for disposal in a vein or artery of a patient, such as a target
vein (e.g., jugular vein, subclavian vein, femoral vein, etc.). A method can include providing
a detection device as described herein. The device can be advanced distally such that the tip
or a distal portion of a coupled probe (e.g., needle probe attached to a port of the detection
device) advances through the tissue of the patient and toward the target site or vein of the
patient. The method further includes detecting a change in pressure about the distal portion
of the coupled probe during advancing, where the detected pressure change indicates probe
positioning in the target site, vein or artery. The detected pressure change and indication of
probe positioning is output, for example, as a reporting signal to the visual display. The user

may change or alter advancement of the probe in response to the detected pressure change.

[0013] In an embodiment, a detection device includes a housing having a generally
proximal portion and a distal portion, the distal portion may be coupled to a probe (e.g. a
needle) during use. A device further includes a pressure sensing system at least partially
carried by the housing and an output unit carried by the housing. The pressure sensing
system includes a processor or processing unit coupled with a pressure sensor so as to receive

signal from the pressure sensor and determine a pressure value of an environment about a
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distal portion of the coupled probe. The output unit is coupled to the pressure sensing system

S0 as to receive a pressure value signal and output to the visual display a reporting signal
indicating the determined pressure value and/or positioning of the probe in the tissue of the

patient.

[0014] Devices and methods include monitoring or detecting positioning of a probe
following initial positioning in a target site or vein, including in conjunction with placement
of a guidewire and/or catheter. In one embodiment, a device can include an integrated
guidewire port or port carried by the housing and configured to facilitate placement of a
guidewire in the target vein via entry through the device housing. In use, probe positioning in
a target vein is confirmed, followed by introduction of a guidewire into the port disposed on
the housing. The guidewire is further advanced through a portion of the housing and out the
device coupled probe disposed in the patient’s vein. Pressure detection or monitoring can be
accomplished during or after guidewire positioning as described. A catheter can also be

introduced over the positioned guidewire.

[0015] For a fuller understanding of the nature and advantages of the present invention,
reference should be made to the ensuing detailed description and accompanying drawings.
Other aspects, objects and advantages of the invention will be apparent from the drawings

and detailed description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] FIGS. 1A and 1B illustrate vascular access and guidewire positioning according to

an embodiment of the present invention.

[0017] FIG. 1C is a diagrammatic view illustrating general anatomical features of a patient
relevant to a vascular access procedure according to certain embodiments of the present

invention.
[0018] FIGS. 2A-F illustrate probe positioning under pressure manometry guidance.
[0019] FIGS. 3A-D illustrate probe positioning under ultrasound guidance.

[0020] FIG. 4 is a perspective illustration of an apparatus according to an embodiment of

the disclosure.

[0021] FIG. 5 is a block diagram of a system according to embodiment of the present

invention.
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[0022] FIG. 6 is a block diagram of a system according to another embodiment of the

present invention.

[0023] FIG. 7 illustrates an apparatus with an integrated port (guidewire port) according to

another embodiment of the disclosure.

[0024] FIG. 8 is a flow diagram of a vascular access process according to an embodiment

of the disclosure.

[0025] FIGS. 9A illustrates an assembly including a detection device coupled to a probe

and a syringe, according to another embodiment of the present invention.

[0026] FIG. 9B illustrates an exemplary display, according to an embodiment of the present

invention.

[0027] FIG. 10 is a diagram of an apparatus having an integrated guidewire port, according

to another embodiment of the present invention.

[0028] FIG. 11 illustrates an assembly including a detection device with a closed proximal
portion and a distal portion coupled to a probe, according to an embodiment of the present

invention.

[0029] FIGS. 12A through 12C illustrate a monitoring assembly according to an
embodiment of the present invention. The illustrated exemplary assembly includes a
detection device (FIG. 12A) and a docking unit or station (FIG. 12B), which can be coupled
together as shown in FIG. 12C.

[0030] FIG. 13 illustrates an assembly for patient monitoring, according to an embodiment

of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0031] The present invention provides methods and structures for detecting and/or
facilitating positioning of a probe in a vascular tissue of a patient. For instance, methods can
include distinguishing between probe positioning in a vein or an artery, or facilitating venous
access, ¢.g., during procedures such as venous catheterization or central line placement where
it can be important to place a needle or catheter into a target vein or intravenous site, and

generally avoid arterial or non-vascular placement.

[0032] A detection device according to an embodiment of the present invention will

generally include a pressure detection system and display (e.g., housing integrated display)
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7
that allows users or medical practitioners to use pressure to differentiate a vein from non-vein

tissue, such as an artery. The device can also allow continuous, non-continuous, or repeated
pressure monitoring, such as during guidewire insertion, to confirm venous access throughout
one or more stages of a procedure (e.g., central line procedure). As discussed further herein,
the device can include an in-line configuration where components of the device (e.g., needle,
housing, syringe) are assembled substantially in an axial arrangement, enabling convenient
and in some cases simultancous visualization of the needle, the patient, and the display during
use. The device and methods of use can integrate with the way the physician would normally
perform the procedure, thereby increasing likelihood of use among practitioners compared to
other more cumbersome techniques. Devices can be provided as sterile and disposable, and

can be used in the sterile field without presenting a contamination risk.

[0033] In use, a device can be inserted between a probe or introducer needle and syringe
(see further discussion herein). The needle is then inserted into the patient’s tissue and
advanced toward the target tissue or blood vessel. As the needle enters the vessel, the device
outputs a pressure reading to the user, which can occur rapidly and even before blood is
channeled through the device and into the syringe for color visualization. The rapid or
substantially “instant” pressure reading allows the physician to rapidly detect, for example, if
the needle is an artery or a vein. With rapid pressure reading and reporting, the device can
rapidly indicate when the needle is in a vessel, and prevent the user or physician from
continuing to move or advance the needle in the patient’s tissue, such as advancing the needle
distally so as to exit the rear of the vessel (an undesirable occurrence known as a “through
and through” because the needle enters one side of the vessel and then leaves the opposite

side of the vessel).

[0034] Different display options or configurations for a detection device will be available,
and may be selected at least partially based on intended use of the device. In an embodiment,
a device display outputs or provides the user two different types of pressure readings, a
numerical output and a non-numerical (e.g., graphical) output, which can include
complementary but different readings or information. In a numerical output or reading,
pressure can be detected, processed and output as an average pressure reading over a selected
time. A numerical output or reading can be monitored by the user for indication of needle
positioning, such as positioning in an artery or a vein. Because the pressure reading is an
average, it also better represents a clinically relevant parameter, such as the central venous
pressure in a vein or mean arterial pressure (MAP) in an artery. If the needle is not in a blood

vessel, the numerical display does not display the average pressure, but instead may be
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programmed to update more frequently, which may help the user more easily or rapidly

recognize tissue transitions that are accompanied by pressure changes. For example, if the
needle is in tissue, the pressure may display a low pressure reading, such as approximately 0
mm Hg. Upon the needle leaving the tissue and entering a vein, the pressure will increase,

such as jumping from about 0 mm Hg to about 10 mm Hg.

[0035] In addition to the numerical readout, the display can also include one or more non-
numerical outputs, such as a 2-D graphical waveform or various types of non-numerical
alerts, signals, or graphics. The device can be configured such that the waveform graph
updates rapidly and so as to emphasize or illustrate the physiologic pulsations in the arteries
and veins. For instance, the pressure in a vein goes up and down with the heartbeat and with
breathing. Arteries have a large pressure fluctuation from the heartbeat. The device can be
configured so as to output or display a graphical waveform scaled to illustrate either or both
these small and large pressure fluctuations. A visual representation of the pressure
fluctuations gives physicians an added confirmation that the pressures are coming from a vein
or an artery. The absence of pressure fluctuations might indicate that the needle is not in a

vessel.

