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COSMETIC AND THERAPEUTIC INJECTION SAFETY
SYSTEMS, METHODS, AND DEVICES

FIELD OF THE DISCLOSURE

[0001] The present application relates generally to cosmetic and

therapeutic injections, and more specifically to systems, devices, and methods for
cosmetic and therapeutic injection safety.

The present disclosure relates 1o a guided medical device that provides an
indication of a location of the distal tip of the medical device during use in live

fissue.

BACKGROUND
(00027 A variety of medical injection procedures are often performed

in prophylactic, curative, therapeutic, or cosmetic treatments. injections may be
administered in various ocations on the body, such as under the conjunctiva, info
arteries, bone marrow, the spine, the sternum, the pleural space of the chest
region, the peritoneal cavily, joint spaces, and internal organs. Injections can
aiso be helpful in administering medication directly into anatomic locations that
are generating pain.  These injecltions may be administered intravenously
{through the vein), intramuscularly (into the muscle), intradermally (beneath the
skin), subcutaneously (into the fatty layer of skin) or iniraperitoneal injections {into
the body cavity). Iniections can be performed on humans as well as animals.
The methods of administering injections typically range for different procedures
and may depend on the substance being injected, needle size, or area of
injection.

[0003] iniections are not limited to {reating medical conditions, but
may be expanded to treating aesthelic imperfections or restorative cosmetic
procedures. Many of these procedures are performed through injections of
various products into different parts of the body. The aesthetics and therapeutic
industry consists of two main categories of injectable products: neurcmodulators
and dermal fillers. The neuromodulator industry commonly utilizes nerve-
inhibiting products such as Botox®, Dysport®, and Xeomin®. The dermal filler
industry utilizes products administered by providers to patients for both cosmetic

and therapeutic reasons, such as, for example, Juvederm® Restyiane‘@,
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Belotero®, Sculptra®, Artefill®, and others. These providers or injectors may
include plastic surgeons, facial plastic surgeons, oculoplastic surgeons,
dermatologists, nurse practitioners, dentists, and nurses.

{00041 Given the variety of injectable products and subjects into
which the products will be injected, it is desirable o provide injection safety
systems, methods, and devices that reduce error in delivering not only those

producis available today but also those vet io be deployed.

SUMMARY

(00057 In one innovative aspect, a physiological mapping device is
provided. The device includes a sensor configured to detect a physiological
feature beneath a skin surface of a subject. The device also includes an
information processor configured to receive information from the sensor indicative
of the physiological feature and identify the physiclogical feature based on the
received emissions. The device further includes a marking element configured o
produce a visible mark on the skin surface identifying the physioclogical feature
based on the received identification.

(00067 in some implementations, the sensor may include one of g
piezoglectric sensor, g microphone, an antenna, a gyroscepe, ofF an
accelerometer. The physiological feature may include one of a vein, an arlery, or
a nerve. In some implementations, the information processor is furiher
configured to determine a depth of the ideniified physiological feature beneath
the surface. In such implementations, the marking element is further configured
to produce the visible mark o further identify the depth.

[6007] Some devices may include an emifter. In these devices, &
detector detects a reflected portion of a signal transmitied by the emitter, and the
information processor is configured to identify the physiclogical feature based on
a comparison of the signal transmitied by the emiiter and the detected signal.

[0008] The sensor and the marking element may be formed in a
head while the information processor may be formed in a base. In such
implementations, the head is detachable from the base.

[0009] in a further innovatlive aspeci, a physiclogical mapping
device head is provided. The head includes a sensor configured {o detect a

physiological feature beneath a surface of a subject. The head also includes a
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coupling configured 1o transmit detected information to an information processor
and receive physiological information from the information processor. The head
further includes a marking element configured to receive an identification of the
physiological feature from an information processor via the coupling and produce
a visible mark on the surface identifying the physioclegical feature based on the
received identification.

(00107 in yet ancther innovative aspect, a physiological mapping
device body is provided. The body includes a coupling configured o exchange
data with a head that includes g sensor and a marking slement. The body
includes an information processor which is configured to detect a physiological
feature bensath a surface of a subiect from the sensor and transmit an
identification of the physiological feature to the marking element. The
identification includes information causing, in part, the production of a visible
mark on the surface identifving the physiclogical feature.

(0011} A nerve safe needle is provided in yet another innovalive
aspect. The needle includes a tip formed of an electrically conductive material.
The needle also includes a power source coupled with the tip. Upon contact of
the tip with a nerve, a circuil is completed with the tip and the power source (o
deliver a current at the tip. The circuit may be configured to deliver a current
sufficient to cause a physiological response.

[0012] An aspirating needie is provided in ancther innovaiive
aspect. The needis includes a hollow needle tip coupled with a chamber. The
chamber includes a first channe! 10 an injectable reservoir and a second channel
to an aspirator reservoir. The aspirator reservoir includes an oscillating member
corfigured to oscillate a fluid between the aspiraior reservoir 1o the hollow needie
tin. The aspirator reservoir also includes a light source affixed on a wall of the
aspiraior reservoir and configured to emit light of a predetermined quality. The
aspiraior reservoir further includes a light detector affixed on the wall of ihe
aspirator reservoir opposite the light source such that a center point of the light
source is aligned with a cenler point of the light detecior. The light detector is
configured to detect a characteristic of the light emitted from the light source
through the fiuid in the aspirator reservoir.

[0013] The systems, methods, devices, and computer program

products discussed herein each have several aspects, no single one of which is

-3



WO 2017/151441 PCT/US2017/019518

solely responsible for iis desirable atiributes. Without limiting the scope of this
invention as expressed by the claims which follow, some features are discussed
briefly below. After considering this discussion, and particularly after reading the
section entitted “Detailed Description,” it will be understood how advaniageous
features of this invention include, among other things, injection safety.

[0014] One of the major problems in the administration of injections
is accurate delivery of the injectabie to the injection site. Not only is the iocation
important, but alse the quantity injected is important for safe and effective use of
these substances. Described in further detall below are aspects of systems,
methods, and devices for enhancing the safety and effectiveness of injections.

When using a needie-based device, for example a syringe for therapsutic
injections, there is a risk of puncluring a blood vessel or hitling a nerve with the
needie. Further, it can be difficult to assess that the needle tip is located in
correct layer of fissue, which may impact, for example, palient safety, the
effectiveness of a bicod draw, the performance of an injectable therapeutic,
Imaging modalities, such as x-ray, CT, MRI, or the like, can be used prior to a
procedure to understand the anatomy surrounding an injeclion site, these
procedures can be expensive, fime-consuming, and require analysis. Further,
these imaging modalities cannot be used to determineg a real-time location of a
distal tip of a needle. Thus, there is a need for a medical device that can provide
a real-time indication of a location of the distal tip of the needie in living tissue.
Such a medical device would enable a clinician to perform the procedure quickly
and accurately in an oul-patient setling such as a physician’s office or even
developing areas where the above-described imaging modalities are not
available. Further, a guided medical device could be integraied into a robotic
system, which could halt movement of the medical device based on the
indications provided by the features described herein,

Some aspects of the disclosure are directed foward a sysiem that can
determine whether a distal tip of a medical device (2.g., a needle-based device)
is in a blood vessel. The medical device can include a sensor for detecting
motion, pressure, and/or vibration at the distal tip of the medical device. The
sensor can generate a signal based on the detected motion, pressure, and/or
vibration. The system can also include a processing unit configured o perform a

process that provides an indication of whether the distal tip of the medical device
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is in the blood vessel by comparing an aspect (e.g., freguency, amplilude, or
otherwise) of the generated signal to a threshold value.

Some aspects of the disclosure are directed toward a system for
determining a proximity of a medical device (e.g., a needle-based device) to a
nerve. The system can include a pulse generator, a detector, and a processing
unit. The puise generator can be configured to supply an electrical current to a
distal tip of the medical device. The detector can be configured to detect a
physiological response 10 the electrical cumrent and generate a signal. The
processing unit can be configured to perform a process that provides an
indication representative of the proximity of the distal tip of the medical device {0
a nerve based on the comparison belween the generated signal and the
threshold value.

