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INVASIVE MEDICAL DEVICES INCLUDING MAGNETIC REGION AND
SYSTEMS AND METHODS

FIELD

[0001] Principles and embodiments of the present disclosure relate generally to devices

including a magnetic region and systems and methods utilizing such devices.

BACKGROUND

[0002] Traditionally, penetration of an invasive medical device such as a needle and catheter
tubing through skin tissue to reach the vein during catheter insertion is invisible to clinicians.
For this reason, they must rely on their first-hand experience with needle insertion in
combination with tactile sense to successfully identify the location of the vein. This may be a
difficult task when attempting to access a small vein in a deep location under the skin,
increasing risk of excess pain and/or injury to the patient. There are similar problems with
insertion of other invasive medical devices such as guidewires, catheter introducers and stylets
with respect to the inability to precisely visualize the location of the invasive medical device.
[0003] Emerging procedural guidance systems utilize a combination of ultrasound and
magnetic technologies to provide visualization of subdermal anatomy and device position in
the in-plane and out-of-plane orientations. This combination of ultrasound and magnetic
methods also allows for the projection or anticipation of the insertion device position relative
to the patient’s anatomy, and thereby improves the likelihood of successfully accessing the
vascular and completing the invasive procedure.

[0004] One leading technology targets the a portion of the device that is inserted into the
patient, e.g., the needle cannula, as the portion of the invasive device for magnetization, while
another leading technology uses a permanent magnet located on the hub (e.g., needle hub) of
the device. Although a permanent magnet offers a more reliable magnetic field as it is not
subject to the variation of the clinician magnetizing the needle at the point of use, it does rely
more on a calculated projection of the needle tip location. The system that relies on
magnetizing the cannula prior to insertion can more reliably measure the actual tip location,
but this method is subject to variability on consistently magnetizing the cannula as it relies on
the clinician to place the needle into a magnetic device to magnetize the needle. Furthermore

current needle guidance systems typically utilize a magnetic field generated by magnetizing the
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needle by burying the needle into the magnetizer until the point of the needle hits a rubber
stopping surface. Damage can occur that is not apparent to the user that can negatively affect
the insertion process.

[0005] In addition, both of these systems utilize a magnetic field generated by a portion of the
cannula sub-assembly, and therefore, the system is not able to measure or predict relative
motion between the needle hub and catheter adapter sub-assemblies. Understanding the relative
position and motion of these two sub-assemblies can be used to inform a clinician of
procedurally important states of the insertion process, such as when the needle tip reaches the
vein, when the catheter tip reaches the vein, when the catheter is advanced to cover the needle
tip ("hooding the catheter") and thereby safe for further advancement.

[0006] It would be desirable to provide medical devices, system and methods that could be
used with devices, systems and methods to provide improved visualization during penetration

of a needle through a patient's skin tissue.

SUMMARY

[0007] Various embodiments are listed below. It will be understood that the embodiments
listed below may be combined not only as listed below, but in other suitable combinations in
accordance with the scope of the disclosure.

[0008] A first aspect of the disclosure pertains to an invasive medical device for insertion into
a patient, the device comprising an elongate shaft having a diameter, an outer surface, a distal
tip, and a proximal end, the diameter of the elongate shaft sized to be inserted within an
intravenous catheter, at least a portion of the elongate shaft having a first magnetic region and
a discontinuity in the first magnetic region providing a diameter transition such that the shaft
includes an increased diameter region.

[0009] A second aspect pertains to an invasive medical device for insertion into a patient, the
device comprising an elongate shaft having a diameter, an outer surface, a distal tip, and a
proximal end, the diameter of the elongate shaft sized to be inserted within an intravenous
catheter, at least a portion of the elongate shaft having a first magnetic region having a first
magnetic field B1 and length L1 and spaced at a distance d from a second magnetic region
having a second magnetic field B2 and second length L2, wherein L1 and L2 are not equal.
[0010] A third aspect pertains to an invasive medical device for insertion into a patient, the

device comprising an elongate shaft having a diameter, an outer surface, a distal tip, and a
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proximal end, the diameter of the elongate shaft sized to be inserted within an intravenous
catheter, at least a portion of the elongate shaft having a first magnetic region having a first
magnetic field B1 and a first length L1 and spaced at a distance d from a second magnetic
region having a second magnetic field B2 and a second length 1.2, wherein the first magnetic
region is adjacent the distal tip. In one embodiment of the third aspect the device has at least a
third magnetic region spaced proximally from the second magnetic region, the third magnetic
region having a third magnetic field B3 and length L3. In an embodiment, of the third aspect,
the first magnetic region and the second magnetic region are encoded with data. In an
embodiment of the third aspect, the data includes information about the invasive medical
device, the information including one or more of diameter, length and type of device.

[0011] A fourth aspect pertains to a system for determining relative position of a needle
comprising the invasive medical device described herein and magnetometers positioned with
respect to the first magnetic region, and the second magnetic region. A fifth aspect pertains to a
method obtaining information about an invasive medical device having a distal tip, the method
comprising encoding magnetic data on an invasive medical device with a plurality of magnetic
fields, the medical device selected a guidewire, a catheter introducer, a stylet and a hypodermic

needle; and reading the data encoded on the invasive medical device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fig. 1 is a perspective view of a catheter assembly that can be utilized according to an
embodiment;

[0013] Fig. 2 is an exploded perspective view of the catheter assembly shown in Fig. 1;

[0014] Fig. 3 is a top plan view of the catheter assembly shown in Fig. 1;

[0015] Fig. 4 is a top plan view of a top plan view of an intravenous catheter and an invasive
medical device;

[0016] Fig. 5 shows the catheter assembly of with the needle subassembly and catheter adapter
subassembly separated;

[0017] Fig. 6 is a side view of a needle including a notch according an embodiment;

[0018] Fig. 7 is a side view of a needle including a magnetic region according an embodiment;
[0019] Fig. 8 is a side view of a needle including two magnetic regions according an
embodiment;

[0020] Fig. 9 a side view of a needle including a magnetic adhesive according an embodiment;
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[0021] Fig. 10 a side view of a needle a spot weld according an embodiment;

[0022] Fig. 11 a side view of a needle including a two magnetic regions according an
embodiment;

[0023] Fig. 12 a side view of a needle including four magnetic regions according an
embodiment;

[0024] Fig. 13 shows an embodiment of a system including a needle with multiple magnetic
regions; and

[0025] Fig. 14 shows an embodiment of a system including a catheter assembly and a needle

according to an embodiment.