[0036] Thus, a device may be configured to display one, two, or two or more outputs or
pressure value displays, such as a numerical output and a non-numerical (e.g., graphical)
output. In such an embodiment, the device may be configured such that two different
pressure displays represent pressure values detected over different time periods or collection
times, and/or different collection frequencies or averaging calculations. For example, a first
pressure output might be a numerical output representing pressure measured over a first time
period or collection time, or a given number of pressure readings obtained at a selected
frequency. The same device may be configured with a second pressure output or reading,
such as a graphical output, representing pressure measured over a second time period or a
period where a selected number of pressure readings are obtained at a frequency. Output of
two or more different pressure readings or displays can in some cases advantageously provide

more useful or informative output to the user than a single pressure output/display.

[0037] In addition to providing pressure measurements and output for identification of
needle positioning, €.g., in an artery or vein, a device can also include an integrated port for
guidewire insertion. In certain embodiments including a guidewire port, a device may
include a channel within the device that allows the guidewire to pass through the device (e.g.,
entry through the device housing) and distally out the needle. Device construction will be

selected such that guidewire positioning does not substantially interfere with pressure
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detection functionality of the device. Further, the guidewire port can act as a substantially

air-tight and/or fluid- tight (e.g., blood-tight) seal while still allowing the guidewire to pass
through it with a minimum or resistance, permitting tactile feel introduction of the guidewire
into the vessel. The seal is air-tight and water-tight before the guidewire is inserted, while the
guidewire is passed through the seal, and again after the guidewire is removed from the seal.

The pressure readings are accurate during all of these conditions.

[0038] Thus, in use of a device with an integrated guidewire port, such a port can allow a
user to insert the guidewire through a positioned needle and into a blood vessel with reduced
manipulation of the device or access equipment. For example, guidewire positioning may be
accomplished without necessarily requiring detachment of a syringe from the device or
detachment of the device from the positioned needle. Such reduced manipulation can
advantageously reduce risk of error due to unwanted needle movement, such as dislodging
the needle from the vein. Further, use of an integrated guidewire port can allow the user to
verify or monitor pressure during and/or after insertion of the guidewire into the vein. This is
in contrast to previous methods to measure pressure or positioning, which may indicate
venous access prior to inserting the guidewire, but present a “blind spot™ at least during the

insertion of the guidewire when the pressure is not measured (see, e.g., Figures 2-3).

[0039] Following insertion of the catheter, the device can also be utilized to verify and/or
monitor correct catheter placement. For example, the device may be coupled to the catheter
and pressure detected via the catheter, detecting or verifying whether the catheter is inserted

in a vein or artery.

[0040] Guidewire placement according to a method of the present invention using a device
with an integrated guidewire apparatus is illustrated with reference to FIGS. 1A and 1B. As
shown, an assembly 10 is utilized including a detection device 12 having a distally coupled
needle 14 and a proximally coupled syringe 16. The detection device 12 further includes a
guidewire port or apparatus carried by or integrated with a portion of the device 18 housing.
In use, the coupled needle is entered through the patient’s tissue and toward the target tissue
or blood vessel. Tissue pressure is detected by the device 12 and output to a display for
indication of needle positioning (e.g., vein, artery, non-vascular tissue) and viewing of
pressure readings by a user. FIG. 1A illustrates a patient’s tissue including non-vascular
tissue 20, a first blood vessel, e.g., a vein 22, and a second blood vessel, ¢.g., an artery 24,
with the distal portion of the needle 14 positioned in a vein of the patient. As noted, pressure
readings output to the display of the device will be indicative of needle location (e.g., vein,

artery, etc.). The user may additionally pull back the syringe to draw blood and visualize
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blood and color, for further indication of needle positioning. With the needle 14 positioned

in the vein 22, a guidewire 26 can be introduced into the device 12 and into the needle, as
illustrated in FIG. 1B. The guidewire 26 can advance distally out the needle 14 and/or the
needle removed or withdrawn from the vein 22 with the guidewire 26 remaining at least
partially disposed in the vein 22. Pressure detection or monitoring with the device 12 can
occur throughout the procedure. Further, guidewire placement can be accomplished while

limiting or eliminating removal and/or exchanging of assembly components.

[0041] FIG. 1C illustrates general anatomical features of a patient relevant to a vascular
access procedure or central line placement according to certain embodiments of the present
invention. In central line placement, access and entry to the subclavian vein or internal
jugular vein is commonly of interest. FIG. 1C illustrates a device with coupled probe
positioned in the internal jugular vein of the patient, as one example of venous access. As
shown, the subclavian vein bears close proximity to the subclavian artery, while the internal
jugular vein lies near the subclavian artery low in the neck, as well as near the carotid artery
throughout its course in the neck. With such close proximity of target access veins to arterial
vessels, a certain degree of precision is required in central line placement procedures. The
positioning of tissues such as the clavicle adds further difficulty to venous access as the
clavicle can block or complicate use of imaging techniques, such as ultrasound guidance.
Methods and devices of the present invention include pressure monitoring and detection for
venous access or central line placement in the illustrated anatomical environment, as well as

other anatomical sites or target tissues (e.g. the femoral vein).

[0042] Embodiments including a device with an integrated port for introducing a guidewire
may advantageously permit a user to introduce a guidewire into a target location or lumen
while limiting additional component exchanging steps and/or undesired probe movement.
Such simplification of the guidewire placement procedure can help minimize occurrence of
error or patient injury due to probe misplacement, as illustrated with reference to FIGS. 1A
and 1B above, and with further reference to FIGS. 2-3. FIGS. 2A through 2F illustrate probe
tip location indication under pressure measurement (¢.g. column manometry) guidance. Such
pressure measurement guidance includes “blind spot” component exchanging (e.g., FIGS. 2E
and 2F) where no positioning monitoring occurs and that can cause undesired movement of
the probe and potential patient injury. FIGS. 3A through 3D illustrate probe tip location
detection under ultrasound guidance, with FIGS. 3C and 3D illustrating “blind spot” needle

positioning and component exchange steps that may elicit undesired movement of the probe
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positioned in the tissue and potential injury to the patient, similar to column manometry

above.

[0043] Different types of objects or probes, for example, needles, catheters, tubes, and
devices can be inserted into a subject’s body for various medical purposes or indications.
Accurate placement or positioning of such objects within the body is generally required. For
instance, during certain vascular access procedures such as certain central line placements, it
is important to place a needle, as well as guidewire and catheter into the vascular space to

perform the given procedure, e.g., the jugular vein or subclavian vein.

[0044] Embodiments of the present disclosure are directed to systems, devices, apparatuses,
methods, and processes for facilitating, indicating, and/or verifying access to at least one type
of target or intended anatomical environment, substance, site, location, structure, tissue,
organ, cavity, and/or lumen. Particular embodiments are further directed to systems, devices,
apparatus, methods, and processes for indicating or verifying access to at least one type of
non-target, unintended, or inadvisable anatomical environment (e.g., in view of a medical
procedure directed to the target anatomical environment). Embodiments of the present
disclosure can include or involve systems, devices, apparatuses, methods, or processes for
detecting, sensing, capturing, measuring, and/or analyzing one or more substances or signals
associated with particular physiologic parameters or conditions to facilitate the identification,
evaluation, or verification of a location of a portion of an object within a body (e.g., relative

to a target or intended anatomical site).