Some aspects of the disclosure are directed toward a system for
determining a depth of insertion for a medical device {e.g., a needie-based
device). The system can include a pulse generator and a vibration sensor. The
pulse generator can be configured to supply a pulse (e.g., mechanical or
electrical) to a patient’s skin at a first time mark. The vibration sensor can be
configurad to detect a first vibration of the needle in response 1o the generated
pulse at a second time mark., The system can also include a processing unit
configured o perform a process that determines a distance between the patient’s
skin and a distal tip of the needie based on a first time delay between the first
time mark and the second time mark. In some implementations, the vibration
sensor can be configured to detect a second vibration of the needle at a third
time mark. The process can determine a distance belween the distal tip of the
needie and a bone based on a second time delay between the second time mark
and the third time mark.

Some aspects of the disclosure are directed toward an augmented or
virtual reality system. The system can include a compuling system having at
feast one processor and a memory device. The computing system can be
configured to generate a virtual environment comprising a graphical
representation at least one layer of tissue of a patient {e.g., muscles, nerves,
bones, and/or vessels). A display device coupled to the computing system can
be configured to mesh the virtual environment on the patient, such that a location

in the virtual environment is aligned with a same location in the patient.
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Any feature, structure, or step disclosed herein can be replaced with or
combined with any other feature, siructure, or step disclosed herein, or omitied.
Further, for purposes of summarizing the disclosure, certain aspects,
advantages, and features of the inventions have been described herein. itis to
be understood that not necessarily any or all such advantages are achisved in
accordance with any particular embodiment of the inventions disciosed herein.

No individual aspects of this disclosure are essential or indispensable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 shows an exemplary scanning printer during a

mapping session.

[0016] FIG. 2A shows a functional block diagram of an exemplary
injection scanning printer.

[0017] FiG. 2B shows an operational diagram of an implementation
of an injection scanning printer.

{0018} FIGS. 3A and 3B show illustrations of an example of an
injection scanning printer including a head and a base.

[6019] FIG. 4A shows a cross-sectional view of an exemplary nerve
detecting needle.

[0020] FIG. 4B shows a functional block diagram of an exemplary
nerve detecting needie.

{00211 FIG. 5 shows a cross-sectional view of an exemplary
aspirating safety nesdle.

[0022] FIG. 6 shows a functional block diagram of an exemplary
aspirator reservoir.

{00231 FIG. 7 illustrates a process flow diagram of a method of
injection mapping.

[0024] FIG. 8 illustrates a process flow diagram of a method of
injecting with nerve safsty.

(0025} FIG. 9 idlustrates a process flow diagram of a method of
injection with artery or vein safetly.

Figure 1 illustrates a needle-based device positioned in a blood vessel and

a needle positioned outside the blood vessel
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Figure 2 illustrates an enlarged view of a hub portion ¢f one of the neadie-
based devices shown in Figure 1.

Figure 3 illustrates a waveform indicative of motion at a distal tip of each
needie shown in Figure 1.

Figure 4 illustrates a system for detecting the proximity of a nerve to a tip
of a needle.

Figure 5 is a schematic representation of the system in Figure 4 inseried
into the tissue.

Figure 8 illusirates a system for detecling needle depth.

Figure 7 illustrates the system in Figure & inserted into live tissue.

Figure 8 illustrates use of a virtual reality system for guiding a syringe.

Figure 9 iHlustrales an example of a three-dimensional image that can be

saen through the virtual reality system.

(00267 The present disclosure generally relates to injection safely
systems, methods, and devices.

[6027] One feature which provides improved safety is to identify the
location of critical physiological features before injecting. For example, some
injectables are designed for subcutaneous injection. Delivering such injectables
info a physioclogical feature such as a vein or arlery can cause serious side
effects. For example, iniecting filler into a vein or artery of a human subject may
block bleod flow thereby killing local tissue or optical nerves. In some exireme
cases, these blockages can cause blindness.

[0028] Accordingly, having a “map” of the subject’s physiology
before injecting would reduce the likelihcod of injecting into a critical area. it is
important io note that each subject’s physiology is different. As such, the location
of features may differ from subject to subject. in addition, the proximity of the
features to the skin {e.q., depth} may also differ between subjects. To generate
the map, the present disclosure provides a device that detecis the presence of 3
physiological feature and provides a visual indication of the feature.

[6029] FIG. 1 shows an exemplary scanning printer during &
mapping session. The scanning printer 100 is cast over a portion of a subject via

a path 180, In FIG. 1, the subjectis a human face. As the scanning printer 100
.
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detects physiological features such as veins or arteries (shown as 185a and
185b), the scanning printer 100 causes the printing of marks 180 through 195 on
the surface of the subject. This provides a visible indication of where poientially
sensitive fealures exist to improve the safely of the injection process. The marks
may alsc be different depending on the underlying feature. As shown in FIG. 1,
marks 180 through 192 are larger than the marks 193 through 188. The size may
be used to indicate different features and/or different depth of the features as
described in further detail below. The scanning printer 100 as shown in FIG. 1 is
implemented as a facial scanner/printer, included, for example, in a wand or
handheld housing. It will be appreciated that the scanning printer 100 may be
implemented in a different form factor other than a wand and for scanning
surfaces other than a human face.

[0030] FIG. 2A shows a funclional block diagram of an exemplary
injection scanning printer. The scanning printer 100 includes one or more
sensors 102. The sensors 102 are configured to detect emissions from a
physiological feature. The sensors 182 may be implemented as a microphone
and configured to detect sound emitted from the physiological feature. The
sensors 102 may be implemenied as an antenna and configured o detect
glectrical activity from the physiclogical feature. The sensors 182 may be
implemented as an accelerometer and configured to detect motion caused by, for
example, puising of the physiological feaiture. The sensors 102 may be
configured to detect the information over a pericd of time thus providing a
sampling for an area. The sensors 102 may be implemented as a piezoelectric
sensor configured to detect vibrations from the physiclogical feature. It will be
appreciated that in some implementations, multiple sensors may be included in
the scanning printer 100 and each sensor may be the same or of a different type.
It will be further appreciated that in some implementations, only one sensor may
be included in the scanning printer 100,

[0031] The sensor 102 is coupled with an information processor
104. The information precessor 104 is configured 10 receive the information
detected by the sensor 102. The information processor 104 may compare the
detected information with physiclogical “signatures” stored in a memory 120. For
example, an artery may emit sound at a certain volume and/or frequency. By

comparing the received volume or frequency information io previously
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determined volume or frequency information for an artery, the information
processor 104 may identify the artery.

[0032] The information processor 104 may be configured 1o
determined not just the location of the physiological featurs, but also the depth of
the feature beneath the surface {e.g., under the skin). The depth may be
determined based on the information received from the sensor 102, In some
implementations, the frequency may be used io identify the feature while the
volume is used (o determine the depth.

(00331 In some implementations, the scanning printer 100 may
include one or more emitiers 125 (shown in FIG. 2A but not shown in FIG. 2B).
In such implementations, the sensor 102 may be configured 10 detect a quantity
of an emission affer the emitter 128 transmits the emission. The emission and
detection may be coordinated by the information processor 104. A comparison of
the emitied information io the detected information can be used o determine the
focation and depth of a physiological feature as described herein.

(00347 The information processor 104, upon identifving a
physiological feature, may be configured 1o transmit a message to a marking
giement 1068. The marking element 106 is configured to provide one or more
visible ideniifiers on the surface of the subject identifying the detected
physiological feature. The message may identify the type of mark to make. For
example, arteries may be identified with a predetermined symbol or color while
veins may be identifisd with a different symbol or color. The message may
identify the size of the mark o make whereby the closer the fealure is to the
surface of the subject, the larger the mark will be. Of course, other marking
systems can be used to provide an indication of depth. The marking element 106
may be an ink marking element. {n some implementations, the marking element
108 may be actuated such that an ink containing portion is lowered to contact the
surface of the subject to produce the visible mark. In some implementations, the
marking element 106 may include a pump configured o spray a marking #uid
{2.g., ink} onto the surface of the subject io produce the visible mark.

(00357 In some implementations, the scanning printer 100 may
include means for providing the location of the scanning printer 1008, For
example, the scanning printer 100 may be configurad prior to mapping by placing

the scanning printer 100 al one or more known features such as cormer of an eye,
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tip of nose, or other landmark. The means for providing the location of the
scanning printer 100 may then be configured to provide a relative location of the
scanning printer 100 {o the known features. This additional location information
may be used by the information processor 104 to further identify the physiclogical
features. The means for providing the location of the scanning printer 108 may
include one or more of an acceleromeler, a gyroscope, and a positioning
receiver.