DETAILED DESCRIPTION

[0026] Before describing several exemplary embodiments, it is to be understood that the
disclosure is not limited to the details of construction or process steps set forth in the following
description. The disclosure is capable of other embodiments and of being practiced or being
carried out in various ways.

"o

[0027] Reference throughout this specification to "one embodiment," "certain embodiments,"

"o

"various embodiments," "one or more embodiments" or "an embodiment” means that a
particular feature, structure, material, or characteristic described in connection with the
embodiment is included in at least one embodiment. Thus, the appearances of the phrases such
as "in one or more embodiments,” "in certain embodiments," "in various embodiments," "in
one embodiment” or "in an embodiment” in various places throughout this specification are not
necessarily referring to the same embodiment. Furthermore, the particular features, structures,
materials, or characteristics may be combined in any suitable manner in one or more
embodiments.

[0028] Reference will now be made to figures wherein like structures will be provided with
like reference designations. It is understood that the drawings are diagrammatic and schematic
representations of exemplary embodiments, and are neither limiting nor necessarily drawn to
scale. The present disclosure relates to medical devices, systems and methods for enhancing
visualization of an invasive procedure requiring procedural guidance, such as providing

enhanced visualization of a vascular access device during an invasive insertion procedure. In

one embodiment, a magnetic feature is placed on the invasive medical device, for example, on
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a needle, which allows the magnetic feature to be placed closer to the tip, thus increasing the
precision of the placement guidance. Embodiments of the disclosure pertain to an invasive
medical device with a shaft, a least a portion of which have a magnetic region. The magnetic
region can be provided in a variety of ways, including a layer ferromagnetic metal, a layer of
paramagnetic metal, a spot weld of magnetic metal, a ferrule and combinations thereof. In
other embodiments, the magnetic region can be provided by changing the composition of the
region to increase the magnetic susceptibility of the region, or the magnetic region can be
provided by cold working the invasive medical device. In specific embodiments, there is a
discontinuity in the magnetic region. In other embodiments, the shaft has at least two magnetic
regions. In one or more embodiments, the magnetic regions are encoded with data. The
medical devices described herein can be used in various systems and methods described further
below.

[0029] In one or more embodiments, the invasive medical devices are part of a catheter adapter
including a needle subassembly that can be used and a catheter adapter subassembly. In an
embodiment the catheter adapter subassembly includes either a permanent magnet element or
magnetizable feature.

[0030] It is to be understood that the word "proximal" refers to a direction relatively closer to a
clinician using the device to be described herein, while the word "distal" refers to a direction
relatively further from the clinician. For example, the end of a needle placed within the body of
a patient is considered a distal end of the needle, while the needle end remaining outside the
body is a proximal end of the needle. "Magnetic feature" refers to a feature that includes a
permanent magnet and/or a magnetizable material that has been magnetized by an externally
applied magnetic field such that the magnetic feature can be detected by an ultrasound system.
A "magnetizable feature" refers to an element that can become magnetized and is detectable by
an ultrasound system as described further herein. "Invasive medical device" refers to devices
that are inserted into the vasculature of a patient such as a needle, a guidewire, a catheter
introducer and a stylet. In specific embodiments, "invasive medical device" refers to a medical
device that is sized and shaped to be inserted into an intravenous catheter.

[0031] Referring now to Figures 1-3, an exemplary embodiment of a catheter assembly 10 is
shown, including a catheter adapter subassembly 12 and a needle subassembly 14. The
catheter adapter subassembly 12 comprises a catheter adapter 16, catheter tubing 18 and a

securement element 22, and the needle subassembly 14 further includes a needle 20, connected
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to a needle hub 24, at a hub distal end 23 and a vent plug 26. In other embodiments not shown,
the needle 20 can be retracted into the needle hub 24 after the needle 20 has been used to
prevent accidental needle sticks of a patient or a clinician. While the embodiments of invasive
medical devices described in this disclosure primarily are directed to needles, it will be
understood that the invasive medical device can also be in the form of a wire, which may be in
the form of a guidewire, a catheter introducer or a stylet. As used herein, "stylet" refers to a
wire run through a catheter or cannula to render it stiff or to remove debris from its lumen. A
"catheter introducer” refers to wire used to facilitate insertion of an intravenous catheter. A
"guidewire" is a wire that can be used to guide a catheter into place during venous catheter and
other bodily catheter insertions. In venous insertions, the purpose of a guidewire is to gain
access to the blood vessels using a minimally invasive technique. Figure 4 depicts a wire 50,
which may be in the form of a catheter introducer, stylet or guidewire, which is sized and
shaped to be inserted into an intravenous catheter 68. The guidewire, stylet or catheter
introducer has an elongate shaft 52 and a distal tip 54 that can be inserted into the intravenous
catheter 68.

[0032] Referring now to Figure 5, an embodiment of a needle subassembly 121 is shown
including a needle 120 having a cannula 122 defining an elongate shaft 126 having a proximal
end 120 and a distal tip 123. The proximal end 120 is connected to a needle hub 124 at hub
distal end 125.