[0045] Several embodiments of the disclosure are directed to categorizing or distinguishing
between aspects of one or more anatomical substances or sites, for instance, to differentiate or
indicate a difference between a first or target anatomical site and a site other than a target
anatomical site (e.g., a second or non-target anatomical site); or to determine or indicate
whether an anatomical substance originates from or was supplied by, extracted from, or
acquired at a first or target anatomical location or structure or a second or non-target
anatomical location or structure. Such embodiments can facilitate an automatic or semi-
automatic verification or notification that a portion of an object inserted into a body has
transitioned into, resides at or within, or has transitioned away from a target substance or site,
or one or more non-target substances or sites. Particular embodiments of the disclosure are
directed to distinguishing between a blood vessel (e.g., vein, artery) and non-blood vessel
tissue, as well as between different types of blood vessels, such as between a vein and an

artery.
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[0046] The presence, absence, relative or absolute level, or change in a physiological

parameter (e.g., pressure) can directly or indirectly correspond to an anatomical location or
environment at which a portion of the probe resides, and/or a patient state or condition. The
system or apparatus may optionally additionally include a processing unit configured to a)
generate physiologic parameter values using signals output by the set of sensors; and b)
analyze or evaluate particular physiologic parameter values. The system or apparatus further
includes an output unit configured to generate at least one type of feedback (e.g., audio and/or
visual feedback) that indicates whether a portion of the probe under consideration is exposed
to or resides at a first or target anatomical site or substance, or a second or non-target
anatomical site or substance. In various embodiments, each of the processing unit and the
output unit can be carried by the housing, which can be a single use or disposable structure

(e.g., a disposable cartridge).

[0047] Representative aspects of embodiments of systems, apparatuses, devices, and
processes of the present invention are described in detail hereafter with reference to the
identified figures. The description herein provides for embodiments that are suitable for
indicating successful or unsuccessful venous puncture or access, or guidewire or catheter
placement (e.g., central line placement) and the like; and embodiments suitable for other

medical indications.

[0048] FIG. 4 is a perspective illustration of an apparatus 50 for indicating a probe or probe
tip location or environment according to an embodiment of the disclosure. In an
embodiment, the apparatus 50 includes a probe site indication device (PSID), probe tip
location device (PTLD), or anatomical environment characterization device (AECD) 100
(hereafter “device” or “detection device”) that is coupled to a probe such as a needle 52. The
needle 52 includes an elongate member or shaft 54 having a first or insertion end or distal tip
56 and a second or proximal end 58. The needle’s shaft is hollow, that is, the needle’s
clongate member includes a bore that extends between the needle’s tip 56 and its proximal
end 58. The needle’s proximal end 58 can be coupled to a conventional needle coupling or
fitting structure 60, such as a Luer adapter, connector, sleeve, collar, or lock. In certain
embodiments, the apparatus 50 can further include a syringe 62 that can be coupled to the
detection device 100, for instance, by way of a conventional syringe coupling or fitting such

as a Luer adapter, connector, sleeve, collar, or lock.

[0049] FIG. 5 is a block diagram of a detection device 100 according to an embodiment of
the disclosure. With simultancous reference to FIG. 4, in various embodiments the detection

device 100 includes a housing 110 that carries a first coupling structure 112, a first opening
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or port 114, at least one fluid or substance detection or analysis chamber or corridor 130 (e.g.,

a flow-through chamber 130), a sensing unit 140, a processing unit 160, a memory 170, an
output unit 180, a power source 190, and an activation switch 192. In some embodiments,
the housing 110 can additionally carry a passage 132, a second opening or port 116, and a
second coupling structure 118. Each of the sensing unit 140, the processing unit 160, the
memory 170, and the output unit 180 are coupled to the power source 190 by way of the
switch 192. Selection of a predetermined switch position or a switch toggle can activate the
detection device 100. In an embodiment, the power source 190 includes a battery or a
capacitor configured to power the detection device 100 for a predetermined or expected total
amount of time (e.g., at least a few minutes to a few hours, approximately 2 hours,

approximately 12 hours, approximately 1 day, or another amount of time).

[0050] The first coupling structure 112 carries the first port 114, and includes one or more
coupling, fitting, securing, retaining, or connecting elements configured to mate with a given
type of probe or needle 52. Similarly, the second coupling structure 118 carries the second
port 116, and includes one or more coupling, fitting, securing, retaining, or connecting
elements configured to mate with another medical implement such as the syringe 62. One or
both of the first and second coupling structures 112, 118 can include or be, for instance, a
Luer adapter, taper, collar, slip, connector, or lock structure. For instance, the first coupling
structure 112 can include a male Luer lock fitting, and the second coupling structure 118 can
include a female Luer lock fitting. In an embodiment, the first and second coupling
structures 112, 118 are carried at opposite sides or ends of the housing 110. Each of the first
and second coupling structures 112, 118 can carry a removable or pierceable / penetrable end
cap or seal (not shown) to facilitate the maintenance of a controlled environment within the

device 100.

[0051] In an embodiment, the chamber 130 includes or forms a cavity or compartment into
which a fluid or substance can flow or be drawn, and the passage 132 includes or forms a
channel or bore through which the fluid or substance can flow or be drawn. The chamber 130
and the passage 132 are fluid communicable or in fluid communication with the bore of the
needle 52 by way of the first port 114. The passage 132 extends between the first port 114
and the second port 116, and hence the second port 116 is fluid communicable or in fluid
communication with the bore of the needle 52 by way of the passage 132. Upon insertion or
injection of the needle 52 into an individual’s body, a bodily fluid such as blood can flow or
be drawn from the tip 56 of the needle into the chamber 130 and the passage 132. The bodily
fluid can further flow or be drawn through the passage 132 into the syringe 62.



10

15

20

25

30

WO 2012/083227 PCT/US2011/065602
14
[0052] The sensing unit 140 includes a set of sensors, sensing devices, or sensing elements

in sensing communication with the chamber 130. More particularly, the sensing unit 140 is
in signal and/or substance communication with the chamber 130, such that the set of sensing
elements can directly or indirectly apply signals to a substance within the chamber, detect or
measure particular properties of a substance present within the chamber, and/or subject a
substance within the chamber to one or more tests. Particular sensing elements may detect,
measure, or test a property of a substance within the chamber in a manner that avoids direct
contact with the substance, while other sensing elements may detect, measure, or test a
property of a substance within the chamber by way of direct access to or physical contact
with the substance. The chamber 130 can include one or more openings, windows, or ports

to facilitate direct access to or physical contact with a substance carried within the chamber

130.

[0053] Particular sensors or sensing devices generate sensing signals that correspond to one
or more physiologic properties of a substance within the chamber 130 at a particular time.
Depending upon the nature or characteristics of a given set of sensing signals, the set of
sensing signals may directly provide a value or measure of a physiologic parameter, or the set
of sensing signals may be a correlate or partial correlate of the physiologic parameter. If a set
of sensing signals provides one or more physiologic parameter correlates or partial correlates,
a number of mathematical operations can be applied to at least a subset of signals within the
set of sensing signals to generate, determine, or estimate at least one physiologic parameter

value.