[0036] The scanning printer 100 may include a communication
interface 135 configured to transmit and receive information. The communication
interface 135 may be configured to receive physiological signature data for use
by the information processor 104. For example, if a user of the scanning printer
100 is going 1o inject an animal with a muscle relaxer, the signature dats for the
animal and injectable substance may be transferred o the scanning printer 100
via the communication interface 135 and stored in the memory 120. Accordingly,
the scanning printer 100 can be dynamically reconfigured for detecting a varisty
of physiciogical features. The communication interface 135 may be configured
for communication via Blustooth™, Universal Serial Bus, cellular networks,
WAFI™ networks, near field communication, or other standardized communication
protocol.

(00377 The scanning printer 100 shown in FIG. 2A includes a power
source 138, The power source 130 may be a battery, a cord, or other means for
powering the scanning printer 108. The elements of the scanning printer 100 are
coupled by a bus 140. The bus 148 is configured to allow the slements o
exchange data and/or power. In some implementations, paraliel busses may be
inciuded, one for data and one for power.

[0038] FIG. 2B shows an operational diagram of an implementation
of an injection scanning printer. The scanning printer 100 shown in FIG. 2B
includes fwo sensors configured to detect information emitted by the
physiological feature, sensor 102a and sensor 102k (coliectively and individually
hereinafier referred o as “sensors 1027). The senscrs 102 are configured in a
housing on either side of the marking element 106. The sensors 102 and the
marking element 108 are coupled with the information process 104 to allow data
communication between the elements.

[0039] The sensors 102 can detect sound waves from physioclogical
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features such as veins or arieries as they travel through the flesh and skin of 3
subject. WVhile FIG. 2B shows the location of the mapping as a skull, it will be
appreciated that the scanning printer 1080 may be configured for mapping other
parts of the body (e.g., spine, neck, leg, arm, or hand) as well as non-human
subjects such as dogs or iguanas.

(00407 in some implementations, the sensor 102 and marking
element 106 may be included in a head which can be coupled with a base. FIG.
34 and FIG. 3B show illustrations of an example of an injection scanning printer
including a head and a base. FIG. 3A shows the head 302 while FIG. 3B shows
the base 304. This configuration aliows the head 302 of the scanning printer 100
to be disposed of afler a use while the base 304 may be reused. The head 302
may be referred 10 as a “one time use head” or g “per subject use head.” In such
implementations, the base 304 may include a power source such as a batlery.
When the head 302 couples with the base 304, power may be delivered 1o the
marking element 106 and the sensor 102. The coupling also creates a pathway
for the information exchanges between the sensor 102 and/or marking element
106 and the information processor 104 described above. In implementations
which include an emitier, the emiiter may be included in the head 302 as weil. In
such implementations, additional data and/or power pathways may be included io
couple the emitter with the information processor 104 and/or the power source
130 which may be included in the base 304. As shown in FIG. 3A and FIG. 3B,
thres pins 306 are used to couple the head 302 to the base 304 which includes
corresponding ports 312, 1t will be appreciated that fewer or more pins may be
used to couple the head 302 to the base 304. The number of pins may be based
in part on the number of pathways (e.q., data and power) needed for the
scanning printer 100 configuration.

[0041] The base 304 may include the communication interface 138
{not shown) to transmil and receive information. In some implementations, the
communication interface 135 may be located within the base 304 housing. For
example, if the communication interface 135 provides wireless communications,
the antenna, transceiver, and cother elements may be included within the base
304. In some implementations, the communication interface 13% may include a
connection port for wired communications such as U3B or serial communication.

In such implementations, the base 304 may include a port (not shown) configured
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fo receive a wired connection. As discussed above, the communication interface
135 may be configured to receive physiological signature data for use by the
information processor 104. Accordingly, the same base 304 can be reconfigured
for detecting a variety of physiological features. Furthermore, the same base 304
may be configured o map using different head configurations. For example,
when mapping a leg, it may be desirgble o use a head including a single
microphong as the sensor. However, when mapping a spine, it may be desirable
to use a head which includes multiple sensors of higher sensitivity.  Accordingly,
the same base 304 may be dynamically reconfigured o process the information
detected from a variety of head configurations.

[0042] in some implementations, the base 304 may include a
reservoir (not shown). The reservoir may be configured to hold a marking fluid
for use by the marking element 106, In such implementations, an additional
marking fluid pathway {(e.g., duct) may be included to enable delivery of the
marking fluid from the base 304 io the marking element 186, In some
implementations, the marking fluid may be siored in the head 302,

(00437 The base 304 may, in some implementation, include a light
308 and/or a display 310 configured to provide feedback to a user. For example,
the light 308 may illuminate green when a physiological feature is detected. The
display 310 may be used for calibrating the location of the scanning printer 100 or
providing feedback to the user about the scanning printer 100 usage. For
example, the user may be moving the scanning printer 100 too quickly to obtain a
reading. in such situgtions, the information processor 104 may be configured o
provide a message for displaying on the display 310 indicaling a rescan is
needed. The display 310 may be configured o provide feedback regarding the
marking fluid level. The display 310 may also be configured o provide feedback
regarding the signature data stored in the memory and information port
connectivity status.  For example, the scanning printer 100 may exchange
information via Bluetooth™. Once paired, the display 310 may be configured {o
display the Blustooth™ symbol. The display 310 may also be configured o
provide an indication of the available power (e.g., baltery level) for the scanning
printer 100.

(00447 in some implementations, the head 302 and the base 304

may be permanently coupled. In such implementations, i may be desirable to
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provide a low cost scanning printer such that the entire device may be
disposable. In some Iimplementations, the cost of the sensor or other
components may resuit in a design which is reusable. In such reusable designs,
the resources used by the scanning printer {e.q., marking fluid, power) are
configurad for replenishment. For example, the marking fuid reservoir may be
refilled such as via a refill pinhole. Power may be replenished through the use of
a rechargeable or swappable battery.

[0045] Ancther safety innovation relates to the needle. As
described above, delivering filler to sensilive areas can have serious
consequences. Therefore, configuring the needie fo determine what it piercing
provides information regarding where the filler will be delivered before actually
injecting the filler. For example, the needie lip may be inserted through the skin
toward a target area. During placement or once in place, the needle may provide
an indication as to whether it is in contact with a nerve. The subject is electrically
grounded. The needle may be configured {o provide an slectrical charge. As
configured, if the needle is near a nerve, the electrical charge will cause z
physical reaction such as a sensation or twilching. By provoking the body to
provide a reaction, the subject and the user of the injector may be alerted fo
potentially dangerous placemeant of the needle.

[0046] FIG. 4A shows a cross-sectional view of an exemplary nerve
deiecting needle. The nerve detecting needie 400 includes a tip 402. The tip
402 is formed of an electrically conductive material such as stainless steel. The
tip 402 is connected {0 a power source 404, An electrically conductive sleeve
403 is separated from the tip 402 by an electrical insulation layer 405. The
electrically conductive sieeve 403 may be formed of an electrically conductive
material such as stainless steel although the conductive material forming the
sleeve 403 need not be the same mailerial as used for the tip 402. The electrical
insulation layer 405 may be formed of material which inhibils the flow of electric
such as fluoropolymers, rubber-like polymers, or plastics.

(00471 The conductive sleeve 403 is connecled {o the power source
404.  Although not shown, additional componenis such as fransistors or
capacitors may be coupled between one or more of the power source 404, the
conductive sleeve 403, and the tip 402 to regulate the flow and quantity of power

discharged when z nerve is fouched. In some implementations, a feedback
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glement such as an audio alert, a visual alert {e.g., light), or haptic {e.g.,
vibration) may be included whereby the delection causes activation of the
feedback element thus alerting a user {0 the location of a nerve.