[0033] Figure 6 is enlarged view of a needle a needle 220 having a cannula 222 defining an
elongate shaft 226 having a proximal end 221 and a distal tip 223. The needle 220 is sized and
shaped for insertion into the vasculature of a patient, which may be through an intravenous
catheter. The shaft 226 of the needle 220 defines and outer surface 228 and an outer diameter
"D". In the embodiment shown, at least a portion of the elongate shaft 226 includes at least a
first magnetic region 230, a second magnetic region 232 and a third magnetic region 233,
which are spaced laterally along the shaft 226 of the needle 220. As shown in Figure 6, the
second magnetic region 232 is spaced proximally along the shaft 226 from the first magnetic
region 230, and the third magnetic region 233 is spaced proximally along the shaft 226 from
the second magnetic region 232. In the embodiment shown, there is a discontinuity 235 in the
area of the second magnetic region 232. As shown in Figure 6, the outer diameter of the
needle 220 at the discontinuity 235 is less than the outer diameter "D" at the remainder of the

needle 220. It will be understood that that the discontinuity 235 can have an outer diameter
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that is larger than the outer diameter "D" at the remainder of the needle 220. In either case, the
shaft 226 includes an increased or decreased diameter region as a result of the discontinuity
235. In the embodiment shown in Figure 6, the discontinuity 235 is in the form of a notch
237. The notch 237 is shown as being generally rectangular in shape, however, it will be
understood that the notch 237 could be a variety of shapes, including triangular, oval, round,
parabolic or irregularly shaped by crimping or other techniques to reduce the diameter at the
notch 237. A magnet or magnetic element can be disposed in the notch 237. The first
magnetic region 230 has a first magnetic field strength B1, the second magnetic region 232 has
a second magnetic field strength B2, and the third magnetic region 233 has a third magnetic
field strength B3. In one embodiment, the magnetic field strengths B1, B2 and B3 are equal.
In another embodiment each of the magnetic field strengths B1, B2 and B3 are not equal.
Magnetic field strength can be used measured using a variety of different technologies,
including gaussmeters and magnetometers.

[0034] According to one or more alternative embodiments, the discontinuity along the shaft of
the needle can be in various forms, for example, a layer ferromagnetic metal, a layer of
paramagnetic metal, a spot weld of magnetic metal, a ferrule and combinations thereof.
According to one or more embodiments, the needle shaft can be slidably disposed within
catheter tubing, for example, as shown in Figure 3, where needle 20 is inserted within catheter
tubing 18, as a catheter assembly 10 that includes a catheter adapter subassembly 12 and a
needle subassembly 14.

[0035] Figure 7 is enlarged view of a needle a needle 320 having a cannula 322 defining an
elongate shaft 326 having a proximal end 321 and a distal tip 323. The needle 320 is sized and
shaped for insertion into the vasculature of a patient, which may be through an intravenous
catheter. The shaft 326 of the needle 320 defines and outer surface 328 and an outer diameter
"D". First magnetic region 330 includes a discontinuity 335, which is provided by a magnetic
ferrule 337. The outer diameter of the needle 320 at the discontinuity 335 is greater than the
outer diameter "D" at the remainder of the needle 320. The magnetic region 330 has an
increased outside diameter at the discontinuity 335 provided by the ferrule.

[0036] Figure 8 shows an embodiment similar to Figure 7, and further includes a second
discontinuity 336 having an outer diameter that is greater than the diameter D of the shaft 326.

The second discontinuity is provided by a second ferrule 339.
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[0037] Figure 9 shows an embodiment in which the discontinuity 335 is provided by a
magnetic adhesive 341 on the outer surface 328 of the shaft 326, which provides a
discontinuity 335 such that the outer diameter at the discontinuity 335 is greater than the outer
diameter D of the shaft 326. According to one or more embodiments, the magnetic adhesive
includes an additive selected from a paramagnetic additive, a ferromagnetic additive and
combinations thereof. The adhesive additive according to one or more embodiments includes a
component selected from the group consisting of powdered iron, magnetic iron oxide,
magnetic titanium oxide, magnetic powdered steel, and a magnetic iron alloy, and mixtures
thereof. In one or more embodiments, the magnetic iron alloy includes one or more of nickel,
zinc, and copper. In one or more embodiments, the adhesive additive further comprises a
component selected from chromium, magnesium, molybdenum and combinations thereof. The
adhesive can be any suitable adhesive such as a curable glue containing magnetizable
nanoparticles such as magnetizable metal nanoparticles or magnetizable metal oxide
nanoparticles. The magnetizable metal can include iron, cobalt, nickel and alloys of iron,
cobalt, and nickel. According to one or more embodiments, the size of the magnetic
nanoparticles is in the range of about 1 nanometer (nm) to about 100 nm. In one embodiment,
adhesive is a light-curable glue, and in another embodiment, the adhesive is a heat-curable
glue.

[0038] Figure 10 shows an embodiment in which the discontinuity 335 is provided by a spot
weld 343 on the outer surface 328 of the shaft 326, which provides a discontinuity 335 such
that the outer diameter at the discontinuity 335 is greater than the outer diameter D of the shaft
326. According to one or more embodiments, the spot weld includes an additive selected from
a paramagnetic additive, a ferromagnetic additive and combinations thereof. The spot weld
according to one or more embodiments includes a component selected from the group
consisting of powdered iron, magnetic iron oxide, magnetic titanium oxide, magnetic
powdered steel, and a magnetic iron alloy, and mixtures thereof. In one or more embodiments,
the magnetic iron alloy includes one or more of nickel, zinc, and copper. In one or more
embodiments, the spot weld additive further comprises a component selected from chromium,
magnesium, molybdenum and combinations thereof.

[0039] According to one or more embodiments, the shaft has a first magnetic region having a
first magnetic field B1 and a second magnetic region having a second magnetic field B2,

wherein B1 and B2 are not equal. Alternatively, the first magnetic region has a length L.1 and
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is spaced apart on the shaft at a distance d1 from the second magnetic region which has a
length L2 and L1 and L2 are different. In other embodiments, the shaft has a third magnetic
region spaced apart at a distance d2 from the first region having a third magnetic field B3 and
length L3, wherein B2 and B3 are not equal and L2 and L3 are not equal. According to one or
more embodiments, a system is provided in for determining relative position of a needle which
includes the needle described according to any of the above described embodiments, and
magnetometers positioned with respect to the first magnetic region, the second magnetic region
and the third magnetic region.