[0054] Any given sensing device operates in accordance with a sensing device modality,
which corresponds to a type of signal that the sensing device is configured to acquire and/or a
type of physiologic measurement that can be generated or obtained using the sensing signal.
A particular sensing device can operate in accordance with a modality such as pressure
sensing, optical sensing, temperature sensing, fluid dynamics sensing, chemical or biological
species sensing, or another modality. Depending upon embodiment details, the set of sensors
or sensing devices can include one or more light emitting diodes (LEDs), semiconductor
lasers, optical detectors (e.g., photodiodes, which can be configured to detect optical signal
characteristics such as intensity, peak wavelength, or phase shift), pressure sensors (e.g., a
diaphragm and/or a pressure transducer such as a piezoelectric transducer), temperature
sensors (e.g., an optical temperature sensor or a thermocouple), fluid flow sensors (e.g., a
Doppler ultrasound transducer and detector), substance or environment sensing field effect

transistors (e.g., a chemical sensing or chemically modified FET (ChemFET), an ion sensitive
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FET (ISFET), an Enzyme modified FET (EnFET), or an electrolyte-oxide-semiconductor

FET (EOSFET)), an electrophoresis device, a biological microchip (e.g., a biochip) or a
microfluidic lab-on-a-chip (e.g., as described by Rohit Pal et al. in “An integrated
microfluidic device for influenza and other genetic analyses,” Lab on a Chip, Royal Society

of Chemistry 2005, 5, 1-9), and/or other sensing elements or devices.

[0055] In an embodiment, with respect to sensing pressure related parameters (e.g., for a
catheter or central line placement procedure), the set of sensing elements can include a
pressure Sensor or pressure sensing system, €.g., such as a piezoelectric pressure transducer
144 coupled to a diaphragm 146 that is exposed to an opening in the chamber 130. When the
chamber 130 is in communication (direct or indirect) with tissue or fluid source, anatomical
pressure exerts a displacement force upon the diaphragm 146. The diaphragm 146 in turn
exerts a force upon the piezoelectric pressure transducer 144, which generates an electrical
signal corresponding to an instantaneous, quasi-instantancous, or near-instantancous pressure

reading at a distal probe segment or the probe tip 56.

[0056] The sensing unit 140 is configured to output signals (e.g., sensing signals) to the
processing unit 160 and/or the memory 170 on a continuous or periodic basis, and/or in
response to one or more sensed parameter values exhibiting a change that exceeds a
predetermined magnitude relative to one or more previously sensed parameter values. With
respect to the above described embodiment directed to indicating pressure for vascular access
and/or monitoring, the sensing unit 140 can store and/or output a series of instantaneous or

near-instantaneous pressure values and/or a set of measured values in the memory 170.

[0057] The processing unit 160 can include a state machine, a microcontroller, a
microprocessor, an application specific integrated circuit (ASIC), or a field programmable
gate array (FPGA) or programmable logic device (PLD) configured to correspond to or
execute program instruction sequences (e.g., software and/or firmware) directed to receiving,
operating upon, evaluating, analyzing, interpreting, and/or transforming signals generated by
one or more portions of the sensing unit 140, and determining whether the tip 56 of the
needle 52 resides within a target anatomical site, structure, or substance. In an embodiment,
particular program instruction sequences can additionally or alternatively be directed to
determining whether the needle tip 56 resides within one or more non-target, undesirable, or
inadvisable anatomical sites, structures, or substances. Furthermore, such program
instruction sequences can be directed to determining whether the needle tip 56 has
transitioned into, resides within, or has transitioned away from one or more intermediary

tissues or anatomical environments along a needle insertion trajectory toward a target
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anatomical destination or environment. In certain embodiments, particular structural portions

or operational aspects of the processing unit 160 can be included or incorporated within the

sensing unit 140.

[0058] In an embodiment, a given type of sensing device operates in accordance with a
particular sensing modality and generates a particular type of sensing signal, which
depending upon sensing device or sensing signal type can directly or by way of mathematical
correlation or transformation provide a physiologic parameter value and hence an indication
of a probe tip position. The processing unit 160 can use or mathematically operate upon a set
of sensing signals corresponding to a given type of sensing device to determine a single type
of physiologic parameter value, or multiple distinct types of physiologic values that differ
from each other by way of a set of mathematical operations. For instance, the processing unit
160 can generate a mean value of a physiologic parameter using a time series of sensing
signals generated by a given type of sensing device. Additionally or alternatively, the
processing unit 160 can additionally or alternatively generate a maximum or mean value of a
physiologic parameter fluctuation, range, amplitude, or magnitude using this time series of
sensing signals. The processing unit 160 may process received pressure value signal for
recognition of a pressure profile or pattern, such as recognition of a pressure profile,
reading(s), or range characteristic of a vein or artery. As a representative example, the
processing unit 160 can average a series of sensed instantaneous vascular pressure values to
determine a mean pressure value with respect to a predetermined time period (e.g., fraction of
a second, approximately 1 — 10 seconds, 30 seconds, 1 minute, or longer). The processing
unit 160 can additionally or alternatively determine a maximum and/or average pressure

fluctuation value relative to a predetermined time period.

[0059] The memory 170 can include an electronically or computer programmable or
readable medium having one or more of a Random Access Memory (RAM), a Read Only
Memory (ROM) such as a type of programmable ROM (PROM), a set of registers, or other
data storage clements for storing a) program instruction sequences; b) signals generated or
output by the sensing unit 140 or physiologic parameter values corresponding thereto; and c)
reference data that facilitates the determination, evaluation, or analysis of sensed physiologic
parameter values. For instance, the memory 170 can store pressure data, pressure profile
data, or a set of program instructions can access to facilitate the evaluation or analysis of
sensed pressure values for identification or detection of vascular tissue (e.g., vein, artery)
access (or lack of access) or positioning of a probe therein. The memory 170 can also store

data (e.g., in a data structure such as a lookup table) that a program instruction sequence can
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access to a facilitate an assignment or mapping of a set of sensed physiologic parameter

values to a categorization of the needle tip’s location with respect a target, a non-target,
and/or an intermediary anatomical structure or substance, as further detailed below. In
association with the execution of one or more program instruction sequences, the processing
unit 160 issues or transfers reporting signals to the output unit 180 to facilitate the provision
of visual and/or auditory feedback corresponding to the needle’s sensed location. In various
embodiments, the reporting signals can indicate whether a needle portion such as the tip 24
resides at a first / target anatomical location (e.g., by way of a first set of reporting signals), or
a second / non-target anatomical location (e.g., by way of a second set of reporting signals
that are perceptually different than the first set of reporting signals), as further detailed below.
In one embodiment, the reporting signals can further indicate whether the needle resides at
neither a first / target anatomical location nor a second / non-target anatomical location (in
which case the needle may reside at an anatomical location that is unrelated to the first /
target anatomical location and the second / non-target anatomical location). Particular
aspects of processes that can correspond to an automated sequence (e.g., performed by way
of program instruction execution) directed to presenting physiologic parameter values to a
user (e.g., a surgeon or other medical professional) or observer and/or indicating a position of
a probe segment or tip 56 relative to a target, non-target, and/or intermediary anatomical site

or structure are described further herein.

[0060] In response to the reporting signals, the output unit 180 is configured to generate
and actively provide or convey visual and/or auditory signals that can indicate (e.g., in a
selective manner) whether the needle resides at or within a target or non-target anatomical
site, structure or substance. In an embodiment, the output unit 180 actively provides or
conveys a visual and/or auditory indication of a needle location by applying a non-zero
amount of power to an output device, thereby activating the output device to selectively emit,
radiate, or externally propagate one or more signals/set of signals that provides a user or
observer with sensory feedback (visual and/or auditory feedback) indicative of pressure of the

environment in which the needle is disposed and/or needle location.

[0061] Depending upon embodiment details, the reporting signals can correspond to
notification signals and/or alert signals. Notification signals can indicate or provide one or
more detected, measured, or estimated physiological parameter values corresponding to
sensing unit operation. Notification signals can include, for instance, visual and/or auditory
signals corresponding to one or more physiologic parameter values such a pressure value,

and/or a pulsatility measure or a peak-to-minimum pressure difference value. Alert signals
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can include visual and/or auditory signals that provide a binary or “yes / no” indication or a

likelihood indication (e.g., a probability based indication, as determined in association with
the execution of a program instruction sequence) of an intended or appropriate probe or
needle positioning. In an embodiment, alert signals can further provide a binary or “yes / no”
indication or a likelihood indication of an unintended, undesirable, or incorrect probe

positioning.