[0048] FIG. 4B shows a functional block diagram of an exempiary
nerve detecting needle. The power source 404 is coupled with a first terminal
410. The first terminal 410 is located at the tip 402 of the needle. Separated
from the first terminal 410 is a second terminal 420. The second terminal 420 is
then coupled with the power source 404 and the conductive slesve 403. The
space between the first terminal 410 and the second terminal 420 creales a
nerve detection zone 440. In some implementations, it may be desirable to
include a nerve detection zone 440 having a width of 0.5 to 2.0 millimeters
between the first terminal 410 and the second terminal 428. YWhen a conductive
element enters the nerve delection zone 440, the circuit is completed and a
current will flow. The circuit is configured such that the current will cause a
physical reaction such as a sensation or twitching in the subject. By provoking
the body to provide a reaction, the subject and the user of the injector may be
alerted to potentially dangerous placement of the needle. Although not shown,
additional components such as transistors or capacitors may be coupled between
the power source 404, the first ferminal 410, and/or the second terminal 420 {o
regulate the flow and guanitity of power discharged when a nerve is touched.

[0049] A further safety innovation rejating o the needie provides
detection of an artery or vein based on aspirating blood. The needle may be
configured for auto aspiration. A reservoir would be configured such that blood in
a vein or artery could be aspirated from the vein or artery through the needie tip
into a saline reservoir. A sensor such as an oplical detector may be configured to
monitor the reservoir. Absent blood in the reservoir, the saline reservoir exhibits
a neutral optical spectrum. The sensor may detect a change from neutral 1o red
as blood enters the reservoir. The redness serves as an indication that the
needle has pierced a vein or artery. Although discussed in terms of aspiration of
blood, the describe fealures may be applied to provide detection of other intra or
extra celiular fluids that may be found in or around an injection site.

[6050] FiG. 8 shows a cross-sectional view of an exemplary
aspirating safety needle. The needle 800 includes a tip 802 The tip 502

includes a hollow channel 504 which is coupled with a forward chamber 506.
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The forward chamber 508 includes two channels. A first channel 508 leads to a
filler reservoir 510. The filler reservoir 510 is configured to hold the injeciable
filler. A second channel 512 leads {0 an aspirator reservoir 830. The aspirator
reservoir 830 includes fluid reservoir §32. At the base of the fluid reservoir §32
an oscillating member 834 is affixed. The oscillaling member 534 is configured
with a displacement greater than twice the combined volumes of the hollow
channel 5804 the forward chamber 888, and the second channel 812 The
oscillating member 834 may include a coll 838 and a magnet 538 configured fo
actuate the oscillating member 534 at a predetermined freguency. In some
implementations, the frequency may be between 1 and 5 hertz. The motion of
the oscillating member 534 causes the fluid within the fluid reservoir §32
circulate from the aspiralor reservoir 530 through the second channel 512
through the forward chamber 506 and 1o the tip 502 and back into the aspirator
reservoir 330. This allows any biood contacted at the tip 502 to be circulated
back into the aspirator reservoir 838, As shown in FIG. 5, a vessel 580 is pierced
by the tip 802 which causes a stream of droplets 582 to flow into the aspirator
reservoir 530,

[0051] The aspirator reservoir 830 also includes a light source 540.
The light source 840 may be a light emitting dicde, a bulb, a laser, or other similar
emitter.  In some implementations, the light source 540 is a white light source.
The light source 540 is affixed such that light can shine into the fluid reservoir
§32. On an opposite side of the fluid reservoir 532, a light detector 842 is affixed
suich that a central point of the light detector 542 is aligned with a ceniral point of
the light source 540. The light detector 542 is configured to detect the color of
the light as it passes through the fluid reservoir 532, The light detector 542 may
transmit @ message upon detecting light of a predstermined color such as red.

(00527 A power source {(not shown) may be included to provide
power for the osciliating member, coil, magnet, light source, and light detector. In
some implementations, the needle 500 includes a processor (not shown). The
processer may be configured 10 recsive messages from the light detecior and
generate an indication once a color change is detected. The indication may
include a sound, a haptic indication {e.q., vibration), a visual indication (e.q., light

or display message), or combination thereof.
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(00537 it will be appreciated that the needle 800 shown in FIG. 5
may include additional elements. For example needles or syringes typically
include a plunger, which has been omitied in FIG. 5 o focus the reader on certain
innovative safety aspects. Furthermore, although described as a separate
innovative aspect, features of the aspirating safety needle may be combined with
the nerve detecting needle 400 (and vice-versa) to provide multiple lavers of
safety during cosmetic or therapeutic injections.

{00541 FiGG. 8 shows a functional block diagram of an exemplary
aspirator reservoir. The aspirator reservoir 530 shown in FIG, 6 highlights the
interconnectivity of the elements which may be included in an implementation.
The aspirator reservoir 530 includes one or more light scurces 540 In
implementations including muitiple light sources, it may be desirable to affix the
light sources 540 in a pattern opposite the light delector 542 o maximize the
Hiumination of the reservoir fluid. The aspirator reservoir 830 may include one or
more light detectors 842, In implementations where multiple light deteclors are
included, it may be desirable to arrange the detectors in a patlern to ensure
sensing over a maximized area of reservoir fiuid.  In some implemeniations,
where the number of sensors is equal io the number of deteciors, it may be
desirable to pair a sensor with a detector and align the centers of each. The light
sources may be the same type of light (e.q., white) or have different
characteristics. In such implementations, it may be desirable to creaie detection
zones for each light type using different sensors.

(00587 An aspiration processor 546 may be configured to control the
oscillating member 534, the light source 540, and the light detector 542. For
example, it may be desirable {0 coordinate the cycle of oscillation, lumination,
and detection so as 1o conserve power. In such implementations, a period of
Hiumination may occur after an oscillation followed by a moment of detection.
The aspiration processor 348 may also be configured to determine when a
characteristic of the light detected indicates the presence of blood or other
identifiable fluid. A memory 548 may be configured 1o store the light
characterisiics and response messages associated with detection thereof. The
aspiration processor 548 compares the detected information with the stored
characteristics to determine whether an identified fluid has been introduced into

the aspirator reserveoir 530, A communication interface 5585 may be included 10
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transmit and receive information 1© and from the aspirator reservoir 538 For
example, upon delecting the introduction of a fluid into the reservoir, the
communication interface 555 may transmit a message indicating the presence of
a fluid. This may include an audio sound, a visual message, or a data message
via a communication protocol such as Bluetooth™  near field communication, or
other wireless protocol.  The communication interface 555 may also be
configured 1o receive characteristic information for identifiable fluids. The
characteristics may be stored in the memory 548 for use by the aspiration
processer 546, The communication interface 555 may receive operational
parameters for the aspirating reserveoir 830 such as an osciliation rate, lighting
patterns, and detection patterns. The operational parameters may be stored in
the memory 548 and used by the aspiration processor 548 in coordinagting the
functions of the aspirating reservoir 530 described above.

[0056] A power source 550 may be included to provide power for
the elements of the aspirating reservoir 530, It may be desirable to include a
small form factor power source due 1o the precision size of the needle. In such
implementations, the power source 550 may be a coin cell. The elements of the
aspirating reservoir 530 shown in FIG. 8 are coupled by a bus 560, The bus 560
is configured fo allow the elements 1o exchange data and/or power. in some
implementations, parallel busses may be included, such as one bus for data and
one bus for power.

{00871 FiG. 7 illustrates a process flow diagram of a method of
injection mapping. The method of injection mapping shown in FIG. 7 may be
implemented in part by the scanning printer 100 described above.

[0058] The method begins al determination block 702 where a
determination is made as to whether the device is ready to map. The
determination may be based on sensor information.  In some implementations,
the scanning printer may include a contact detector which determined whether
the wand is in contact with a surface (e.g., skin). If the determination at block 702
is negative, at block 704, a not ready message is provided. For example, &
display may be provided a message identifying the scanning printer is not ready
for mapping.