[0040] Figure 11 shows another embodiment of the disclosure, in which an invasive medical
device shown in the form of a needle 420 having a cannula 422 defining an elongate shaft 426
having a proximal end 421 and a distal tip 423. The needle 420 is sized and shaped for
insertion into the vasculature of a patient, which may be through an intravenous catheter. The
shaft 426 of the needle 420 defines and outer surface 428 and an outer diameter "D". First
magnetic region 430 has a first magnetic field strength B1 and second magnetic region 431 has
a second magnetic field strength B2. The magnetic regions 430 and 431 can be provided as
described above with respect to Figures 4-10, or alternatively, the magnetic regions can be
provided by cold working the shaft 426 of the needle 420, or modifying the composition of the
needle 420 to increase the strength of the magnetic field B1 and B2. In the embodiment
shown in Figure 11, the outer diameter "D" of the shaft 426 may be constant along the length
of the needle. Alternatively, there may be a diameter transition at the first magnetic region 430
and/or the second magnetic region 431 such that the outer diameter in the first magnetic region
430 and/or the second magnetic region 431 is larger than the outer diameter of the shaft 426.
In other embodiments, there may be a diameter transition at the first magnetic region 430
and/or the second magnetic region 431 such that the outer diameter in the first magnetic region
430 and/or the second magnetic region 431 is smaller than the outer diameter of the shaft 426.
The magnetic regions 430 and 431 are shown as being adjacent to each other. In alternative
embodiments, the magnetic regions 430 and 431 may be spaced apart. In the embodiment
shown, at least one of the magnetic regions 430, 431 is adjacent the distal tip 423.

[0041] Figure 12 shows another embodiment in which an invasive medical device shown in
the form of a needle 520 having a cannula 522 defining an elongate shaft 526 having a
proximal end 521 and a distal tip 523. The needle 520 is sized and shaped for insertion into the

vasculature of a patient, which may be through an intravenous catheter. The shaft 526 of the
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needle 520 defines and outer surface 528 and an outer diameter "D". First magnetic region 530
has a first magnetic field strength B1, second magnetic region 531 has a second magnetic field
strength B2, third magnetic region 532 has a third magnetic field strength B3, and fourth
magnetic region 533 has a fourth magnetic field strength B4 The magnetic regions 530, 531,
532, and 533 can be provided as described above with respect to Figures 4-10, or alternatively,
the magnetic regions can be provided by cold working the shaft 526 of the needle 520, or
modifying the composition of the needle 520 to increase the strength of the magnetic fields B1,
B2, B3, and B4. In the embodiment shown in Figure 12, the outer diameter "D" of the shaft
526 may be constant along the length of the needle. Alternatively, there may be a diameter
transition at the first magnetic region 530 and/or the second magnetic region 531, third
magnetic region 532 and fourth magnetic region 533 such that the outer diameter in the first
magnetic region 530 and/or the second magnetic region 531, and/or third magnetic region 532
and/or fourth magnetic region 533 is larger than the outer diameter of the shaft 526. In other
embodiments, there may be a diameter transition at the first magnetic region 530 and/or the
second magnetic region 531, and/or third magnetic region 532, and/or fourth magnetic region
533 such that the outer diameter in the first magnetic region 530 and/or the second magnetic
region 531, third magnetic region 532 and/or fourth magnetic region 533 is smaller than the
outer diameter of the shaft 526.

[0042] It will be understood that while Figure 12 shows four magnetic regions 531, 532, 533,
and 533, the disclosure and claims are not limited to a particular number of magnetic regions.
For example, an invasive medical device can have an elongate shaft having one, two, three,
four, five, six, seven, eight, nine, ten, or more magnetic regions spaced adjacent to one another
or spaced apart along the elongate shaft. As shown in Figure 11, the second magnetic region
531 is located proximally to the first magnetic region 530, and the third magnetic region 532 is
located proximally to the second magnetic region 531 and the fourth magnetic region 533 is
located proximally to the third magnetic region 532. In other embodiments, these regions can
be proximally spaced.

[0043] By providing multiple magnetic regions on the invasive medical device shaft, which
can be placed in proximity to the distal tip, a higher degree of precision of device placement
guidance can be achieved. In addition, a medical device having a plurality of magnetic regions
enables a wide variety and large amount of data to be encoded to or from a magnetic signature

on the needle provided by the multiple magnetic regions. Furthermore, invasive medical
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devices that use only one magnetic marker or region near the tip of the needle, which can have
a variety of issues as the single region moves further distances from the sensor as the invasive
device is advanced further into the body during a procedure. According to one or more
embodiments, a device of the type shown in Figure 12 having multiple magnetic regions or
markers can improve procedural guidance in deep insertions into deeper veins. Multiple
magnetic regions proximally adjacent or spaced along the axis of the shaft of the invasive
medical device extend the limit of the sensor for deeply inserted device and catheter tips. This
allows the sensor (e.g., a magnetometer of an ultrasound system) to continue tracking the
magnetic regions located proximally away from the distal end of the medical device, and
precisely track the distal tip location for very deep insertions/placements.

[0044] Multiple magnetic regions enable the invasive medical device to be encoded with
multiple magnetic signatures that will provide procedural guidance systems with greater
resolution and precision in locating the needle position. According to one or more
embodiments, a system can be provided such that a sensor head can read patterns of magnetic
signatures that are written and/or recorded onto the invasive medical device shaft. This
technique is analogous to a rotational disk drive used for a computer memory, where patterns
of magnetic signatures are recorded onto a magnetic substrate using current from a read/write
head, and then the data is read back when required. Thus, according to one or more
embodiments, an invasive medical device is provided, for example, a needle, a catheter
introducer or a stylet contains a plurality of magnetic regions on the shaft of the invasive
medical device, and a read/write head using current records patterns of magnetic signatures to
encode information into the invasive medical device. An invasive medical device containing
such magnetic signatures encoded onto the device provides a higher level of accuracy when
sensing the position of the medical device (e.g., a needle) and can provide information to the
sensor head about the device, for example, gauge, outside diameter, size, length, brand, type,
etc.

