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Method and Apparatus for Performing a Peripheral Nerve Block

Priority Claim

[001] This Application claims priority to U.S. Pat. Application No. 15/587,119 filed May
4, 2017. This application also claims priority to U.S. Provisional Application No.
62/501,546 filed May 4, 2017. The entire disclosure of each of the foregoing
applications is hereby incorporated herein by reference.

Field of the Invention

[002] The present invention relates generally to improvements to the delivery of
drugs, particularly to systems for subdermal injection/aspiration. More specifically, the
invention provides a method and apparatus for distinguishing between different needle
tip locations when performing a Peripheral Nerve Block or advancing any medical

device is in the vicinity of a nerve, plexus or nerve root.

Background of the Invention

[003] A peripheral nerve block (PNB) is used for anesthesia, postoperative analgesia,
and diagnosis and treatment of chronic pain syndromes. Peripheral nerve blocks may
also improve acute pain management and patient disposition even when used only as
adjunct techniques. An objective of the PNB regional anesthesia technique is to identify
the target nerve and position a hollow-bore needle in a defined proximity relative to the
targeted nerve without causing untoward reactions such as structure damage to the
nerve or causing excessive pain to the patient. Despite the increased use of
ultrasonography to aid visualization of the block needle, target nerves and local
anesthetic spread, the incidence of intra-neural injection during USG PNB has been
reported to be higher than previously expected; even experts fail to detect 1 in 6 intra-
neural needle tip placement before injection. The use of ultrasonography has not
reduced the incidence of Postoperative Neurologic Symptoms (PONS) when compared

with landmark nerve stimulation (NS) guidance. One day after PNB procedures,
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neurological symptoms such as paresthesia or residual blockade have been reported to
be present in up to 19% of patients, persisting in approximately 3% of patients during
the first few months. The incidence of long-term (6—12 months) PONS also remains
between 2 and 4 per 10,000 PNBs.

[004] Referring to Fig. 1, a schematic description of the microanatomy of the
peripheral nervous system is provided. The basic building block to both the central and
peripheral nervous system is the single cell unit commonly known as is the axon. The
brain and central nervous system are composed of millions of axons. Branching off the
central nervous system of the brain stem and spinal cord is a collection of highly
organized axons forming a network of sensory and motor pathways via the axons. At
the emergence of the spinal canal, this network of pathways is collectively known as the
peripheral nervous system.

[005] In the peripheral nervous system, each individual axon is surrounded by
supporting connective tissue called the endoneurium. Contained within the
endoneurium are small blood vessels (capillaries and venuoles) providing nutrients to
these axons. Axons are collectively formed into highly organized, packed bundles that
are surrounded by a thin but dense multi-layered connective tissue sheath that
surrounds and forms a membrane structure called the perineurium. The perineurium
provides a dense protective layer that is both a physical and chemical barrier, providing
a degree of protection for the axons and endoneurium. This barrier is akin to the blood-

brain barrier.

[006] This discrete unit of the endoneurium and perineurium is called a peripheral
nerve fascicle. When fascicles coalesce together they form fascicular bundles
embedded in epineurium, which is a connective tissue sometimes referred to as inner or
interfascicular epineurium. The multiple groups of fascicles are embedded in a non-
uniform matrix of connective tissue (fibro-adipose tissue) and mid-size vessels that are
loosely arranged together with an outer perimeter of dense connective tissue. The
bundled fascicular structures collectively surrounded by this additional densely, more
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highly organized layer of fibrous tissue, houses the peripheral nerve contents and is

known as the outer epineurium.

[007] The outer epineurium connects the outer layer to the neighboring structures. A
loose connective tissue fills the space between the nerve and the surrounding tissue in
connection with the outer epineurium. There is thus an additional multi-layer boundary
beyond the outer epineurium that runs along the entire trajectory of the nerve and is
composed of an extra-neural connective tissue known as the paraneurium,
(mesoneurium or gliding apparatus). The paraneurium is a distinct multi-layer functional
structure that enables the nerve to glide relative to other anatomic structures during

muscular-skeletal movements.

[008] To aid in locating a nerve branch, electrical stimulation may be utilized.
Introducing an electrical current stimulation to the body has the ability to elicit an indirect
excitation of both the sensory and motor components of a nerve. This was found to
provide a visual muscle contraction and an electrical paresthesia when the electrical
stimulation was applied on motor and sensory axons respectively. Modulating the
current charge (intensity and duration) and frequency lead to contraction and relaxation
of muscle groups innervated by a nerve branch. However, this use of an indirect
electrical charge to produce a nerve reaction to a specific nerve has not achieved
widespread adoption because of several deficiencies, including:

-- An inability to accurately modulate an applied electrical charge at a given
distances to the surface of a nerve branch has made nerve stimulation limited in the
identification of a specific nerve branch when using nerve stimulation as the primary
means of nerve branch location. A variety of charge intensities are recommended at
specific distances when approaching the nerve branch. However, needle tip to nerve
distance and current intensity noted by a visual muscle twitch reaction does not
necessarily correlate. During the procedure, a nerve stimulation (NS) to a lower electric
charge does not necessarily mean the needle is closer to the surface, at an extra-neural
position or located within the nerve. Similarly, nerve stimulation to a greater current

charge does not necessarily mean the needle is a greater distance to the intended
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nerve branch. The basic principles of electric nerve localization - current intensity being
proportional to the needle-nerve distance, stimulating currents between 0.1 and 0.4 mA
linked to distances of <2 mm- have been shown to be overgeneralizations. Electric
current conduction, propagation, and initiation of a motor response are influenced by
anatomic structures, such as the arrangement of muscles, connective tissues, and
resistive barriers in the vicinity of the needle. Electric nerve stimulation is indirect
localizing method, and not a precise guidance for needle placement. However, a motor
response at a low current charge is specific of the needle tip location in the vicinity of a

bundle of axons,

-- An inability to set the appropriate current charge for a nerve stimulation at defined
distance from the outer surface of the fascicle, i.e., Extra-Fascicular. It is more
concerning if a high current charge is utilized in the vicinity of a fascicle or Intra-
fascicularly, as it may cause a forceful response by the patient. Finally, there is an
inability to determine what appropriate charge should be applied for a specific distance
from the fascicle and or the nerve. Needle-nerve contact or intra-neural needle
placement often fails to promote motor response at a low current charge (0.3 to 1 mA),
a lack of sensitivity confirmed in animal and human studies. However, an evoked motor
response (EMR for current intensity below to 0.2 mA is known to be specifically
predictive of an intra-neural needle position prior to any injection. Moreover, an evoked
motor response (EMR for current intensity below to 0.1 mA is known to be specifically
predictive of an intra-fascicular needle position prior to any injection

-- Confounding variables can make the use of nerve stimulation a non-specific
technique. These are related to anatomic variations within a given patient as well as
anatomic variation between different patients. The body is comprised of a variety of
tissue types composed of water and collagen, adipose tissue (fat), muscle, fluids (blood,
lymph, and interstitial liquid), bone, cartilage, etc. Each of these tissues types provides
a different resistance and/or capacitance to a charge when electrical current is applied
at a given distance to the intended target. As a result, the current charge needed to
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stimulate a nerve or a fascicle varies non-linearly with the distance, varies at injection of

fluids, tissue density and/or by mechanical pressure of the needle tip on a fascia.

[009] The variables of current charge (intensity) and tissue impedance to the electric
stimulus have made it difficult to standardize a technique to enable precise needle to
nerve distance and relationship respective to the layers of a specific fascicle, nerve
and/or plexus. Nonetheless, an EMR at a very low current has been found to be highly
specific of intra-neural location of the needle tip.

[0010] Injection pressure monitoring (IPM) is highly sensitive to detect a peak pressure
as soon as the needle tip encounters a dense connective tissue. However, IPM is not
specific of the nature of the dense connective tissue. A low-pressure range is specific of
a low-density tissue loose connective tissue such as fat, interstitium, or muscle. A high-
pressure range is specific of a dense connective tissue (fascia, tendon, nerve...) but a
pressure signature is not highly specific of the tissue type. For instance, a tendon and a
nerve have similar aspect on an ultrasound image. Indenting the surface layer of the
tendon and the nerve may produce similar high peak pressure. Similarly, IPM cannot

differentiate paraneural from extra-neural interstitium.

Tissue density | Dense Intermediate Loose

Evoked motor | Perineurium Inner epineurium paraneurium

response to Outer epineurium

NS

no motor Tendon Intermuscular Subcutaneous fat

response Muscle fascia fascial plane Intermuscular,
perivascular
interstitium

Summary of the Invention

[0011] Ultrasonography allows simultaneous visualization of the target nerve, needle,
local anesthetic solution and surrounding anatomical structures. Nevertheless,
ultrasonography as a sole method of monitoring may not reliably prevent neurologic
injury. Nerve stimulation has low sensitivity to differentiate relative needle tip position to

the nerve layers but is highly specific of neural tissue nearness. Injection pressure
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monitoring is sensitive for detecting high injection pressure in dense tissues such as
needle-nerve contact or intra-fascicular injection. The present invention provides
combines these monitoring options in a multimodal approach, to decrease the risk of
neurologic complications when performing PNBs.

[0012] According to one aspect, the present invention combines IPM sensibility and NS
specificity to differentiate different needle tip locations during peripheral nerve blockade,
to detect nerve puncture and to help avoid intra-neural injection. The IP can be
continuously monitored during the procedure of needle guidance to the nerve, so that
when the pressure exceeds a threshold the electric stimulation is increased. The lack or
occurrence of EMR indicates the absence or presence of the nerve at the needle tip,
respectively. The occurrence of a pressure peak and a low intensity at EMR indicates
the vicinity of the nerve. A pressure peak and very low intensity stimulation with an
associated EMR indicates a nerve puncture or intra-neural needle tip location.

[0013] An additional aspect of the present invention provides a mechanism to assist
with nerve detection, decrease the occurrence of intra-neural injections and avoid
injection in a dense connective tissue close to or particularly into the fascicles.
Additionally, another aspect of the present invention enables one to use pressure
sensing to differentiate between dense (low compliance) tissues such as neural (neural

fascicle) versus connective tissues (muscle fascia).