[0062] The output unit 180 can output multiple reporting signals in a simultaneous or non-
simultaneous (e.g., sequential) manner. Notification or alert signals can be presented on an
essentially continuous, sampled, or periodic basis following detection device activation, or in
response to a trigger event such as a first detection of one or more physiologic parameter
values that correspond to a target or a non-target anatomical needle tip placement, or a

predetermined change in a physiologic parameter value.

[0063] In general, the output unit 180 can include one or more types of output devices, for
instance, a user interface or display (such as a liquid crystal display or LCD) 182, a set of
LEDs 184, and possibly an audio device such as a speaker 186. In an embodiment,
notification signals displayed by the display 182 (e.g., on a real-time, near real-time, a
periodic basis, or in response to a given amount of physiologic parameter change) can include
or correspond to particular physiologic parameter value(s). The presentation of particular
physiologic parameter values to a user or observer can facilitate the determination or
confirmation of a probe location. Signals output to the user via the output unit or components
thereof (e.g., display) are not limited to any particular type and can include, e.g., pressure
values (including any number of different measurement units for pressure), messages, text,
graphs, pattern recognition alert, symbols, flashing lights, audio alters, and the like, as well as

any combination of any number thereof.

[0064] According to another embodiment of the disclosure, the device 102 can optionally
be configured to communicate with a remote or external device such as a computer system 90
(e.g., a desktop computer, a laptop computer, or a personal digital assistant) and/or a given
piece of medical equipment 92. A communication unit 185 can optionally be coupled with
the device, so as to configure a device, system, or assembly for wireless or wire-based signal
transfer involving the device 102 and a remote computer system 90 and/or medical device 92,

such as an ultrasound system or device (e.g., portable ultrasound unit), and the like.

[0065] FIG. 6 is a block diagram illustrating a detection device system or assembly,

including certain components thereof, according to an embodiment of the present invention.
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The assembly 200 includes a device 202 couplable to a probe 204 by a port 206. The device

202 further optionally includes a port 208 couplable to a syringe 210, and can further
optionally include a guidewire introduction structure or port 212. The device 202 can include
a housing 214 having a port 206 and port 208, which can generally be disposed on opposing
sides or portions of the device so as to provide the general “in-line” assembly when the
device is coupled together with a probe 204 and a syringe 210. In a pressure sensing
embodiment, the device 202 further includes a pressure sensing system 216 that will be at
least partially carried by the housing 214. The pressure sensing system 216 includes at least a
pressure sensor 218 and corresponding electronics, as well as internal structure or
configuration, necessary for detection of a pressure value in an environment (e.g., patient
tissue, fluid, vessel, etc.) in which the probe 204 is at least partially disposed. The pressure
sensing system 216 may also include electronics and/or components necessary for processing,
output, and/or storage of detected pressure values/signals. For example, the pressure sensing
system may include a processor 220 and/or memory 222. The pressure sensing system 216
further includes an output unit 224 that can include a graphical interface or display 226. The
output unit 224 is at least partially carried by the housing 214 and coupled to the pressure
sensing system 216 such that detected pressure values and corresponding signals can be
output to the display for communication of pressure information to the user or device
operator. The interface or display 226 can include a housing-integrated display that will be
readily or easily visible to a device operator during use of the device. For example, the
display may be carried on an upper or top side of the housing, or side opposite a portion of
the housing designed for hand-held gripping by the user. The display 226 may also be
disposed such that a surface of the display (e.g., viewing surface) is at an angle relative to a
long axis of the device/assembly (see e.g., FIG. 9A). For example, the display 226 may be
angled proximally for more optimized visualization by the user. The embodiment illustrated
in Fig. 6 may, though not necessarily, further include any one or more of components,
aspects, or features described further herein with regard to structures or methods of the

present invention.

[0066] FIG.7 is a perspective illustration of an apparatus 50 for indicating a probe segment
or probe tip location according to another embodiment of the disclosure. In an embodiment,
the apparatus includes a probe or needle 52 that is coupled to a detection device 104 having at
least one auxiliary, adjunctive, subsidiary, or supplementary access structure, member, or
shaft 120. The auxiliary access structure 120 includes an auxiliary access port 122

configured for fluid communication with the device passage 132. In an embodiment, the
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auxiliary access port 122 resides at a distal portion or end of a channel 124 carried by the

auxiliary access structure 120. A proximal portion or end of the channel 124 is coupled to the
passage 132 by way of an opening, such that the auxiliary access port 122 is fluid
communicable or in fluid communication with the passage 132. The auxiliary access
structure 120 can extend at a predetermined angle (e.g., approximately 45 degrees) away
from a surface or side of the device 104. In general, the auxiliary access structure 120 is

offset from a device surface or side that carries the output unit 180.

[0067] The auxiliary access port 122 facilitates the insertion of one or more types of
auxiliary or adjunctive devices into the passage 132 of the device 104, and possibly through
the device 104 and into or through the bore of the needle 52. An auxiliary device can
include, for instance, a guidewire or a sensing device that carries a set of sensing elements
configured for insertion into a patient’s body. The auxiliary access structure 120 can carry a
removable or pierceable / penetrable end cap or seal (not shown) that prevents the exposure
of a fluid present within the device 104 to an external environment until the seal is removed
or pierced. Additionally, the auxiliary access structure 120 can include a set of dynamic
sealing elements 128 such as one or more o-rings (e.g., located or seated at a distal segment
or end of the auxiliary access structure 120) that facilitate the maintenance of a leak proof or
leak resistant seal around the periphery of an auxiliary access device after auxiliary access
device insertion. The presence of a dynamic sealing element 128 can ensure that sensed
blood pressure values remain accurate or consistent after an auxiliary access device such as a

guidewire that resides within a portion of the device 104.

[0068] Depending upon embodiment details, the auxiliary access structure 120 can carry or
include one or more types of structural elements that facilitate the maintenance of pressure
integrity within the device 104 following insertion of a guidewire or other device (e.g., a set
of optical fibers) into the auxiliary access port 122 and the auxiliary access structure’s

channel 124.

[0069] Relative to a physiologic parameter of interest (i.c., pressure), a given patient
population can exhibit a range of physiologic parameter values, particularly when different
patient subpopulations are considered, such as typical, normal, or healthy patients as well as
less typical, abnormal, or health-impaired patients. For instance, exemplary physiologic
pressure value ranges that might be relevant to a vascular access procedure are shown below

with reference to Table 1.
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[0070] Table 1 illustrates exemplary venous and arterial blood pressure ranges associated

with patient states corresponding to low blood pressure conditions, normal blood pressure

conditions, and high blood pressure conditions.

Vessel Type Low Pressure Normal Pressure High Pressure

Artery 45-55 mm Hg 55-160 mm Hg >160 mm Hg

Table 1: Exemplary Venous and Arterial Pressure Conditions

[0071] FIG. 8 is a flow diagram of a method or process 300 for indicating probe or needle
tip positioning relative to a target vascular structure or substance according to an embodiment
of the disclosure. Certain one or more steps or portions of the process 300 can be performed,
for instance, by way of a processing unit’s execution of program instructions and/or by user
action. In an embodiment, the process 300 can include coupling a detection device to a probe
or needle, and possibly coupling the device to a syringe. The process includes activating the
device or receiving an activated device, and inserting the probe or needle into the patient’s

tissue (Step 310).