[0045] Encoding of information on the shaft of an invasive medical device such as a needle
can be accomplished in several ways. Figure 13 shows another embodiment in which an
invasive medical device shown in the form of a needle 620 having a cannula 622 defining an
elongate shaft 626 having a proximal end 621 and a distal tip 623. The shaft 626 of the needle
620 defines and outer surface 628 and an outer diameter "D". First magnetic region 630 has a

first magnetic field strength B1, second magnetic region 631 has a second magnetic field
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strength B2, and third magnetic region 632 has a third magnetic field strength B3. The
magnetic regions 630, 631, and 632, can be provided as described above with respect to
Figures 4-12, or alternatively, the magnetic regions can be provided by cold working the shaft
626 of the needle 620, or modifying the composition of the needle 620 to increase the strength
of the magnetic fields B1, B2, and B3. In the embodiment shown in Figure 13, the outer
diameter "D" of the shaft 626 may be constant along the length of the needle. Alternatively,
there may be a diameter transition at the first magnetic region 630 and/or the second magnetic
region 631, and third magnetic region 632 such that the outer diameter in the first magnetic
region 630 and/or the second magnetic region 631, and/or third magnetic region 532 is larger
than the outer diameter of the shaft 626. According to one or more embodiments, the magnetic
regions shown in Figure 13 are prepared by insulating and coating the shaft with a magnetic
layer. Then the shaft of the device can be "written" with a signature indicating the type of
device, gauge, geometry of the distal tip, and length by varying the length and/or field strength
of the magnetic regions 630, 631, 632. Alternatively a distance d1 and d2 between the
magnetic regions 630, 631 and 631 and where the magnetic regions switch polarity can provide
the encoding to enable storage of a large amount of information. Furthermore, the length of
each magnetic region L1 for magnetic region 630, L2 for magnetic region 631 and L3 for
magnetic region 633 can be varied to provide a way of encoding information. Thus, an
encoding scheme can be developed that uses one or more features of magnetic regions 630,
631 and 632 to encode information regarding the 620. For example, a combination of the
lengths L1, L2 and L3 together with the spacings d1 and d2 can be used to device a code or
signature to provide information about the needle 620 such as the needle length, needle gauge,
type of needle or other information about the needle 620. Furthermore, each magnetic region
630, 631 and 632 is shown as having a pole orientation of +/- from the distal toward the
proximal end. In one or more embodiments, the pole orientations can be varied to provide an
additional way to encode needle information. Thus, while magnetic regions 630, 631 and 632
are shown as having pole orientations of +/-, +/- and +/-, these pole orientations can be varied
in any number of ways such as +/-, -/+ and +/-, or alternatively, -/+, +/- and -/+. Thus, by
changing pole orientation of the magnetic regions, another variable of the magnetic regions can
be utilized to provide another way to encode needle information. A detector head 670
containing a plurality of spaced sensors 672, 673 and 674 (for example, magnetometers) can be

used to detect magnetic field strength, length and spacing of the magnetic regions. The



10

15

20

25

30

CA 03025800 2018-11-27

WO 2017/210018 PCT/US2017/033985

13

detector head 670 can be in wired or wireless communication with a processor 675 adapted to
determine process data from the information encoded on the shaft of the medical device and/or
data pertaining to the detected field the position and orientation of the magnetic regions
relative to the detector head 670. This magnetically detected position can then displayed on a
display 678 together with the ultrasound image. The processor 675 can be in communication
with a memory 677 that stores the encoded information pertaining to the needle 620. The
processor can access or look up encoded information stored on the memory to obtain
information about the needle.

[0046] The detector head 670 can be connected by a wireless connection to a base unit 680
which is in wireless or wired (e.g. USB) communication with the processor 675 and the display
678. The base unit 680 can be integrated with, or some of its functions performed by, the
processor 675 or the detector head 670. The base unit 680 receives measurements from
detector head 670 and calculates the position, or optionally the position and orientation, of
magnetic regions. The base unit 680 can also receive additional information such as the state
of charge of the magnetometric detector’s battery and information can be sent from the base
unit 680 to the detector head 670, such as configuration information. The base unit 680
forwards the results of its calculations, i.e. the position and, optionally, orientation, to the
processor 675 for inclusion in the displayed ultrasound image of an image of the invasive
device, for example, the needle 620.

[0047] It will be appreciated that Figure 13 is not drawn to scale or density of the encoding,
but representative in the fact that the detector head and the encoding can be optimized for the
correct amount of signal resolution and information desired to be conveyed.

[0048] Thus, Figure 13 illustrates a system for determining relative position of an invasive
medical device such as a needle, as magnetometers positioned with respect to the one or more
magnetic regions on the shaft of the medical device. In one or more embodiments, the needle
shown in Figure 13 can be part of a needle subassembly further including a needle hub
mounted to the proximal end of the needle, and the needle subassembly can be part of a
catheter assembly as shown in Figures 1-3, and include intravenous catheter tubing as part of a
catheter adapter subassembly. The catheter adapter subassembly can include magnetic feature,
such as a magnetizable feature magnetizable by an applied magnetic field or a permanent
magnet. The magnetizable feature on the catheter adapter can be a conical metal mandrel for