[0014] Another aspect of the current invention is a system in which continuous infusion
of fluid medium at a fixed flow-rate is provided so that the hydraulic pressure can be
precisely measured by an in-line pressure sensor. The ionic properties of fluid medium
influence the transmission of an electrical current charge thru the tissues. The solution
injected can be ionized (saline or local anesthetic) or non-ionized (dextrose in water).
The solution may be dispensed through a disposable syringe and tubing in a uniform
way to the tip of the needle for the purpose of nerve stimulation conduction. An ionic
solution decreases the impedance so that electrical current charge can more effectively
be dispersed through the tissues; the voltage is less for the same current intensity
(Ohm’s law) so that the stimulating current is less painful and the electric field reduced.
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[0015] A further aspect of the current invention is a system that provides an ability to
enhance ultrasound visualization at the injection site by providing an increased fluid flow
rate at appropriate needle tip location. The increased fluid flow allows the tip of the
needle to be more easily identified during the advancement of a needle through tissues
when performing a peripheral nerve block, thus aiding in the prevention of needle tip
placement, particularly into the nerve.

[0016] Another aspect of the current invention is controlling the electrical stimulation
based on signals received regarding fluid pressure in the needle.

Brief Description of the Drawings

[0017] The foregoing summary and the following detailed description of the preferred
embodiments of the present invention will be best understood when read in conjunction

with the appended drawings, in which:
[0018] Fig. 1 is a cross-section view of a fascicle of nerve fibers;
[0019] Fig. 2 is a perspective view of a drug delivery system;

[0020] Fig. 3 is an enlarged side view of a handpiece of the drug delivery system
illustrated in Fig. 2;

[0021] Fig. 4 is a diagrammatic view of an injection device of the drug delivery system
illustrated in Fig. 2;

[0022] Fig. 5 is a flow chart of a method for injecting fluid;

[0023] Fig. 6 is a diagrammatic view of an alternate embodiment of a drug delivery
system;

[0024] Fig. 7 is a diagrammatic view of a target nerve; and

[0025] Fig. 8 is a flow chart of an alternate method for injecting fluid.
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Detailed Description of the Invention

[0026] Referring now to the drawings, in general and to Figs. 1-3 specifically, a drug
infusion system is designated generally 10. The system 10 includes an injection
assembly 20 and a computer-controlled drug delivery instrument 50, referred to as a
drive unit. The injection assembly 20 includes an insertion needle 140 configured for
insertion into @ mammalian subject. The injection assembly 20 is connected with the
drive unit 50, which controls the flow of fluid to the injection assembly during use. The
system 10 also includes one or more output mechanisms that provide data to the
medical professional during a procedure to assist in proper placement of the needle in
the subject.

[0027] The system 10 is operable to determine the location for an intra-fascicular
needle location. The system is also operable to deliver therapeutic medication to an
extra-fascicular needle location. The medication may include, but is not limited to local
anesthetic solutions, such as, cortico-steroids, hydroxyapatite, joint replenishment
drugs, sclerosing agents and other drugs that are typically injected into a fluid-filled
tissue space for therapeutic purposes. The system is also operable to measure the

hydrostatic pressure in a tissue compartment such as in a muscle or in the interstitium.

[0028] An intra-fascicular needle location is one in which the tip of the needle
penetrates through the perineurium so that the needle tip is located inside the fascicle.
An extra-fascicular needle location is a position in which the needle is anywhere outside
the perineurium of an individual fascicle, which may include inside the epineurium or the
paraneurium thereby defined as completely extra-neural or in the surrounding structures

of the nerve.

[0029] Irreversible damage can occur to a nerve when the needle tip is both embedded
into a fascicle and then fluid under hydrostatic pressure produces changes to the neural
and vascular tissues within the fascicle. This occurs because the outer layer of the

fascicle is a protective layer of a relatively non-compliant, rigid protective structure. This
protects the basic components of the nerve, the axons, which are densely packed within
the fascicle. In other words, the fascicle represents a densely packed arrangement with
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a thick protective shell. The fascicle does not readily deform by either expanding or
contracting. Therefore, tissue compliance to an inflow of fluids is extremely low and/or
non-existent. Needle penetration into the fascicule may not necessarily cause the
ultimate damage to the axon units, but the combined effect of needle penetration and
increased pressure inside the fascicle from the infusion of fluids inside the fascicle can
produce damage to the capillary bed. Additionally, fluid pressure-induced strangulation
of the microcirculation of the axons impedes short-term nutrient replenishment after
such physical trauma thus leading to initial necrosis. The cascade from necrosis leads
to an inflammatory response in an effort to initiate a wound healing from the initial
pressure-induced trauma further advancing or cascading potentially toward irreversible
damage.

[0030] However, there are instances in which intentional intra-fascicular needle
placement is desirable and required. Such instances include unresolved phantom pain
after a limb is removed. Additionally, hyperactive neural stimulation of a particular limb
may sometimes lead to retractable pain and is another circumstance in which intentional
intra-fascicular needle location and delivery of agents is required. Accordingly, the
system 10 and its use may provide an alternative method and apparatus for

discriminating between the extra-fascicular and intra-fascicular location of a needle.

[0031] Injected fluid disperses through tissue at different rates. As a result, the fluid
pressure varies. Therefore, this fluid pressure (or an internal pressure related to the

resistance pressure of a tissue) is indicative of, and may be used to identify several

types of tissues densities.

[0032] There are also instances in which a practitioner desires to inject a drug into
dense tissues such as the fascia of muscle, tendon or other bodily tissue that is to be
identified as a tissue that is not composed of neural tissues.

[0033] The system 10 enables a practitioner to accurately identify fluid-filled tissue
space while limiting the placement of drugs into non-targeted tissues. This is performed
for both diagnostic and therapeutic procedures. The system 10 utilizes the pressure of a
fluid as it flows from a needle or catheter following placement of the needle/catheter
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within the tissue in order to identify the accuracy of placement and to monitor the
placement during an injection or aspiration. System 10 may utilize a continuous flow of
fluid at what is considered a slow flow-rate that is defined as a constant flow-rate
between 0.01 mL/sec to 0.20 mL/sec. The continuous flow of fluid maintains a constant
column of fluid that may enable a virtually instantaneous reaction time to pressure

changes within the tissues to be detected.

[0034] Specifically, the system 10 includes one or more output mechanisms for
providing audible and/or visual feedback of the detected fluid pressure in the insertion
needle. The operator uses the feedback as guidance during the placement of the
insertion needle. As shown in Fig. 2, the first output mechanism may be a video display
screen, such as an LCD display for displaying data to aid the operator. Additionally, a
second output mechanism may also be provided. For example, the second output
mechanism may be a speaker for providing an output signal.

Injection Assembly

[0035] Referring to Fig. 2, the system 10 includes an injection assembly 20 cooperable
with a drive unit 50 during a drug infusion procedure. The injection assembly includes a
syringe 30, a handpiece 100, a fluid line 45 connecting the syringe with the handpiece
and a cable 48 providing an electrical connection between the handpiece and the drive
unit 50. The assembly further includes a needle 140 releasably connected with the

handpiece 100.

[0036] Various elements of the injection assembly may be disposable, such as the
syringe 30, the fluid line 45, the handpiece 100 and/or the needle 140. Alternatively, the
elements may be re-useable. Accordingly, various elements of the injection assembly
are releasably connectable. For instance, the fluid line 45 may include a fluid connector
at each end. The fluid-tight connectors may be any of a variety of connectors. One
exemplary connector is a Luer connector or NRFit for regional anesthesia. At the first
end, the fluid connector sealingly connects with the syringe and at the second end the
fluid line sealingly connects with the handpiece 100. Alternatively, the fluid line 45 may
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be fixedly connected with the rearward end of the handpiece 100. In either embodiment,
the handpiece 100 and the syringe are in fluid communication to provide a flow of fluid
from the syringe to the handpiece. Alternatively, another connector is added along the
fluid line; this connector may be used to provide fluid from another syringe connected to
a tubing and a unidirectional valve and may be manually operated to inject fluid such as
local anaesthetic. Specifically, a secondary syringe filled with a therapeutic agent can
be administered once the target location has been identified or during the entire

procedure.

[0037] The syringe 30 may be any of a variety of hypodermic syringes and the length
and gauge may vary depending on the intended use. The syringe 30 includes a barrel
32 for holding a volume of medicament and a plunger 34 slidable within the barrel to
draw fluid into or eject fluid from the barrel. The syringe 30 preferably also includes
flanges 36 projecting outwardly from the barrel. The flanges operate as finger flanges

to facilitate displacement of the plunger into the barrel.

[0038] The injection assembly 20 also includes a pressure sensor 40 for detecting fluid
pressure in the injection assembly. The pressure sensor may be disposed in one of
several locations to measure a pressure that correlates with the fluid pressure at the tip
of the needle 140. Alternatively, rather than or in addition to an in-line pressure sensor,
the pressure sensor may be a force sensor located within or connected to the thumb
plate that drives the syringe plunger 58 or a force sensor that is internal to the drive unit
50 that measures the force applied to the syringe plunger. Such a force sensor detects
the force required to inject the fluid, which is related to the fluid pressure in the needle.
Using such a sensor, the detected force is converted to a pressure value by a
calculation via the processor. In the present instance, the pressure sensor 30 is an
inline fluid pressure sensor attached to the syringe 30 between the syringe and the
tubing 45. In this way, the pressure sensor 40 senses the fluid pressure as the fluid
exits the syringe and enters the tubing 45 to which the insertion needle 140 is
connected. Similarly, the in-line pressure sensor can be interposed between the tubing

and the needle.
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[0039] The injection system 10 may also include a re-useable handpiece 100 to which
the needle 140 is attached. As shown in Fig. 2, the insertion needle 140 is connected to
the forward end of the handpiece and the tubing 45 is connected to the rearward end of
the handpiece. The handpiece 100 may be configured to provide electrical stimulation
as discussed further below.

