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DEVICES AND METHODS FOR VASCULAR NAVIGATION, ASSESSMENT
AND/OR DIAGNOSIS

CROSS-REFERENCE TO RELATED APPLICATIONS

7

{6001 This application claims  the beachit of pronty to UGS Provisional
Application No. 627336383 filed June 29%, 2016, US. Provisional Application No.
£2/405 879 filed October 8“’, 2016 and ULS. Provisional Appheation No. 62/444 941 filed
January 11 2017, cach of which is incorporated herein by reference in its entirety.

1 FIELD OF THE INVENTION

{0802} The present mvention refates to devices and methods for vaseular

navigation, assesspent, andfor diagnosis.

INCORPORATION BY REFERENCE

P
14y

{8003} All publications and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if cach sach individual publication
or patent application were specificatly and individually indicated to be so incorporated by

reference.

20 BACKGROUND OF THE INVENTION
{0804] A central vascalar catheter (vascular catheter), also known as central ling,
ceniral venous line or central venous access catheter, 5 a catheter placed into a large van
int the neck Gntemal jugular vein), chest (subclavian vein or axillary vein) or groin (fomoral

vein). It i primarily used & adouinister medication or floids, obtain Mood tests (such as

| 2]
LY

central venous oxygen satueation), and measure central venous pressure.

{00065 A peripherally inserted central catheter (PICC or PIC hine) is a form of
vascular catheter that can be used for a profonged pertod of time andfor for admimistration
of substances. It is a catheter that enters the body through the shin (percutancousivy at a
peripheral site, extends to the superor vena cava {a central venous trunk), and nay remain
30 place for days or weeks.

{6006] Placing the catheter (PICC, central vascular catheter or related vascular
catheter, referred to heremn as “vascular catheter™) m the 1deal location can be challengng.
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The catheter may be nustakenly inserted into an artery instead of a vein, or o the
mgorreet vein or icorrect venous branch or advapced oo far or intodalong & vessel wall,

Ideally, the catheter tip is placed in the superior vena cavadcavo-atrial junction (SVC-CAJ).

{6007| Correct placement  currently  is determined by taking a  physical
measarement of the distance from the catheter entry point to the ostimated location of the
lower one third of the superior vena cava. There are several challenges with cwrrent
techniques. First, the catheter may enter mto an avtery instead of 8 veln. Secound, a catheter
may be advanced down the incorrect branch of the vein tree. The catheter may advance
dovwir an gzygous vein, @ thoracke vein, a Jugular vein, or any mumber of additional veins on
the branch. Third, a catheter may be advanced past the saperior vena cava and into the
heart or into the inferior vena cava. This can be a dangerous siteation. Fourth, a catheter
may advance vp against, or embed i, a vessel wall which can prevent flaid delivery or
fhad deaw. Fifth, because the gold standard for cathoter placeoment 13 essentially blind,
placement verification needs to be confirmed with a chest x-ray which is substantially
additional cost and tiwe. Sixth, the estimated distance 1o the {ower one third of the superior
VERR Cava may be inacourate.

{3008] There is a need for a relatively easy and acowate way of navigating a
vasoular catheter by acourately identifiing the location of the tip of the catholer as ot 15

advaneed to #s targeted location.

SUMMARY OF THE INVENTION

{GUOH9] The present mvention wchades vascular catheter location and navigation
devices and methods which determine the location of the tp of & vasoular catheter using
the mirodaction of a medium with 3 measurable parameter {cg., tomperaturve, lght
reflection, sound reflection, ete.} and scusing and measuring the measurable paramcter as
the catheter is advanced. Measurcments of the parameter arce tracked over tine, recorded
and analyzed. The value of the parameter andfor the shape of the parameter valoue vs. time
curve may be gsed 1 the analysis. For example, curve amplitude, varability, standard
deviation, stope, ctc. may be used in the analvsis of catheter location,

{0010} In one vanation, the location detection system may generally comprise an
clongate body; a conduit defining one or more flow passages, where cach of the one or
more floww passages has a distal end and where the condait 18 configwred to secure a
position of the elongate body relative to the conduit; a sensor positioned at or in proximity
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o the distal end of the clongate body, whercin the conduit maintains & fixed distance
between the sensor and the ong or more flow passage distal ends, and wherein the sensor 13
configured to measure at least one parameter of a flawd after the fluid 1s emitted from the
one or more flow passage distal ends; and 8 controller in commumication with the sensor,
wherein the controller 1s configuwred to determine a time-derived function of the at teast one
parameter of the flutd and s further configured to obtain a position of the sensor within a
body of a subject.

j8011) In one variation for a method of deternuning 2 location within a body of &
subject, the methed may generally comprise positioning an clongate body within a lumen
of a catheter; positioning the catheter within the body of the sabject; introducing a fluid
through the lumen and one or move flow passages of a condait into the body; measuring via
a sensor at feast one parameter of the fluid after introduction within the body of the subject,
wherein the sensor is posttioned at or in proximity o a distal end of the clongate body such
that the sensor 1 maintained at a fixed distance relative to a fluid exit port of the catheter ov
condwit; determining a thne-derived function of the at least one parameter of the fhud; and
determining a position of the sensor within the body of the subject based wpon the time-
derived function.

{0812} In vel another vanation, the location detection system for ase within a
catheter fumen may generally comprise an clongate bodyv! a sensor positioned at or
proximuty fo the distal end of the clongate body, wherein the sensor i configured to
measure at feast one parameter of a fluid after the fluid is emitted from the catheter lumen;
and a controller in communication with the sensor, wheremn the controller 1s configured to
determine a time-derived function of the at least one parameter of the fuid and » finther
configured to obtain a position of the sensor within a body of a subject.

{0813 Flow direction, characteristics, profiles, and types, with respect to the
catheter and cathoter tp can provide a vast areay of information on catheter positioning
during placement, after initial or subsequent placement, after the catheter has been i place
for a period of tme, andfor during withdrawal.

{0814] Devices and methods disclosed hercin can be used to inform the yser of ong
or mare of the following conditions! insertion, placement or advancement of the catheter
into an artery rather than & vein: insertion, placement or advancement of the catheter into

an undesived vein branch; placement or advancement of the catheter too near, Into, or past
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the heart; or placoment of the catheter tip up against, or embedded in, a wall of @ vessel
Each of these scenatios i1z deseribed in detadd hevein.

{0815] Blood Flow characteristics and direction can help determine if the catheter
is 1 oan artery or a vein. In the case of a vein, the blood will generally be flowing more
slowly toward the heart, while with the artery the blood will generally be flowing more
quickly away from the heart. At least the blood flow direction and speed with respect to
the catheter will be different depending on whether the catheter is in an artery or vein.
Other flow parameters may also he ditferent (twhulence, pulsatility, ete}. In addition, the
flow characteristics of blood withun 3 smaller branch of the blood vessel will be difforent
than the flow characteristics in a larger vessel For exanple, blood flow within a vain
branch may completely or sebstantially stop where a catheter tip s totally or partially
occhuding the vein branch, I the case where the catheter tip is seated against a vessel wall,
flow patterns around the catheter are difforcet than when the catheter tip i 10 fee flowing
bload.

{0816] in the stiuation where the catheter tip passes nto the superior vena cava, and
passes near or inte the hear's right atrrum or vight ventricle, the flow characteristies of the
blood will change. For cxample, the blood flow may become more or less turbulent. More
or less tarbulence resalts in different flow characteristics, profiles, and flow tvpes and can
be detected by a variety of types of sensors.

{8017} These flow profile changes can be measured using devices and methods
disclosed herein.

{0818] Devices disclosed herein may include a catheter, & guidewire, o stvlet a
controlier, comnwmnications, an mfusion mechanism, & mednun source, mediim sSonsor of
SEDSOIS efe.

{3019 Devices and methods disclosed heroin ptthize the infraduction of a medium
{saline, fluid, light, sound, et} which has a measurable parameter {temperature, opacity,
hight reflectivity, sound reflectivity, density, viscosity, ability 1o absorb hight, ability to
absorb sound, aophtude, ote.) whore the mcasurable paramcter can be detected using a
sense {tomperature sensor, thermocouple, light sonsor, sound sensor, microphone, o).
By introducing a mediwm at or near the tp of the catheter, and measuring one or move
parameters of the mediwm over time, and possibly over distance, flow parameters, such as
flone direction, rate, volume and fype, turbudent or laminar, can be determined. Based on

these deternunations, the user can wentify whether the catheter tip is progressing to the
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desired posttion in the vasealature vig the desived path. Vessels may be identified by type
{vein vs. artery, vs heart cte.), size, shape, oto,
{0020} The mediom may be injected or introduced m boluses or drips, periodically

dering all or part of catheter placement, continually during all or part of catheter placement,

1.4y

or at regular intervals during all or part of cathoter placoment. The medium may be
mtroduced manually, or automatically via a controller, or automatically via an intravenous
{1V bag with or without an IV pump, or passively with an IV,
{002 Measaremeniz of one o more medien parameters may be taken befure,
during andfor after medium introduction. For example, room temperatine or other non-
10 body temperatwre saline {or other fluid) may be injected through the catheter or stylet
during placement. One or more sensors at or near the distal tip of the catheter/stylet can
meastue the temperature of the fluid immediately suvounding the sensor(sy over time.
Based on blood flow characteristics, including direction, pulsatifity and nuwbulence, the
temperature profile over tme will be different at different locations, resulting m a
15 temperature (or parameterd profie or signature for different flow types and therefore

ditferent catheter/stylet tip location scenartos.

joo22] Temperature sensors may include thermocouples or other temperature
sensors, such as, fiber opuc, resistive, bimetallic, thermometer, state-change, silicon diode,

thermistors,  optical  temperatwre  measarement  {infraved  or  otherwise),  mercury
20 thermometers, manometers, ote. The sensor or sensors isfare i copununication with a

controller which records andior analyvees the sigaal froam the sensor(s). The communication

between the sensor and the controlier may be wived or wircless.

{3023 By placing a thermocouaple, thermistor, or other femperature sensing deviee,

or an array of temperature sensing devices on or through the catheter, one can determine
25 the dicction of flow of 3 room tcmperature fhad bolus that is injected info the blogd

-

streamn,  Since blood fomperature is ground 37 degrees €, a saline {or other) fhind bolus or

fuid 1afusion with a temperature around 20-23 degrees € or between 15 and 30 degrees C

or between 0 and 33 degrees C, or generally cooler than 37 degrees € s distinguishable

from body temperatiwe and can be wsed to detect blood flow direction and characteristics,
0 and therefore, device location,

{6024 In some embodiments, optical sensing can be used. Optical sevsors can be

ased fo detect the divection of flow by measuring the amount of dilutiony of ‘blood with

another fhnd with different optical characteristics, such as saline.
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{0025] Sonar or sound can alternatively be used as the pasmmeter to detect blood
flow dizection, velocity and other bleod flow charactensfics, Sound waves mav be
produced by the controller and conveved fo the tip, or near the tip, of the catheter. A sound
detector, or microphone, records the sound waves reflected hack by the red blood cells or
5 other components of blood. Saline may also be introduced o create a change in the soand
waves detected.
j026) Varions medhoms andfor paramieters may be used m combination iy some
embodiments. For example, hght (visthle andfor not visible) and temperature may both be
used. In addition, other sensors may be wsed to aid in {ocating the catheter, inchuding
HY  glectro cardiogram (ECG). Pressure, as disclosed in US provisional patent application
627492 739 filed on S/L2HT, and incorporated bhevein in its entivety by reforence, may also
be nsed in combmation with these embodiments.
{eo27] Embodiments that incorporate more than one type of sensor may be used
either i cach situation (vein vs. artery, vessel branch, vessel wall, catheter in heart or past
1S heart), or difforent sensors may be used in different situations. For example, pressure may
be used 1o determine when the catheter tp s in the heart, where temperature tay be used
to determine whether the catheter 18 v an artery. Or, for examople, ECG can be used to
deternune if the catheter s In the cave-atrial pmetion but temperature can be used o
dotermine i the catheter has gone down an azvgous or unintended vein branch.
20 [B028] In some cmbodiments, a camera may be used 1o optically determine the
prosence, and possibly the density, or mumber, of red blood cells. If a greater namber of
cells pass by, then the flow is stronger. 1Y they are flowing in e opposie divection, then

the flow has reversed divection, thus the catheter is proceeding in the imcorrect divection.

{629 These sensing modalities can also be combined with one or more (FCG)
25 sensors fo detect catheter placement. ECG elecirodes can be placed precisely either af the
target location of the catheter tip (for example, in the superior 143 of the vena cava), or over
the beart tsclf to detect an nanccessary over extension of the catheter. Altornatively, one or
more BCG sensors may be incorporated Inte the device itself, for example, into a
guidowirestylet,
36 [oe36] in any of the embodiments disclosed herein, the sensors way be located at or

near the tip of, or along the length of a guidewire or stylet that passes through a vascaelar

catheter.

&
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BRIEF DESCRIPTION OF THE DRAWINGS
0031} Fig. 1 shows an cmbodiment of the vascular catheter navigation device
navigating the human anatomy.
{0832} Fig. 2 shows an cmbodiment of the vascular cathetor navigation device

placed in the human anatomy.

{0833} Fig. 3 shows an embodiment of the vascolar catheter navigadon device.
{6034 Fig. 4 shows the mfluence of fluid flow direction on flow behavior of an

mjected fluid bolus with respect to the catheter tip before, durmyg and after inyection.

[0035] Figs. 3A-3E show a vanety of embodiments of the vasculwr catheter
pavigation dovice.

{G036] Figs, 6A-6E show a vaniety of cmbodiments of the vascular catheter
navigation device.

{0837] Fig. 7A shows fcmporature vs fime dafa in various booations of the
vasculature of a pig.

jG038] Figs. 7B and 7C show temperature vs. time curves for varving embodiments
of the vascular cathetor navigation device.

j8039] Fig. 8 is a schematic ihustration showing fluid flow in different areas of the
vascudar system,

{6040} Figs. 9A —~ 9E show various cmbodiments of the vascelar catheter

navigation device.

{0041} Figs. 9F - 9§ show distances between the fhied ports and the tenmperature
SCNSOTS,
{0042} Fig. 10 shows an embodiment of the vasoudar catheter navigation device

which can be used with any catheter,
{G043] Figs, 11A-l show various views of various cmbodiments of a

styletfpuidewire version of the vascular catheter navigation device.

j 044} Figs. 12-17 show various embodiments of the vascular catheter navigation
device.
LR Figs. IRA and B show 2 possible embodiments for a Sow divector.

{60461 Figs. 19A-C show other cobodiments of the vascular catheter navigation

device injectate lumens.
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{0047 Fig. 26 shows an embodinoent of the vascular catheter navigation device,
j0048] Fig. 21 shoves features that enbances a controlled twrbaolent flow,

{049} Fig. 22 shows features that create a controlied lamunar (or less tarbuleat)
flow.

HELIH Figs. 23A-E and 24A-E show possible graphical user imterfaces of the
device.