[0072] The process 300 may further include flowing a bodily substance or fluid (e.g.,
blood) within a device chamber, for instance, by the bodily fluid flowing or being drawn
from the probe or needle tip through the bore of the probe or needle and into the chamber
(Step 320). The process 300 also includes sensing or detecting a pressure parameter(s)
corresponding to the fluid in the chamber, for instance, one or more of an instantaneous or

average fluid pressure, or a fluid pressure variation or range.

[0073] The process 300 can further include characterizing, evaluating, or analyzing the set
of sensed or measured physiologic parameter values corresponding to the fluid within the
chamber (Step 330). For example, analyzing per Step 340 can include a transformation or
conversion of particular sensed physiologic parameter correlate values to a measure or
estimate of a value for a physiologic parameter. In another example, analysis can include a
comparison of sensed or measured parameter values relative to one or more reference or
threshold physiologic parameter values stored in a memory of a device to facilitate
discrimination between venous and arterial blood, and hence discrimination between a probe
or needle tip positioning within a vein or an artery. For instance, if the sensed or measured

parameter values indicate an average pressure of less than approximately 40 mmHg and/or a
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pressure variation of less than approximately 15 mmHg, such readings may indicate that the

probe or needle tip resides in a vein. If the sensed or measured parameter values indicate an
average pressure of greater than approximately 45 mmHg and/or a pressure variation of
greater than approximately 20 mmHg, indication may be that the probe or needle tip resides

in an artery.

[0074] The process can further include generating or outputting reporting signals, ¢.g., to
an output unit, where the reporting signals can correspond to or include notification and/or
alert signals (Step 360), and can further include presentation of notification and/or alert
signals using one or more output devices. Updated notification and/or alert signals can be
presented on a continuous or periodic basis (Step 370), e.g., for determination of whether the
probe or needle tip remains in a target or intended type of bodily tissue or fluid, or has moved
into a non-target or unintended type of bodily tissue or fluid. Based on pressure sensing,
detection, and/or output as described, a determination of whether the needle is correctly
positioned can be made (Step 380), and further determination of whether to reposition or
withdraw the needle (Step 385) or continue the procedure (Step 390) such as with guidewire

and/or catheter insertion.

[0075] FIG. 9A illustrates a detection device assembly, according to an embodiment of the
present invention. The assembly 400 includes a detection device 402 coupled distally to a
probe 404 and proximally to a syringe 406. The device 402 includes a housing 408 having a
distal portion with a port 410 that is detachably coupled to a probe 404, and a proximal
portion with port 412 that is detachably coupled to a syringe 406. Additional components,
including those described above such as a sensing unit, processing unit, output unit, etc. (not
shown), can be further carried by the housing 408. A housing of a device can include a single
piece or multipiece assembly. The device 402 additionally includes a display 414 for
reporting or visually displaying a determined biological parameter, such as a pressure value.
The device 402 further includes a guidewire port 416 integrated with or carried by the
housing 408.

[0076] A long axis 418 of the assembly is shown to illustrate an axial alignment or in-line
assembly of components, including the probe 404 and syringe 406 coupled with the device
408. Components need not be limited to any particular positioning with respect to the long
axis. But axial alignment or in-line assembly will generally refer to an ordered arrangement
of certain components with respect to a long axis reference. In the embodiment illustrated in
FIG. 9A, the assembly includes an in-line arrangement with the device 408 disposed

substantially between the coupled probe 404 and the syringe 406. Referring to the device
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402, certain components (¢.g., sensing unit, processing unit, output unit, display, etc.) can be

carried by the housing 408 so as to be disposed substantially between port 410 and port 412.
The display 414 can be carried by the housing 408 such that the display 414 or surface
thereof (e.g., outer surface) is at an angle with respect to the long axis 418 of the assembly
400. For example, the display can be angled proximately as illustrated. Such a configuration
of the display may be selected so as to allow a user, viewing the display from a location

generally proximal to the device, to more easily view the display during operation.

[0077] In use, a user can manipulate or control positioning of the assembly while grasping
or holding the assembly about the device 402 and/or syringe 406. The distal portion of the
probe 404 can be inserted into a tissue or body of a patient. With positioning, a biological
parameter (e.g., pressure) of the environment in which the probe 404 is positioned is detected
or determined, and the parameter value or information output for visualization on display

414. Device and assembly operation is further described elsewhere herein.

[0078] As described above, a device may be configured to display two or more outputs or
pressure value displays, such as a numerical output and a non-numerical (e.g., graphical)
output. In such an embodiment, the device may be configured such that two different
pressure displays represent pressure values detected over different time periods or collection
times, and/or different collection frequencies or averaging calculations. For example, a first
pressure output might be a numerical output representing pressure measured over a first time
period or collection time, or a given number of pressure readings obtained at a selected
frequency. The same device may be configured with a second pressure output or reading,
such as a graphical output, representing pressure measured over a second time period or a
period where a selected number of pressure readings are obtained at a frequency. Output of
two or more different pressure readings or displays can in some cases advantageously provide

more useful or informative output to the user than a single pressure output/display.

[0079] FIG. 9B illustrates a device display according to an exemplary embodiment of the
present invention. The display presents at least two different pressure value displays: a
numerical display 500 and a non-numerical display 502. The numerical display 500 can be
selected to present a pressure value in a given unit of measurement, such as mmHg and the
like. The non-numerical display 502 is illustrated as a bar-graph where the number of bars
displayed is directly proportional to a pressure reading. The non-numerical display 502 can
further include indicators 504,506 that demarcate a relevant pressure range. Such a range
may be selected to represent a target tissue expected pressure range, such that a reading

within the range indicates probe positioning within the target tissue (e.g., vein). A reading
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below or above the range can indicate probe positioning outside the target area, such as in

non-target, non-vascular tissue or in a non-target artery.

[0080] FIG. 10 shows a diagram of an apparatus for indicating a probe segment or tip
location, according to another embodiment of the present invention. The assembly 600
includes a device 602 with a probe 604 removably coupled to a distal portion of the device
and a syringe 606 removably coupled to a proximal portion of the device. The probe 604 is
coupled to the device about a port 608 carried by housing 612 including a distal male Luer
fitting, and the syringe 606 is coupled to the device about a port 610 including a proximal
female Luer fitting. Port 610 and port 608 are fluidly coupled about channel 614. Channel
614 and/or housing 612 may be at least partially transparent or translucent exteriorly to the
device so as to allow visualization of a fluid within channel 614. The device 602 further
includes guidewire port 616 fluidly connected to channel 614 about guidewire port channel
618. The guidewire port 616 is in assembly with seal cup 620 and seal 622 so as to provide a
self-sealing assembly. The device further includes sensor 624 (e.g., pressure sensor) in
operable communication with channel 614 so as to enable detection of a parameter (e.g.,
pressure) of an environment in which probe 604 is positioned. The device 602 further
includes electronics and signal processing components 626 (e.g., similar to as described
above), including a printed circuit board, processor, and the like, as well as power source 630.
Display 628 is carried by the housing 612 and angled proximally with respect to a long axis
of the assembly.