[0040] The injection assembly 20 may be manually operated to inject fluid. However, in
the present instance, a computer-controlled drug delivery system 50 controls the flow of
fluid from the injection assembly as discussed further below. An electrical cable 48
connects the pressure sensor 40 with the drug delivery system 50 so that the drug
delivery system can monitor and, if desired, vary the flow of fluid from the syringe in
response to the data from the pressure sensor 40. The pressure-transducer 40 may be
connected inline between the forward end of the cylinder of syringe 30, and the first end
of tubing 45. One exemplary connection is a Luer connection for connecting the
pressure-transducer 40 to the tip of the syringe. The connection may be fixed by a
threaded connection and/or an irreversible threaded connection, such as a LuerLock or
such as NRFit for regional anesthesia. Alternatively, the pressure transducer 40 may
be permanently fixed to the syringe by plastic welding or chemical binding, such as
adhesive. In this way, the instantaneous, actual fluid pressure in the drug delivery line
45 is sensed and used by the instrument, thereby providing a close approximation to the
actual, instantaneous fluid pressure at the point or tip of the needle 140, and therefore,
at the location in the patient's body where the needle tip is located. The electronic
pressure-transducer 40 provides pressure data via an electronic data cable that is
connected directly to the central unit 50 to collect the pressure measurements.

[0041] The electronic pressure transducer 40 can be any of various pressure sensors.
One type of exemplary sensor is a piezoelectric pressure sensor, such as sensors
available from Merit Medical Systems, Inc. such as the Meritrans® Pressure Transducer
item MER212.
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Automated Fluid Delivery System

[0042] As described above, the system 10 may include a fluid delivery system 50 for
providing a controlled flow of medication to the injection assembly 10. Preferably the
fluid delivery system is an automated system and in the present instance is a computer

controlled fluid delivery system referred to as a drive unit 50.

[0043] Referring to Figs. 2&4, the drive unit 50 is designed to work in connection with
an injection element, such as syringe 30. The drive unit 50 may include a cradle
configured to receive the syringe 30 and a clamp for retaining the syringe in the cradle.
The drive unit 50 includes a drive element 58 operable to drive the plunger in the
syringe to expel fluid from the syringe. The drive unit 50 controls the displacement of
the drive element 58 thereby controlling ejection of fluid from the syringe. In the present
instance, the drive element may include a motor 70 driving an arm 58 having a clamp
with a plurality of fingers that releasably engage the plunger 34. Driving the motor in a
first direction drives the arm 58 forwardly to advance the plunger 34, thereby expelling
fluid. The CPU 82 of the drive unit provides signals to the motor to control operation of

the motor.

[0044] The drive unit 50 is operable to provide constant or variable fluid flow. In the
present instance, the drive unit may provide a continuous fluid in response to signals
received from the electronic pressure-transducer 40, which continuously senses the
pressure of the fluid during an insertion/injection procedure. Based on a pre-determined
pressure, the drive unit 50 may stop the flow of fluid when the detected pressure
exceeds a pre-defined threshold. The pre-defined threshold may be set by the
practitioner and stored in a memory 80 of a microprocessor or computer 82 of the
electronics in drive unit 50. Similarly, based on a pre-determined pressure, fluid-flow
will resume when the fluid pressure falls below a pre-determined pressure and will
continue to flow while the pressure remains below the threshold. The same pre-
determined pressure may be used to control the stopping and re-starting of the fluid
flow. In such case, as fluid initially enters the tissue the pressure will build to a pre-
determined level and then stop until once again the pressure drops below this pre-
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determined level. Once the fluid pressure falls below the pre-determined level, the fluid-
flow will resume and be maintained on a continuous basis. In this way, the flow of fluid
may start and stop during the procedure creating an interruption of fluid flow once a
specific pre-determined pressure is detected

[0045] The system may include pre-defined pressure thresholds used to control the
flow of medication from the syringe 30 during the procedure. This enables a clinician to
selectively inject drugs into specific sites and intended tissues for diagnostic and
therapeutic procedures. Pre-selected maximum allowable pressure limits and/or flow
rates are stored in memory 80 and define either the maximum recommended pressures
that patients usually tolerate, or other criteria. As the pressure approaches this limit, a
visual and/or audible alarm is generated for the clinician, i.e. on screen 62 and via
speaker 84 that is activated by data from the microprocessor 82. In addition, data
descriptive of the whole injection process is stored for future analysis in memory 80.

[0046] The system 10 may directly measure the fluid pressure in the injection assembly
10 or the system may measure a characteristic indicative of the fluid pressure in the
injection assembly. For instance, the pressure may be measured by detecting the
pressure resistance measured during infusion. The pressure resistance measured is
converted into a visual signal on a continuous basis during the insertion procedure. The
flow rate of medication during the procedure may be based on the fluid pressure
detected in real time during the procedure. Therefore, the flow rate of the medication
may be variable and may be dependent on the pressure in the system. In this way, the
fluid pressure may be the primary controlling variable of the system.

[0047] One feature of the present system is the ability to detect minute changes in
pressure at the needle tip while a needle is placed within the patient’s tissue. This
ability to detect subtle pressure changes is based upon a constant movement of fluid
into the tissues under controlled conditions thus enabling one to identify and or avoid
undesirable locations based on pressure within the tissue. The system detects these
minute changes in pressure in real-time and dynamically when a continuous flow of the

fluid is used. This continuous flow is coordinated with a pre-determined maximum
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pressure used by the system to stop the flow of fluid at a pre-determined pressure limit
to avoid damage to these tissues. With a constant flow of fluid the head pressure
provides the needed resistance within the tissues to enable subtle changes in the tissue
density and compliance to be detected on a virtually instantaneous basis.

[0048] The flow-rate, therefore, becomes a second variable that is modulated within a
pre-determined range in order to maintain the desired fluid-flow. In one specific
embodiment, the fluid flow is stopped when the pressure exceeds a pre-determined
threshold (maximum pressure). The flow-rate, as a second variable, may be limited so
that fluid injections are not unduly rapid under low pressure conditions. It is
contemplated that the relationship between pressure and fluid flow rate may either be
binary or continuous. A binary relationship exists when the injection device is configured
to deliver fluid at a single, pre-determined flow rate for any pressure less than the pre-
set maximum. Thus, the fluid flow is either on or off based on whether or not the
pressure exceeds the threshold. Alternatively, the flow rate may be modulated as a
function of pressure. In this case, flow rate will be reduced as the maximum pressure is
approached and increased as the pressure drops. Optionally, the flow rate may be
limited to a first pre-set maximum pressure and a flow rate resumes at a second distinct

pre-determined pressure.

[0049] As mentioned above, the system 10 may include a mechanism for displaying
relevant injection data including, for example, instantaneous flow rates, pressures, and
injection amounts upon a screen 62 of the drive unit 50. In addition to the visual
feedback, the system may include an element for providing audible feedback to the
operator. For instance, the system may include a transducer that provides audible
feedback such that the audible signal varies as the pressure varies. Further still, the
system may include an element for providing an audible alert or indication signal if the
pressure exceeds certain predefined levels. The system may also include a mechanism
for recording the relevant injection data for subsequent analysis after the procedure is
performed. For instance, the system may include a non-volatile electronic storage

medium, such as a hard drive, flash drive, optical drive or other medium for storing
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electronic data and also may include a network connection to provide the ability to
connect to the hospital or office computer system for storage in real time in the patient
record. In this way, the system may enable the transfer of the data generated from the
PNB injection automatically and efficiently.

[0050] All measurements and information may be presented to the clinician in “real-
time” so that the clinician may determine whether the injection is being delivered to the
intended location and/or correct tissues and may modify the injection technique
accordingly. In addition, the measurements may be recorded for later review and

documentation of the clinical event.

[0051] It is also contemplated that multiple syringes driven by separate syringe
plungers may be used to allow multiple drugs to be injected as well as a second syringe
drive that does not required a pre-determined pressure to be reached for any said
purpose. The second drive can be programmed on a specific flow-rate to allow infusion
of a drug such as local anesthetic and other therapeutic drugs into a variety of tissues.

[0052] In yet another embodiment the device may contain two distinct syringe drives in
which both are capable of modulation based on fluid-pressure as previously herein
described.

Electrical Stimulation

[0053] The system may also include an electrical stimulation element for providing
electrical nerve stimuli to a target tissue in a patient. The electrical stimulation element
is a conductive element connected with the handpiece 100 or an insulated needle used
for peripheral nerve blockade. The electrical stimulation element is operable to provide
an electrical charge of low intensity (i.e. approximately 0.10 mA up to approximately 6.0
mA), short duration (i.e. pulses of approximately 0.05 to 1 Ms) and frequency 1, 2to 4
Hertz, and a maximum voltage (100 volts). The electronic stimulation elements provide
the stimuli for a short time (i.e. approximately 1-10 seconds) at constant, incremental or

decremental current charge
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[0054] The electric stimulator may be an external element or an internal element. For
example, Figs. 2-4 illustrate an embodiment that incorporates external electric stimuli.
A conductive element such as an electrically conductive cable 48 interconnects the
handpiece 100 with a stimuli generator 85, so that electrical stimuli are transmitted to
the handpiece from the stimuli generator. In turn, the handpiece is connected with an
element configured to deliver the electrical charge to the tissue. For instance, the
needle 140 may be formed of electrically conductive material and the handpiece may
include a connection with the needle providing an electrical pathway from the
conductive element 48 to the needle. Alternatively, a conductive element, such as a
wire, may extend along the length of the needle and the needle may be electrically
insulated from the needle. For example, the needle coating may be formed of
electrically insulative material. An example of an external electric stimulation element is
the insulated needle sold under the trade name “Stimuplex ®” or the over the needle
catheter sold under the trade name “Contiplex ® C” by B. Braun Medical Inc. of
Bethlehem, PA.

[0055] The system may utilize internal electric stimuli rather than the external electric
stimuli described above. For example, the fluid injected from the syringe may be an
ionic solution capable of conducting electric stimuli. A conductive element may be
interconnected with the fluid within an insulated needle. The needle may be
constructed from a variety of non-conductive materials. For instance, the conductive
element may project into the fluid path at some point between the syringe 30 and the
needle 140. For example, the conductive element may impart the electric stimuli into
the fluid at the rearward end of the handpiece 100. If the electric stimuli are imparted to
the tissue via the fluid, the needle 140 may be electrically insulated to minimize any
drain or disbursement of the electric charge through the sidewalls of the needle.