{0851] Figs. 2534-C show embodiments of the vascular catheter navigation device

which inclade a conduit to control fhnd flow exsting from the device.
{0052 Fig. 26 shows an embodiment of the vascular catheter navigation device

where the flow passage s within the padevire/styled component #iselfl

0053 Fig. 27 shows a vartation of the conduit which includes a proxumal flange.
{6054] Fig. 28 shows a variation of the embodiment shown in Fig. 27 where the

conduit has both a proximal flange and a distal fange.

HEUNY Figs. 29A-C show an embodiment of the vascular catheter navigation device

where the condint inchudes a thin-walled inflatable struchwre,

{0856] Fig. 30 shows an embodiment which inchudes a thin-walled “skirt”.
[8057] Fig. 31-33 show embodiments where the conduit includes feature(s) to help

direct the fhnd flow exiting the condait.

{0858] Fiz. 34 shows an embodiment with a deflector,
HELS Fig. 35 shows an embodiment of the conduit which is conical shaped.
{0060 Figs. 36A-C show an embodiment of the vasadar catheter navigation device

which includes a compressible conduit,
{0861] Figs. 37A-F show 2 difforent cross-soctional views of variows embodiments

of the vascular eatheter navigation device.

{0062 Figs. 38A-E show various embodiments of the vascular catheter navigation
device.
j0063] Figs, 39A-D arc {ongitudinal eross sectional views of embodiments of the

vascular catheter navigation device.
jGdo4] Figs. 39E-G are radial cross sectional views of embodimenis of the vascular

o

catheter navigation device.
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{0065] Figs., 39MH-F are oross sectional views of ombodiments of the vascular
catheter navigation device with securing type condhnts.

{G466] Figs. 40A-C show different contfigurations of vascular catheter lumens and
vartations of embodiments of the vascular catheter navigation device which work with
them,

{0067] Figs. 41A-F show various embodiments of a guidewng/stylet component of

the vascular catheter navigation device.

j0068] Figs, 42A-C show an embodiment of the vascular catheter navigation
device.
{6069] Fig. 43 shows ap embodiment of the vascular catheter navigation device

which ases optical reflection.

{76 Fig. 44 shows an embodiment of the vascular catheter navigation deviee
which ases optical reflection.

{6071 Figs. 45 and 46 show temperature profiles i the superior vena cava and in
the heart.

{0072} Fig. 47 shows an embodiment which uses sonar and sound waves to detect
blood direction,

{6873} Figs. 48 and 49 show an embodiment which oses one or more pressure
sensors, with the aid of a terbvdence inducer, to determine divectionabity of Bow.

{0074] Fig. 50 shows an embodiment which includes a controller and a medihun
introduction mechanism.

j0075] Fig. 31 shows an embodiment which includes an agomated tnjection system
for the cartridge/syninge/reservoir which may be a motor driving lead screw,

G076} Fig. 52 is a block diagram of a data processing system, which may be used

with any embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION
jea77] Fig. 1 shows an embodinent of the vasadar catheter navigation devige or
svstern navigating the human anatomyy. Vascalar catheter navigation device 102 s shown
in vein 14 of a patient. The vascular catheter navigation device has been insented into the
patient via insertion point 106, The insertion point s shown here in the patieat’s chest,
however the insertion point may alternatively be the patients leg, avm or neck or other

9
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location. To navigate a standard vascolar catheter into s desired location, several
undesirable obstacles nced to be avowded andfor overcome. For example, & vascular
catheter niay be mistakendy placed into an artery mstead of 3 vein, a vascular catheter may
venture down or up an incorrect branch of the vascolar system, a vascudar catheter may
5 become lodged against a wall of a blood vessel, a vascular catheter may he advanced o
far, either too close to the heart, into the heart or past the heart, or a vascular catheter may
not be advanced far enough to reach its desired location, or may mugrate to a less desirable
location. A few of these hazard areas are labeled 116, Distal tip of vascular catheter
pavigation device is shown as 108, At the proximal end of vascular catheter navigation
1) device is shown infusion or sampling lumen 110 which 1 fhud communication with
opening or openings at or near the distal end of vascular catheter navigation device, and
sensing povt 112 which is in communication with controlier 114, Sensing port 112 s in
cohwnumeation with one or more seasors {not shown here) af or near distal tip 108 of

vascular cathoter navigation device 102, Although one infusion/samphing lumen and one

15

sensing port are shown bere, multiple infusion/sampling and/or sensing ports may exist.
Infusion lumen 110 may also be in communication with controtler 114,
{G078] Fig. 2 shows an embodiment of the vascular catheter navigation device
where the distal tip 18 placed 1 the superior vena cava/cavo~-atrial pnction (SVC-CAL 202
{0879 Fig. 3 shows an embodiment of the vascular catheter navigation dovice, The
20 distal end of the vascular cathefer navigation device is inserted into the appropriate access
vein, and advanced along the vein fo its target locaton. After the vascular catheter
navigation device is tserted o the blood vessel, penerally through a needle, or sheath,
sensing cloment 302 senses 3 parameter within the blood vessel. A mediaan, such as fluid,
with a measurable parameter, such as temperature, is mjected through the device, and nto
25 the blood vessel The sensor signals are communicated back o the controller where the
senscr signal(s) arc analvzed based on the sensor data over time, including data curve
slope, magnitude, vabiee, length, vanahility, standard deviation, shape, cfe. For example, the
controlier can determine whether the distal end of the vascular catheter navigation device i
in an artery instead of a vein, based on magnitude and direction of blood Bow arownd the
30 vascular catheter navigation device by measering and analyzing the measurable parameter.
If the controller deternunes that the distal end of the vascular catheter navigation device 1s
i an undesired position, an alert or other indicator may compumicate with the user. For

example, if the controller detormiings that the catheter is 1o an artery instead of a voin, a

14
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specific identifying signal may sound, inclading an sadible, visual signal ote., nstructing
the user to remove the vascular catheter navigation device, and any other device, such as
sheaths, catheters cte., and apply pressure to the blood vessel.

{0088] Sinularly, the vascular catheter navigation deviee can sense when the distal

1.4y

end Is in the incorrect branch of a vein, based on flow divection, and possible flow profike
and magnitude. When advancing the vascular catheter navigation device in the correct
direction and in the correct vessel {toward the SVC-CALL n a vein), the blood flows over
the vascular catheter navigation device from the more proximal end to the distal end.
{6081} Fig. 3 shows one sensor 302, one sensor port 112 and one infusiondsampling
10 lumen 110, However, more than one infusion/sampling lumen andfor more than one
sensors may be present. In addition the port fo the controller and the sampling hanen could
be the same hunen and be incorporated info a single lamen catheter. The infision anddor

sarpling lumen may also be connected to the controller.

jB082) Fig. 4 shows the influence of fluid flow direction on flow behavior with
15 respect to the catheter tip before, daring and after an injected fluid bolus. At time=0, device

102 is 10 vessel 404, Device 102 includes sensor 302, Seasor 302 is designed to measwre a
parameter of blood andior the imjection medium. The controller {(not shown) is
communication with sensor 32 via connector 402 wiuch, 1 this example, runs e length
of the catheter back to the controller, Sensor 302 and connector 402 may be mcorporated
20 nto the vascular catbeter or may be incorporated info a stylet that rans through the catheter.
Medhon 410 is introdaced ingo the vessel at timesx. For example, the mediam may be
saline at a mperature which is diffevent than that of the body. The parametor measured by
the sensor in this example would be temperature. After the injection, at T=x+1, blood flow

will carry the medinm with the blood flow. Where bload flow 406 flows away from the

2]
T

catheter, the bolus of modinn 404 wavels away from the catheter tip and away from the
sensor. Where blood fow 408 Hlows toward the catheter, the bolus of medium 410 travels
toward and over the catheter tip. This example shows a bolus of fluid, but a stream of fluid
may also be used.

{0083 Depending on the location of the sensords), different tomperatere profiles
IO over tune may be moasured. Variables o flow rate, divection, turhwdence, ete. will affect
the mixing of blood and mediom and affect the profile of the parameter, in this example,
temperature, over time. In this way, the systems can determyine divection of blood flow at or

near the catheter tip.
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{0884] Figs. SA-3E and 6A-6E show several example cmbodiments of the vascular
catheter navigation device. Fig 3A shows an cmbodiment with sensor 302 at the catheter

tip. Fig. 3B shows an embodiment with the sensor near, but net at, the catheter tip. Thus
configuration may prevent the sensor from measwring the pavameter during introduction of

5 the medium from the catheter tp, allowing better distinction between flow directions. Fig.
S3C shows an catbodiment with 2 sensors, one at the catheter tip, and one near, it not ag,

the catheter up. Sensor readings at different poswions will vary based on flud flow
divection, characteristics, profile ete. A sensor near, but not at, the catheter tip may be from
about .05 to about 2.80cm back from the tip. Alternatively, a sensor near, bat aot at, the

(0} catheter tip may be from about 6.75em to about 1.25em back from the tip. Fig. 5D shows
an embodiment where a sensor 1s on goidewire or stylet 302, Stylet 502 sy move freely
within the catheter allowing one or more sensors to be placed at a distance from the
catheter tip. In addition, the gaidewire/stviet may be removed after catheter placement. In

this cmbaodiment, the catheter may also include 8 sensor, as shown here. Fig. SE shows an

15

embodiment with opening 304 which s near, but not at, the catheter tp. This opening may
be in flaid compemication with a separate mediom introduction hanen or infusion fomen.
This specific medinan introduction hunen may exit af the catheter tip. An opening near, bt
not at, the catheter tip may be from about U5cm to aboat 2.0cm back from the tip.
Alternatively, an opening near, but not af, the catheter tip may be from abowt 0.75om to
20 about 1.25cm back from the tip. The medism introeduction honen may be in the catheter or
may be within the stylet.
| BO85] Fig. 6A shows an embodiment with an opening between two sensors, both
of which are near, bul not &, the catheter tp. Fig 6B shows an embodiment with mors than
one sensor near, but oot at, the tp of the catheter. Fug. 6C shows an embaodiment with an
25 opening hetween two sensors, one of which is at the catheter tip. Fig 8D shows an
embodiment which mcludes an opening proximal to 2 sensors. Figo 6E shows an
embodiment with channel 6032, Channel 602 allows fhud to flow withm the catheter, n
proxXimity to a sensor withun the catheter.
{6086] It is apparent that numerous variations of these and other embodiments of
30 the vascular catheter navigation device are envisioned, For example, sensors, openings,
channels ete. may be on different sides of the catheter andior gdewire/stylet. Sensors,
openings and channels are shown here at or near the catheter tp, however, they may be
focated anywhere along the catheter andior puidewire/stylet.
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{6087| Fig. 7A shows tomperature vs time data i various locations of the
vasculature of a pig using one embodiment of the vascular catheter navigation device. The
embodiment used to obtam this data had two temperature sensors - a distal sensor {T1)
which was closest to the tp of the device (30 1n this instance, closest to the heart), and a
proximal sensor {T2). The temperature vs. time cwrve 18 shown for both sensors for §
different locations within the vasculatwre, the superior vena cava, the cavoatrial junction,
the right atrium, the right ventricle, and the infenior vena cava, The fivst two locations, the
superior vena cava and the caveatrial junction, represent correct placement of the vascular
catheter navigation device. The other three bocations represent ncorrect placement of the
device. Note that the signatures of the right three temperature vs. time curves (representing
incorrect placement) are different than the fivst two curves (representing correct placement
or close to a correct placement). Also note that the night three curves are also able to be
differentiated from cach other. Dhfferent sensor configurations will resalt in different cugve
signatures m different vascular locations. For example, a single temperatwe sensor will
give a different set of curves than will a system with 2 temperature sensors. The distance of
the sensor(s} from the idfusion exit sitc will also provide different curves. Difforent
mfusion rates, infusion vohsmes, infusion types (bolus vs. stream), infusion pressures,
mfusion velocities ete, will also provide different curves and thus different anatomical
signatures, Different aspects of the coarves may be analveed by the controller to deternune
vascular location. These may inchede, bat are not lmited to, slope, magnitude, valug,
length, variability, standard deviation, shape. arca under the curve, Fourier fransform,
frequencies, harmonics, ete. I some ewbodiments, certain frequencies 1n the data may be
filtered out, including those relating to the heartheat, system notse, efc.

{0088] In some ombodiments there s one temperature sensor and therefore one
temperatare vs. thme curve. In some embodiments there are two or more temperature
sensors and therefore two or more fomperabuwre vs. time corves. The graphs of 2
femperature sensors are shown in Fig, 7A. In some embodiments, the infision exit post is
near the more proxumal temperature sensor or {emperature sensovs. In some embodiments
the infusion exit port is proximal or distal 1o the temperature sensor or temperature sensors.
In some embodiments the infusion exit port iy between the temperature sensors. In some
embodiments, one or more than two temperature sensors nmay be used,

{3089] Figs. 7B and 7C show two alternative temperature vs. tume curves. Note that

curves may appear different, in differcat anatomy, and based on the destgn of the vascudar

-
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catheter navigation device, For example, the cuwrve may be different for difforent sensor
locations with respeet to the Huid exit port. The curve may depend on the type of sensor or
the thad mjection rate. The cuwrve may depend on the inttial temperature of the injection

flaid. Other destgn factors may also result in difforent temperatuare v, time corve shapes.

1.4y

{6096 in addition, calibration of the emperature v, ime curves may be performed
by the controfier. For example, a haseline measurement may be derived after insertion of
the system, or at other points during use of the system. For example, a baseline
measurement may be taken in the blood veasel before any injection fwd 15 injected, orat a
particular injection rate. An example of this 1s shown n Fig. 78. "Baseline™ data are show
Hi i the graph where @ temperatre measwrement was taken without any fhuid injection
through the system. This baseline measurement may be used in the controlfer’s analysis of

the data to determine the location of the vascular catheter navigation device within the

anafomy,
{0691 Various propertics of the temperature vs. time curves may be mnalveed to

15 determine the location of the vascular catheter navigation device. For example, curve
anplitude, noise, standard deviation, shape, slope, value, arca undor the curve, Founor
trgnsform, frequencies, harmonics, ete, of one or more cwrves nay be used to dotennine the
vascudar catheter navigation device location within the vasculanwe, These same parameters
may be compared between aud amonyg multiple temperatire vy, thime curves o defermine

2y vascular catheter navigation device placement {ocation, For example, the location, relative
location, magnitude, andéor relative magnitude of peaks (positive or negative} of the curves
may be used to determine vascular catheter navigation device location. {n addition, the
difference between amplitade, notse, standard doviation, shape, slope, value, arca ynder the
curve, andior Fourier transform, harmonics, frequencies of the data from the mudtipke

23 temperatiwe sensors may be ased to determine vascudar bocation. Depending on droplet stze
andfor idusion rafe, an arca under the curve, or Fourter transform may be used o analyze
the temperature vs, time syrve amd thus vascular location. Additionally, a maxinum, or a
namber of maxima, may be more relevant. .

{3092} The term “droplet” ased heremn may mean @ drop, a boles, a stream, an

30 intermuttont stream, ofc. when referring to the mjoctate.