[0081] In yet another embodiment, a device of the present invention can include a “closed”
portion, such as a closed proximal portion lacking a port. FIG. 11 illustrates an assembly 700
including a detection device 702 coupled with a probe 704. The device 702 includes a
housing 706 including a distal portion and a proximal portion. The distal portion of the
housing includes a port 708 couplable to the probe 704. The proximal portion of the device
702 is closed in the sense that it lacks a port or opening. Additional components, including
those described above such as a sensing unit, processing unit, output unit, etc. (not shown),
can be further carried by the housing , with the housing of a device including a single piece or
multipiece assembly. The assembly 700 includes an “in-line” configuration with respect to
the coupled probe 704 and device 702, similar to as described above. The device 702 further
includes a display 710 carried by the housing 706. The display 710 may be disposed on the
housing 706 and angled proximally so as to allow more optimal viewing by a user during
manipulation of the assembly 700, such as positioning a distal portion of the probe 704 in a

tissue of a patient.
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[0082] As described, in certain embodiments, a device of the present invention can include

one or more guidewire access ports. In other embodiments, a device may be sans a separate
guidewire port. In the case of the latter embodiments, a guidewire may still nonetheless
optionally be utilized in conjunction with a device, such as in catheter placement. In one
embodiment, a probe coupled to a device can be positioned in a target blood vessel and a
guidewire may be entered through a syringe port, through the probe, and into the patient’s
blood vessel. In another example, following probe positioning, a device can be detached
from the positioned probe and a guidewire entered through a proximal portion of the probe
and into the patient’s blood vessel. Objects other than a guidewire (e.g., catheter) can be

positioned in a blood vessel of a patient as described herein.

[0083] In certain embodiments, indicated above, a device of the present invention can be
coupled wirelessly to one or more graphical displays positioned remotely from the device,
thereby enabling wireless monitoring of signal detection with the device. As an example, the
detection device could have both a local display and also transmit data (e.g. pressure data)
wirelessly to a remote monitor or device. As another example, the data from the detection
device can be transmitted wirelessly to a storage unit, allowing storage and later retrieval of
the data. Such storage and retrieval might be utilized, for example, for quality control,
diagnostic, or research purposes. For example, the storage unit could save venous and/or
arterial pressures, ranges, thresholds, and the like. A time stamp or the serial number of the
particular pressure transducer could assist with identifying the data at a later time. Detection
data can be collected and processed, and then utilized to update or reconfigure programming

in new and/or existing devices, e.g., for improved performance.

[0084] A wireless system could also be used to change display monitors without the need
to move additional hardware, such as bulky wires. For instance, a dongle or other type of
wireless receiver could receive data from the device and convert the wireless signal to a
standard electrical output signal (e.g. 5 V/mm Hg) to impute to a remote monitor. If a patient
is transported, the dongle could be moved from a permanent monitor to a portable monitor for
transport, and then plugged into a second permanent remote monitor once the patient reaches
the new destination. Alternatively, the display on the device could be used during transport,
obviating the need for a separate transport monitor. The data could also be directly
transmitted to an alternate wireless device, such as a PDA device, without the need for a
dongle. Special software could register the disposable pressure sensor to the dongle or device

to avoid cross-talk between multiple pressure sensor/wireless receiver units. Alternatively,
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the dongle and pressure sensor could come together in a disposable pouch and be pre-

registered to avoid crosstalk or other type of interference.

[0085] Devices can be configured for a single application or for multiple different
applications. A device may include a button or switch to allow the device algorithm and
display to transition from different units of measurements, output configurations, graphical
displays and/or one indication to the next. This transition might include scaling the bar
graph, changing the display units (e.g. from mm Hg to cm HZO), changing the display rate,
etc, An indicator will alert the user to what mode the device is in. Alternately, the device
could automatically change modes by monitoring the pressure readings (e.g. autoscaling the
bar graph or changing modes based on the magnitude of the pressure and/or the rate of
change in the pressure). For example, a pressure changing from 60 mm Hg to 120 m Hg at 1
Hz might indicate entry into an artery, a pressure changing from Omm hg to 20 mm Hg at 1

Hz might indicate entry into a vein, and a constant pressure might indicate a compartment.

[0086] In yet another embodiment, the device can contain alert means, such as indicators
(visual or audio) that trigger when certain pressure ranges are encountered, such as pressure
ranges anticipated for entry into the vein or artery, or pressure reading ranges, threshold
values, patterns, and the like. The alerts could also activate if the needle or catheter is
removed from a pressurized fluid (e.g. a “needle dislodgement” indicator). The device can
also have user set alerts and/or the device could have colored LED’s (or distinct audio tones)
that indicate certain pressure ranges (¢.g. yellow for a first pressure range, green for a second

range, and red for a third range).

[0087] As indicated above, detection devices disclosed herein can be utilized for target
tissue access and positioning (e.g., probe positioning, catheter placement), patient monitoring
(e.g., pressure monitoring), or both. Thus, in one embodiment, a detection device can be
utilized to perform either or both of two distinct functions — facilitating probe and/or catheter
insertion into the body of a patient, and more extended pressure monitoring following
probe/catheter placement. Catheter placement utilizing a detection device can be
accomplished as described above. For more continuous or extended monitoring, a device can
be positioned and/or held in communication with the target tissue for a length of time, with
pressure detection occurring periodically or continuously during the monitoring time or
phase. Pressure readings can be output to the device display and/or the device may optionally
be coupled (e.g., wired or wireless communication) with a remote monitor. In one

embodiment, following catheter placement, a detection device can be in communication with
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the target tissue or vasculature of the patient via an extended tube or radial line, allowing

device placement in close proximity to the patient, or more remotely. In one example, the
device may be coupled to the target tissue/vasculature as indicated, and further coupled with
a docking unit for more stationary positioning. Electrical coupling between a detection
device and a docking station may occur, with, in one example, the docking station including

electronics for communication with one or more monitors.

[0088] In one embodiment, a single detection device can be utilized to first facilitate
insertion of a probe or catheter into the body of a patient, and then subsequently used as a
pressure monitor for more extended pressure monitoring. Alternatively, different detection
devices can be utilized — e.g., with a first device utilized for catheter placement, and a second
device utilized for extended pressure monitoring. Different detection devices can include any

one or more of the device embodiments described herein.

[0089] FIGS. 12A through 12C illustrate a monitoring assembly according to an
embodiment of the present invention. The illustrated exemplary assembly includes a
detection device (FIG. 12A) and a docking unit or station (FIG. 12B), which can be coupled
together as shown in FIG. 12C. As illustrated, a detection device, similar to embodiments
described elsewhere herein, includes a housing having a proximal portion and a distal portion
couplable to a probe, with a pressure sensing system and output unit carried by the housing.
The graphical display of the output unit is shown. The docking station includes a first portion
for receiving and holding the detection device, which can include electrical coupling means
for bringing the detection device docking station into signal or electrical communication with
one another. The docking station further includes a electrical cable for coupling with a
remote monitor, where the cable is coupled with the first portion. Figure 12C illustrates the
detection device and docking station in a coupled assembly. The docking station can further
be configured to provide power to the detection device and/or transmit pressure signals or

readings to a remote monitor.

[0090] FIG. 13 illustrates an assembly for patient monitoring, according to an embodiment
of the present invention. The illustrated assembly includes a device docking assembly
including one or more docking stations each couplable to a detection device. A detection
device can be coupled to a patient via a radial line (e.g., radial arterial line), with additional
devices coupled to one or more additional catheter assemblies (e.g., Swan-Ganz catheter PA
and RA ports). Detection device may further be connected to a saline flush/pressure bag.
Detection devices are further coupled to a remote monitor about one or more cables (e.g.,

pressure cable).



10

15

20

25

30

WO 2012/083227 PCT/US2011/065602
28
[0091] Patient monitoring methods and assemblies are described with reference to

blood/vasculature pressure monitoring by way of non-limiting, illustrative example. It will
be recognized, however, that methods and assemblies can be configured and utilized for
monitoring of other physiological parameters besides pressure and/or parameters in tissues or
fluids other than blood (e.g., pressurized fluid monitoring, CSF monitoring, intra-abdominal
pressure monitoring, compartment pressure monitoring, pleural fluid monitoring, drug

injection or infusion pressure monitoring, etc.).