[0056] As shown in Figs. 2&4, the electrical stimulation element is connected with an
electric stimuli generator 85, which is an electrical source operable to provide an
electrical charge or pulse to the stimulation element. The stimuli generator may be

incorporated into the drive unit 50 as shown in Fig. 4. In such an arrangement, the
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stimuli generator 85 is connected with the CPU of the drive unit so that the CPU
provides electric signals to control the operation of the stimuli generator. Alternatively,
the stimuli generator may be a separate element having a separate power source and

separate control.

[0057] The evoked electric motor response (EMR) can be visually assessed by the
operator or detected by accelerometry, electromyogram, or any other monitoring of
nerve stimulation and/ or muscle contraction leading to control the nerve stimulation

and/ or the flow rate and/ or warning signals.

Calculation of Fluid Pressure at the Exit of the Needle

[0058] As discussed above, the fluid pressure may be used to control operation of the
system 10. For instance, the system may provide a signal to the operator when the fluid
pressure exceeds a threshold, thereby indicating that the needle may be located intra-
fascicularly or indenting the outer epineurium of the nerve. There are several
methodologies for calculating the fluid pressure at the exit of the needle.

[0059] A pressure sensor may detect the fluid pressure in the injection assembly 100.
For example, as discussed above the pressure sensor may be an in-line pressure
sensor, such as that available by Merit Medical part # 0001. Alternatively, a pressure
sensor internal to the drive unit 50 may detect the fluid pressure between the syringe 30
and the tubing 45. Similarly, the pressure sensor can be interposed between the
syringe tubing 45 and the needle 140. Further still, the in-line sensor may be
embedded into the handle 100 or between the tubing 45 and the handle 100. Another
alternative is using a thumb-pad force sensor to detect the force driving the plunger 34
to calculate the pressure within the syringe 30. A command signal from the pressure
sensor sends data of pressure to the CPU for calculation to determine the exit-pressure.
The exit-pressure value is used to control the motor 70 that controls the flow of fluid

from the syringe 30.
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Handpiece

[0060] Referring to Fig. 3, the handpiece 100 includes a hollow housing 110 and an
elongated hollow needle 140 projecting forwardly from the housing. A connector 132 is
provided for connecting the handpiece with the fluid line 45 of the injection assembly 10.
Specifically, the connector 132 provides a fluid-tight seal for connecting the handpiece
100 at the rearward end of the housing to facilitate connection of the handpiece with the
fluid in the syringe. The fluid flows to the handpiece and out through the needle 140.
As noted above, the in-line pressure sensor or similar element for detecting a
characteristic representative of fluid pressure may be embedded within the handpiece
100.

[0061] The handpiece 100 may further include an indicator light 215 configured to
provide the operator with prompts. The indicator light 115 may be an LED or other light
element that provides a warning light or indicator light depending upon the application.
The handpiece may further include an audible indicator 120 such as a piezoelectric
audio indicator for providing an audible signal, including, but not limited to a buzz, tone

or chime.

[0062] Additionally, a control button 125 may be provided for the handpiece. The
control button 125 may operate as an on/off button. However, the control button may
also be operable to enter various control commands. For instance, the control button
125 may be operable to over-ride one or more operations of the drive unit 50 as
discussed further below. Finally, the handpiece 100 may also include an output
mechanism, such as a display screen 130 for displaying various information, such as
the detected fluid pressure.

[0063] As described above, the handpiece 100 may include both a visual and an
audible indicator 115, 120. It should be understood that the handpiece does not need to
include both an audible and a visual indicator; it could include just a single indicator.
Further still, although a visual and audible indicator are described, a variety of alternate
indicators could be used instead, such as a vibration element that provides regular
vibration indicator signals. Additionally, the handpiece 100 need not include any such
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indicators. Further still, the audible or visual indicators may be located on the drive unit
50 rather than on the handpiece.

[0064] As noted above, the handpiece 100 may include a control button. The control
button may be utilized when the needle is not being advanced. In such an instance,
pressing the button operates to provide a control signal to the drive unit 50 so that a
counter-head pressure value will not be subtracted from the calculation of the exit-
pressure (since the needle is not being advanced there is zero, or essentially zero,
counter-head pressure). It is understood that the button or control on the handpiece
100 may also be activated to correspond with the forward movements in which the
counter head-pressure is subtracted from the calculation of the head-pressure therefore
providing a means to distinguish between when the needle is being advanced and when
it is remaining stationary within the tissues. In this way, actuation of the button 125
during periods of minimal to zero needle insertion promotes accuracy of the exit-
pressure values within the tissues during the procedure. In addition to the switch or
control button discussed above, the handpiece may include a second button or control
element in which backward movements would add an additional head-pressure value to
compensate for the backward movement which causes a decrease in exit-pressure

values when moving a needle backward through the tissues.

[0065] In the foregoing description, the needle is mounted onto a handpiece that may
have additional features. However, it should be understood that various elements may
be utilized to carry the needle. For instance, the system may be utilized with an
embodiment in which the needle is connected to the tubing set. In such embodiments,
the operator can control the intensity of the electrical charge by a controller that is
operable independently of the handpiece, such as by a controller on the control unit 50.

System Control

[0066] The system includes a user operable input mechanism, which allows the
operator to provide input signals for controlling the system. The input mechanism may
be any of a variety of devices, such as the handpiece 100 or a foot operated control that
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provides a means for the operator to start, stop, and change the flow-rate from a single
flow-rate to a second or third distinct pre-set flow rate. Alternatively, the input element
may be a button, touchscreen, mouse, keyboard or a microphone for providing input
commands audibly. Additionally, the system may include a plurality of input
mechanisms to allow the operator to input a variety of inputs for various stages of a
procedure. For example, the system may include a first input mechanism, such as a
foot pedal or a remote actuator that controls the flow of fluid through the device. It is
anticipated that the remote can be affixed to the ultrasound transducer thus enabling the
operator to use a single hand to control the instruments. Actuating the hand remote or
foot pedal switch (i.e. depressing the switch) sends a signal to the CPU of the drive unit,
which in turn sends a signal to the motor to drive the motor so that fluid flows from the
syringe to the needle 140 as long as the instrument is actuated. Alternatively, actuating
the hand remote or foot pedal a first time may operate a start signal to start the fluid flow
and the fluid may continue to flow until the operator actuates the foot pedal again. In
this way, the second actuation operates as a stop signal to discontinue the fluid flow.
Additionally, the system may include a second input mechanism, such as a touch
screen so that once an electronic simulation is applied to a patient the operator may
input an indication of whether or not muscle twitch was detected or whether a sensation
is noticed by the patient. Actuating the foot pedal switch (i.e. depressing the switch)
may send a signal to the CPU of the drive unit, which in turn sends a signal to the
controller of the electronic stimulator to modify the stimuli in intensity, duration,
frequency, incremental or decremental current charge utilizing the Automatic
Incremental Electric Impulse (AIEI) with specific Baseline Current. These operator
control signals can work separately from one another, i.e., effecting either fluid flow or
electric stimulation. Further still, the primary or secondary input mechanism may be a
control button, such as button 125 on the handpiece. Actuating the control button 125

may send a signal to the CPU to provide a response input during a procedure.

[0067] As described above, the system is operable to control the flow of fluid during a
procedure. In addition to using an actuator to control On/Off, the system may provide

two or more flow rate settings. In particular, the control unit 50 may incorporate a multi-
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speed pump that provides a variable flow rate. Similarly, the pump may include two or
more pre-set flow rates. In the present instance, the control unit 50 includes an electric
motor 70 that control the speed at which the control unit displaces the plunger 34 in the
syringe 30. The control unit 50 may control the speed of the motor 70 so that the motor
is driven at one of multiple pre-set speeds to provide multiple pre-set flow rates. The
different flow rates can be used in conjunction with different pressure settings and
different electric stimulation settings during different portions of a procedure. For
example, the system may be configured with three pre-sets as shown below in the
table. The pre-sets may include various characteristics, such as high and low pressure
thresholds, high and low stimulation intensities, flow rate and maximum or shut-off
pressure. When the measured fluid pressure is above the “Low Pressure” threshold,
electric stimulation is provided at the level identified as “Low Pressure Stimulation”.
When the measured fluid pressure is above the “High Pressure Threshold, electric
stimulation is provided at the level identified as “High Pressure Stimulation”. The “Flow
Rate” is the flow rate of fluid provided from the fluid reservoir (e.g. syringe 30). The
“Shut-off Pressure” is the fluid pressure at which the system will interrupt fluid flow.
Specifically, if the measure fluid pressure exceeds the shut-off pressure, the control
assembly 50 will stop the pump to stop the flow of fluid to the needle.

Low High Low High Flow Rate | Shut-off
Pressure | Pressure | Pressure Pressure (mL/sec) | Pressure
(mm/Hg) | (mm/Hg) | Stimulation | Stimulation (mm/Hg)
(mA) (MA)
Pre-set 1 | 50 200 0.4 1.0 0.02 300
Pre-set2 | 75 400 0.7 1.4 0.1 500
Pre-set 3 | 100 650 1.0 1.8 0.2 750

[0068] As noted above, the different pre-sets may be used during different portions of a
procedure. For example, this first pre-set may be used during a first portion of a
procedure, such as the portion of the procedure in which the operator is attempting to

position the tip of the needle adjacent the target nerve. During this “Locate the Target”
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portion of the procedure a constant low “Flow Rate” is used to allow for increased
sensitivity to the pressure changes. After the needle is positioned adjacent the intended
target, the system may switch to a second pre-set. During the second pre-set, the Flow
Rate is increased to provide a confirmation of the needle placement. In particular, if the
system is used in connection with ultrasound, the location of the needle may be difficult
to detect depending on a number of variables, such as the orientation of the needle.
However, if a rapid infusion of fluid is provided as defined in pre-set 2, the fluid will
appear on the ultrasound display as a dark anechoic pocket of fluid. In this way, the
location of the pocket of fluid on the ultrasound image will indicate the location of the
needle. Additionally, the particular shape of the fluid on the ultrasound image may
provide confirmation that the needle is extra-neural rather than intra-neural. For
instance, a donut-shaped fluid space can confirm that the needle is in close proximity to
the nerve and extra-neural. Therefore, seeing such a shape may provide confirmation
of proper needle placement. It should be understood however, that a variety of shapes
can be used as confirmation that the needle is extra-neural.