{6093} Fig. 8 is a schomatic showmng thad flow in different arcas of the vasauday
system representing desired (corvect) and andesired (incorrect) device placement. Arvows

8402 show bloed flow direction. Arcas 804 show flud (such as saling) infusion. Note how
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the difforont anatomical locations will vicld difforent flow conditions and thas differont
dissipation patterns of the fluid wmfusion. Although | fomperature sensor 806 s shivwn here,
two, or three, of four or five or six or more may be used, in thus, and any other

embodiments disclosed herein,

{0894] Figs. 9A —~ 9E show various cmbodiments of the vascelar catheter
navigation device where two tomperature sensors are on the smdewire/stvlet. Fig 9A

shows stylet 910 with proxanal temperature sensor 902 and distal emperature sensor 904,
The injectate 906 i this embodiment exits at the distal dp of catheter 908, proximal, or
near to proximal temperature sensor 9020 Altermatively, the injectate may be injected
through a lumen of the guidewirefstylet. Although 2 sensors are shown here, oneg, or more
than 2 may be used.

{G095] Fig 9B shows an embodiment where the imjeciate 38 injocted through the
stylet/muidewire and exits between the two temperature sensors. Figo 90 shows an
embodiment where the Injectate is injected through the stylet'gwmidewire and exits near or
distal to the distal temperature sensor, I one tomperature sensor is used, the fluid njection
exit port may be cither proximal to, or distal to the sensor.

{0096] Figs. 9D and 9E show an cmbodiment with two temperature sensors on the
stylot‘guidewire where the guidewire s able to be moved with rospect 1o the end of the
catheter. This embodiment may be used to alter the sensing andior injeetate exit loeation
with respect 1o the tip of the catheter.

{6097 For example, in some embodiments, the stylet/guidewire may include both
the imjection hanen {Le. the stylet'guidewire may be hollow) and a temperature sensor so
that 1t may be positioned in the anatomy first and/or independently of the vascular catheter.
For example when jogular access 18 being wsed for catheterization. Once the
styiet/mudewite is placed, the vascular catheter may be advanced so that the distal tip of
the catheter is at 2 known posttion relative to the distal tip of the stylefgutdewue. The
styletmudewire may then be removed.

UG Figs, 9F through 3H show distances between the fluid ot port and the
temperatwre sensor(s) and distances between the cathoterdstylet tip and the sensorisYports.
Fig. 9F shows the axial distance aa betweon the injectate exit or port, and the distad or
singular temperature sensor. The axial distance bb 1w the distance between the flord exit
port and the proximal temperature sensor. The axial distance co is the distance between the

distal temperature sensor and the proximal temperature sensor. These distances may be
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positive or negative. Although 2 temperabiee sensors are shown here, the device may have
one sensor or mare than 2 sensors.
{6099 Dhstance aa miay be about Onun. Alternatively, disfance aa may be a range

of about Ommt to about §.5mm, or about Omm o about hmm. Altematively, distance aa

1.4y

may be a range of about S to about 2. Alcmatively, distance aa may be a range of
about Omm to abowt 3. Alternatively, distance aa may about 3nun to about Smm.
Alternatively, distance aa nay about Smm fo about 0mm. Alternatively, distanee aa may
be a range of abouet Onun o about 10hmn. These distances may alternatively be negative,
For example, distance aa may be about Tmnr o may be about -inum. In the case of Tmm,
Hi  the distal emperature sensor will be distal to the fhad exit port. In the case of ~Imm, the
fhutd exit port will be distal o the distal temperatare sensor. This is true for all dimensions
provided in association with Fig. 9F-9H.
{0106] Distance bb may be about 10mm. Alrernatively, distance bb may be a range
of about Omm fo about 10mm. Alternatively, distance bb may be a range of abouwt 8mm to
1S about 12mm. Alternatively, distance bb may be g range of about Snun o about 13mm.
Alternatively, distance bh may be a range of about Timm 1o about 10mm. Aleratively,
distance bh may about 3mm to about Som. Altematively, distance bh may about Smm to
about 10num. Alemmatively, distance bb may be a range of about Grm to abowt H¥lowm.
These ranges may also be negative distances.
20 {8101 Distance cc may be about 10mm. Altornatively, distance co may be a range
of about B.0mm to about Samm Alternatively, distance co may be a range of abowt Smm fo
about 3mm. Alternatively, distance oo may be a range of abowt 15nmm o aboot 20mm.

Alternatively, distance co may be a range of about Inmum to aboat 00nun,

{1102) Distance dd in Fig. 9G 15 the distance between the fluid exit port and either
25 the distal or proximal temperature sensor, The distance is shown with respeet to the
proximal tomperature sensor here, but distance dd may apply to either, Alternatively, enly
onc emperature seasor may he present. Distance dd may be about 0.75mm. Alternatively,
distance dd may range fromm about 0.25mm and L.3mm. Alternetively, distance dd may
range from about 010w and S,
36 (o163 Fig. 9H shows the axial distance ce between the fluid exit port and the end

of the catheter andfor stylet. Distance ee may be aboot Grm. Alternatively, distance ee may
range from about Gmm and about o, Alternatively, distance ee may range from abowt

Omm and about 3mum. Alfcrpatively, distance ec may range frim about Onwn and about

15



1.4y

18

20

b
v

30

WO 2018/005169 PCT/US2017/038374

Soam.  Alternatively, distance ve mayv yange from abogt Smm and about 10mm
Alternatively, distance oo may range from about D andd sbout 100mm. These distances
may be positive or negative.

{0104 Fig. 91 shows an embodiment of the vascular catheter navigation device
which includes only one sensor and includes condult 902 W the svstem. Various
embodiments of the system including a conduit will be described I more detail elsewhere
heremn, Conduit 902 mcorporates the injectate exit port shown by an X, Distance ff shown

bere is the longiudinal distance between the fhud mjectate exit port of the condait and the

3Cnstr.
{H05) Fig. 91 shows an embodiment similar to that in Fig. 91 where the distance gg

represents the radial distance between the fluid injectate exit port of the condeit and the

SCNSOL.
{3106} Fig. 10 shows an embodiment of the vascular catheter navigation device

which can be used with any catheter, or in other words, where the temperature sensoris),
the mjectate lumen, the controller, and locking mechanism are inchwded with the
styletmudewive. Fig. 1) shows an ombodiment with two thermocouples, distal
thermocouple 1012 and proximal thermocouple 1010, and injectate exat port 1002 as part of
guidowiraistyvlet 1001, Alternatively, the stviet'suidewire may only have one temperatwe
sensor, of may have more than two temperatwe scnsors. The styleteuidewire ny include
features 1014 to belp align the stylet'euidewire and the catheter. This embodiment may
include a tip portion 1006, such as 3 wmolded wethane, nylon, silicons, or other polymer
portion, for cmbedding the tomperature sensor(s). Also shown here is an optional
mudewirefstylet coit 1008 and the distal tip of catheter 1018 in the cross sectional view,
imjection fumen 1016 can also be seen.

jo1e7] This embodiment may include torgue or locking deviee 1022 whach may be
used to lock the stylet to the proximal end of the catheter, for oxample using fuer lock 1020
at the proximal end of catheter 1018 The torquefocking deovice may be locked o the
stylet/guideowire so that the styvletguidewire won't move with respect to the vascelar
catheter. Controller {not shown) may inchide andéor control an infusion mechanism via
fluid port 1026 as well as read data from the temperature sensor{s) via tomperature port
HIG4. The controller may be located near the proximal end of the stylet, or may be located
several inches or feet fromy the proximal end of the stylet. Temperatare sensor leads 1024

are also shown. The infusion may be steady or internutient or consist of boluses.
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{0108] Figs. 11A-1 show varows wviews of variows ombodiments of a
styletguidewire version of the vascular catheter navigation device.

{0109] The stylets shown in 11A-111 and some other enbodiments serve soveral
fonctions, mclading: 1) Stiffening of the catheter to aid in insertion 2} providing @ medium
for fluid delivery and 3) providing a channel for the wiring for the tomperature sensor or
sensors. Fig. 1A is a cross section of the stylet such ax that shown in the embodiment of
Fig. 10. Two temperatare sensors are shown here, but the device may include one, or more
than Bvo Sensors,

{6118 Fig. 118 shows an cmbodiment of a stylet which mchudes three components
in a wiple fumen, heat sheink, andior tubing housing 102 which contamns two temperature
sensoas 1104 and floid hamen 1016, Alternatively, one or more than two tomperature
sensors pry be present.

{611 4) Fig. 11C shows an embodinment in which the stylet coil is made all, or in
part, out of the temperatore sensor wives. Fig. 11D is 2 side view of the embodiment shown
in Fig. 11C.

{6112} Fig. 11E shows an embodiment including sn extrusion, or tube, {metal or
plastic) which houses two tomperature sensors a8 well as a fluid lomen, Altermatively, one
or more thas two leraperature sensors may be present,

{8113} Fig. 11F shows an embodiment imncluding an extrusion, or fube, {metal or
plasticy which houses mudtiple thevmocouples within one bundle as well as 2 fwd lumen.
{0114 Fig. 110 shows an embodiment including a thin walled extrusion, or tube,
where the temperature seasors are swrroundod by the fluid humen. One, two, or more than
two temperabure sensors mayv be present.

{6115] Fig. 11H shows an cmbodiment inchuding an extrasion, or tabe, {plastic or
metal) which includes multiple temperature sensors, a fluid lomen, as well as stiffener 1108
which may be a wive or a rod. One, bwo, or more than two lomperature sensars pay be
presont.

[0116] Fig. 11 shows an embodiment inchuding an extrusion, or tube, (plastic ov
metal} which includes a temperatwe sensor bundle as well as a flud lomen.  The
terperatige sensor bandle exterior may be made of simlar material to the owter extrusion
which cnables optional chomical or heat formed hond or weld 116, One, twa, or more

than two temperature sensars may be present.
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{0117] In some amboediments, 1t may be important to cither fx, or precisely control,
the distance between the catheter tip and the gumdewiredstylet, or be able to deternune the
distance between the catheter tip and the guidewire/stylet. It may also be unportant to able
to fix the locavon of the injection with respect 0 a temperatare sensor or to know the
distance between the location of the injection exit port and & temperatore sensor. The
distance between the exit port and the temperatare sensory will have an effect on the
temperatare profile during flsd mfusion. These distances may be fixed across patients and
scenarios, or may be different for different patient types and different scenarios. For
example, the distance may be different depending on the vascudatare being accossed. The
distance may be different for patients of different weight, size, body mass index, health,
age, sex, heart condition, or other patient characteristics. The distance may be different for
different catheter sizes, catheters with different numbers and shapes of humens ete.

{0118] In some embodiments, the stviet'madewire s fixed, or locked, with respect
to the catheter tip using a torgue device near the proximal end of the catheter as shown in
Fig. 10,

{3119 In some cmbodiments, the user detormines the relafive aligonent of the
catheter and style¥gutdewtre by sight and then measures the relative distance from two
values.

{6126 Figs. 12-17 show various embodiments of the vascular catheter pavigation
device which include various registration techniques to oither fix, or know, the distance
botween the tomperature sensor or sensors on the stylet, and the catheter tip or {luwid
injection point.

{8121} Fig. 12 shows an embodiment with an mdicator on the siyletgudewe
which s a fixed and known distance from a temperature sensor. In this embodiment, the
user aligas the tip of catheter 1202 wath indicator, or mark 1204, on stylet 1206 before
ingertion info the patient, The relative distance 1208 of the catheter #ip to the tip of the
stylet may be locked, preferably at the proxunal end, using a torgue device, a locking
rotating hemostasis valve, a tuohy-borst valve, or other locking mechanism, before the
catheter 13 insorted info the paticat. The indicator on the guidewiredstylet may be a visible
mark, such as a red stripe or dot, or 2 tactile mark, such as a bump or groove, or other fype
of indicator.

{6122 Fig. 13 shows an embodiment with raised area, or bamy 1302, on he stylet

which Is a fixed and known distance from the distal tomperature sensor. This allows the
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gser o align the tip of the catheter with the bump on the styvlet, either visually, or by tactik
feel,  This alignment may be done outside the bedy or mmside the body., In some
embodiments, the bump is small or sofl enough that the stylet may be removed from the

catheter after placement in the anatomy.

1.4y

{0123 Fig. 14 shows an embodiment stnular to that shown in Fig. 13 where a
temperature sensor 1104 acts as the bump on the stylet.

{0124} Fig. 15 shows an embodiment where jrg, or block, or aligner 1302, 15 used to
align the tp of the catheter & fixed and knowsn distance from the @ip of the stylet. The
relative focation of the catheter with respect to the stylet is then locked, at the proximal

10 end, using a torque device, a locking rotating hemostasis valve, a tuohy-borst valve, or

other locking mechamsm, and/or at the distal end, using a seowring style conduit (disclosed
in detail elsewhere herein), or both. Jig or block 1302 may jiself be adjustable so that i can
ahign the fluid exat port (here the distal end of the catheter) with the tepperature sensor for
a variety of different lengths.

15 o128 Fig. 16 shows an embodiment similar fo that shown w Fig. 13 where
inflatable balloon 1602 is used as the bump to align the catheter and the stylet. The balloon
may be annular or on one or more sides of the stylet. The balloon may be flated for use
during alignment, and either left mflated during placement, to lock the stylet o position
with respect o the catheter, or deflated during placement {where the catheter and styvlet

20 have been locked to cach other using a torque or valve). In this embodiment, the stylet or
catheter will inchede an inflation famen to inflate and deflate the balloon. The balloon may
be deflated for removal of the stelet after placemont of the catheter.

{8126] Fig. 17 shows an embodiment of the vascular catheter navigation devics

which includes a sensor 1702 which can sense when i is inside the catheter tp during use

b
v

For cxample the seasor may be magaetic, ultrasound, lghd, temperature, ete. In somwe
cmbadiments, proximal temperatee sensar 1704 15 used as 2 sensor to deternune when the
proximal temperature sensor is nside the catheter tip. The terperature vs. time curve shape
after injection of injectate will show a specific profile when the temperatire sensor is just
mside the catheter dp, and can be used to identify this alignment. This cmbodiment may
30 nclude one, two, OF IMOKS {OMPErature SeNSOrs.

{6127 In some embodnments, controtling the flow patterns of the iyectate exit nay
be important. to achieve consistent resalts. 1t may alse be tmportamt to contrast the flow of

the imjectate with that of the blood flow within the vasculature/heant. The flow of the
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infectate may be purposchidly made cither more lanuinar or more ibalent fo achiove these
goals. Some embodiments may include foatures that divect the flow and are a part of the
catheter or stvlet, These features may be swrface features, hike dimphing, or an orange peel
finish, that change the surface finsh of the catheter or stviet. These featares nay be part of
the OD of stylet‘tenp sensors or ID of fluid hoanen or both.

j0128] Figs. 18A and B show 2 possible embodiments for a flow director (1o create
faminar or twbulent flow) in injectate lumen 1016 of the vascolar catheter navigation
device. Flow director 1R02 may be at the end of the injectate tomen, as shown in Fig. 184,
or i may be set back from the tip of the lumen exit, as shows m Fig, 188,

{1129] Figs. 19A-C show other embodiments of the vascular catheter navigation
device where the shape of the injectate lamen controls the type of flow of the Hhud exiting
the lamen. Some of the parameters which mayv be varied inchide injectate hanen opening
area, shape, swrface condition, ete. Temperature sensor andfor stiffener 1902 is also shown.