connecting the catheter tubing to the hub catheter or tubing adhesive which can be any suitable
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adhesive such as a curable glue containing magnetizable nanoparticles such as magnetizable
metal nanoparticles or magnetizable metal oxide nanoparticles. The magnetizable metal can
include iron, cobalt, nickel and alloys of iron, cobalt, and nickel. According to one or more
embodiments, the size of the magnetic nanoparticles is in the range of about 1 nanometer (nm)
to about 100 nm. In one embodiment, adhesive is a light-curable glue, and in another
embodiment, the adhesive is a heat-curable glue. In other embodiments, a blood control
component of the catheter adapter subassembly provides the magnetizable feature. According
to one or more embodiments, the blood control component is made from martensitic or ferritic
stainless steels, for example, type 420 or type 430 stainless steel. The blood control
component (metal spring for instance) or the needle tip safety clip or v-clip that moves with the
catheter adapter until fully advanced. In one or more embodiments, the magnetic feature on
the catheter adapter subassembly includes a magnetic wedge on the catheter adapter body.
[0049] In one or more embodiments, the catheter adapter subassembly includes the
magnetizable feature, wherein the magnetizable feature includes magnetizable catheter tubing.
In one or more embodiments, at least a portion of the polyurethane tubing comprises a
magnetizable composition which is magnetizable by an externally applied magnetic field, the
magnetizable composition comprising a magnetic material dispersed in the polyurethane. In
certain embodiments, the magnetic composition is dispersed in the polymeric material, for
example, polyurethane, which forms the tubing. In a specific embodiment, the magnetizable
composition comprises an inner layer surrounding the lumen of the catheter with an outer layer
of non-magnetizable polymeric material, for example, polyurethane. In an alternative specific
embodiment, the layer of magnetizable composition is an outer layer surrounding an inner
layer of non-magnetizable polyurethane. In one or more embodiments, the magnetizable
composition forms longitudinal segments of the catheter separated by longitudinal segments of
non-magnetizable polymeric material, for example, polyurethane.

[0050] In any of the foregoing embodiments of the catheter, the magnetizable composition
may further comprise a radiopaque component. Alternatively, in any of the foregoing
embodiments, a non-magnetizable portion of catheter may comprise a radiopaque component.
[0051] The magnetometers of the system can include three different magnetometers arranged
in a three-dimensional grid array as part of an ultrasound system which can derive a three-
dimensional correlation to obtain a distance from the grid array to at least one of the first

magnetic field, the second magnetic field and the third magnetic field. In one or more
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embodiments, the three-dimensional correlation is determined by a function I = f(B; u,), where
i=xory orz along three axes, X, y and z are distances in three planes, B is a known magnetic
field produced by the first magnetic field, the second magnetic field and the third magnetic
field. A system including a magnetic feature on the catheter adapter subassembly and the
needle subassembly can be used to determine relative motion of the needle and the catheter
adapter subassembly as the needle is disposed within intravenous catheter tubing and they are
slidably moved with respect to each other.

[0052] Another aspect of the disclosure pertains to a method obtaining information about an
invasive medical device, which includes encoding magnetic data on an invasive medical device
with a plurality of magnetic fields, the medical device selected a guidewire, a catheter
introducer, a stylet and a hypodermic needle; and reading the data encoded on the invasive
medical device. The reading can be accomplished as described above, using an ultrasound head
with a plurality of magnetometers. The data can include at least one of diameter of the medical
device, length of the medical device and type of the medical device. In one or more
embodiments, a method can include encoding the shaft of an invasive medical device such as a
guidewire, a catheter introducer, a stylet and a needle, and encoding is accomplished by
correlating information with respect to length and/or spacing of a plurality of magnetic fields
adjacent to each other or spaced apart on the shaft of the medical device. In one or more
embodiments, reading data from the medical device includes reading position of the magnetic
fields with respect to the distal tip of the needle. Reading the data in one or more embodiments
utilizes a three-dimensional array of magnetometers as part of an ultrasound system, and the
ultrasound system derives a three-dimensional correlation to obtain a distance from the array of
magnetometers to at least one of the magnetic fields. In one or more embodiments of the
method, the three-dimensional correlation is determined by the function I = f(B; ), where i =
x or y or z along three axes, x, y and z are distances in three planes, B is a known magnetic
field produced by the at least one of the magnetic fields

[0053] A second way of encoding the shaft of an invasive medical device would be to replicate
the magnetic feature (ferrule, drop of magnetic adhesive, spot weld, etc. at intervals along the
shaft. The distance between the magnetic regions could be encoded to give the type, gauge
and length of the product used, In addition, the plurality of magnetic regions can be used for

visualization of the device during an insertion procedure.
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[0054] The magnetic regions according to any of the embodiments described above can be
provided in a variety of ways, in addition to those specifically discussed. A common material
used to make invasive medical devices such as needles, stylets and introducers includes
stainless steel, namely type 304 or type 316 stainless steel. There are five classes of stainless
steel, namely, ferritic (e.g., types 405, 430, 442), austenitic (e.g., types 201, 301, 302, 303, 304,
316), martensitic (e.g., types 403, 410, 416), duplex (e.g., types 2205, Alloy 255), and
precipitate-hardened (e.g., types 17-4PH, PH 17-7) and generally, only austenitic stainless steel
is nonmagnetic. The first four classes are defined based on the microstructure of the metal
with the last class, precipitate-hardened, based on its heat treatment. Microstructure provides
the stainless steel its magnetic properties.

[0055] However, while austenitic stainless steel is not magnetic, it can be magnetic by
modifying the material in a number of ways. For example, a portion of the microstructure can
be changed to any one of the other four classes listed above so that the material would have
some magnetic permeability, i.e. magnetism, built into the material. The microstructure of
austenitic stainless steel can be changed by a process called martensitic stress induced
transformation. This is a microstructural change from austenite to martensite, and the
transformation can occur due to cold working as well as slow cooling from austenitizing
temperatures. After cold working or slow cooling an austenitic stainless steel will have an
appreciable level of martensitic microstructure. Due to martensite being magnetic, the once
nonmagnetic austenitic stainless steel will now have a degree of magnetism.

[0056] Low alloy content stainless steel (particularly that of low nickel, carbon, and/or
nitrogen) are more susceptible to martensitic stress induced transformation than stainless steel
with higher alloying elements. Type 304 is an example of a stainless steel that is quite
susceptible to forming martensite after cold working.