[0069] After the needle position is confirmed using the second or “Confirmation” pre-
set, the third pre-set (Pre-set 3), referred to as the “Infusion” pre-set is used. This third
pre-set has a higher Flow Rate so that the bolus of medication can be rapidly infused at

the target location adjacent the nerve for maximum efficiency.

[0070] The switch between pre-sets can be manual or automatic. For example, the
operator may manipulate an input device, such as a keyboard, touch pad, a button on
the handpiece or otherwise, as noted above. Alternatively, the system may
automatically switch to the second pre-set based on detected criteria, such as the fluid
pressure, electrical impedance, or change in electrical impedance. The control unit 50
may be preconfigured with different pre-set characteristics, such as the pre-sets
described above. For example, the pre-set characteristics can be set by the operator
before a procedure or the pre-set values may be pre-programmed into the system.
Additionally, the system may allow the user to modify the pre-set characteristics during

use. Further still, it should be understood that any number of pre-sets may be utilized.
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Three pre-sets are described above; however, the system may use fewer pre-sets. For
instance, the system may not include any pre-sets and the user may simply change the
different values during a procedure. Alternatively, the system may be programmed to
include only two pre-sets, such as the “Target Location” pre-set and the “Infusion” pre-
set. Further still, the system may include four or more pre-sets that include different
operating characteristics for different applications. Incremental mode: triggered during
the on-demand procedure or automatic for a defined pressure threshold, the current
increases in pre-defined steps over a short duration to detect or not a motor response
for instance 0.2 mA is the Target mode 1, in case of rise in pressure the current charge
increases step by step relatively quickly to 2mA; the operator can stop the current in

case of motor response.

Method of Operation

[0071] An exemplary method for administering a nerve block injection using the system
described above will now be described. It should be understood that the present system
is not limited to use in peripheral nerve block procedures. Accordingly, it should be

understood that the principles and methods described below may be readily adapted for

injections into tissues and anatomical areas in a variety of applications and procedures.

[0072] The system may be used to detect whether the needle is positioned indenting or
within the fascicle (i.e. positioned intra-fascicularly). The system makes the
determination based on a combination of several variables. First, if the needle has
pierced the perineurium the fluid pressure will be quite high because the axons are
tightly packed within the endoneurium and the perineurium defines a boundary of a rigid
poorly-compliant component. Additionally, if the needle has pierced the endoneurium
the operator is likely to observe a noticeable electric motor response (EMR) to a low
current charge electrical stimulation applied to the patient at or adjacent the needle tip.
Further still, as the needle approaches the nerve, the nerve may respond to a lower
intensity electrical charge (< 2mA). Therefore, various features may be monitored to
determine whether the needle is positioned intra-fascicularly and therefore should be re-
positioned. Therefore, the system may operate as follows.
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[0073] Referring to Fig. 4, at step 500 the operator selects the procedural parameters,
such as the upper threshold and/or the fluid flow rate and/or the fluid pressure at which
electrical stimulation commences, or a baseline current charge to start the procedure.
For example, the operator may set an upper threshold pressure, such as 300 mm/Hg
and the operator may set a threshold for commencing electrical stimulation or
commencing incremental current charge above the baseline current at 50 mm/Hg.
Alternatively, the upper threshold may be pre-set in the system when the operator
selects the type of procedure for which the system is to be used. Similarly, the operator
may select the fluid flow rate through the needle or the flow rate may be set
automatically when the operator selects the type of procedure. Additionally, the
operator may select characteristics of the electrical nerve stimulation that is to be
applied, such as frequency, high intensity, low intensity, baseline current charge, steps
of incremental current charge in intensity, duration frequency, interval etc. Once the
procedural parameters are selected, the operator provides an indication that the
procedure is to start. For instance, the operator may press a start button on the drive

unit.

[0074] At step 510 the operator advances the needle into the patient. The needle may
be advanced at any of a variety of insertion rates, such as 1-3 mm/sec. Preferably, the
needle is inserted at a substantially constant rate. Additionally, the control system
provides a continuous flow of ionic fluid through the needle tip during the procedure.
The flow rate may vary depending on different parameters as discussed previously. For
instance, the fluid flow may be infused at approximately 0.02 mL/sec unless the fluid
pressure in the needle exceeds a maximum threshold.

[0075] At step 520 electric stimulation (ES) is applied. For instance, the electrical
stimulation is applied via the needle tip of an insulated needle. The ionic fluid infused
through the needle reduces the impedance, which can reduce pain or discomfort that
the patient may feel from the electric stimulation. The intensity and frequency of the
electric stimulation may vary depending on the parameters established during set-up

step 500. Although Fig. 4 shows the electric stimulation as starting once the needle is
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inserted into the patient, it should be understood that the electric stimulation may not
commence until later in the procedure. For instance, the electric stimulation may not
commence until the measured fluid pressure exceeds a threshold. In such a method,
the electric stimulation would not commence until step 540 as discussed below.

[0076] At step 530 as the operator advances the needle, the system continuously
determines the fluid pressure at the needle tip and provides feedback either visually or
audibly regarding the determined pressure. For example, as described above, the
system may include a pressure sensor 40 operable to measure the fluid pressure in-line
with the needle. The sensor may provide signals to the control unit 50 that may be used

to control the electric stimulation.

[0077] At step 535 the system compares the detected fluid pressure with a pre-
determined threshold. In the present instance, step 535 occurs during infusion of the
drug. If the detected fluid pressure does not exceed the threshold then the method
returns to step 510 and the operator continues to advance the needle to attempt to
locate the target nerve. If the system detects that the fluid pressure exceeds the
threshold then the method proceeds to step 540.

[0078] At step 540 the pressure exceeds a threshold so a characteristic of the electrical
nerve stimulation is varied. For instance, as noted above, the electrical stimulation may
not commence until the fluid pressure exceeds a first threshold. If the fluid pressure
exceeds the first threshold then the system commences electrical stimulation at step
540. Similarly, if the fluid pressure exceeds a second threshold then the system varies
the intensity of the electrical stimulation at step 540 and continues to apply electrical
stimulation. For instance, the system may be configured so that the electrical
stimulation is applied at 1.0 mA when the electrical stimulation commences. If the fluid
pressure exceeds a second threshold then the intensity of the electrical stimulation may
be reduced, such as by lowering the electrical stimulation to 0.4 mA.

[0079] At step 540 the electric nerve stimulation may be varied manually or
automatically by the system in response to the fluid pressure exceeding the upper
threshold. For instance, once the fluid pressure exceeds the second threshold the
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system may automatically vary the electrical stimulation (such as by commencing or by
varying the intensity). Alternatively, the system may provide a signal to the user (such
as an audible or visual signal) and the operator may vary the electric stimuli by
manipulating a control element such as a button or touchscreen. In response to the

operator’s prompt, the electric nerve stimulation is varied and applied to the patient.

[0080] At step 545 the patient is monitored to detect any clinically observable response,
such as a muscle twitch. As discussed below, this monitoring may be manually, such
as by the operator visually observing the muscle twitch and then actuating a input
mechanism, such as a push button. Alternatively, the monitoring may be automatic.
Specifically, the system may include a sensor for detecting the twitch. If the sensor
detects a characteristic indicative of a muscle twitch, then the sensor provides a signal
to the system indicating that a twitch was detected. If a twitch is not detected in
response to the electric stimulation then the method returns to step 510 and the
operator continues to advance the needle. If a twitch is detected then the needle may
be adjacent the target nerve. However, since the fluid pressure exceeds the second
threshold, the needle may be intra-fascicular, which could lead to damage or
complications if the anesthetic is injected while the needle is in the nerve. Accordingly,
if a twitch is detected at step 545 the method may proceed to step 550.

[0081] At step 550 the operator repositions the needle in an attempt to position the
needle tip adjacent the nerve but not in the nerve or in direct contact with the surface of
the perineurium of the nerve. For instance, the operator may withdraw the needle
slightly and then attempt to position the needle tip adjacent the nerve. The step of
repositioning may be guided by ultrasound so that the operator may be able to visually
confirm that the needle is withdrawn from the nerve and then repositioned adjacent the
nerve. If the needle was positioned within the nerve, the fluid pressure would exceed
the second threshold as described above. As in example Pre-set 1, if the pressure
exceeds the pressure threshold value 300 mm/Hg and the operator detected a muscle
twitch from a reduction in the electrical stimulation intensity then the operator sends an

input signal and the system will provide a warning or alarm and prevent further infusion
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of fluid by the operator. If the needle is then withdrawn, then the fluid pressure should
fall below the threshold so fluid flow can re-commence. Accordingly, after re-positioning
the needle the method moves on to step 555.

[0082] At step 555 the fluid pressure is evaluated to determine whether the fluid
pressure exceeds the second threshold. If the fluid pressure exceeds the second
threshold, as by this example 300 mm/Hg (Pre-set 1), then the needle tip may still be
within the nerve. Accordingly, the method returns to step 550 so that the needle may be
re-positioned. Alternatively, the needle may be withdrawn and the process may re-start
at step 510. If the step of re-positioning the needle has withdrawn the needle tip from
being within the nerve (i.e. intra-fascicular), then the withdrawal of the needle will cause
the fluid pressure to drop below the second threshold. Therefore, if the fluid pressure
drops below the second threshold then the method proceeds to step 565.

[0083] At step 565 the electrical stimulation is applied and the operator observes
whether a twitch is observed in response to the electrical stimulation. If the operator
observes a twitch, the operator may then provide an input to the system indicative of
whether an observable response was detected or not. For instance, the operator may
press a first button if the operator noticed a twitch or the operator may press a second
button if the operator did not notice a twitch. It should be noted that the electrical
stimulation that is applied is the electrical stimulation that was varied at step 540. For
example, if the fluid pressure exceeded the second threshold and the intensity of the
electrical stimulation was decreased, then the electrical stimulation will continue to be
applied through step 565. Therefore, if the operator observes a twitch at step 565 the
operator has confirmed that the nerve has responded to the varied (i.e. increased or
decreased intensity) electrical stimulation and that the fluid pressure is consistent with
being extra-neural. Accordingly, if the operator observes a twitch in response to the
electrical stimulation then the method proceeds to step 570. If the operator does not
observe a twitch then the procedure returns to step 510 to re-start the search for the

target nerve.