{3136} Some embodiments may vibrate the stylet andior catheter to create nrbulent
flow of the imectate from the mjectate lumen,

{0131} Fig. 20 shows an embodiment of a stylet without an injection lumen. The
fluid may be muoduced through another catheter humen {possibly on a separate catheter)
upstreain from the catheter Hp, closer to the nsertiom site, or elsewhere, For example, fluid
may be iyected via “buddy” catheter 2002 shown here alongside the vascular catheter,
Fhuid may also be beated or cooled via a heating/eooling eloment on the catheter or on a
“buddy™ catheter, An infusion “buddy” guidewire/siviet is alse envisionsd.

0132} Fig. 21 shows features 2102 in the mjectate homen that enhanee a controlled
turbulent flow.

j6133] Fig. 22 shows featwres 2202 1o the hyectate fumen that ercate a controlled
fapunar {or less turbulent) flow,

{3134} Note that several embodiments disclosed herein show 2 sensors, In any of
these embodiments, one, two, or more seasors may be wsed.

{0135] In some cmbodiments the outer diameter (0D} of the stylet ts around iom
or less. In some embodiments the O of the stvlet is around 0.3mm or less. In some
cmbodiments the OD of the stylet is around §.3mm or fess. In some cmbodiments the

stviet could range in OD from about 0. 2mm to about Smm.
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{0136} {n some ombodiments, where the catheter s double or (riple lumen, the
stylet functionality may be broken into distinet parts (flukd, stiffener, tomperature sensing)
ete. and multiple stylets may be used in nultiple fumens of the catheter.

{0137 Many fypes of temperatuwre sensors nay be used in any of the embodiments
dizctosed herein, inclading thermocouples, fiber optic, resistive, bimetallic, thermometer,
state~change, stlicon diode, thermistors, optical tomperature measwrenient {infrared or
otherwise), mercary thermometers, Manometers, ete,

{6138} in addition to mfusing fluids, as disclosed elsewhere horein, other methods
to create a thermal change at or near the tip of the catheter/stylet may be used. Fhids at a
temperature higher than body temperature may be mtraduced, a resistive heating element,
or a piezo clectric cooling element, ete. may be included i the catheter, on the catheter, on
the guidewiresstyiet, or at the ijector, ouiside of the body. Altcrnatively, the injected fluid
nway be at a different, although not strictly controlied, temperature than body tomperature
and this temperature difference (between body temperature and injectate temperature} 1s
measured and tracked by the controller.

{0139} In cmbodiments with a resistive heating eloment, the resistive heating
clements may be on the catheter or on a stylet. In eimbodiments where it is ou the catheter i
may be on the outside of the catheter or on the inside of one or more honens of the catheter.
Alternatively, # may be on the guidewire'styiet. In ombodiments where i is on the
guidewire/stylet, it may be within the catheter lumen, partially within the catheter lumen, or
external to the catheter fomen, where # is exposed to blood. When heating/cooling blood,
injection of an byjectate may ot be regeired.

jo148 Ax shown in Figs. 23A-E and Figs. 24A-E. A grophical user interface may
be displaved in the form of a small screen/display 2314, a large screen, a projection, in
virtual reality or augmented reality goggles. ctc. The major categorization of user
intoractions way bave aoy comnbination of user alerts: 1) icon 2} color of icon o warning
fight 3} anditory tone that accompanics the alert 4) visual map of the body which matches
the location of the catheter tip and with the type of alert 53 written phrase o word on the
display indicating the statas oy alest, vibration, ct¢. The categories may be the following:
1y *Continue Advancing’, which means that that the catheter tip is advancmg through a
peripheral vein or has rounded the bend and s approaching the superior vena cava. This
mode will be accompanted by visual and auditory feedback indicating a positive state such

as green lighting and iconography and a positive tone. 2) Placement Correct’, with the
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checkmark wconography shows that the tip has arrived at the proper location — the cave
atrial junction for PICC bnes, or perhaps avothor location for another type of catheter
msertion. Positive tone and lighting mayv also accompany this state.  3) H the catheter
ehcounters an opposing flow, the warning, ‘Redirect” may appear. This is the warming if
the catheter advances down an azvgouns branch, advances to the IV, or has been placed
in an ariery. Since this is BOt & posifive state, Hghting or iconography that is red, vellow or
orange may accompany this state along with a tone which depicts that a non-favorable
situation is in effect. A less pleasant frequency, pifch and tone may accompany. 4} if the
catheter 1s i the heart, either in the atnum or the ventricle, the user may be alerted with the
heart ion andéor “In Heart” waming. A negative color and tong may accompany this state.
3) if the catheter tp is wp against & wall of a vein, or has an obstraction of some kind the
“Adust” warning may display. A negative color and tone may accompany tus state. Also
shown m Figs, 23A-E and 24A-E 15 catheter 2362, stylet 2304, femperatare adapter 2306,
thad adapter 2308, prime button 2310, and msertiondtracking button 2312,

{3141) The graphical wser interface {(GUT) may display in real time the location of
the tip of the catheter relative o the 3D space through which it is navigating, The graphical
user mforface shown in Figs, 23A-E and 24A-E are two dimoasional, however some
embodiments include 3D displavs which may also commumicate the information in three
dimensions.

j0142] Note that although some cmbodiments disclosed horem wcorporate the
sensor(s} into the vascular catheter, the vascudar catheter navigation device may be a stand-
alone device which fifs ingide a vascolar catheter, and can be removed once vascular
catheter placoment has been completed. The vascular catheter navigation device, for
exampie, may serve as a stylet or gwmdewire for a standard vascular catheter,

{0143] Figs. 25A-C show cmbodiments of the vascalar cathoter pavigation devicg
which include a conduit to control fluid How exiting from the fluid exit point of the device,
In this embodiment, condwit 2302 15 attached to gwdewiredstylet 2304, forming o
sty fus/condust combination device. Conduit 2502 is designed to it inside the 1D of mfusion
fumen 25306 of vascular catheter 2508, In this figere, vascular catheter 2308 only inclades
one lumen, the idfusion lumen, however multipie humens, 1 addition to the infusion hanen,

may exist in the vascolar catheter.

jE144] In some ewbodiments, guidewire/stvlet 2504 includes core 2331, coif 2512,
endcap 2514 and temperature sensor 25816, Core 2510 may include a stiffening wire, which
-



WO 2018/005169 PCT/US2017/038374

may be tapered, and leads for the temperature sensor. The temperature sensor may be
mgorporated into the endeap, or # may be separate. One or more temperature sensor(s) may
be present. The femperature sensor may be a thermocouple. A larger cross sectional
dimension of the thermocouple may dampen femperatire measwements where a smalfer
5 cross sectional dimension of the thermoconple may allow for quicker response tmes. The
diameter of cross sectional dimension 2526 of a thermocouplke may be about 0.2mm -
0.3pun. Alternatively, the diameter or cross sectional dimension 2326 of a thermocouple
may be about .02mm 1o about Somm.
jG145] In some embodiments, condut 2302 has leagth 25320 and includes fluid flow
H}  passage or passages 2518 with diameter or cross sectional dimension 25220 The flow
passages may be circudar i oross-sectional shape, or oval, or of any shape. & flow passage
may be approximately 8.4-0.6mm in diameter or cross sectional dimension. Alternatively a
flovw passage may be approxamately O.1-1.0mm in diametor or cross scetional dunension,
Alternatively a flow passage owy be approximately 0.01-2.0nwn 1 diameter or cross
15 sectional dimension. Condwit fength 2320 nay be about 4-Smm. Altematively, conduit
length 2520 may be about U.3nun-2hnm.
{B146] The cross seetional arca and shape of the flow passages will determine flow
velocity exiting the conduit. The monber of Hlow passages will alse affect the How

parareters of the thud exiting the conduit, Preforably, the fluid tdusion rate may be about

26 2-3 mlfvun, Altematively, the fluid infusion rate may be about 3-5 wlnun, Allematively,
the fluid mfusion rate may be abowt 5-10 mfmin. Alternatively, the flaid mfusion rate may

bhe about -5 mbmin. Condwit exit flow velocity s preferably aboot 60-100 cmvsec.

Abternatively, conduit exit flow veloeity is aboat =300 cmisec.

{0147] Conduit 2302 may serve several purposes:
25 [B148] 1} Essentially sealing the distal end of the infusion hamen of the vaseular

catheter while allowing thad flow throughvpast the condwt so that when flnd s infused

through the mfusion humen of the catheter, the majority of fhe fluid exits the vascular

catheter via flow passagefsy 2318, 1T is important fo note that the conduit dogsu’t fully

cechude e mfusion lumen of the catheter, It allows fluid o pass through it and in some
30 cases, through chanaels around it

{0149 2y Allowmg the distance 2524 between the flord exit point 2303 and the

sensor on the guidewiresiviet to be known and fixed for more controlled femperatuee

measurements i the vasculature. The fluid exit point may be the exit point of the distal end
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of the flow passagefs) of the conduit, or may be the distal end of the catheter, deponding on
whether the conduit is partially sticking ouf of the distal end of the catheter. Distance 2524
may be about 0.0 wo |.Omm, Alternatively, distance 2524 may be about 0.5 to 1.0mm,
Alternatively, distance 2324 may be aboet 0.0 1o 2.0mm. Altematively, distance 2324 may
be ashout (L0 o 3 0mm. Alternatively, distance 2524 may be about 0.0 to 10.0mm. “ahowt
£.07 or “Essentially zero” heretn may mean plus of minus tmm, or “Essentially zero™ may
mean plus or pubus 2mm, or “Essentially zero™ may mean plus or nunus 3mm. Thes oy
be the case with any of the embodiments disclosed herein.

{6156] 3} Centering or otherwise aligning the fluid exit poim{s) of the condwt with

the femperature sensor(s).

ja151] 4} centering or otherwise aligning the flud exit poini(s)y with the catheter tip
{01582] 3 Controlling the flow characteristics of the fhad exiting the exit pomt{s),

For example, the size, shape and mamber of exit ports will control the flow charactenistics
of the fluid exiting the port(s). Parameters such as turbutence, flow velocity, volametric
flow rate, fow volume, etc. may be controlled. The cross-section of the flow passages
2518, 1n addition to the fluid infusion rate, will determine the velocity of the infusion rate
extting the flow passages 2318, The velocity of the infusion rate may be adapted to the
velocity of the blood How.

[0153] Allowing the outer swrface of the conduit to essentially scal with the nner
surface of the infusion lumen of the vascular catheter without having 1o perfectly align the
euidowiraestvlet with the vascular catheter. Because the vascular catheter is larger, and
more flexible, than the stviet, the relative alignment of the distal tips of cach may vary
during a procedure, Where the kength of the condwit s longer than this vanance, the
condhuit can still seal the mfusion lumen of the vascular catheter even if the distal tips of the
stylet'condutt combe and the vascular catheter move with respect o cach other
Alternatively or additionally, the couduit may fix the gmidewire/stylet to the vascular
catheter so that one does not move substantiatly relative to the other at least longitudinally.
{G154] The cross sectional dimension/diamcter of the conduit may be abowt 0.5
1. 5own. Alternatively, the cross sectional dimensionddiametor of the conduit may be about
8. 13 The clearance between the outside of the condult and the inside of the infusion
humen of the vascular catheter i some embodiments will be small enough to allow an
casential seal between the outside of the conduit and the inside of the infusion honen of the

vascular catheter. This encourages essentially all the mfused fhuid to exit flow passages
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2318 which controds the distance between the fluid oxit and the tomperatire sensor. The
clearance between the outside of the conduit and the mside of the infusion himen of the
vascular catheter may also be great enough fo aliow the stylet/conduit combmation to move
within the mfusion humen of the vascular catheter, for positioning, andfor for removal. The
3 outer surface of the conduit may be coated or manufactured from a lubricions material,
such as PTFE, a hydrophobic material, a hydrophibe material, ete. The clearance hetween
the outside of the conduit and the mmside of the mfusion humen of the vascular catheter nay
be about 0.070-0.080 mm. Alteranatively, the clearance between the owtside of the conduit
and the mside of the mifusion lemen of the vaseular catheter may be about 8.05-0.1 mm.
10 Aleratively, the clearance between the outside of the conduit and the mside of the

infosion lumen of the vascular catheter may be about 00011 00num.
{6155] Note that the clearance between the outside of the condvit and the inside of
the indfusion lomen of the vascular catheter may be difforent for embodiments of the
condutt which expand/contract, or have features which expandicontract, such as those
15 shown in Figs, 27, 28, 29A-C, 36, 36A-C. For example, the clearance in the confracted
state may be greater than that of 3 conduit wlich does not expandicontract and the
clearance v the expanded state mav be less than that of a condwt which does not
expand/contract. For exarople, the clearance in the expanded state may be essentially zero.
jG156] Fig. 28A shows the distal end of conduy 2302 cssontially aligned with the
2 distal end of catheter 2308, {Note that “distal”™ herem means the end of the vascular catheter
navigation device which enters the hody. “Proximal” herein mcans the end of the vascaelar
catheter navigation device which does not enter the body)) Fig. 253B shows an embodiment
where the distal end of the conduit i1s designed to sit inside the distal ead of the infusion
fumen of the catheter for infuston. Fig. 25C shows an cmbodiment where the distal end of
25 the conduit is designed to sit outside the distal end of the distal end of the infusion henen of

gned to sit m more than

the catheter for nfusion. Note that some embodiments may be dest
one position,

ja187) The fluid exit point 2503 is shown for the devices in Figs. 25A-25C and in
other figures. Note that the exit point may be the distal end of the conduit, or the distal end

30 of the catheter, depending on the alipnment of the conduit with the distal end of the

catheter.
j0138] In wse, the stvleticondait combination device is mserted {or comes nserted)

o the mfustion lumen of the vascular catheter. The catheter is then inserted mte, advanced
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through, the vascudatare. As the device s advanced, fhad s imfased through the infusion
fumen. Beeause the conduit essentially seals the infusion lumen of the catheter, the fluid
exits the system through the flow passages of the conduit, and the Huid flows through the
vasculature and the tenperatare of the blood/fluid in the vascolatwe 15 sensed by the

5 temperatge sensor. The distance between the exit point(s) of the fwd and the temperature
sensor iy fixeddknown and the temperature vs. fime curve i related to the flow
characteristics within the vessel. The different signatures of these curves are used to
identify the location of the tip of the vascular catheter navigation deviee. After the system

has been navigated do iy desired location, the styletconduit combination device is

10 removed, and the wiusion Tumen of the vascular catheter serves as a standard infusion
fumen. The styleteonduit combination device niay he retuserted into the infusion humen of

the vascular catheter later on to confirm the location of the tp of the vascular catheter.