[0059] Returning to block 702, if the determination is made that the

device is ready for mapping, at block 706, an emission is detected. The emission
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may be, for example, a sound wave from a physiological feature located beneath
the surface being mapped. Al block 708, the detected emission is transmilted
from the sensor to the information processor. At block 710, the information
processor obtains the candidate physiological features such as from a memory.
The candidate features includes emission signatures for each fealure. At
decision block 712, a determination is made as to whether the received emission
matches any of the emissions signatures. if not, the process retuns (o block 706
to continue detection. If a match is found, at block 714, the information processor
may optionally determine the depth of the feature. The depth determination may
be based on the received emission and the emission signature information. Al
block 718, a marking message is generated based on the matched feature and, if
available, depth. At block 718, the marking message is transmilled o the
marking element. At block 720, the marking element produces a visible mark
based on the marking message on the surface of the subject. The visible mark
identifies at least the location of a physiological fealure. In some
implementations, different marks may be made to identify the type of feature. In
some implementations, the marks may be varied o indicate the relative depth of
the feature. Once marked, the process may return o block 706 o continue
detecting additional emissions and provide further mapping.

[0060] FIG. 8 illustrates a process flow diagram of a method of
injecting with nerve safety. The method may be implemented in part by the nerve
detecting needie 400 described above. At block 802, the needle {ip is positioned
in the subject. At block 804, the subject is observed. In some implementations,
the observation may be visual. In some implementations, a motion detector may
be included to observe a response by the subject to the current needle position.
At decision block 808, it is determined whether a response is observed. The
response may be a twiiching of the subject or a sensation {(&.g., pain or heat) by
the subject. If a response is observed, at block 808 feedback is generated. The
feedback alerts the needie operator that a nerve may be contacted. Based on
this feedback, the process may retumn to block 802 for further needle positioning.
Iif a response is not observed at biock 806, the process conlinues to
determination block 818, At biock 818, a determination is made as to whether
the needle is in its final position. A final position generally refers to the position at

which the injectable substance will be delivered. I i is determined at block 818
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that the needie is not in its final position, the process returns fo block 882 for
further needle positioning. If it is determined at block 810 that the needle is iniis
final position, ai biock 812 the injeciable substance is delivered.

{00611 FIG. 9 illustrates a process flow diagram of a method of
injection with artery or vein safety. The method may be implemented in part by
the aspirating safety needle 500 described above. Al block 802, the needie lip is
positioned in the subject. At block 804, fluid is oscillaled or otherwise circulated
between the needie {ip and the aspirating reservoir. At block 806, light is emitted
intc the aspiraling reservoir. At block 908, the smitied light is detected. The
detection includes detecting a change in a characteristic of the light indicating the
mixing of blood or other fluid with the reservoir fluid. Al decision block 914, a
determination is made as to whether the detected characteristic of the light
indicates mixing of the aspirator reservoir fluid with a fluid of interest such as
blocod. For exampie, the aspirator reservoir fluid may be saline and provide a first
sat of light characteristics {e.g., color, intensity). If blood is mixed with the
aspirgior reservoir fuid, the light characteristics delected will change. Based on
the light characteristics detected and/or the change, mixing may be identified. If
mixing is identified, at block 912 feedback is generated. The feedback aleris the
needie operator that a vein or artery may be contacted. Based on this feadback,
the process may retumn to block 802 for further needle positioning. If fluid mixing
is not detecied at block 810, the process continues {0 determination biock 814.
Al biock 814, a determination is made as to whether the needie is in ifs final
position. A final position generally refers to the position at which the injectable
substance will be delivered. If it is determined at block 914 that the needle is not
in its final position, the process returns to biock 802 for further needle posilioning.
If it is determined at block 914 that the needle is in is final position, at block 818
the injectable substance is delivered.

[0062] The word “exemplary” is used heregin {0 mean “serving as an
example, instance, or illustration.” Any embodiment described herein as
‘exemplary” is not necessarily {o be construed as preferred or advantageous
over other embodiments. Various aspects of the novel sysiems, apparatuses,
and methods are described more fully hereinafter with reference to the
accompanying drawings. This disclosure may, however, be embodied in many

different forms and should not be construed as limited to any specific structure
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or function presented throughout this disclosure. Rather, these aspecis are
provided so that this disclosure will be thorough and complete, and will fully
convey the scope of the disclosure 1o those skilled in the art. Based on the
feachings herein, one skilled in the art may appreciate that the scope of the
disclosure is intended 1o cover any aspect of the novel systems, apparatuses,
and methods disclosed herein, whether implemented independently of or
combined with, any other aspect described. For exampie, an apparatus may be
implemented or a method may be practiced using any number of the aspects set
forth herein. In addition, the scope of the described features is intended o cover
such an apparatus or method which is practiced using other structure,
functionality, or structure and functionality in addition to or other than the various
aspacts of the invention set forth herein. 1t may be understood that any aspect
disclosed herein may be embodied by one or more elements of a claim.

[0083] Although particular aspects are described herein, many
varigions and permuiations of these aspects fall within the scope of the
disclosure. Although some benefits and advaniages of the preferred aspects
are mentioned, the scope of the disclosure is not limited {o particular benefits,
uses, or objectives. Rather, aspecis of the disclosure are broadiy applicable to
different injection training technologies, system configurations, networks, and
fransmission protocols, some of which are illusirated by way of example in the
figures and the included description of the preferred aspects. The detailed
description and drawings are merely illustrative of the disclosure rather than
limiting, the scope of the disclosure being defined by the appended claims and
equivalents thereof.

(00647 The lerms “processor” and “processor module,” as used herein
are a broad terms, and are o be given their ordinary and customary meaning to
a person of ordinary skill in the art (and are not to be limited to a special or
customized meaning), and refer without limitation to a computer system, stale
machine, processor, or the like designed to perform arithmetic or logic
operations using logic circuitry that responds 1o and processes the basic
instructions that drive a computer. In some embodiments, the terms can include
ROM and/or RAM associated therewith.

[0065] As used hersin, the term “determining” encompasses a wide

variety of actions. For example, “determining” may include calculating,
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computing, processing, deriving, investigating, looking up {e.g., locking up in &
table, a database or ancther data structure), ascertaining and the like. Also,
“determining” may include receiving {e.g., receiving information)}, accessing (e.g.,
accessing data in a memory) and the like. Also, “determining” may include
resolving, selecting, choosing, establishing, and the like.

[00686] As used herein, the term "message” encompasses a wide
variety of formals for transmitling information. A message may inciude a
machine readable aggregation of information such as an XML document, fixed
field message, comma separated message, or the like. A message may, in some
implementations, include a signal utilized to transmit one or more representations
of the information. While recited in the singular, it will be understood that a
message may be composed/iransmitied/stored/received/ete. in multiple parts.

(0087 Any reference 1o an element herein using a designation such as
“first,” “second,” and so forth does not generally limit the guaniity or order of
those elements. Rather, these designations may be used herein as a convenient
method of distinguishing between two or more slements or instances of an
glement. Thus, a reference to first and second elemenis does not mean that only
two elements may be emploved there or that the first element must precede the
second element in some manner.  Also, unless stated otherwise a set of
elements may include one or more elements.

[0068] Conditional language used herein, such as, among others,

" LLI ]

can,” “could” "might" "may," “e.g.,” and the like, unless specifically stated
otherwise, or otherwise understood within the context as used, is generally
intended to convey that certain embodiments include, while other embodimenis
do not include, certain features, elements and/or states. Thus, such conditional
language is not generally intended {o imply that features, slements and/or states
are in any way required for one or more embodiments or that one or more
embodiments necessarily include logic for deciding, with or without author input
or prompting, whether these features, slements and/or states are included or are
to be performed in any particular embodiment.

[0065] Depending on the embodiment, certain acts, events, or functions
of any of the methods described herein can be performed in a different sequence,
can be addad, merged, or lefl out altogsther (e.g., not all described acts or events

are necessary for the practice of the method). Moreover, in cerlain
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embodiments, acts or events can be performed concurrently, e.q., through mulli-
threaded processing, interrupt processing, or mulliple processors or processor
cores, rather than sequentiaily.

[6070] The varipus Hlustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the embodiments disclosed herein
can be implemented as electronic hardware, computer sofiware, or combinations
of both. To clearly illustrate this interchangeability of hardware and software,
varicus illusirative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. VWhether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. The described
functionality can be implemented in varying ways for each particular application,
but such embodiment decisions should not be interpreted as causing a depariure
from the scope of the disclosure.