WO 2018/204789 PCT/US2018/031096

-29.

[0084] At step 570 the system provides a signal to the operator indicating that the
needle is properly located for an injection (i.e. the needle tip is located extra-
fascicularly). For example, the control unit 50 may provide an audible signal such as
announcing the word “proceed” or providing a visual signal, such as the word “proceed”

on the display screen of the drive unit or the handpiece.

[0085] At step 570 the flow rate of fluid is increased to a second rate that is higher than
the first rate. The operator may inject a preliminary amount that may be observable so
that the operator may detect that the needle is properly placed. Once placement is
verified, the operator may inject a bolus of fluid to anesthetize the patient. Alternatively,
the operator may inject the bolus of fluid without first injecting an amount to verify the
needle placement. Either way, a quantity of fluid is injected at step 570 at a higher rate
than the previous low flow rate. For instance, the drive unit may automatically increase

the flow rate, such as by increasing the speed of the motor

[0086] As discussed above, the system may combine various measured characteristics
to assess whether the needle is positioned adjacent the target nerve and whether the
needle is intra-fascicular or extra-fascicular. In the exemplary method illustrated in Fig.
5, the method incorporates features regarding the fluid pressure at the needle tip as well
as the intensity of the applied electrical stimulation.

[0087] It should be understood that the values provided above, such as the threshold of
300 mm/Hg as the maximum pre-set pressure for stoppage of fluid flow is an example
and that either a lower or higher pre-set pressure may be selected at the discretion of
the clinician. Similarly, the values of 0.4 mA and 1.0 mA for the lower and upper
electrical intensities are examples and either higher or lower values may be set.
However, in the present instance, it may be desirable to select an upper amperage that
does not exceed 2.0 mA. The techniques described herein are equally applicable to

human and animal tissues.

Variable Incremental Electrical Current Charge

[0088] In the foregoing description, the system is described as providing an electrical

impulse or charge that may vary in response to certain characteristics, such as a fluid
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pressure being detected above a threshold. However, prior to the detection of the
characteristic, the electrical impulse was generally fixed. However, it may be desirable
to provide an electrical impulse that is continuously variable, as discussed further below.

[0089] Referring now to Figs. 6-8 an alternate embodiment of the system is illustrated.
The system 610 is configured similar to the system 10 described above, except that the
system includes a separate actuator and the system includes a controller programmed

to provide electrical stimulation in which the electric impulse continuously varies.

[0090] The system 610 includes a drug delivery system 650 configured similarly to the
system 10 and drug delivery system 50 described above. Similarly, the system 610
includes an injection assembly 620 and a handpiece or needle assembly 700. Except
as otherwise described below, elements 620, 650 and 700 are configured similar to the

corresponding elements 20, 50 and 100 described above.

[0091] The system 610 further includes a remote actuator 750. The remote actuator
750 may be a separate element or it may be incorporated into the handpiece 700.
Alternatively, the handpiece 700 may be a simple handle and the remote actuator 750
may separate. Further still, the remote actuator 750 may actually be incorporated into
the drug delivery system 650. Regardless of whether the remote actuator is a separate
element or incorporated into another element of the system, in the following description,
the actuator is referred to as a remote actuator.

[0092] In the present instance, the remote actuator 750 is a separate manually actuable
element that is connected with the drug delivery system 650. The remote actuator may
be any of a variety of actuators, such as a handheld device with one or more input
mechanisms, such as buttons or the like. Alternatively, the remote actuator may
incorporate a single actuator that controls the operation of the system by the manner in
which the actuator is operated. For instance, the remote actuator may be a foot pedal
so that the operator may operate the actuator without using one of his or her hands.
The operator may send different commands to the system by varying the manner in
which the foot pedal is operated. For example, a single click (press and release) of the
foot pedal may send a first command signal to the drive unit 650 whereas a quick
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double click may send a second signal to the drive unit. Further still, the remote
actuator may comprise a voice actuated element so that the operator can provide
control signals to the drive unit by voice actuation.

[0093] As mentioned above, the control unit 650 may be configured to control a variety
of operational controls in response to signals received from the remote actuator 750.
For instance, the remote actuator may be operable to control one or more of the

following parameters:

Flow rate: Fluid flow from the drive unit 650 may be manually changed by
actuating the remote actuator (e.g. pressing a button). Each time the actuator is
actuated the control unit may increase the flow rate in predetermined increments
(e.g. 0.02 ml/sec). Alternatively, the flow rate may be varied by pressing and
holding the actuator to increase the flow rate until the actuator is released

(similarly, the flow rate may be reduced in incremental steps).

Rapid flow: actuating the remote actuator may provide a burst of fluid (e.g. 0.1
ml/sec) to verify the appropriate location of the needle tip at the beginning of

Local anesthetic injection

Turbo flow: actuating the remote actuator may inject a bolus of anesthetic when

the needle is properly placed (e.g. 0.2 mi/sec).

Aspiration cycle: the syringe plunger of the drive unit 650 is reversed by actuating
the remote actuator. Reversing the plunger is operable to aspirate the syringe to
determine whether the needle tip has entered a blood vessel and to identify
blood in the needle hub or tubing during aspiration.

"Stop": actuating the remote actuator stops the flow of fluid from the drive unit
650.

AIEI Actuation: the electric stimulation can be controlled by the remote actuator,

such that actuating the remote actuator starts or stops AlEI.

Nerve Stimulator: a characteristic of the electric impulses provided by the stimuli

generator may be controlled by the remote actuator. For instance, the intensity
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of the electric impulses may be varied or discontinued. Similarly, the Charge
Profile described below can be changed by actuating the remote actuator.

[0094] The remote actuator may interface with the control unit 650 using a wired or
wireless connection. For instance, the remote actuator may be a handheld remote with
multiple control buttons that interfaces wireless with the control unit 650 by Bluetooth or
a similar wireless convention. Regardless of the structure of the remote actuator, the
remote actuator is configured to be actuated by the operator during the procedure to
send one or more control signals to the drive unit to control the fluid flow or electrical

stimulation provided by the system.

[0095] As described further below, the system 610 may be configured to provide a
continuously variable electrical impulse. This variable electric impulse is referred to
herein as Automatic Incremental Electric Impulse (AIEI) current stimulation. This term
AIEI can be understood as defined as a Charge Profile consisting of a set of pre-defined
pre-set charge values for nerve stimulation. The AIEI may be used instead of a
constant stimulation or the AIElI may be used in combination with a constant stimulation.
For example, as discussed further below, the system may use a constant electric
impulse during a portion of a procedure and during another portion of the procedure the
system may provide AIEI stimulation. Accordingly, the system 610 may be configured to
include several different modes of operation so that the operator may select from the
several different modes depending upon the operator’s preference or the characteristics
of the procedure. For instance, the system 610 may be programmed to include a
Manual Mode, an Automatic Mode, a Semi-Automatic Mode, as follows:

Manual mode: the nerve stimulator can be controlled by the operator via the
remote actuator 750. The operator can control the flow-rate of the fluid from the
drive unit 650 and nerve stimulation as separate manually controlled parameters.

Automatic mode: pressure controls initiation of AIEI. In addition, when a minimal
intensity charge is combined with a defined maximum pressure threshold in
which a EMR (electrical motor response) is identified the system discontinues
fluid flow to the needle. These conditions may also be combined with an alert or
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warning to the operator that such conditions have been met and serves as an
"alert" condition and "red-flag" condition not to proceed with injecting fluid into the
patient.

Semi-automatic mode: pressure sensing can be operated in conjunction with a
single pulse electrical charge in which the conditions of pressure threshold and
minimal intensity charge elicit EMR the system automatically alerts and stops the
flow of fluid based on the response and observational input of the electric motor
response to the system.

[0096] As described above, the control unit 650 includes a stimuli generator for
providing electrical impulse for nerve stimulation. The stimuli generator may be
programmed to provide a variety of different profiles for the electrical impulses,
including, but not limited to the following:

No Nerve Stimulation Mode: no electrical current is emitted.

Single Pulse Mode: the system emits a single pulse having a particular intensity
and duration (current charge) known as a single pulse or twitch. For example, a
pulse of 0.1 to 6 mA at0.1 msor0.5to 6 mA -1 ms, 1104 Hz.

AIEI Mode: a series of varying electrical impulses is provided. The impulses may
start with a first electric impulse and increase incrementally in stepwise fashion to
a maximum value and then re-set to the minimum value. In this way, the stimuli
generator provides a series of impulses that continuously vary in stepwise
fashion as long as the AlEl is active.

[0097] The goal of the nerve stimulation is to produce a noticeable muscle twitch or
EMR as described above. The operator may monitor the patient to detect an EMR. In
response to the EMR, the operator may input data into the system indicative of an EMR
being observed in response to the nerve stimulation. For instance, the operator may
operate an actuator, such as remote actuator 750 if the operator observes an EMR.
Alternatively, the system may include a sensor 775 for detecting a characteristic
indicative of an EMR. The sensor may be a separate element or it may be included in

the handpiece on which the needle is mounted. For instance, the sensor 775 may
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include an electrode accelerometer or electromyograph sensor or similar element to
detect vibrations indicative of a muscle twitch in response to the nerve stimulation. In
response to detecting the characteristic indicative of a twitch, the sensor 775 provides a
signal to the drive unit indicative of a twitch occurring. As described further below, the
system may control further operation of the fluid and the nerve stimulation in response
to the signal indicative of a twitch occurring.

[0098] In the foregoing description, the system incorporates a drug delivery system 650
that incorporates a stimuli generator for providing a series of electric impulses to provide
nerve stimulation for determining whether the needle is in an appropriate location
relative to a nerve. It may also be desirable to incorporate an ultrasound probe for
providing some visual guidance to the operator. In particular, the system may include
an ultrasound system 800 that includes a probe 810 that includes an ultrasound
transducer for emitting and receiving sound waves and communicating signal regarding
the sound waves to an ultrasound processor to produce sonogram images. The system
610 may also include a display for displaying the ultrasound images to display images
of the needle relative to the target nerve. Additionally, it may be desirable to incorporate
the remote actuator 750 into the ultrasound elements. For instance, the remote
actuator 750 may be incorporated into the ultrasound probe 810 so that the fluid flow
and/or nerve stimulation can be controlled remote by the actuator on the ultrasound

probe.