[0057] The austenite in the alloy transforms into martensite at high degrees of cold working
relative to the tempered state. Typically the susceptibility could increase from ~100 ppm to
10,000 ppm when annealed stainless steel is cold worked to full hardness. To increase the
susceptibility, additional cold working of the needle shaft to induce a higher amount of
martensite in the alloy, needles may be spring tempered to maximize the mechanical properties
after cold working. Additionally the needle may be heat-treated to remove excess martensite

and control the exact amount of desired susceptibility.
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[0058] According to one or more embodiments, to increase the magnetization of the material
used to make the invasive medical device, the alloy composition of the needle could be
enhanced by adding ferromagnetic metal to the alloy. For example, type 304 stainless steel
typically contains 18% Cr by weight and 8% Ni by weight with a max of 2% Mn by weight. In
an embodiment, to provide a stainless steel with higher magnetic susceptibility, cobalt could be
added to this alloy in quantities ranging from 0.01% to 5% by weight, and/or the manganese
content could be increased from the maximum allowable 2% to 3%, 4% or 5% by weight.
Additionally, rare-earth metals such as gadolinium or neodymium could be added in small
quantities < 5% by weight to further enhance magnetic susceptibility of the alloy. Any of these
materials can be used in the region of the discontinuity described above, whether by adding a
layer of material, a ferrule, a crimp or a spot weld.

[0059] In one or more embodiments, magnetic susceptibility could also be enhanced by adding
layers of a ferromagnetic metal to the shaft of the invasive medical device. In an exemplary
embodiment, a needle having an outer diameter of approximately 0.5 - 1.5 mm can also have a
plating of nickel deposited by electroplating or electroless plating methods in thicknesses
ranging from 0.1microns to 100 microns to increase magnetic susceptibility of the magnetic
region or regions. In alternative embodiments, layers of other metals could be applied to
improve specific properties, such as a layer of Cr or CrO; on the outside to prevent corrosion,
or an intermediate layer of Co or Neodymium to increase magnetic susceptibility.

[0060] Other examples include adding a coaxial layer of a ferromagnetic material such as iron
within the tubing used to make the needle. Additional surface barriers layers can be applied by
electroplating or other suitable techniques to machined or ground surfaces where a potentially
toxic metal like Co or Fe would be otherwise exposed.

[0061] Magnetic tip location sensing can also be improved according to one or more
embodiments by placing a magnetic region closer to one end of the needle, preferably the sharp
distal tip of the needle. If the magnetic region is placed at a known location at a fixed distance
from the tip of the needle, then arrays of magnetometers as can be used to measure the
magnetic field strength variation from the magnetic region and locate the distal tip of the
needle. According to one or more embodiments that include a ferrule, the ferrule may also
serve other functions such as needle stick injury prevention. The ferrule may be made of a
material of higher or lower magnetic susceptibility than the rest of the needle and may be

attached by spot welding to the needle. Alternatively, a spot weld of material may be deposited
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over the needle surface by welding it on and such a spot may also serve a another function in a
needle stick injury prevention feature.

[0062] In embodiments that include magnetic adhesive, according to one or more
embodiments, the adhesive is applied to the needle shaft, and is located under the catheter
when the needle is inserted into the catheter tubing, and thus the patient will not perceive or
sense the presence of the adhesive. According to one or more embodiments, the magnetic
adhesive provide the magnetic region on the device to enable detection of the needle and
provide guidance the visualization system requires, and the adhesive could also be used
prevent the needle from passing through a safety washer in systems that include safety washer.
[0063] Another aspect of the disclosure pertains to a system for determining catheter tip
location when the catheter tubing is inserted in a patient. According to one or more
embodiments, a system provides a way to independently measure the cannula tubing tip
location by measuring the location and vector of the permanent magnet, and calculating and
predicting the catheter tip location relative to the position of the magnetic sensor(s) on an
ultrasound probe and the ultrasound information transmitted from the sensors on the ultrasound
probe. A permanent magnet on a device with north and south poles on axis with the catheter
and needle and a known geometrical relationship to one or more features fixed on the catheter
assembly provides a measurement datum that is measureable by the ultrasound probe magnetic
sensors. From the measurement datum based on the one or more features on the catheter
assembly, the direction vector and position of the catheter tip or other features can be
calculated. A magnetized magnetizable needle or feature on the needle can then be used to
independently measure the position of the needle tip. The measured position of the needle tip
or feature on the needle can then be compared relative to the calculated position of the catheter
tip to provide more specific information related to the catheter placement process, such as
needle and catheter tip position relative to the patient's anatomy. This information can be used
to determine (a) if the catheter is properly seated and ready for insertion (i.e., no over the bevel
condition), (b) when the needle tip is in the "hooded" position (needle tip just inside of the
catheter tip), and (c) and (d) when the catheter is advanced to specific distances and at angles
suggesting successful placement in the vein.

[0064] Figure 14 shows an ultrasound system 700 including a catheter adapter subassembly
712 comprising a magnetizable feature 732 that has been magnetized as described herein is

shown inside of a patient's body 800. A magnetometric detector 711 comprising an array of
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magnetometers 720 (which can be housed in a probe of an ultrasound system, not shown)
arranged in a 3-D array can be used to sense the magnetic field 714 together with the terrestrial
magnetic field and any other background magnetic field. The magnetometric detector 711 is in
communication with an ultrasound processor 730 adapted to determine from the detected field
the position and orientation of the magnetizable feature 732 relative to the magnetometric
detector 711. This magnetically detected position is then displayed on a display 750 together
with the ultrasound image.

[0065] The ultrasound system 700 can be a two dimensional B-mode ultrasound system with
an ultrasound probe modified by the provision of the magnetometric detector 711. The
ultrasound processor 730, which can be connected to the ultrasound probe via a cable 735,
sends electrical signals to the magnetometric detector 711 to cause it to generate ultrasound
pulses and interpreting the raw data received from the transducer probe housing the
magnetometric detector 711, which represents echoes from the patient’s body, to assemble it
into an image of the patient’s tissue.

[0066] The magnetometric detector 711 can be attached to the ultrasound probe and can be
battery powered or powered from the ultrasound system. In specific embodiments,
positioning elements are provided on the magnetometric detector 711 to ensure that it is always
attached in the same well-defined position and orientation. The magnetometric detector 711
can connected by a wireless connection to a base unit 740 which is in wireless or wired (e.g.
USB) communication with the ultrasound processor 730 and the display 750. The base unit
740 can be integrated with, or some of its functions performed by, the ultrasound processor
730 or the magnetometric detector 711.