(8071} The various Hlustrative logical blocks, modules, and circuits
described in connection with the embodiments disclosed herein can be
implemented or performed with a general purpose processor, a digital signal
processor (DSP), an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA) or other programmable logic device, discrete
gate or transistor logic, discrete hardware components, or any combination
thereof designed o perform the functions described herein. A general purpose
processor can be a microprocessor, but in the alternative, the processor can be
any conventional processor, controller, microcontroller, or state machine. A
processor can also be implemenied as a combination of computing devices, e.g.,
a combination of a DSP and a microprocessor, a plurality of microprocessors,
one oF more microprocessers in conjunction with a DSP core, or any other such
configuration.

[0072] The biocks of the methods and algorithms described in
connection with the embodiments disciosed herein can be embodied directly in
hardware, in a software module executed by a processor, or in a combination of
the two. A software module can reside in RAM memory, flash memory, ROM
memory, EPROM memory, EEPROM memory, registers, a hard disk, a
removable disk, a CD-ROM, or any cther form of computer-readable storage

medium known in the art  An exemplary storage medium is coupled o a
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processer such that the processor can read information from, and wrile
information to, the storage medium. In the aliemnative, the storage medium can
be integral io the processor. The processor and the storage medium can reside
in an ASIC. The ASIC can reside in a user ferminal.  In the alternative, the
processor and the storage medium can reside as discrete componenis in a user
terminal.

[0073] VWhile the above delailed descriplion has shown, described, and
pointed out novel features as applied to various embodiments, it will be
understeod that various omissions, substitutions, and changes in the form and
details of the devices or algorithms Hllustraied can be made without departing
from the spirit of the disclosure. As will be recognized, certain embodiments of
the disclosures described herein can be embodied within a form that does not
provide all of the features and benefits set forth herein, as some features can be
used or practiced separately from others. The scope of cerfain disclosures
disclosed herein is indicated by the appended claims rather than by the foregoing
description.  All changes which come within the meaning and range of
equivalency of the claims are 1o be embraced within their scope.

Below are descriptions of various features that can be incorporated into a
medical device to determine a position of the medical device in living tissue. A
clinician can use this information to guide the medical device to an optimal tissue
site. The medical device can include one or more of the features described
below.

Certain examples described herein are discussed with respect to a needle,
but the needie can be any needie-based device, such as a standard needle,
syringe, biopsy needle, or the like. Further, the examples can be applied to other
medical devices inserted into patients, such as catheters, gastric feeding tubes,
tracheostomy tubes, or other medical devices.

it should be understood that the medical devices can be used in the face,

shoulder, knee, spine, or any other part of the anatomy of a human or animal.

System for Avoiding Blood Vessels

As described above, it can be useful to determine whether a distal tip of a
medical device is positioned in a blood vessel. For example, if the clinician is

withdrawing blood, an indication of whether the nesdle has entered the blood
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vessel could be useful. As another example, it may be preferable o inject 3
therapeutic agent in a specific location (e.g., blood vessel, muscle, subcutaneous
tissue, or otherwise), thus an indication of whether the needie has indeed entered
that layer of tissue could be useful. This information can help improve medical
outcomes and patient safety.

Figures 1 and 2 illustrate a system for delecting whether a distal tip of a
medical device has entered a blood vessel. In the illustrated example, the
system includes a needie-based device. The system can determine whether the
distal tip of the needle is positioned in & blood vessel by delecting pressure,
motion, vibration, or the iike. For example, if iurbulent motion is detected at the
distal tip of the needle, then it is likely that the distal tip of the needie is in a blood
vassel. If less than turbulent motion is detected at the distal tip of the needle,
then it is likely that the distal tip of the needie is not within the blood vessel.

in general, system can include a sensor to detect the motion, pressure,
and/or vibration. The sensor can be positioned in a hub of the needle, any other
porticn of the needie, or separately connected to the needle. If necessary, the
sensor can be conductively connected to an amplifier magnify the signal. The
needie can display the signal on the device itself or a separate display device
connected 1o the needie (8.g., a tablet, compuler screen, or otherwise).

The system can also include one or more processors, which may be
integrated with the needle or separately connected. The processor can be
configured to analyze the signal {o provide a user-friendly output, such as a
binary output indicative of whether or not the distal tip is positioned within a blood
vassel. The user-friendly output can be determined by comparing a frequency of
the waveform o a threshold value. For example, if the frequency is less than the
threshold value, then the distal tip of the needle is in the blood vessel. On the
other hand, if the frequency is greater than the threshold value, then the distal tip
of the needie is not within the blood vessel. In some instances, the threshold
value may be determined based on initial readings from the current procedure or
readings from a previous procedure. in other instances, the threshold value can
be determined based on a patient population.

in the illustrated example, the sensor is a piezoelectric sensor conductively
conducted fo an amplifier. The piezoelectric sensor can include pressure and/or

acceleration sensing elemenis {o detect motion at the distal tip of the needle.
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The sensor can generate a signal based on the detecled motion. As shown in
Figure 3, if the tip of the needle is ouiside the blood vessel, the sensor only
detects tissue deflection from pulsing blood pressure. In contrast, if the lip of the
neadie is within the blood vessel, the sensor detects the turbulence of aciual
blocd flow, which has a higher freguency compared 10 the waveform outside the
tissue. The sysiem may output the waveform alone, and/or the sysiem may

process this data to provide a user-friendily oulput as outlined above.

System for Determining Proximity to a Nerve

As described above, it can be useful to determine whether a distal fip of a
medical device is close a nerve because actual contact with the never can be
painful.

Figures 4 and 5 illlustrate a system for delecting whether a distal tip of a
medical device is in proximity to a nerve. In the illusirated exampie, the system
includes a nesadie-based device. The system can determine whether the distal tip
of the needle is in proximity 10 a nerve assessing a response to an eslectrical
pulse. In general, as the response increases, the distal tip of the needie is closer
to a nerve.

The system can include a pulse generator separately connecled to the
needie-based device and a sensor for delecting a response o the generaled
pulse. The system can output the signal generaied by the sensor. The system
can also include one or more processors, which can be integrated with the
needie or separately connecled. The processor can be configured to analyze the
signal generated from the response {o provide a user-friendly output indicative of
how close the distal tip is 10 a nerve. The user-friendly output can be a numerical
distance or a scaled output {8.q., color scale or numerical scale) proportional to
the proximity of the distal tip o the nerve. In some implementations, the output
can be a binary indication of whether to continue advancing the needie or
whether to inject the therapeutic agent. The system can be configured based on
data from an inital reading from the current procedure or a reading from 2
previous procedure. Alternatively, the sysiem can be configured based on dats
from a paiient population. The system can provide the binary indication by
comparing the generated response to a threshold value indicative of being too

close io a nerve. The system can output the indication to a display device that
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can be part of the medical device, the pulse gensrator, the pulse delecior, or g
separate component.

in the illustrated example, the system includes a pulse generator
corfigurad fo supply a small electrical current to the needie or otherwise supply a
small current to the patient to assess nerve response. The pulse generator can
he a separate component connected (o a syringe using a clip. When the pulse
generator is connected o the syringe, the pulse generator can extend distally
toward a distal tip of the needle. The system can alse include a mechanism for
detecling a response o the pulse. This deteclion mechanism can be in the same
housing as the puise generator. As shown in Figure 4, the pulse detection
mechanism can assess a physiological response o the generated pulse by
outputting a light pattern on the patient’s skin and detecting movement of the light
pattern. When the pulse is applied to the patient, the muscles will flex, which will
cause the light pattern o move. As the distai tip of the needle moves closer {0 a
nerve, the muscle flexure increases, which causes increased light pattern
movement. The system can oulput a signal indicative of the level of movement,
andfor the system can process this data o provide a user-friendly oulput as

outlined above.

System for Determining Depth

in some treatments, it may be useful to understand the distance between
the distal tip of a medical device and the patient’s skin, for example to increase
the efficacy of an injected therapeutic agent. It may also be useful 1o understand
the distance between the distal tip of the medical device and the patient’s bone {o
avoid hurting the patient.