[0092] In another embodiment the present invention further provide a kit, which can
include one or more detection device components as described herein. A kit may be
assembled for portability, as well as use in a medical or surgical setting, and the like. A kit
typically includes a detection device of the present invention, and the detection device may
be provided in a fully assembled, partially assembled, or non-assembled configuration. As
indicated, a device of the present invention may be configured or of a design such that one or
more components of the detection device or corresponding assembly have a limited or single
use, or are replaceable. As such, a kit can include a detection device with one or more
replacement or accessory components, such as one or more replacement needles, syringes,
guidewires, catheters, etc. In another embodiment, a kit may be designed for a single use
only. A kit may include pre-sterilized components or device(s), as well as sterilized
packaging. A kit may further include one or more components of a monitoring assembly

(e.g., pressure monitoring assembly).

[0093] The components of the present invention may be sterilized (and will generally be
sterilizable) by any of the well known sterilization techniques, depending on the type of
material. Suitable sterilization techniques include heat sterilization, radiation sterilization,

chemical/gas sterilization, and the like.

[0094] The specific dimensions of any of the detection devices, systems, and components
thereof, of the present invention may vary depending upon the intended application, as may
be apparent to those of skill in the art in view of the disclosure herein. For example, selected

probe or needle size, design or dimensions will typically differ depending on intended use.

[0095] It will be understood that the examples and embodiments described herein are for
illustrative purposes and that various modifications or changes in light thereof may be
suggested to persons skilled in the art and are included within the spirit and purview of this
application and scope of the appended claims. Moreover, different combinations of

embodiments described herein are possible, and such combinations are considered part of the
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present invention. In addition, all features discussed in connection with any one embodiment

herein can be readily adapted for use in other embodiments herein. The use of different terms
or reference numerals for similar features in different embodiments does not necessarily
imply differences other than those which may be expressly set forth. Accordingly, the
present invention is intended to be described solely by reference to the appended claims, and

not limited to the preferred embodiments disclosed herein.
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WHAT IS CLAIMED I8S:

1. A method for monitoring pressure in a tissue of a patient, comprising:

providing a device comprising a housing having a proximal portion and a
distal portion coupled to a probe, the device further comprising a pressure sensing system at
least partially carried by the housing and an output unit carried by the housing and
comprising a visual display;

detecting a change in pressure about the distal portion of the coupled probe
advanced in a tissue of the patient so as to indicate probe positioning in a target tissue space
of the patient;

positioning a catheter in the target tissue space; and

coupling a detection device to the catheter and a remote monitor for

monitoring pressure in the tissue in which the catheter is positioned.

2. The method of claim 1, wherein the detection device coupled to the
positioned catheter is the same device used for indicating probe positioning in the target

tissue space of the patient.

3. The method of claim 1, wherein the detection device coupled to the
positioned catheter is different from the device used for indicating probe positioning in the

target tissue space of the patient.

4. An assembly for monitoring pressure in a target tissue of a patient, the
assembly comprising:

a detection device comprising a housing having a distal portion with a first
port that is detachably couplable to a probe and a proximal portion; a pressure sensing system
at least partially carried by the housing; and an output unit carried by the housing and
comprising a visual display; and

a docking unit for receiving the detection device.

5. The assembly of claim 4, wherein the detection device and/or docking

unit are couplable to one or more monitors.



WO 2012/083227 PCT/US2011/065602

1/15

FIG. 1



WO 2012/083227 PCT/US2011/065602

2/15

‘ Subclavian
vein and artery

internal
jugular vein

_ i ~ Sternocleidomastoid
/ carotid il /! muscle
~y artery i \I\‘
i EL»" 3
h..a\,f {(under muscle) Ll )
= ‘
J

FIG. 1C



WO 2012/083227 PCT/US2011/065602

3/15

FIG. 2



WO 2012/083227 PCT/US2011/065602

4/15

FIG. 3



WO 2012/083227 PCT/US2011/065602

5/15

62

FIG. 4



WO 2012/083227 PCT/US2011/065602
6/15
102 \
Medical | ~92
Device Power /1 90
‘ Source .
Computer .
\ \]\ @?{Ch 192 Passage
a0 \1\ 1 32/
C . .
onit 130
4
185 150 /
Processing o T
H | - ] /"'1 52
160~ Unit 1 n
-
1o
=
170-"| Memory |- 12
h-“i-iqg
‘ -".
| Y
LCD
1821 144 148 449
184
186 output Unit
180

FIG. 5



PCT/US2011/065602

WO 2012/083227

715

200

204
/

Probe

lllllllll

Sensor
Processor
Display

|||||||||||||||||||||||||||||||||||||||||||||||||||||

! I
) !
[ 1
.W 1
P ;36
| p 2o
" © =
' I
¥ il 2
| I I
|
! S
S N
\ | 2 | ~8 o |t
: (] N N ' .
M.\: N ; m
o / . _
N TR -
T N i !
o) \ L8
o '
]
;
]

FIG. 6



WO 2012/083227 PCT/US2011/065602

8/15

62

FIG. 7



WO 2012/083227 PCT/US2011/065602

9/15
310
Detect Insert Needle into Subject's —/
Fluid in Chamber Tissue
S 330
/‘J A 4

320

R Sense Physiologic/

> Physiologic Correlate ~ [€"""""""7Tmmmmooy

Parameters

A 4

340 Analyze Sensed Parameters

A 4

350 _~ Generate Reporting Signals

A

Output Notification(s) and/or

360 Alert(s)

Y

370 Continue Sensing and
~ Reporting/Output Operations

380

Needle
Correctly
Positioned?

Reposition or Withdraw

Needle

385

390~ Insert Guidewire/Continue
Medical Procedure

300

FIG. 8



PCT/US2011/065602

WO 2012/083227

10/15

V6 Old




WO 2012/083227 PCT/US2011/065602

11/15

- QM
=

—R e 502
= ul
E‘fSOG 00

FIG. 9B



WO 2012/083227 PCT/US2011/065602

12/15
/ 600
612
628
626
616
624
e } N ST M : (
\‘. T \D_;_\_;_‘a- /
\ ; \ \ 604
618 608
606 610 630 614
602

FIG. 10



WO 2012/083227 PCT/US2011/065602

13/15

700 ™

706

FIG. 11



WO 2012/083227 PCT/US2011/065602

14/15

FIG. 12C

FIG. 12A

FIG. 12B




PCT/US2011/065602

WO 2012/083227

15/15




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2011/065602

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61B 5/0215 (2012.01)
USPC - 600/486

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC(8) - A61B 5/00, 5/0215, 5/03, 5/04; A61F 2/12 (2012.01)
USPC - 128/733, 741, 748; 600/486, 561; 623/8, 14

Minimum documentation scarched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of

PatBase, Google Scholar

data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 4,711,248 A (STEUER et al) 08 December 1987 (08.12.1987) entire document 1-5

Y US 6,524,240 B1 (THEDE) 25 February 2003 (25.02.2003) entire document 1-3

Y US 2010/0041990 A1 (SCHLITT et al) 18 February 2010 (18.02.2010) entire document 4-5

A US 4,955,905 A (REED) 11 September 1990 (11.09.1980) entire document 1-5

P US 2011/0060229 A1 (HULVERSHORN et af} 10 March 2011 (10.03.2011) entire document 1-5

D Further documents are listed in the continuation of Box C.

L]

* Special categories of cited documents:

“A™  document defining the general state of the art which is not considered
to be of particular relevance

“E™ earlicr application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring 1o an oral disclosure, use, exhibition or other

means

document published prior to the international filing date but later than
the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y™ document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

27 March 2012

Date of mailing of the international search rebon

13 APR 2012

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - wo-search-report