{0159] Fig. 26 shows an cmbodiment of the vascular catheter navigation devies
where the flow passage s within the guidewire/stvlet component usclf In this embodiment,

15 the conduit serves to essentially seal the end of the mfusion lumen of the catheter, but the
How passage fiows bopween stylet core 2510 and stviet coll 2312 and exifs via oponngs
2602 between the coils.
{6160] Fig. 27 shows a vanation of the conduit which includes proxinal flange
2702, The Hange mav serve as & scal, csscnfially sealing the conduit to the 1D of the
20 nfusion lhumen of the catheter, when fluid mected thwough the infusion lumen of the
catheter above a cortain pressure. When fhud s no longer infused through the infusion
humen, or when the infusion pressure 18 redoced below a certain pressere, flange 2702 may
cotlapse shghtly, redacing the diameter or cross sectional area of the conduit at the flange,
which allows the styleticonduit combination device to be removed from the vascular
25 catheter after location of the vascular catheter has been established. Alternately, the flange
may mvagioate and flip direction dwing withdrawal movement, casing removal of the
stylet’condudt combination device. Fig. 2% shows a variation of the cmbodiment shown
Fig. 27 where the conduit has both @ proximal flange and a distal flange. Note that, i
these, as well as other embodiments disclosed berein, dwring use, e, during catheter
30 navigation, the distal cad of the condeit may be flush with the distal tip of the catheter,
distal to the distal end of the catheter, or proximal to the distal end of the catheter.
{0161} Figs. 29A-C show an embodiment of the vasaular catheter navigation device

where the conduit mcludes a thin-walled inflatable structure. Fig, 29A shows a condult
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with thin-walled, wnflatable proxamal portion 2902 and distal portion 2904, where distal
portion 15 honded, or otherwise attached, o the stylet. Proximal portion 2962 of the conduit
mchudes opening(s) 2906, Proximal conglant portion 2902 expands when fluid  infused
through the infusion lanien of the catheter, essentially sealing the mflatable portion up
5 agamnst the inner walls of the infusion tomen. The infuasion fhiad also exits the catheter via
openings 2906, The openings must be snall enough to allow the pressere within portion
2902 1o moerease so that this portion “inflates” mside the infusion hamen. The opemngs
must be large enough to allow adequate fhad to escape info the blood stream to make
memnngind tomperature measuroments. The diameter or cross-sectional dimension of the
(0 opening(s) may be abouwt 04-06mm. Abernatively, the diameter or cross-sectional
dimension of the operung(s) may be about $.05-1.0mnm. The fength 2910 of proximal
section 2902 of the conduit may be about .3+ 5mm. Alernatively, the fength 29190 of
proximal section 2902 of the condsit reay be about 81.3-20mm.
{3162} To remove the stylet/conduit component from the vascular catheter, the
15 floid infusion is reduced, or reversed, fo “deflate”™ proxamal section 2902 of the conduit o
that the stylet/conduit can be removed. This is shown in Fig. 298, In some embodiments,
deflation may not be necessary and the stylet/conduit may be removed from the vascular
catheter while fluid infusion is taking place.
{0163] Fig. 29C shows a variation of the tnflatable conduit with collar 2912 which
2 may help dircct fluid flow as it oxits the condhwt.
{0164} One of the advantages of an “inflatable”™ conduit is that the shape of the
conduit can conform to any shaped infusion tamen, whether rownd, semi-circle, triangular,
oval, ete. The difference m cross sectional area between the deploved vs, un-deploved

conduit can he fairly great, which is useful in smaller infusion lomen devices.

b
v

0165 Fig. 30 shows an embodiment of the condult wiuch bhas thin-walled “shant”
30062, This “skirt” expands and contracts similar to the “inflatable”™ portion of the
embodiment shown in Fig. 298 and B

{G1566] Fig. 31 shows ain crabodiment of the conduil which mchedes featurefsy 3102
to help divect the fluid Hlow oxiting the conduit, The feature may dirset How b a paralid
30 manner, as shown in Fig 31, inward, as shown in Fig. 32, or outwardly, as shown i Fig
33, or in any other manner,

jo167] Fig. 34 shows an embodiment with deflector 3402 which helps keep the

systermn away from the wall of the blood vessel. The deflector may be a sphere, or
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casentially spherical in shape or any other shape. The diameter or cross section dimension
of the deflector may be abowt 0.3-0.4mm. Alternatively, the diameter or cross sectional
dimension of the deflector may be about 0.01 - 1.0 mm.
{6168] Fig. 35 shows an embodiment of the condwt which is conical shaped o help
seal within the ifusion hunen of the catheter during mjection.
{0169] Figs. 36A-C show an embodument of the vascular catheter navigation device
which inchides & compressible condust 3606, The compressible conduit may be made out
of silicone, polymer, or other suitable material. Fig. 36A shows the conduit i its
compressed state. In this state, the condwit essentially seals the nfusion lumen of the
catheter. Fig. 368 shows the compressible conduit m s uncompressed state, which reduces
the diameter/cross-sectional dimension so that i may be repositioned andéor removed. The
compressingfuncompressing of the condult may be performed by rod or hypotabe or tube
3602 which is connected to the proximal end of the conpressible conduit and can be
manipulated {pushed, pulled, twisted cte) from the proximal end of the catheter to
compress and wcompress the condgt. Fig 300 shows a variation of the system which
allows the user to compressfuncompress the conduit by rofating rodhypotubestube 3604
which has threads which eagage with the condwit. (Neow cmbodiment wdoa; A very small
halloon could be used o mitiate and remove the seal. This is more appheable for very
large catheters. )
{8178] Figs. 37A-F show 2 different cross-sectional views of vanous embodiments
of the vascular catheter navigation device. Fig 37TA shows an embodiment where
gutdewire/stylet 2504 15 gonerally comtered i conduit 2502 within infusion fumen of
vascular cathoter 2508, Flow passage(s) 2518 may have different cross sectional shapes, for
examiple, spherical, triangular, those shown here and others. Ome, two, or more flow
passages may be prosent. The puidewire/siylet may mchude sensor lead wirgs 3702,
{0171} Fig. 378 shows an smbodiment of the vascular catheter navigation device
where the guidewiresstylet is off center. The cross sectional views show various possihle
configurations of the guidewirefstvlet and flaid passages. The flow passage(s) may be
circular, crescont shaped cte. one, two or more flow passages may be present in any of the
enbodiments disclosed herein, Nofe that the conduit may be a simple tube, as shown by
3704,
{8172} Fig. 37C shows an embodiment of the vaseular catheter navigation device

where the guidewire/stylet is off center and the up of the guidewire/stylet is angled to align
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with flow passage in the conduit so that tomperatire sensor 2516 i3 approximately aligned

with a flow passage. The tip of the guldewireSstviet may be aligned i other wavs as well,

for example, to fall between flow passages or 1o simple be near the center of the catheter.

The cross sectional views show vartous possible configurations of the guidewirefstylet and

5 floid passages. The flow passage(s) may be eircular, crescent shaped ete. The conduit may
be a simple tube,

j3173) Fig. 37D shows an embodiment of the vascular catheter navigation device

where the conduit is a simple tube, and the wudewire/stylot 15 erther Hoating i the 1D of

the condnt (here the 1D of the condait is the same as the flow passage of the condwaty, or

Hy  attached to the inner wall of the conduit. The gwdewire/stylet may be angled so that the

temperature sensor is more aligned with the center of the conduit flow passage, or strarght,

or bent or curved in some other way.

{6174] Fig. 37E£ 37D shows an cmbodiment of the vascular catheter navigation

device which includes cage or scaffold 3706 which conters sensor 2516 over a contral flow

15 passage within the condait, The cagedscaffvlid may be made from metal wire, pohvmer, may

ped

&

be made from a porous material, ete. Cage/scaffold may be embedded in, or attached to, the
conduit.

{0175] Frg. 37F shows an embodiment of the vasoudar catheter navigation device
where conduit 2332 dos not have an cuter surface. {o this cmboediment, Hlow passages are

20 o direct contact with the 1D of catheter 2508,

{0176] Figs. 3I8A-E show some possible architectires of varioss embodiments of
the wvascutar catheter navigation device. Fig. 38A shows vascular cathoter 2508,
guidewireistylet 2504 and condwit 2562, along with IV bag 3862, with optional infusion

pump 3804, where the infusion hag 18 connected o the fluid infusion port 2806 of the

b
v

vascular catheter. The gutdewwre/stylet 15 msertediremoved toffrom the catheter via stylet
port 3808, In some ombodiments, the stylet port of the catheter may be the same port as the
infusion port. Styletsensing connector 3810 connects to controlier 3812, which may
mglude displav 3814, as well as one or more controls 3816, In this cwmbodiment the
infusion of fwid through the vasaular catheter and dwough the flow passageds) of the
30 conchait s condrolied by the IV bag/infusion pump. The IV bag may be sct to a consistent
drip, flow, andfor may be controlied by the infusion pamp. In this embodiment, the IV bag
andfor infusion panp, is connected fo the vascular catheter without going dwough the

controller, Fig. 388 shows a similar embodiment, except that the flow of TV fluid from the

34



WO 2018/005169 PCT/US2017/038374

IV bag s controlled by the controller. TV bag 3802 is connccied to the contradler via IV
fhad hne 3818 The controller controls the mfusion of thud from the IV bag and delivers
the fluid to the catheter via catheter fluid line 3820, The controfler could be disposable or
re~psable. The kit could also come with disposable lines which attach to the IV bag or

5 hospual’s infusion pumyp.

{8177} Fig. 38C shows an cmbodiment of the vaseular catheter navigation device
which includes fhad ponp 3822, such as a syringe pump. The fhad pump may be a
standard off the shelf fluid pump. Note that in this embodiment, the fhdd pump does not
conneet to the controlier.

10 78| Fig. 38D shows an embodiment where fhud pump 3824 connects to the
controfler, so that the controller can control the fluid delivery to the cathetor via the fluid
punp. The controller may have a modude that alloves the user to sttach an off the shelf fluid
pump, of the controller may require a specific fhud pump. The fluid punyp andior the
syringe cartridge within the fluid pump may be disposable.

15 je179] Fig. 38E shows an embodiment where the fluid menp 1 incorporated into
controller 3812, The fluid pump andfor the synnge cartnidge within the fhad pump may be
disposable.

{G186] Fig. 39A is a longuudinal cross sectional view of the vaseular catheter

navigation device meluding condurt 2502, mudewirels
2 catheter 2508
j0181] Fig. 398 shows an cmbodiment of the vascular eatbeter navigation dovice
with mudiiple conduits along the length of the guidewire/stylet. Thoeromay be 0, 1,2, 3, 4,
3, 6 or more conduits,
j0182] Fig. 39C shows an embodiment of the vascular catheter navigation device
25 with conduit 2502, as well as securing style condhuits 3902, In some embodiments, these
secnring style conduits are inflatable, such as balloons, but they may alse be compressible,
such as silicone or another soft‘compliant matenial, such as any suitable polvmer. The
securing style conduit mav altornatively be made from a harder matenal, such as cpoxy, o
metal, or polymer cte. Proforably, the secuning style condduits seowre the guidewitredstylet to
30 the bwer lumen of the catheter so that the stylet does not move significantly longitudinally
with respect to the catheter. As a result, the distance hetween the fhud exit point, and the
sensor, i3 essentially fixed. Movement of the sensor with respect to the fhnd exit point may

he Hmited o plus or minus Imm. Or Movement of the sensor with respect to the fhuid exst
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pomt may be limited to plus or minus 2om. Or Movement of the sensor with respect to the
fuid exit point may be lmited to plus or mivus 3nun. Preferably, a secwring styvle conduit

also allows fluid to flow past it as it s securing, and through the catheter lumen during

Lok

infusion. There may be zero, 1, 2, 3, 4, 3, 6 or more secoring sivle condwits. In
embodiments where the guidewiredfstyvlet inclades a balloon, it will also include an inflation
tumen, Balloons may be refatively non-compliant or refatively compliant, The advantage of
a non-compliant balloon is that i will retain its shape, or roundness, when inflated bevond
a critical pressue. This will prevent the balloon from confornung to the mfusion lumen
thus Olling i Tostead, a nosn-compliant balloon will rewmain relanvely ciradar when
inflated, and fhad flow humens will be available bebween the noer wall of the catheter
infosion {omen, the stiffenerfelectrodes, and the seouring style conduit, as shown m Fig
389G

{0183 Fig. 39D shows an embodimsent of the vaseular catheter savigation device
with seouring style conduit 3902, In tlus embodinent, the seeuring stvle conduit may serve
as the condwit. The seauring stvle condwit may be at the tip of the catheter or it may be
further back proximally from the tip of the catheter, by fength 3304, Length 3904 may be
about (-0.5mm. Alternatively, length 3904 may be about 8-1.0 mm. Allernatively, length
3904 may be abowt 0.5-LOmm. Alicrnatively, length 3904 nay be about O-5mm.
Alternatively, length 3904 may be abowt O-10mm. Alternatively, length 3904 may be abow
0-20mm. Alcrnatively, fength 3904 may be about 3-30mm. Alternatively, length 3904 may
be about 0-40mm. Alfernatively, longth 3904 may be about 0-30mo. Alternatively, length
3904 may be about O-6Dmm. Alternatively, length 3904 may be abouwt 0-TOmm.
Alternatively, longth 3904 may be about 0-80mm. Aliernatively, length 3804 mayv be about
8-G0mm. Alternatively, leagth 3904 may be about 0~100mm.

{G184] Length 3903 is the length between the sensar and e tip of the catheter,
which in this embodiment, is the fud exat pomt. The secuting style conduit seeures the
guidewire/styiet to the infusion fumen of the catheter essentially fixing fongth 3903 during
placement. Length 3905 may be about (-0 5Smnw Alternatively, length 3203 may be abouwt
0-1.0 mm. Alternatively, longth 3905 may be about 0.5-1.0mm. Altemnatively, length 3905
may be about O-5oun. Alternatively, length 3903 may be about 0-10mm. Alernatively,
length 3905 may be abowt (-20mmm. Alternatively, length 3903 may be about 0-30mm.
Alternatively, length 3905 may be about 0-40mm. Alternatively, length 3905 may be abouwt

4-S0nmm. Alternatively, longth 39035 may be about 0-60mm. Alternatively, length 3908 may

ot
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be about 0-70num. Adternatively, longth 38035 may be about 0-8tmm. Alternatively, length
3903 may be about 0-90nun. Altlematively, length 3905 may be about (-100nun.
{0185} The length of scouwrmg style condst 3902 may be around lmm.

Altemnatively, the length of securing style conduit 3902 may be around 1-2mm
Abternatively, the longth of securing stvle conduit 3902 nwmy be around 1-3mm
Afternatively, the length of securing style condhuit 3902 may be around l-dpwn
Alternatively, the length of securing style conduit 3902 may be around 0.5-3mm.