[0067] The base unit 740 receives normalized measurements from magnetometric detector 711
and calculates the position, or optionally the position and orientation, of magnetizable feature
732. The base unit 740 can also receive additional information such as the state of charge of
the magnetometric detector’s battery and information can be sent from the base unit 740 to the
magnetometric detector 711, such as configuration information. The base unit 740 forwards the
results of its calculations, i.e. the position and, optionally, orientation, to the ultrasound
processor 730 for inclusion in the displayed ultrasound image of an image of the catheter.
[0068] In one or more embodiments, the base unit 740 can be integrated into the ultrasound

system 700 with the ultrasound processor 730 and the magnetometric detector 711 being in



10

15

20

CA 03025800 2018-11-27

WO 2017/210018 PCT/US2017/033985

20

direct communication with the ultrasound system 700 either via wireless link or using the same
physical cable 735.

[0069] Thus, in one or more embodiments, the magnetizable feature is magnetized using any
suitable device that can produce an magnetic field to magnetize a needle or medical device to
produce a magnetic field B at a distance x through tissue of permeability y,, and the correlation
is calculated as x = f(B, y,). In one or more embodiments, three magnetometers 720 are placed
orthogonally to each other are used to derive a 3-dimensional correlation I = f(Bj, ), wherein i
=x ory or z along three axes. In a specific embodiment, the distance from the magnetizable
feature to the 3-dimensional array of magnetometers is calculated. In a further specific
embodiment, location of the array of magnetometers in reference to an ultrasound sensor of an
ultrasound imaging system is used to calculate a location of the magnetizable feature with
respect to the ultrasound sensor. In another specific embodiment, the method comprises
displaying an image of the magnetizable feature.

[0070] Although the disclosure herein provided a description with reference to particular
embodiments, it is to be understood that these embodiments are merely illustrative of the
principles and applications of the disclosure. It will be apparent to those skilled in the art that
various modifications and variations can be made to the devices, methods and systems
described in the of the present disclosure without departing from the spirit and scope thereof.
Thus, it is intended that the present disclosure include modifications and variations that are

within the scope of the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. An invasive medical device for insertion into a patient, the device comprising:

a needle having an elongate shaft having an outer diameter (D), an outer surface, a
distal tip, and a proximal end, the outer diameter of the elongate shaft sized to be inserted
within an intravenous catheter, at least a portion of the elongate shaft having a first magnetic
region and having a first length located at a fixed distance from the distal tip in the first
magnetic region, wherein

the first magnetic region comprises a discontinuity, the discontinuity selected from the
group consisting of an electroless plated layer of ferromagnetic metal at which the outer
diameter of the needle at the discontinuity is larger than the outer diameter (D) at the remainder
of the needle, an electroplated layer of ferromagnetic material at which the outer diameter of
the needle at the discontinuity is larger than the outer diameter (D) at the remainder of the
needle, a layer of paramagnetic metal at which the outer diameter of the needle at the
discontinuity is larger than the outer diameter (D) at the remainder of the needle, a spot weld
of magnetic metal at which the outer diameter of the needle at the discontinuity is larger than
the outer diameter (D) at the remainder of the needle, and a magnetic adhesive at which the
outer diameter of the needle at the discontinuity is larger than the outer diameter (D) at the
remainder of the needle, and the discontinuity is placed at a known location at a fixed distance
from the distal tip such that first magnetic field of the first magnetic region is detectable by an
array of magnetometers to provide a position of the first magnetic region based upon the

magnetic field strength of the first magnetic region.

2. The invasive medical device of claim 1, wherein the invasive medical device is a

hypodermic needle.

3. The invasive medical device of claim 2, further comprising intravenous catheter tubing

and wherein the elongate shaft is disposed within the intravenous catheter tubing.

4, The invasive medical device of claim 3, wherein the discontinuity comprises the

electroless plated layer of ferromagnetic metal having a thickness of 0.1 microns to 100
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microns or the electroplated layer of ferromagnetic metal having a thickness of 0.1 microns to

100 microns that increases the diameter of the elongate shaft of the hypodermic needle.

5. The invasive medical device of claim 3, wherein the discontinuity comprises a

magnetic adhesive on the outer surface of the hypodermic needle.

6. The medical device according to claim 5, wherein the adhesive includes an additive

selected from a paramagnetic additive, a ferromagnetic additive and combinations thereof.

7. The medical device according to claim 6, wherein the additive includes a component
selected from the group consisting of powdered iron, magnetic iron oxide, magnetic titanium

oxide, magnetic powdered steel, and a magnetic iron alloy, and mixtures thereof.

8. The medical device according to claim 7, wherein the magnetic iron alloy includes one

or more of nickel, zinc, and copper.

9. The medical device according to claim 8, wherein the additive further comprises a

component selected from chromium, magnesium, molybdenum and combinations thereof.

10.  The invasive medical device of claim 3, wherein the needle comprises martensitic

stainless steel.

11.  The invasive medical device of claim 3, further comprising a ncedle subassembly
further including a needle hub mounted to the proximal end of the needle, and the intravenous

catheter tubing is part of a catheter adapter subassembly.

12. The invasive medical device of claim 11, the catheter adapter subassembly including
catheter tubing and a catheter adapter body, wherein the elongate shaft is slidably engaged with

the intravenous catheter tubing.

13.  The invasive medical device of claim 12, wherein the catheter adapter subassembly
further comprises a magnetic feature having north and south poles on axis with the catheter

tubing and the needle and a known geometrical relationship to one or more features fixed on
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23

the catheter assembly to provides a measurement datum that is measureable by the array of

magnetometers.

14. A system for determining relative position of a hypodermic needle comprising the
5  invasive medical device of claim 13 and the array of magnetometers positioned with respect to
the first magnetic region and the magnetic feature to independently measure a position of the

distal tip of the hypodermic needle.
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