[0099] With the foregoing in mind, the system may be used to provide a series of
electrical impulses to provide nerve stimulation and the characteristics of the electrical
impulses may vary during different portions of a procedure. Additionally, the
characteristics of the electrical impulses may vary based on whether supplemental
information provided by the system indicates the proximity of the needle tip to the target
location. For instance, if ultrasound is used and the images provide clear images of the
needle relative to the target nerve, then the ultrasound provides information that guides
the needle into proximity of the nerve. In such instances, the operator only needs to

use the nerve stimulation to guide then needle during the last portion of the needle
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insertion. In other words, during this localized mode, the nerve stimulation is used to
guide the needle once the needle is already in relative proximity to the target nerve.
This localized search is referred to as a Target Mode. In contrast, if the operator does
not have supplemental information regarding the location of the needle, then the nerve
stimulation is used to guide the needle to the target nerve from a greater distance. For
instance, the images from the ultrasound may not provide a clear indication of the
needle proximity to the nerve or ultrasound may not be provided at all during the
procedure. In such instances, the nerve stimulation is used to guide the needle from
farther away than in the Target Mode. This wide area search is referred to as Search
Mode. The system may be configured to provide guidance during both the Search
Mode and the Target Mode. Additionally, the system may switch from Search Mode to
Target Mode during a procedure. During Search Mode the electrical impulses generally
have greater intensity since the needle is farther from the target nerve. During Target
Mode, the electrical impulses generally have lower intensity since the needle is closer to
the target nerve.

[00100] In addition to proximity to the nerve, characteristics of the patient may
affect the appropriate electrical impulses. For instance, in pediatric use, generally the
electrical impulses are lower than when the patient is an adult. Accordingly, the
characteristics of the electrical impulses may be varied based on physical
characteristics of the patient.

[00101] The system may include a series of pre-defined stimulation profiles based
on a variety of variables. For instance, the profiles may be based on whether the system
is operating in Target Mode or in Search Mode. Similarly, the details of the profiles may
be based on whether the patient is a child or an adult. Accordingly, the system is
programmed to include a series of predefined profiles, referred to as charge profiles.
Each charge profile includes information regarding the electrical impulses that are to be
provided during when the profile is used. For instance, a profile may include the starting
or minimum intensity for the current charge. If the profile is for a procedure in which the

electrical stimulation varies, such as AlEl, the profile may also include information, such
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as the maximum intensity for a charge. Additionally, the profile may include the
intermediate values between the minimum and maximum and the time between
increments. The charge profile may also include the duration of each electrical impulse.
Further still, one or more of the charge profiles may include both steady or constant
stimulation during a portion of the procedure and variable stimulation during a portion of
the procedure. The charge profile may store data regarding the electrical impulses to
be provided during both portion of the procedure. The charge profile may also include
data regarding the characteristics dictating whether constant or variable stimulation is
provided. For instance, the nerve stimulation may start at a constant level in which the
stimuli generator provides a series of electrical pulses of constant intensity. If the
system detects a fluid pressure at the needle tip above a threshold value, then the
system may automatically switch to provide variable stimulation in which the stimuli

generator provides a series of electrical pulses of varying intensity.

[00102] Referring now to Fig. 7, a diagram illustrates a series of needle tip
positions relative to a target nerve designated N. The needle positions are designated
1-7. In position 1 the needle is positioned in muscle, which is distant from the target
nerve N. At position 1, the fluid pressure in the needle is relatively low because the
muscle is lower density and since the needle is distant from the target nerve, there is no
EMR even in response to a high intensity electrical stimulation. In position 2, the needle
is in or on fascia, which is a relatively high density structure. Therefore, the fluid
pressure will be relatively high; however, since the needle is remote from the target
nerve, there is likely no EMR. In needle position 3, the needle is in interstitial material,
which is low density, so the detected fluid pressure will be low and no EMR is expected
unless the electrical stimulation is high intensity. At position 4, the needle tip is at the
paraneurium, so that the needle tip is outside the target nerve but adjacent the nerve.
At this point, the detected fluid pressure should be relatively low and an EMR should be
observed for both low and high intensity electrical stimulation. At positions 5, 6 and 7,
the needle is either within the nerve or within the epineurium or perineurium of the
nerve. Therefore, in each of these positions an injection of fluid could damage to the
nerve. At each of positions 5-7, an EMR should be observed in response to both high
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intensity and low intensity nerve stimulation. In positions 5 and 7 the fluid pressure is
relatively high, while the fluid pressure at position 6 may be relatively low.

[00103] An objective of the system is to guide the needle to needle position 4. In
particular, the system enables a PNB injection to be performed in which the location of a
needle tip in relation to anatomic structures can be determined by understanding a set
of condition when using exit-pressure and electrical motor responses from nerve
stimulations in combination to observation or detection of a muscle excitation response
or lack of as information to acted upon, either by direct or indirect input into the system
or by taking specific action from the muscle response. Thus, pressure and electrical
change from the system may be used in combination with an observed or recorded
electrical motor response thus enabling one to determine whether the needle is located
far from the nerve (e.g. needle positions 1-4), close to the nerve (e.g. needle position 4),
on or in the nerve or within the fascicle (e.g. needle positions 5-7). A peak pressure
indicates that the needle is located in a dense connective tissue such as a fascia,

indenting a nerve or intra-neural, ie., into the nerve itself, intra-fascicular.

[00104] Referring now to Fig. 8, the details of an exemplary method using the
system 650 will be described.

[00105] Step 810: The system includes a plurality of stored data sets regarding the
charge profiles that can be used during a procedure. The operator inputs information
that controls the operation of the system during the procedure, such as the starting flow
rate, the target fluid pressure threshold and the charge profile to be used. The charge
profiles programmed into the system may include data for controlling the baseline
charge intensity and the Automatic Incremental Electric Impulse (AIEI) current
stimulation. Although the system may include a variety of charge profiles, the current

example includes four profiles.

Automatic increase of current charge in a short duration 1,2 ,4, 8 hertz

TABLE A

AlEI
Mode Baseline | Min Step1 | Step2 | Step3 | Step4 | Step5 | Step | Max
Current current
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Targetmode 1 | 0.2mA | 0.3 0.4 0,5 0.7 1 1.5 2 2.5
Targetmode 2 | 0.5 mA | 0,7 1 1,5 2 2,5 3 4 5
Search mode 10mA [1,5 2 2,5 3 4 5 6
1
Search mode 0.5mA |1 2 3 4 5
2

[00106] Target Mode 1 and Search Mode 1 are charge profiles for a first type of
patient, such as for an adult patient. Search Mode 1 is a high intensity profile or
“search” profile used during a wide area mode, such as when the ultrasound image is
low quality. Target Mode 1 is a minimum intensity profile or “target” profile, when the
needle is likely to be in the location of the nerve. Target Mode 2 and Search Mode 2
are for a second type of patient, such as a pediatric patient. More specifically:

Target Mode1: under ultrasound guidance in good situation (high quality imaging,
good echogenicity), the current baseline may be set to the lowest (0,2mA - 0,1
ms) to detect the needle tip is deeper than expected on the ultrasound image

(overshoot) causing inadvertent nerve contact or nerve puncture.

Target Mode 2: the baseline current may be set to a higher current for example in
case of difficult situation (low quality imaging, poor echogenicity). Ultilizing a
higher baseline current enables the operator to be informed of the needle tip to
nerve proximity at a greater distance than actual intended target when the image
is not well defined.

Searching mode 1: for example, under ultrasound guidance to differentiate a
tendon from a nerve. Approaching the structure a motor response will be
observed in front of a nerve no motor response will be observed in close
proximity to the tendon. In this mode, a greater current charge is employed to
assist the operator to identify and initial EMR to assist in guidance toward the
intended final target.

Searching mode 2: for example, without ultrasound, to detect a nerve structure at a
distance from the needle tip. This mode is used to when at greater distance from the

intended target by the operator. It provides the operator guidance by emitting a higher
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electrical charge (starting at 0.5 mA - 1 millisecond) which may elicit a motor response
at a greater distance from the intended target.

[00107] As noted above, an ultrasound display may provide some visual guidance
during the process, but other than selection of the charge profile, the method below is
described without input from the ultrasound.

[00108] During this step, the system is initiated by starting the system via the input
mechanism on the drive unit 650 or the remote actuator 750. The system is set up
using a Syringe (e.g. 20mL), with a nerve stimulating needle 22-Gauge (19-G to 25G
length 25mm to 15 cm). Tubing is provided as a high durometer, reduced diameter
currently in use the CompuFlo ® instrument. This will activate the drive unit 650, which
initiates the flow-rate. In the present instance, the initial flow rate is 0.01mL/sec. and the
initial nerve stimulation is a constant value, referred to as the Baseline electrical current.
Step 820: After the charge profile is selected, the operator advances the needle while
the system provides a continuous minimal flow of fluid and the stimulator provides the
Baseline current charge.

[00109] Step 825: If a muscle twitch is observed, then the needle may be in the
area of the nerve. Therefore, as the operator advances the needle, the operator
observes the patient to identify whether the Baseline stimulation cause a twitch. If a
twitch is observed, the Method proceeds to step 860 described below. If the operator
observes the twitch, the operator may actuate an actuator (such as via the remote
actuator 650) to provide a signal to the system indicating that a twitch was observed.
Alternatively, the system may include a detector for automatically detecting whether a
twitch occurred. For instance, the system by include a sensor for detecting vibrations
indicative of a twitch. In response to detecting a twitch the sensor may send a signal to
the system so that the system with advance to step 860.

[00110] Step 830: While the operator advances the needle, the drive unit 650
constantly measures the fluid pressure of the fluid in the needle. As long as the fluid
pressure remains below a threshold, the operator advances the needle and the
stimulator provides the Baseline charge. If the fluid pressure exceeds the threshold,
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then the needle may be on or in the nerve. Therefore, if the fluid pressure exceeds the
threshold, the system discontinues the baseline stimulation and switches to AlEI
stimulation according to the charge profile being used (this may be the charge profile
selected at step 810 or it may be a different charge profile as discussed below at Step
865).