{0186} Figs. 39E-390 show radial cross section views which reveal some of the
embodiments of sccuring stvle condut 3902, In Fig. 39E there are 3 balloons, or soft
protrusions around guidewire/stylet 2504, Fig. 39F shows 2 balloons/protrusions and Fig
389G shows only one balloon/protrusion. Note that the flow passage(s) 396 of these
securing stvle condwits is the space(s) between the securing style conduit and the mmner
hemen of catheter 2508, and similar 1o the conduit shown in Fig. 37F, does not have an
outer surface. In several of these embodiments, flow passages are n direct contact with the
ID of catheter 2508,

{0187 In one embodiment, sccuring style conduit 3902 15 a small sibeome
protrusion or inflatable balloon near the distal end of the stvlet’nudewire and as such,
serves as the condiad Before insertion, the guidewiredsiviet s placed o the desired
position so that the tomperature seusor is correctly posifioned with respect o the distal Gp
of the catheter. At thus pomnt, the secuning style condutt may be “activated”™, for example, by
inflating the balloon. The scouring style conduit bolds the relative position of the
guidewire/siylet and the catheter during the placement process. During the placement
process, fhud s injected through the catheter, past the seeuring style conduit and out the
distal tip of the catheter. For removal, the securing styvle conduit is either deflated, or is
flexible enough to then allow the guidewire/styvlet to be removed from the catheter. Sealing
style condut 3902, when activated may be at a cross sectional dimension which 15 greater
than that of guidewirefstvlet 2304, The cross sectional dimension of the conduit may be
about (1.08mm greater than that of the gaidewire/styiet. Alternatively, the cross sectional
dimension of the conduit may be sbouwt 005 lmm greater than that of the

muidewiresstylet. Alzematively, the cross sectional dimension of the conduyt may be about

0.035-0.5nun greater than that of the guidewiredstylet. Altematively, the cross sectional

dimension of the conduit may be about 0.5-1 Omm greater than that of the guidewire/stviet
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Ahematively, the cross sectional dimension of the condit may bo about 1.0-2.0nun greater
than that of the guidewire/stylet.

{0188] Fig. 39H shows an embodiment of the vascular catheter navigation device
which inclades nusdtple secaring stvle conduits 3902, Maltiple securing style conduits nay
allow for better longinsdinal fixation between the gaidowire’stylet and the catheter near the
distal end of cach. Note in this example, length 3905 Is essentially zero, which is the ease
when sensor 2516 is essentiafly at the distal tp of the catheter. “Essentiadly zere™ may
mean plys or minus lom, or “Fasentially zero™ way mean plus or minus 2mm, or
“Essentially zero™ may mean phey or minus 3num. This may be the case with any of the
embaodiments disclosed herein.

j0189] Fig. 391 shows an embodiment of the vaseular catheter navigation device

where secwring style conduit is a helix. The helix stabilizes and conters the guddewire/stylat

within the infusion lumen of the catheter, while allowing fluid to flow past the conduit. The
helix is preferably open on the ends to allow fhad to flow therethrough.

j0190] Fig. 39) shows an embodiment of the vascular catheter navigation device
where securing style conduit 3902 15 one or more metal wires or filaments, which secure
the stylet with respeet to the catheter hamen via outward miechanical foree. The filaments
may run the length of the guidewiefstylet and wmay be expandediretracted using a
mechanism af the proximal end of the guidewire/stylet, The filaments may be single strands
of metal, or may be a cage, or spiral eic.

{019 Markings or any other mechanism may be used to align the condait with the
distal end of the catheter for catheter navigation. For example, a moveable marker may
exist on the proximal end of the mudewire'stylet so that the distal tip of the vascular
catheter (possibly after having been cut o length) can be aligned with the conduit outside
of the body, the moveable marker moved so that #t lines up with the proximal end of the
vascular cathetor, and thon the catheter may he inseried into the body. Other mechamisms
include vabves, such gs a tuohy-borst valve, or clamps, torque deviee, ete. The longh of the
conduit mray be long cncagh so that exact aligmmuent of the distal tips of the catheter and the
conduit i not necessary, For exanple, the vascudar cathetor may move about 8-2mm with
respect fo the gmdewire/stviet during the placoment procedure. Alternatively, the vascudar
catheter may move about B-domn with respect to the guidewire/stytet during the placement

procedure. The conduit may be longer than this, for example, about 2-12nmm, t0
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accommadate for these changes m alignment and ensure that the conduit spans the distal tip
of the catheter,
{6192} Some embodiments of the vaseular catheter navigation device may restrict

the condult from exiting the distal end of the vascudar catheter. Some enshodiments may

LY

allow the condait to exit the distal end of the vascalar cathoter, The moximal end of the
conduit may be tapered o a smaller cross sectional area proximally so that the conduit can
be pulled back into the catheter without catchung.
{0193 Figs. 40A-C show some different configurations of vascular catheter lamens
and variations of embaodiments of the vascular catheter navigation deviee which work with
10 them. Vascalar catheters may have one, two, three, four, five or more tumens. Fig, 404
shows some example configirations of 2 homen vascudar catheters. These configurations
include infasion lomen 2306 and awalbiary lumen 4002, The aswliary honen may be an
addittonal mfusion lumen, a sampling lomen, a pressure lonmen, a guidewiredstylet lumen, 2
tools fumen, or a lumen used for any other purpose. Shown here are gundewire/stylet 2504,
1S conduit 2307, flow passageis) 2518 and vascubar catheter 2308, Somwe of the vanous
components of the vascular catheter navigation devige, ncluding the stylet, condut, and
flow passage(s} may have different cross sectional shapes 1o accommiodate the different
shape vascular cathoter lumens. Some examples ave shown here, but others are envistoned.
The shape of the conduit mav be preformied, for exanple in the form of a polymer condul,
20 or may take on the shape of the lumen, for example wia an ilatable or conformahble
conduit, for example as shown in Figs. 27, 28, 29A-C, 36, and 36A-C.
jG194] Fig. 408 shows some cxamples of configurations of 3 lamen vascular
catheters. Fig. 400 shows an example of a configuration of a 4 hemen vascular catheter,
{1195] Note that although embodiments disclosed herein show the vascular catheter
25 navigation device in an mfusion humen of a vascular catheter, i is also possible that the
vascular catheter navigation device may be used in any lumen of a vascular catheter, for
example a sampling hwwen. It is also possible that more than one vascular catheter
pavigation devices may be used at onge i more thag one hunen.
j0196] Figs, 41A-F show vartous embodiments of a guidewiredstvlet component of
30 the vascular catheter navigation device. Fig. 41A shows guidewire/stylet 2504, including
core 2510, coil 2512, endeap 2514 and temperature sensor 25316, Also shown here ave
temperature sensor lead wires 4102, emperature sensor lead wire insulation aver 4104,

stiffener 418 and core enclosure 4106, The temperature sensor fead wires connect the
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temperature sensor on the distal end of the device to the controdler on the proximal end of
the device. There mav be one, two or more lead wires. For exaniple, 3 thermocouple will
asually have 2 fead wires. Some thermocouples, however, may have 3 lead wires if one of
the lead wires 1s a ground wire. The lead wires are preferably made oot of metal. The lead
wires may be insulated with msulation layer 4104 which surrounds each lead wire. In some
cmbodiments, only one of the lead wires is inselated, The inselation material may be made
out of polymer such as polyethylene or PTFE or polyimide or other suntable material and
may or may not be heat shrinkable. The stffener may be made out of metal and may be
tapered to a smaller cross sectional dimension at the distal fip, or the stiffener may have a
consistent cross scction over its length. The stiffener may be round in cross scetional arca
or may be any other shape. The stiffener may alternatively be a polymer. The lead wire(s)
may serve as the stffener in which case, and addivonal stiffener will not be present.

{3197} The core, which includes the lvad wirels) and an additional stiffencr, if
present, may be encapsulated with enclosure 4106, Enclosure 4106 mav be g tube made owt
of polymer, sach as polyvimide, polvethylene, PTFE ete., or metal or other suitable material,
The coclosure may alternatively be a dip or sprav coating. The encleswre may be a heat
shrinkable tubing.

j0198] Fig. 41A shovws a guidewire/stvlet where lead wives travel to the distal end
of the stvlet where fepperafure sensor 2316 oxists separately from cndeap 2314 and
proximally to the endcap. Fig. 41B shows an cmbodiment where the endcap and the
temperature sensor ave combined. Fig, 41C shows s embodiment where e tomperature
sensor is distal to the endeap.

{31991 Fig. 41D shows an embodiment of the stylet/guidewire where the cotl serves
s the lead wire(s). In this embodiment, the lead wire(s) exit the core and are incorporated
ino the coil proximal to the tomperature sensor.

{G2006] Fig. 41E shows an embodiment where lead(s) 4102 arc made out of
conductive ink. In this cmbodiment, the Icad(s) may be on the outside of enclosure 4106,
The ink may be deposited onto e oncloswre. The conductive ink leadis) may be
sandwiched between two enclosares. Note that condactive ink may be wsed for any of the
sensors, mcluding thermocouples, BECG, tomperature sensors, ote., and may be printed on
the stylet anddor catheter andfor conduit.

{020 Fig. 41F shows an embodiment of the stylet/gaidewire where the coil exists

over the entire length, or substantially the eative length, of the stylet/guidewire.
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{0262] Fig. 42A shows an cobodiment of the styvlet/guidewire where lead(s) 4142
also serve as stiffener(s). The kead(s) may be cacapsulated in encloswre 4106 and connect
to sensor 2316, Addinonal stiffness may be added to this embodiment by using thicker
{eads, thicker/stiffer enclosure, for example, metal braid or coil or filament renforced
polyimide or polymer tubing ete. Altermatively, the gap between the enclosure and the
feads may be filled with epoxy or adhesive. The leads may be welded or bonded 1o cach
other or to the enclosure. The enclosure pwy be co-extruded with one or more of the
insulation layers of the lead(s), as shown i Fig. 42B. Thermoset polvmers andior metals
may be used i the enclosure, msulation anddor leads, Each lead may inchsde an wmsulation
layer or only one lead may have an msulation laver or neither lead may mehude an
insulation laver, for exanmple i the embodiments where adhesive or epoxy is ased to stuffen
the stylet. B such envhodiment, the lead diameter, eross-section design, and material may
he designed to match desired stiffness of the stffener. One or more of the leads may be

spiral, cotled, or braided to achieve desired stiffoner mechanical properties.

jB203) Fig. 42C shows the embodiment shown in Fig. 424 with the addition of a
cotl.
{0204] Any of the guidewires/styli disclosed herein may be used with any of the

embodiments disclosed horein including any of the conduit embodiments.

{0205] Some enbodiments discloscd heretnn may be used to detormine flud fevels,
or hydration level, of a patient. Fld levels are particulrly smportant when a patient has
congestive heart challenges. A lowser fluid level may result in lower amplitude pulses in the
bMood flow, where a higher fluid level may result in greater amplitide blood flow pulses.
Other flow patterns may he difforent between a hydrated patient and a less hydrated
patient. These flow patterns can be detected wsing embodiments disclosed  herein
Hydration level can be monitored i a pationt over time or compared among pationts.
{3206] Where “sensor™ or “lemperature sensen” i3 used herein, other types of
sensors may be used, including any measurable parameter eluding temperature, opacity,
light reflectivity, sound reflectivity, density, viscosity, ability to absorb hight, abidity to
absorb sound, pressare gte.

{0267 Fig. 43 shows that an optical signal can provide information on divection of
blood flow and other blood flow parameters. In this embodintent, the medium s light and

the parameter measored s light intensity anddor reflected hight. Corve 4302 represents a
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measurenent of reflectad light over time 1o a3 blood vossel where blood flow 13 toward ihe

device.
{3208] Fig. 44 shows an embodiment of a deviee which uses optical sensors. Fiber

optic cables 402 and 4404 can be used for gansoussion and detection of hight. One cable

may be used to infroduce the medium (Hght) and the other cable serves as a sensor for a
parameter of the mednun (Hght intensity/wavelength). A detector and emitter combination
can be used or an optical detector can be used without an emitter, requiring only one fiber.
In some embodiments, light at particular wavelengths may be used. For example, red light
of approxtmately 620nm o 730nm may be emitted, which is reflected more by red blood
celis than by saline, or saline dihuted blood. Thus a response can indicate a flow dircction
or characteristic.  This same embodiment can be enabled more broadly with other types of
visthle Hight of about 3530nm - 30nm and near infrared light between abouat 400 and 1400
am. This embodiment can be achioved with detector anddor cauiters that are located at the
point of measurament and potentially used i combination with a flex circuit, The optical
measuring embodiment can also be used with the use of fiber optics {plastie, glass or
other,} or light pipes where the actual detector and enutter are located in the controller and
the Hght pipe ov fiber optic communicaies nformation collected at or near the catheter tip
with the controller located owiside the patient. This can be performed with fiber optic lines
which are about 0.lnmm to about {.5mm i dimmeter or about 0.5mm to abowt 4mm n
diameter. The fiber optic cable(s) mav have an insudated coating, In some cmbodiments, a
single optical fiber may be uscd to racasure temperature,

{6289 Figs. 45 and 46 show a tiple homen device and a double humen device
respeotively, with 2 fiber optic cables,

{0214 Fig. 47 shows an embodiment which uses sonar andfor sound waves 1
detect blood direction. In this embodiment, the mediun btroduced is sound and the
parameter measared by sensors s reflected sovmd mtensity andéor wavelengths. Sound 15
mirodured via the device resulting m sound waves 4702 transmitted into the blood vessel.
Some sound waves will be reflected back as reflected sound waves 4704 and can be
measured by a sensor, such as a microphone, on the deviee.

{3211} Figs. 4% and 49 show an embodiment which uses one or more pressure
sensors, with the aid of a twbulence inducer, to deternune dircctionality of flow. A single
pressure sensor 4804 or multiple pressure sensors can be used fo detect the divection of

flow with respeet to the catheter or pressure sensor. This cmbodment can include
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mechanism 4802 that induce twbudent flow 4808 to oreate different pressures at the reading
location depending on if the flow disruption feature 15 upstream or dowanstream of the
pressure sensor. Presswre data measured by presswre sensor 4804 13 communicated to the
controller (not shown} via comsector 4806, This twrbulence indacer can be included on the
stviet and deploved much fike an ymbrella and then retracted. This awbulence inducer can
be deploved and pushed through the vaseulature as the device approaches the heart, or the
turbulence mmducer could be deployed at specific tmes when the location of the device
needs to be determuined. This could either be at a predetermined intervals, for exanmple,
about every 3 seconds {or ranging from 1 second 1o 5§ scconds) or samply deployed
whenever the operator wourld like to take a measurement. Alternatively, the turbulence
indocer may be small enough so that 1 may be permanently deploved.

{6212] Fig. 50 shows an embodiment which inclsdes controller 114 and a medinm
mtroduction mechanism 32 comtrolied by the controller via lover or mechanisoy 5004,
The medium wiroduction mechanism may be 8 syringe containing saline or other fluid and
mechanism 3004 may be a lever controlied by a motor within the controffer. Altermatively,
the controller may be remnie from the medhsm infroduction mechanism. The media
introduction mechanism may altceaatively be manually driven. The controlier may bie at the
patient’s bedside or remote. The controller may provide real time feedback if there are any
changes of safety issues. [ may be used standard PICC, sabelavian, and mtra jugular

catheters, contral catheters, regardless of brand.