Figures 6 and 7 illustrate a system for determining the distance between
the distal tip of a medical device and the patient’s skin and/or between the distal
tip of the medical device and the patient’s bone. The system can include a pulse
generator separately connected to the needie-based device and a sensor for
detecting a response to the generated pulse. The system can include one or
more processors, which may be integrated with the needle or separately
connected. The processor can be configured o analyze the signal generated
from the response to provide a user-friendly output indicative of a distance

hetween a distal tip of the needle to the patlient’s skin and/or the patient’s bone.
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The systern can outpul the distance to a display device that may be part of the
medical device, the pulse generator, or a separate component.

in the illustrated example, the system includes a pulse generator
corfigurad to apply a mechanical pulse by tapping the palient’s skin. The pulse
generator can include a body mounted to the syringe. A spring-loaded arm can
extend from the body and toward a distal tip of the needle. When the spring-
foaded arm moves, a distal portion of the puise generator can tap the patient's
skin near the neadie tip. A vibration sensor can be configured to detect vibrations
in the needle in response to the pulse generator. The vibration sensor can be
positioned in a hub portion of the needle. A processing unit can perform a
process that determines a time delay between the application of the mechanical
pulse and the receipt of a signal indicative of needle vibration. Based on the time
delay, the process can determine a distance between the distal tip of the needle
and the patient's skin. The distance can be delermined using math modeling or
by comparing the time delay to a threshold value for that specific patient or from a
patient population. The processor may be configured {o discount the signal or
fime delay using baseiine data indicative of baseline vibrations from the patient’s
pulse. The system can cutput the distance 10 a display device on the syrings or
separate from the syringe.

in some implementations, the vibration sensor may delect secondary
vibrations as the mechanical pulse reflects off the bone and toward the tip of the
needie. The processing unit can determine a time delay between the application
of the mechanical pulse and receipt of a signal indicative of the secondary
vibrations, or determine a time delay between receipt of the first signal from the
initial vibrations and receipt of the second signal from the secondary vibrations.
The processing unit can perform a process to determine a distance belween the
distal tip of the needle and the bone based on this second time delay. The
distance can be determined using math modeling or by comparing the second
time delay {0 a threshold value for that specific patient or from a patient
popuiation. The system can output the numerical distance {o a display device on

the syringe or separate from the syringe.
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Virtual Reality System

As shown in Figure 8, an augmented or virtual reality display (e.g.,
wearable glasses or as otherwise described above) can be used to overlay a
computer-generated three-dimensional image on a patient.  The computer-
generated image(s) can comrrespond to one or more layers of anatomy (2.g.,
hones, nerves, blood vessels, or the like) for that specific patient. The images
can be obiained using a CT scan, an MRI scan, a photographic image, an X-ray,
and/or the like.

Figure 9 illustrates an example of an image that can be seen on the
display. This image can be aligned with the patient’s face using one or more
alignment targets. For example, these alignment targets can be anatomical
features, such as the center of an eyeball or an apex of the nose. As another
example, these targets can be alignment markers (e.g., reflective beads) that can
be positionad on the patient when the MRI image is captured, such that the
markers appear in the MRI image(s). As shown in Figure 8, a plurality of markers
can be positioned around an outer periphery of the palient's face. These
alignment markers can remain on the patient or be positioned again on the
patient in the same [ocation for the actual procedure. During the procedure, the
clinician can align the markers in the computer generated image with the markers
on the patient’s face. In some implementations, the display system can include a
camera that capiures the location of the slignment markers during the actual
procedure and automatically aligns the markers in the computer generated image
with the markers on the patient’s face.

When this image is meshed with the patient, the locations of structures in
the image correspond o the actual location of those structures in the patient.
The ability to visualize the tissue layers as the clinician is performing a procedure
can help the clinician perform the procedure at an optimal location. For example,
this system can be used to guide a syringe o an appropriate depth for a
therapeutic injection. The movement of the syringe can be seen on the display
device. Thus, as the syringe is moved through the actual patient, the location of
the distal tip of the syringe can be seen on the compuler-generated image.
When the distal tip of the syringe is posilioned in the target jocation in the image,

the distal tip of the syringe is positionad in the target location in the actual patient.
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Terminology
Conditional language used herein, such as, among others, "can,” "could,”
"might,” "may,” “e.g..)” and the like, uniess specifically stated otherwise, or

otherwise understood within the context as used, is generally intended to convey
that certain embodiments include, while other embodiments do not include,
certain features, elements and/or steps. Thus, such conditional language is not
generally intended to imply that features, elements and/or steps are in any way
required for one or more embodiments or that one or more embodiments
necessarily include logic for deciding, with or without other input or prompting,
whether these fealures, elemenis and/or steps are included or are to be
performed in any particular embodiment. The terms “comprising,” “including,”
‘having,” and the like are synonymous and are used inclusively, in an open-
ended fashion, and do not exciude additional elemenis, features, acts,
operations, and so forth. Also, the term “or’ is used in its inclusive sense (and
not in its exclusive sense) so that when used, for example, to connact a list of
glements, the term "o means oneg, some, or all of the slements in the list.

Any methods disclosed herein need not be performed in the order recited.
The methods disclosed hersin include certain actions taken by a practitioner;
however, they can also include any third-party instruction of those aclions, either
expressly or by implication. For example, actions such as “inserting the testing
tool” include “instructing insertion of a testing tool.”

All of the methods and tasks described herein may be performed and fully
automated by a computer system. The compuler system may, in some cases,
include multiple distinct computers or computing devices (e.q., physical servers,
workstations, storage arrays, cloud computing resources, eic.) that communicate
and interoperate over a network 1o perform the described functions. Each such
computing device typically includes a processor (or mulliple processors) that
executes program insiructions or modules stored in a memory or other non-
transitory computer-readable storage medium or device {(e.g., solid siate storage
devices, disk drives, eic). The various funclions disclosed herein may be
embodied in such program instructions, andfor may be implemented in
application-specific circuitry (e.g., ASICs or FPGAs) of the computer system.
Where the computer system includes multiple computing devices, these devices

may, but need not, be co-located. The resulis of the disclosed methods and
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tasks may be persistently stored by transforming physical storage devices, such
as solid state memory chips and/or magnetic disks, into a different state. In some
embodiments, the computer system may be a cioud-based computing sysiem
whose processing resources are shared by mulliple distinct business entities or
other users.

Depending on the embodiment, cerlain acts, events, or functions of any of
the processes or algorithms described herein can be performed in a different
saquence, can be added, merged, or ieff out aliogether (8.g., not all described
operations or evenis are necessary for the practice of the algorithm). Moreover,
in certain embodiments, operations or evenis can be performed concurrently,
e.q., through multi-threaded processing, interrupt processing, or muitiple
Drocessors of processor cores or on other parallel architectures, rather than
saquentially.

The various illustrative logical blocks, moduies, routines, and algorithm
steps described in connection with the embodiments disclosed herein can be
implemented as electronic hardware {e.g., ASICs or FPGA devices), computer
software that runs on general purpose compuier hardware, or combinations of
both. Various illustrative components, blocks, and steps have been described
above generally in ferms of their funclionality. Whether such functionality is
implemented as specialized hardware versus sofiware running on general-
purpose hardware depends upon the parlicular application and design constraints
imposed on the overall system. The described functionality can be implemented
in varying ways for each particular application, but such implementation decisions
should not be interpreted as causing a departure from the scope of the
disclosure.

Moreover, the various illustrative logical blocks and modules described in
connection with the embodiments disclosed herein can be implemented or
performed by a machine, such as a general purpose processor device, a digital
signal processor (DSP), an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA) or other programmable logic device, discrete
gate or transistor logic, discrete hardware components, or any combination
thereof designed to perform the functions described herein. A general purpose
processor device can be a microprocessor, but in the alternative, the processor

device can be a controller, microconiroller, or state maching, combinations of the
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same, or the ke, A processor device can include slectrical circuitry configured fo
process computer-executable instructions. In another embodiment, a processor
device includes an FPGA or other programmable device that performs logic
operations without processing computer-executable instructions. A processor
device can also be implemented as a combination of computing devices, e.¢., a
combination of a DSP and a microprocessor, a plurality of microprocessors, one
or more microprocessors in conjunction with a DEP core, or any other such
configuration.  Although described herein primarily with respect to digital
technology, a processor device may also include primarily analog components.
For example, some or aill of the rendering techniques described herein may be
implemented in analog circuitry or mixed analog and digital circuitry. A
computing environment can include any type of computer system, including, but
not limited to, a computer system based on a microprocessor, a mainframe
computer, a digital signal processor, a portable computing device, a device
controlier, or a computational engine within an appliance, to name a few.