{0213 Conwroller
{0214} The controller may control delivery of the medinm and detection of the

mediem parameter in the blood flow. In addition the controller will receive information
trom the one or more sensors and interpret the information to assess the location, relative
location, andfor hazard zones within the vasewlatiwe. The sensor signals are communicated,
via a wire, fiber optic calde, or other means, back o the controller where the signal(s) are
analyzed based on the measured parameter, parameter profife, parameter of motre than one
sensor, or change I parameter over time and/or distance. For example, the controller can
determine whether the distal end of the vascular catheter navigation device is in an artery
mstead of a vein, based on magnitude and direction of bload flow, andfor other flow
parameters, near the vascolar catheter navigation device. For example, i the conwoller
determines that the distal end of the vascelar catheter navigation device 1s i an artery

instead of a vein, a specitic identifving signal may sound, including an audible, visual
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stgnal ele., msteacting the user o remove the vascular cathwter navigation device, and any
other device, such as sheaths, catheters etc., and apply pressure to the Hood vessel. For
example, instructions for advancing, rotreating. redivecting, stopping or removing, the
vascular catheter navigation device may be displaved by the conwoller on a soreen
connected to the controlier exther. The connection may be wired or wireless and the soreen
may be local or remote. The signal from the controller may be fransmitted over Blactooth,
or other wireless protocol, to a computer such as a laptop, tablet, phone, watch, or other
peripheral device.

j6215] The controller may control infroduction of medium, including tyection of a
temperature contralled solution, such as sahine, introduction of sound, mtroduction of light
ete. Temperatwe controffed may mean a temperature which 1s different than body
temperatare.

{0216] The controller may also integrate with other system. such as electronic
medical systems, electronic health systems ete. The integration may be wired or wireless
and may be local or remote. The integration may be via "EMR sniffers™.

{0217 Injection mechanism and fhud properties

{6218} The infusion drip, bolus, droplet, streamy ete., used to detect catheter
fecation may have specitic pamameters, The infusion may be a drip or i may he a strzanm.
The preferred intermittent vohwme size (dop, drop, bolus, intermittent stream) is hetween
about 0.5¢ce to abount 3ec, but can range between about (Lice and about 10cc. Alternatively
the volame may range from abowt 0.5¢c to about Lec, Alternatively the volume may range
from about 0.5¢c to abowt 2ec.

{0219] The preferved drip interval may be between ahowt every 0.5 second o about
every 4 seconds to a broader range of about every (.25 seconds to about every 10 seconds.
Where the infusion is a continuous stream, the preferred flow rate is sbout dec/minute bt
may range from about 0.25¢cc/nunute to about 1Sec/munute or from about 0. lec/nunute to
abeut Mco‘nunute or from about 0. leo/minute fo abouf 60ce/minute.

{0226 The prossure applicd to the injection mechanism {(syringe, for example) for
mjection may be around 3 psi but may range from about 1 pst to about 3 psi. or the range
may be from about (11 psi to around 200 pst.

{022 The fhad tomperatoe i a2 thermo-dilation sensing solation 1 optinaally

aromd 22.5C but may be about 20C to about 25C or from about 1C to about 36(C.
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Ahematively the fhad may be greater than body {emperatare, optimally about 40C but
ranging from about 39C 1o 420 or about 37C to about 43C,
{e222] The controller may control an injection device, o volumetric displacing

device, such as a syringe, so that the injection device introduces a controlied volume andfor

1.4y

rate of fiuid into the catheter or stylet/suidewine. The fixed volome anddor rate of Buid may
be at a controlled temperature, cither above or below that of blood (approximately 37
degrees Celsius), or at a known temperature which is measured. The gection device way
inject & controtled volume andfor rate of fluid at predetermined ntervals, or other intervals,
or continuously., The controlled vohune amdfor rate of fluid way remamm the same
Hy  throughout a pwrocedure, or the volume andfor rate may change depending on the patient,
the focation of the catheter/system within the vasculatore, ete. For example, the volume
andfor rate of flud injected may merease as the tp of the catheter gets closer o the heart.
The volume andfor rate may be different for differont sizod vascular catheters o difforent
sized lumens of vascular catheters, for example in catheters with multiple lumens.
1S (9223 The volume andfor rate of Hluid ngected may be confrolled by a lead serew,
cam, Hnear actuator motor ete. The force of the imyection requirements may alse be
controlicd ansor monifored. For example, if an unusually hugh foree 1s roguired o inject
the fluid, an alert may tell the vser that 2 possible catheter blockage situation ewists,
including a catheter kink, a blood clot, the catheter tip up against a vessel wall, or within a
20 smal vessel, or other catheter patency sifuation, Higher or lower foree mjections may be
gsed in difforent arcas of the anatomy, ov o confirm location within the anatomy. For
example, a lngher forced mjection of 2 snwller volume and/or rate may provide different
femperature curve information than a lower force, higher volome andfor rate injection.
Small volume mjections at a higher frequency niay provide different information than
25 larger vohune ingections at a lower frequency, ete,
{6224 The flnd myector may also be configured to withdraw flaid fheough the
catheter/stylet/puidewire fo determine mjection lumen'tip patency. The controller may
assess force to withdraw fluid o detornine that flud is Howing freely through the
catheterfstylet'gaidewire. If flud is not fowing freely, a patency alert may alert the user.
30 Alternatively the controller may have a sensor which senses the existence of blood i the

g

systern when the injector withdraws fluid through the catheter'stylet‘msdewire. This may

he done optically or otherwise.

41



WO 2018/005169 PCT/US2017/038374

{0225] An embodiment of the injection mechanism s shown in Fig.o 31 Thig
embodiment may mwlude an sutomated micction system for the cartridge/svringareservoir
which way be 8 motor driving lead scvew,  The controller condrols the infusion delivery
parameters, including pressure, volume, frequeney, rate, ete. The controller mayv also
5 control the GUL The buttons, shown in Fig. 51 may tarn the device on and off, purge the
catheter of air prior to nsertion, andfor may stop operation of the device in case of a sensed
problem situation.  The unit may be fully disposable, partially disposable or non-
disposable, and may reside in the sterile field or the unstenile field during the procedwre.
j6226] The system may come packaged with g prefilled mijection device, or a
Hr  fillable mjection device. Saline may be used as the fhud. Contrast medium may be used
{which is a tugher viscosity than saling}. Fluids of differing viscosity may be used, or fhads
may be mixed (such as contrast medium and saling) to achieve a desired viscosity or other
destred propertics. Fhads of difforent surface tension, ditferent specific heat capacity,
different geidity or other different attributes may be used. Fluids with properties that differ
15 from those of blood will provide different tevoperature curves and therefor provide different
information regarding the location of the catheter/gadewire’stviet tip in the vasculature.
Some flwds may be soluble in blood and others less soluble. Siace the ingection fhud is
injected o the blood stream, the fluid used will preferably be biocompatible.
a2 Additives may be added to the injection flaid for difforent results. For
2 example, salts, such as NaCl may be added. Differont salts or other additives may toprove
an ECG signal in embodiments that include an BCG electrode. A different fluid (Hauid or
gas) may be ntroduced with the primary thad to modify the fhud properties. For example,
a bioconpatible liguid or gas may be “bubbled” into saline,

{0228] A user mterface controlled by the controller may nclude a display, alerts

2]
T

{avditory, visible, lighis, vibrations cte.) and other information. The wser merface may
wmelude a display of the anatomy with & virbal reality mdicator of the location of the
catheter/guidewire/styvlet tip within the anatomy, For example, the display may be an mage
of the human vascular svstew, and a moving indicator, sach as a light, way show where
within the anatomy the catheter/guidewivedstylet tip is. The display may be actual size, and
30 possibly even projected wpon the patient, or # may be a smaller or larger saze, for exaniple,
displaved on the controller, a tablet, or projected up on the wall. The controller andfor
display may mclude a computer, laptop, tablet, mobile phone, virual realitv/augmented

reality glasses, ete,
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{0229] The systom may be fully disposable. A fully disposable systom primary
package includes: syringe, syringe pump, the syringe filled with the fluid of choice, a
controlier, a user interface which can exist as any combination of display, alert, and lights,
catheter, stviet/ guidewire, and introdection mechamism. Al of these clements may be fudly
5 disposable. By doing so, the chance of infection will be reduced.
{5230} Another embodiment includes all of the items lsted above where the display
1s non~cisposable.  The display may be within the noresterile field and conununicate via
cable or a wireless conwnunications protoco! sach as Bloetooth. Alternatively, the display
may  be within the stertle field wsing 3 wired or wireless  comnection.
HY  Additionally/alternatively, the display may be projected on glasses — cither virtual reality or
augmented reality glagses.  The glasses may be within the sterile or non-sterife field
Additionally, a projector may project the display on a swrface of choice and the projector
may be in sterile or non-sterile field.
{0231} Another embodiment consists of two subsystems. The disposable cloments
15 may include catheter, stvlotguidewive, and a Baudd filled vohuwe displacing device, such as
a syringe. The non-disposable clements may mclude a controller in a housing,
mechanies/motors to depross the load screw on the svrmge/cartridge, display, sudio, and
visual elements, as well as user interaction buttons, ete.
{6232 Any of the cathetor'stylet/guidewire placoment andior patency tochniques
20 disclosed heren may be used while placing the device m the vasculature, as well as after
placement, to determine that the device has not significantly strayed from 3 placement
location.
{B233) Any of the embodiments disclosed herein may be used with any type of
cendral vascular catheter including Central Venus lines, Clavicle lines, midhine, ete. In
25 addition, any of the embodiments disclosed herein may be used with peripheral vascular
catheters, dialysis catheters, and cardiac cathetors including catheters used for! coronary
arterics, patent foramen ovale, atrial septal defeet, ete. Any of the embodiments disclosed
hercin may be used with any tvpe of arinary catheters. Similar technology may be used in
gnderwvater navigation, mining, oil and gas exporiation, eiility fabrication or repailr,
30 ransportation infrastructure fabrication and repair, ete.
{8234] Other technologies may also be used in conjunction with the sensor readings
from the vascular catheter. For example BECG readings, ultrasound readings, Doppler

readings, x-ray readings, mductive current fechnology, prossure readings, eie. Some, all or
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no readings may be augmented via a tuebulence inducer, These, and other, other types of
readings may be gsed i conjunction with the sensor readings by the controfler to deternune
the location of the vascular catheter navigation device distal tip. Specific modabities may be

better at identifyving specific vasculay landmarks or conditions.

1.4y

{0235 For example, any of the condactive compuonents of the vascular navigation
device may be used as an ECG lead. Another ECG lead may be placed on the patient’s
skin, For example, the guidewire stylet stiffener, coil, enclosure, thermovouple leads,
sensor leads, thermocouple, endcap, conduit, efe. may be wsed as an BCG lead
Alternatively, a separate ECG lead may be added to the system,

10 ([0236) Embodiments of the vascalar navigation device may include the ability to
measwre cardiac output. The temperatore vs, ime curve may be analvzed by the controler
to determine cardiac output in addition to vascular location, cither simultancously, or at
separate times. Cardiac oufput may alse be used o belp establish the location of the
vascular navigation device within the vascalature.

15 {8237] Several embodiments have been disclosed herein. It will be understood that
any of the features of any of the embodiments may be combined with any embodiment.
{5238} Some embodiments of the vascular access or vascular navigation deviee
may be used in other applications. For cxample, the controller of the device may be
equipped with logic fo navigate, identify, and assess the health of various vascular or other

2 anatomies. For example, some embodiments may be configured to identify the location of
valves within the peripheral vascular (for example, venous) system. Valve location may be
identificd based on the flow characteristics near and within a valve, Valve health may be

assessed based oy flow characteristics near and within a valve, Valve function may be
assessed based on flow chavactenistics near and within a valve. Valve closure may be

25 gassessed hased on flow characteristics near and within a8 valve. Vascular flow
characteristics may be used by the system to navigate near o, within, andfor past valves.
Some embodiments of the vasenlm navigation device may bo used in conjonction with
freatment procedures. For exanpde, the systom may be used to aid in placement of valve
prosthetics, valve repair ete. The system may be used to assess the saccess of such

30 procedures, based on flow characteristics, placenent location ete. The system may also be

used 1o navigate w vessel stenting locations, and 1o assess the function of a vessel before

and after a procedure. The systemy may be used to assess the function andior location andior

health of a prosthetic {stent, valve otc.) betore and after s placomoent,
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{0239 in some cmbodiments, the sysiem may be used to diagnose a stonosis,
blockage, narrowings or discase of a blood vessel based on fow characteristics. The
svstem may be used to classify o stenosis, blockage, narrowings or disease of a blood
vessel based on flow characteristies, The system may be used to identify the location and
quantity of spinal fhud feak.

{0240 In some cmbodiments of the system, the vascular system is accessed
peripherally, via a teg, arm, groin, et

{0244 Some embodiments of the svstom may be used fo diagnose other discases or
health based on flow characteristics of vessels or other organs (such as the bladder, lungs,
ofc.}

{8242} Some embodiments of the system may be wsed to assess bealth of, and
pavigate through, othor vessels such as those 1o the brain, For example, the sestem may be

used to identify, navigate to and assess the health of ancorysns, biockages_,, BATOWINGS,

I?

stenosis with the brain and elsewhere in the body.

{0243 Embodiments of the system mayv be used for any interventional radiclogy

procedure  including  Asngiography, Arneriovenous Malformations {AVM), Balloon
Angioplasty, Biliary Drainage and Stenting, Bleeding Internally, Central Venous Access,
Chemecmbolization, Embolization, Gastrostomy Tube, Hemodialysis Access Maintenancs,
High Blood Presswe, Infection and Abscess Dramnage, Needle Biopsy, Radioficquency
Ablation, Stent, Stent Graft, Tlwombolysis, TIPS (Transjogular Intrabepatic Portosystemic
Shunt), Urinary Tract Obstraction, Uterine Axtery  Embolization, Ulerine  Fibroid
Embolization, Varicocele Embolization, Varicose Vein Trestment, Vena Cava Filter,

Vertebroplasty, Deep Ve Thrombasis, ete.

{0244 Some ombodiments of the systom mav be used to sdentify bleod flow
direction, spoed, Hlow characteristies, ofe, This may be uselul not only for navigation of the
venous svstent, but glso in assessing venous or arterial flow conditions that ave useful fw

wdentifving heart disease, chronic venous disorder, venous outflow obstructions, ete.

{0245] Some embodiments of the systom may be used to identily the change in
flow characteristies of the bipoed as 1t responds o drugs such bloed thunners (heparin, efc))
acutely or over time. For example, blood thinness, viscosity, or other properties may be
assessed based on the flow characteristies.