The slements of a method, process, routine, or algorithm described in
connection with the embodiments disciosed herein can be embodied directly in
hardware, in a software module execuled by a processor device, or in a
combination of the two. A sofiware module can reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM memory, registers, hard
disk, a removable disk, a CD-ROM, or any other form of a non-transitory
computer-readable storage medium.  An exemplary storage medium can be
coupled o the processor device such that the processor device can read
information from, and write information to, the storage medium. In the allernative,
the storage medium can be integral to the processor device. The processor
device and the storage medium can reside in an ASIC. The ASIC canreside in a
user ferminal. In the alternative, the processor device and the storage medium
can reside as discrete components in a user terminal.

While the above detailed description has shown, described, and pointed
out novel features as applied o various embodiments, it can be understood that
various omissions, substitutions, and changes in the form and details of the
devices or algorithms illustraied can be made withoui departing from the spirii of
the disclosure. As can be recognized, cerlain embodiments described herein can

he embodied within a form that doeas not provide all of the features and benefits
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set forth herein, as some features can be used or pracliced separately from
others. The scope of certain embodimenis disclosed herein is indicated by the
appended claims rather than by the foregoing description. Al changes which
come within the meaning and range of equivalency of the claims are to be

embraced within their scope.

- 32 .

INCORPORATED BY REFERENCE (RULE 20.6)



WO 2017/151441 PCT/US2017/019518

CLAIMS
WHAT 1S CLAIMED [S:

1. A physiclogical mapping device comprising:

a sensor configured o detect a physiological feature beneath a
surface of a subject;

an information processor configured o receive information
indicative of the physiclogical feature and identify the physiclogical feature
based on the received information; and

a marking element configured {o produce a visible mark on the
surface ideniifving the physiclogical feature based on the received

identification.

2. The device of Claim 1, wherein the sensor comprises one of a
piezoelectric sensor, a microphone, an antenna, a gyroscope, oF  an

accelerometer.

3 The device of Claim 1, wherein the physiological feature comprises

one of a vein, an artery, or a nerve,

4. The device of Claim 1, wherein the information processor is further
configurad {o determine a depth of the identified physiological feature beneath
the surface based on the received information indicative of the physiological
feature, and

wherein the marking element is further configured to produce the

visible mark to further identify the depth.

5. The device of Claim 1, further comprising an emitter, wherein the
information indicative of the physiological feature comprises a reflected portion of
a signal transmitied by the emitter, and wherein the information processor is
configured to identify the physiological feature based on a comparison of the
signal transmifted by the emitter and the information indicative of the

physiological feature.
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8. The device of Claim 1, wherein the sensor and the marking element
are formed in a head, and wherein the information processor is formed in a base,

and wherein the head is detachable from the base.

7. A physiclogical mapping device head comprising:

a sensor configured fo detect emissions from a physiological
feature beneath a surface of a subject;

a coupling configured to transmii detected emissions fo an
information processor and receive physiological information from the
information processor; and

a marking slement configured to receive an identification of the
physiclogical feature from an information processor via the coupling and
produce a visible mark on the surface identifying the physiological feature

based on the received identification.

8. A physiclogical mapping device body comprising:
a coupling configured to exchange daia with a head, said head
including a sensor and a marking element; and
an information processor configured o
receive emissions from a physiological feature beneath a
surface of a subject from the sensor; and
transmit an identification of the physiclogical feature to the
marking element, said identification including information, in part,
causing the production of a visible mark on the surface identifying

the physiological feature.

a. A nerve safe needle comprising:

a tip formed of an electrically conductive material, and

a power source coupled with the tip, wherein upon contact with a
nerve, a circuit is completed with the tip and the power source to deliver a

current at the tip.

10. The nerve safe needle of Claim 8, wherein the circuit is configured

to deliver g current sufficient to cause a physiological response.
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11.  An aspirating needle comprising:
a holiow needle tip coupled with a chamber, the chamber inciuding
a first channsl 0 an injectable reservoir and a second channel to an
aspirator reservoir,
the aspirator reservoir including:
an oscillating member configured o oscillate a fluid between
the aspirator reservoir to the hollow needle tip;
a light source affixed on a wall of the aspirator reservoir and
configured to emit light of a predelermined quality; and
a light detector affixed on the wall of the aspiralor reservoir
opposite the light source such that a center point of the light source
is aligned with a center point of the light detector, said light detector
configured to delect a characieristic of the light emitied from the

light source through the fluid in the aspirator reservoir.

1. A system for determining whether a medical device is within a blood
vassel, the system comprising:
a needie comprising a distal tip;
a hub at a proximal end of the needle, the hub comprising a sensor
for detecting motion at the distal tip of the needle, the sensor configured o
generaie a signal based on the detected motion; and
a processing unit configured to perform a process, the process
comprising:
comparing a frequency of the signal 1o a threshold value,; and
providing an indication of whether the distal tip of the needie
is in the blocod vessel based on the comparison between the

frequency of the signal and the threshold valuse.

2. The sysiem of Claim 1, further comprising a display configured to

digplay the indication of whether the distal tip of the neeadie is in the blood vesssl.

3. The system of Claim 2, wherein the hub comprises the display.
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4. The system of Claim 2 or 3, wherein the indication is a binary output

indicative of whether the distal tip of the needie is in the blood vessel.

5. The systemn of any one of Claims 1 fo 4, wherein the sensor is a

piezoelectric sensor.

8. A system for determining a proximity of a medical davice to a nerve,
the system comprising:
the medical device comprising a syringe, the syringe comprising a
body and a needie;
a pulse generalor configured o supply an electrical current to the
needle;
a detector configured to detect a physiclogical response to the
electrical current and generate a signal, and
a processing unit configured to perform a process, the process
comprising:
comparing the generate signal to a threshold value; and
providing an indication representative of the proximity of a
distal tip of the needle to a nerve based on the comparison between

the generated signal and the threshold value.

7. The system of Claim 8, further comprising a housing comprising the

pulse generator and the detector.

8. The system of Claim 7, wherein the housing is connected to the

body of the syringe using a clip.

9. The system of Claim 7 or 8, wherein the housing extends distally

toward a distal tip of the needle.

10. The system of any one of Claims 6 fo 9, further comprising a light

pattern generator configurad o culput a light pattern on a patient’s skin.

11. The sysiem of Claim 10, wherein the detector is configured to

detect movement of the light patiemn.
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12.  The system of any one of Claims 6 to 11, wherein the indication is a

binary output indicative of whether the needie should be advanced.

13. A system for determining a depth of insertion for a medical device,
the system comprising:
the medical device comprising a syringe, the syringe comprising a
body and a needie;
a pulse generator configured 1o supply a mechanical puise to a
patient’s skin at a first time mark;
a vibration sensor configured to detect a first vibration of the needle
in response to the mechanical pulse at a second time mark; and
a processing unit configured to perform a process, the process
comprising:
determining a first time delay between the first ime mark and
the second time mark; and
determining a distance between the patient’'s skin and a

distal tip of the needle based on the first time delay.

14.  The system of Claim 13, wherein the pulse generator comprises a
mount connected to the body of the syringe and a spring-loaded arm exiending
from the mount, the mechanical pulse being generaled by movement of the

spring-loaded arm.

15, The system of Claim 13 or 14, wherein the vibration sensor is

configured to detect a second vibration of the needle at a third time mark.

18.  The system of Claim 15, wherein the process further comprises:
determining a second time delay between the second time mark
and the third time mark;
determining a distance between the distal tip of the needle and a

bone based on the second time delay.

17.  An system comprising:
a compuling system having at least one processor and a memory

device, the computing system configured to generate a virtual environment
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comprising a graphical representation al least one layer of tissue of g
patient, and

a display device, coupled io the computing system, the display
device configured to mesh the virtual environment on the patient, such that
a lecation in the virtual environment is aligned with a same location in the

patient.

18. The system of Claim 17, wherein the graphical representation is

based on at least one MRI image.

19. The system of Claim 17 or 18, further comprising a plurality of
alignment markers configured to be positioned on the paiient to align the

graphical representation with the patient.

20. The system of Claim 18, further comprising a camera to caplure
locations of the plurality of alignment marks to automatically align the graphical

represeniation with the patient.
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