{0246] Some embodiments of the multi sensor technology may also be meluded in
a permanent maplant within the body rather than wsed as a temporary device. |t may be
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gsed &0 measare the performance or health of the cardiovascular system over fimge, meoasarg
post intervention performiance over time, ete. This tvpe of infervention mav be surgical
only, such as when used m a bypass procedure, and may also include moniforing the resulis
andfor performance, andior success of inferventions such as mechanical valves, stents,
5 balloons, efe. It may also be used for the assessment of the need for interventions.
{0247] in another embodiment, in addition to or instead of measuring temperature
of a fluid bolus or steawmn that s injected, the systern may measwre the electrical
conductivity of a bolug or stream of flud.  As a stream or bolus of fhuad Buctuates with
various flow conditions and directions, variation i electrical conductivity can be detected.
Hy  Additionally, fluid may be injected to optinuze the clectrical conductivity. For exaniple,
fhad containing one or more salts may be wsed to make the fhoad more clectrically
conductive.
{0248] This technology may also be used outside of the body on the surfhce of the
skin in prosanuty to one or more veins. This may be done on the skin or just under the skin,
1S across the skin or within the skin. For example, the emperature sensors can be placed
several locations on top of the skin or veinn A heating or cooling covent may be
adnmuinistered  indravascularly to detect blockages, flow, or navigation requirements,
Conversely, the heating and or cooling event may happen sxternally to the skin while the
system senses the temperature infravasculadly. Alternatively, pressure, or clectrical
28 conductivity may be used. Sonme cmbodiments may also detect flow characteristics,
diagnose venous or arterial disease, challenges, and obstructions, in either acute or chronic
events. Endodiments of the device on the surface of the body or vein may be a temporary
assessment tood, or may be a more permancatly worn btosensor such as a watch, ring,

wristhand, necklace, caring, contact lens, cic.

25 {0249 Example of Data Processing System
{32506] FIG. 52 s a block diagram of a dats processing system, which may be used

with any embodinent of the invention. For example, the system 5200 mayv be used as part
of the controller. Note that while FIG. 52 sHhustrates various components of a compater
svstom, ® 15 not imtended o represent any particelar architectwre or manner of
3 interconnecting the components; as such detals are not germane to the present invention. It
will also be appreciated that network computers, handheld computers, mobile devices,
tablets, cell phones and other data processing systems which have fewer components or

perhaps more components may also be used with the present invention.
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{025% As shown in FEG. 532, the computer system 5200, which is a form of a data
processing system, mohides a bus or intercomnect 3207 which is coupled to one or more
microprocessors 5203 and a ROM 3207, a volatile RAM 5203, and a non-volatile memenry
3206, The wmicroprocessor 5203 is coupled to cache memory 35204, The bus 3202

5 intercounects these various components together and also fatercomnects these components

‘J»

203, 3267, 5205, and 3206 1o 3 display controller and display device 3208, as well a5 to
mputiontput (1O} devices 3210, which may be mice, keyvboards, modems, network

interfaces, printers, and other devices which are well-known in the art.

j0252] Typically, the imputioutput devices 5210 are coupled to the system through
H}  inputioutput controllers 5200, The volatile RAM 52035 is typically implomented as dynamic
RAM (DRAM} which requires power continuously in order @ refresh or naintam the data
in the memory. The nov-volatle memory 3206 s typically a magnetic hard drive, a
magnetic optical drive, an optical drive, or 3 DVD RAM or other type of memory system
which mamiains data even after power 18 removed from the system. Typically, the non-
15 volatile memory will also be a random sccess memory, although this i3 not required.
{3253 While FIG. 82 shows that the non-volatile memory 1s a local device coupled
dircctly to the rest of the components in the date processing systom, the present invention
may ufilize a non-volatile memory which is remote from the sysient such as, a network
storage device which 1s coupled to the data processing svstem through a network iterface
2 such as a medem or Ethereet intorface. The bus 5202 may include ong ov more buses
connected to each other through vartous bridges, controllers, andfor adapters, as is well-
known in the @t In one ebodiment, the ¥O controller 3209 mcludes o USB {Universal
Serial Bus} adapter for controlling USB peripherals. Alernatively, VO controller 5209 may
mclude IEEE-1394 adapter, also known as FireWire adapter, for controlling FueWure
23 devices, SPI (senal peripheral interfiaced, 12C (inter-integrated circuit) or UART (universal
asvnchromous  recciver/frapsmifter, or  any  other switable  tochuology.  Whaodess
communication profocols may mohude Wi-Fi, Bluctooth, ZigBee, near-ficld, cellular and
other protocols.
3234} Some portions of the preceding detaled desoriptions have been presented in
30 terms of algorithms and symbolic representations of operations on data bits within a
computer memory. These algorithmic deseriptions and representations are the ways used
by those skilled in the data processing aris to most effectively convey the substance of thewr

work to othors skilled in the art. An algorithm is bere, and genevally, conceived o be a self~
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consistent sequence of operations leading to a desired result. The oporations are those
requiring physical manipulations of physical quantities,
{0255] It shoald be borne 10 mind, however, that all of these and similar torms are

to be associated with the appropriate physical quantities and ave merely convenient labels

LY

applicd to these quantitics. Unless specifically stated otherwise as apparent from the above
discussion, it is appreciated that throughout the description, discussions utilizing terms
such as those set forth in the claims below, refer to the action and processes of a computer
system, or similar electronic computing device, that mampelstes and transforms data
represented as physteal {clectromic) quantitics within the compgter systent's registers and
HY  memories into other data similaly represented as physical quantities within the computer
systermn memories or registers or other such information storage, transmission or display
devices.
{02506] The techmiques shown i the Figures can be baplemented using code and
data stored and executed on one or more electronic devices. Such clectronic devices store
1S and communicate {internally andfor with other electronic devices over @ network) code and
data using computer-readable media, such as non-transitovy computer-readable stovage
media (o, magnetic disks; optical disks; random agcess memory; read only memory;
flash memory  devices; phase-change memory) and  tramsitory  computer-readable
transoussion medis {e.g., clectrical, optical, acoustical or other form of propagated
2y signals—such as carnier waves, infrared signals, digitsl sigoals),
{G257] The processes or methods depicied in the preceding Figs may be performed
by processing logic that comyprises hardware (e.g. circuitry, dedicated Iogie, ete.), Hirmyware,
software {¢.g., embodied on a non-transitory computer readable medium), or a combination

of both. Although the processes or methods wre described above I torns of sone

2]
T

soquential operations, # should be appreciated that some of the operations described may
be performed in a dfferent order. Moreover, stane operations may be performed i parallel

rather than sequentially.
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CLAIMS
What 1s claimed is:
I A location detection system, comprising:
an elongate body;

5 a conduit definuny one or more flow passages, where cach of the one or more flow
passages has a distal end and where the condwit is configared to secwre a position of the
elongate body refative to the conduit;

a senisor positioned at or i proxinuty to the distal end of the clongate body, wherain
the conduit maintains a fixed distance hetween the sensor and the one or more flow passage

19 distal ends, and wherem the sensor Is configared to measure at least one parameier of a

fhuid after the flwd s enutted from the one ov more flow passage distal cods; and
a controler i conunpnication with the sensor, wherein the controller is configured
to determine a tme-derived function of the at {east one parameter of the fhad and s further

configured to obtain a position of the seasor within a body of 3 sudyect.

15
2. The svstem of claim 1 farther comprising a catheter which defines the fiaid
fumen.
3. The system of elanm 1 wherein the clongate body comprises a stylet.
20
4. The system of claim | wherein the clongate body comprises a gdewire.
5. The system of claim 1 wherein the sensor is positioned at or distal 1o the one or
more flow passage distal ends.
25
6. The system of claim 1 wherein the sensor is postiioned at the distal end of the
clongate body,
7. Fhe systom of elatm 1 wherein the sensor comprises a {omperaiine sensor,
34
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K. The system of claim 1 wherein the conduit is positioned at or in proximity to the

distal end of the clongate body.

9. The svstom of clatm 1 wherein the clongate body is attached to the conduit.

7

10, The system of claim 1 wherein the clongate body 1s movable relative to the

hamen.

11, The systemof claim 1 wheretin the sensor is bebween about O mat 1o Hmm

Hy  from the conduit,

12, The systom of clam 1 whercin the sensor 1s positioned along 2 longihuhinad

axis of the fluid hamen.,

15 13, The systom of claim | whorein the one or more Hlow passages of the conduit
has a diancter of between 0. 1o LU nun.
I, The systom of claim 2 wherein the conduit 1s positioned at or in proximity to a
distal opening of the fluid henen.
20
13, The svstem of claim | wherein the conduit bas a length of between 0.5 mm to
20 v
1o, The system of claim | wherein the fixed distance s O nun plus o minus fmn
25
E7. The system of claim | wherein the fixed distance is kess than 100 mm.
18, The system of claim 1 further comprising an ECG clectrode incorpovated into
to the clongate body.
30
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19, The systom of chum 1 firther comprising # prassure sensor ingorporated wto to

the clongate body.

28 The systom of clatm 1 forther coomprising o fhad reserveir having a fhidd,

7

21, The system of claim 1 wherein an initial parameter of the fluid comprises a

fhud temperature of fess than 37 degrees €.

22, The system of claim 1 wheretn an infital parameter of the fhad comprises a

-\

Hy el tempermature of greater thae 37 degrees €L

23, The system of claim 1 wherein seasor data is trmsmitted between the sensor

and the comroller,

15 24, The system of claimn 23 wherein the sensor data comprises fempersture data.
25, The system of claim 24 wheres the controller is configured to obtain a position
of the sensor within a vascalature of the body of the subject based upon the temperanee
data.
20
26, The svstem of clamm | wherein the controlier is further configured o detervune
g cardiac output based upon the time-~derived function.
27, The system of claim 1 wheretn the ime-derived function s based apon g
25 degree of turbudenes of the flaid after eoutied from the one or more flow passages.

28. A method of deternuning a location within a body of a subject, comprising:
positioning an clongate body within a lemen of a catheter;

positioning the catheter within the body of the subject;
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mntroducing a fliid through the humen and one or more How passages of a conduit
into the body;

measuring via a sensor at least one parameter of the fluid after introduction within
the body of the subject, wherein the sensor is positioned at or i proximity to a distal end of
the clongate body such that the sensor is mamtained at 2 fixed distance velative o a thad
exit port of the catheter or condhuit;

determining a tme-derived function of the at feast one paramicter of the fhad; and

determining a position of the sensor within the body of the subject based upon the

sime-derived function,

29, The method of elaim 28 wheretir positioning the catheter comprizes advancing

the catheter intravascularly within the body of the sabject.

3, The mothod of clatio 28 wheremn measuring via a sensor at least one pavanieter

COMPriSES Measuring & tomperatare.

31. The method of claim 28 wherein infroducing a fluid further comprises passing
the fhad through the one or more flow passages of the condeit positioned at or in proximity

to the distal end of the clongate body.

e
Pt

2. The method of claim 28 wherein the elongate body 1¢ attached w the condwit.

33, The method of clainy 28 wherein the elongate body is positioned to extend

longitudimally relative to the hunen.

34, The method of claim 28 wherein the distal tip of the elongate body is between 0

onn o 10 mm from the one or more openings.

350 The method of clain 28 wherein the sensor is positioned along a longitudinal

axis of the thad exitport.

8y
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36, The method of clabim 28 wherein the one or more fldd passages has a diameter

of between Q.1 to L8 mm.

37, The method of olaing 28 whercin the condit has o kength of between 8.5 mam o

3 o

3R, The method of claim 28 wherein the fixed distance is 8 mm phes or minas

T,

1} 39, The method of ¢latm 28 wherain the fixed distance 1s less than 100 mm.

40. The method of claim 28 Suther comprising measuring an clecirical stgnal

within the body via an BCG electrode meorporated mio the clongate body.

15 41, The method of clatm 28 further comprising measuring § pressure signal within
the body via a pressare sensor incorpaated mto 1o the elonyate body.
42, The method of claim 28 wherein an initial parameter of the fhad comprises a
fluid temperature ess than 37 degrees O
20
43, The method of claim 28 wherew an tnitial paramcter of the fluid comprizses a
thuid tempemture greater than 37 degrees C.
44, The method of claim 28 whercin measuring via a sensor further conprises
25 tronsmitting scosor data between the sensor and g controlier,
43, The method of claim 44 further conprising transmitting tomperature data
between the sensor and the controller.
30 46, The system of claim 28 wherein determining a time-derived function comprises

determining a degree of turbulence of the fluid after being cmitied from the Huid exit port.
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47, The method of olaim 28 wheran determining & time-derived Haction
comprises deternuning a difference in temperature from bascline to obtain the position of

the sensor within the body.

3
48, The method of claim 28 further comprising determining a cavdiac output of the
subyect based upon the time-~dertved funchon.
49 & location detection system for use within a catheter humeyn, comprising:
b} an clongate body;

a sensor positioned at or 1 proximity to the distal end of the clongate body, wherein
the sensor is confipured to measure at least one parameter of 3 fluid after the flaid
cimitted from the catheter hanen; and

a controller in communication with the sensor, wherein the controller is configured

15 to determine a time-derived Rumetion of the at least one parameter of the fluid and is forther

configured to obiain g posiion of the sensor within a body of a sabject.

30, The system of chaim 49 further comprising a catheter which defines the catheter

hunen.
20
S1. The system of claim 49 wherein the clongate body comprises a styket.
52, The system of claim 49 wherein the clongate hody comprises a guidewire,
25 33, The systom of claim 49 wherem the sensor 1s positioned at or distal to an
opening of the catheter lumes,
54, The system of claim 49 wherein the sensar is positioned at the distal end of the
clongate body.
34

S5, The system of claim 49 wherein the sensor Comprises a [OMperalrs Senser.

s4
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56, The svstem of clatm 49 further comprising a condait positioned at feast

partially within the catheter fomen.

3 57, The system of claim 56 wheremn the clongate body is attached to the condwit.
SR, The system of claim 49 wherem the distal 8p of the clongate body 18 betwern
mm fo 10 mun from an opening of the catheter lumen.
34 32, The system of clatm 4% wherem the sensor is positioned along a longitudimal
axis of the catheter lumen.
60, The svstem of claim 49 wherein the catheter lunen has a diamcter of botwenn
0.1 o L0 pun.
15
1. The system of claim 49 wherem the sensar ts posittoned at a fixed distance
relative o an opening of the catheter Tumen.
62. The systen of claim 61 wherein the fixed distance 1s 8 mm plus or minus Toun.
20
63, The system of claim 61 wherem the fixed distance is less than 10 mm
64, The system of claim 49 further comprising an ECG clectrade meorporated into
the elongate body.
3%

658, The systom of clatm 49 further comprising a pressure sensor mcorparated o

the elongate body.

66. The svsten of clainy 49 further coroprising a fluid reservoir in compuumeation

30 with the catheter lumen.

4.8y
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67. The system of clatn: 49 wheren the fhad instially comprises a fhad

temperatwre of less than 37 degress €.

68, The systom of claim 49 wherein the flaid initally comprises a fluid

S

temperatre of greater than 37 degrees €.

69, The svstenm of clain 49 wherein sensor data is ransmitted between the sensor
and the controler.
3]

7. The system of claim 69 wherein the sensor data comprises temperature data,

71, The systom of clain 49 wherein the controller is configured to obtain a position

of the sensor within a vasculature of the body of the subject based upon the terperature

ot
1.4y

data.

72, The system of claim 49 whereln the controller s farther configured w

deternune a cardiac outpat based upon the time-dertved fanction.

Y 73, The systam of clanm 49 wherem the time-derived fanction 18 based wpon 8

degree of tabulence of the thad sfier emitted from an opening of the catheter humen.
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