[00111] Fluid pressure threshold may be an absolute value (e.g. greater than 200
mm/Hg) or a relative change in pressure exceeding a threshold (e.g. a change in
pressure of 80 mm/Hg). It is understood that depending on the anatomic location this
pressure threshold could be different; however, typically, the change in pressure is
within the range between 50 mm/Hg to 150 mm/Hg.

[00112] Step 840: The system initiates AIEI if the fluid pressure exceeds the
threshold. During AlEI, the system continuously varies the charge intensity from a lower
intensity to an upper intensity. The upper and lower charge intensities are set by the
charge profile. Additionally, the intermediate values and the number of intermediate
values may be set by the charge profile. For example, in the Target Mode 1 in Table A,
the Charge Profile shows the minimum or starting charge intensity for AIEI as well as
the six steps between the minimum and the maximum intensity. After the system
provides the maximum intensity charge, the next charge is the minimum value. In this
way, the system provides a series of charges varying in step wise fashion from the
minimum to that maximum. More specifically, once the pressure sensor detects a fluid
pressure exceeding the preset threshold (e.g.80 mm/Hg, the pressure rise would
automatically initiate the switch from the Baseline current to AIEI with an incremental
increasing charge of 0.3mA, to 0.4mA, to 0.5mA to 0.7mA to 1.0mA to 1.5mA to 2.0mA
to ending with 2.5mA.

[00113] Step 850: Similar to step 825, it is determined whether the AIEI stimulation
causes a motor response or muscle twitch. This can be determined manually by the
operator observing the twitch or automatically if the system includes a sensor for
detecting the twitch.
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[00114] Step 855: If no twitch is detected, the operator continues to advance the
needle while the system provides AlEI stimulation and the operator and/or the system
continues to monitor for twitch. The AlEI stimulation may automatically restart until the
pressures remains high and may stop when the pressure drops below the pressure
threshold going back to Step 820.

[00115] Step 860: If twitch is observed, then the system determines whether the
charge or charge profile is set to the minimum charge profile. For instance, the system
may detect whether the charge profile is set to a “Search” profile, such as Search 1 or if
the charge profile is set to “Target” profile, such as Target 1.

[00116] Step 865: If the charge profile is NOT set to the minimum, then the charge
profile is reduced to the next lowest charge profile. In the example described above, the
charge profile would be reduced from Search 1 to Target 1. This change may be made
automatically in response to the input regarding the muscle twitch being detected or the
operator may manually make the change once the muscle twitch is observed and the
operator sees that the charge profile is not set to the minimum charge profile.

[00117] Step 870: If the charge profile is set to the minimum and a twitch is
observed, then the needle may be in or near the nerve. If the needle is in the nerve,
then the bolus of fluid should not be injected. If the needle is in the nerve, the fluid
pressure will be high. Therefore, before allowing the bolus of fluid to be injected, the
system determines whether the fluid pressure is above a threshold.

[00118] Step 875: If the fluid pressure is above the threshold then the needle may
be within the nerve. Accordingly, the needle should be withdrawn. If the needle is
within the nerve, then withdrawing the needle slightly should position the needle at the
appropriate location. Therefore, after the needle is withdrawn, the method may return to
step 850 in which AlEl is provided and the system/operator monitors for a muscle
twitch. However, in some instances, safety will dictate that the needle should be
withdrawn further, so that the method returns to step 820.

[00119] Step 880: If the fluid pressure is below the threshold and a muscle twitch
is observed at the low charge intensity, which is indicative of the needle being near the
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nerve and the low fluid pressure is indicative of the needle being outside the nerve.
Therefore, the bolus of medicine can be injected.

[00120] As described above, the method is operable to guide a needle to the
target nerve. In particular, the method is able to provide a safety mechanism for
ensuring that an injection is not provided while the needle is intra-neural. For instance,
if the system detects a signal indicative of the fluid pressure exceeding a threshold and
a signal indicative of an EMR in response to minimal intensity electrical stimulation, then
the system will provide an alert, warning or alarm and prevent further infusion, which is
indicative of the needle within the nerve. As noted previously, the signal regarding the
EMR may be provided manually by the operator or the system may include a detector
that provides the signal automatically in response to the EMR. Additionally, the system
may be configured to control the flow of fluid so that fluid flow to the needle is
discontinued in response to signals indicative of high fluid pressure and EMR caused by

minimum nerve stimulation.

[00121] In the foregoing description, the system 610 is used to identify whether the
needle is within a nerve and to therefore provide an indication to the operator if the
needle is within the nerve. Additionally, the system may control the fluid flow in
response to determining that the needle is within the nerve. Specifically, the system
may prevent the flow of fluid if the it is determined that the needle tip is within the nerve.
The system makes determination of the needle location in response to a plurality of
criteria. In particular, a fluid pressure exceeding a threshold and a detectable muscle
twitch in response to a minimum electric stimulation. In addition to detecting whether
the needle tip is within a nerve, as discussed further below, the system may be
programmed to detect whether the needle tip is positioned within a dense tissue that is

not a nerve.

[00122] As noted above, the system 610 may include a plurality of presets and/or
programs. The operator may initiate a procedure for identifying a dense tissue that is
not a nerve by selecting a stored profile corresponding to such a procedure. As with
step 820 of the above method, the operator will advance the needle using a Baseline
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stimulation. If a muscle twitch is detected, then the needle may be adjacent a nerve.
Therefore, in response to detecting muscle twitch, the needle is re-positioned. If the
fluid pressure exceeds a threshold, then the needle is likely in a dense tissue. As with
step 840, if the fluid pressure exceeds the threshold AlEl is started. Again, if muscle
twitch is observed, the needle is re-positioned. In contrast, if the fluid pressure remains
above the fluid pressure threshold and no muscle twitch is detected in response to the
elevated electrical stimulation, then the system may provide a signal indicating that the
needle is positioned with a dense tissue that is not a nerve. Additionally, in step 840
AlEl is provided. However, in this mode in which the operator is attempting to locate a
dense tissue that is not a nerve, the charge profile may be raised to a continuous

maximum value designed to ensure that the needle is not adjacent a nerve.

[00123] In this way, the system receives criteria regarding the fluid pressure, the
level of electrical stimulation and whether or not the electrical stimulation caused and
EMR. Based on these criteria, the system is configured to determine whether the
needle tip is positioned in or on a dense tissue that is not a nerve. Additionally, the
system may be configured to control the flow of fluid so that an injection can only be
provided if the three criteria are met: fluid pressure above a threshold, electrical
stimulation above a threshold and no detection of a muscle twitch.

[00124] It will be recognized by those skilled in the art that changes or
modifications may be made to the above-described embodiments without departing
from the broad inventive concepts of the invention. For instance, in the foregoing
description, the system is described in the context of providing fluid infusion. However,
it should be understood that the system may be used for placement of a needle to
aspirate fluid-filled tissue. It should therefore be understood that this invention is not
limited to the particular embodiments described herein, but is intended to include all
changes and modifications that are within the scope and spirit of the invention as set
forth in the claims.



WO 2018/204789 PCT/US2018/031096

-44-
CLAIMS

What is claimed is:

1. A system for providing a peripheral nerve block to a patient, comprising:

a needle having a sharpened tip;

a fluid pump providing a flow of fluid to the needle,

a controller for controlling the fluid pump to control the flow of fluid to the needle;

a sensor for detecting the fluid pressure in the needle; and

a conductive element for providing an electric nerve stimulation at the tip of the
needle;

wherein the controller is configured to provide varying electrical stimulation in

response to the sensor detecting a fluid pressure above a first threshold.

2. The system of claim 1 wherein the controller is configured to store a plurality of
charge profiles that include data regarding various characteristics of the electrical
stimulation to be provided; wherein the charge profile includes a maximum charge

current and a minimum charge current.

3. The system of claim 2 wherein the charge profile includes a plurality of charge

values between the maximum and the minimum.

4. The system of claim 3 wherein the controller is configured to provide a constant
stimulation at a baseline current when the detected fluid pressure is below the first
threshold; and wherein the charge profile includes the baseline current and the first
pressure threshold.

5. The system of any of claims 1-4 wherein the controller is configured to
discontinue the flow of fluid to the needle in response to the sensor detecting a fluid
pressure above a second threshold and indication of an evoked muscle response from

the electric nerve stimulation.
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6. The system of claim 5 wherein the second threshold is different from the first
threshold.

7. The system of claim 5 wherein the second threshold is the same as the first
threshold.

8. The system of any of claims 1-7 comprising a remote actuator for providing
signal to control operation of the fluid pump or the electric nerve stimulation.

9. The system of any of claims 1-8 comprising an output element configured to
provide a human perceptible signal in response to a determination that the tip of the

needle is within a nerve.

10.  The system of any of claims 1-9 comprising an input element configured to allow
the operator to indicate whether an evoke motor response was observed in response to

the electric nerve stimulation.

11.  The system of any of claims 1-10 comprising a sensor for detecting an evoked

motor response in response to the electric nerve stimulation.

12.  The system of claim 11 wherein the sensor for detecting an evoke motor

response comprises an accelerometer or electromyograph sensor.

13.  The system of any of claims 1-12 wherein the controller is configured to control
the fluid pump to provide a dose of fluid in response to a signal from the sensor
indicative of a pressure exceeding a threshold and the absence of a signal indicative of
an electric motor response in response to electric nerve stimulation exceeding a

threshold intensity.
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14.  An apparatus for injecting medicinal fluid, comprising:

an injection system for controlling a flow of fluid from a fluid reservoir to a needle,
wherein the needle is configured for subcutaneous insertion into a
mammalian subject;

a sensor for detecting a characteristic indicative of the fluid pressure in the
needle, wherein the sensor is configured to continuously detect the
characteristic as the needle is inserted into the subject; and

an electric nerve stimulation element for providing an electric nerve stimulation at
or adjacent to a tip of the needle;

wherein the electric nerve stimulation element varies the intensity of the electric
nerve stimulation to a patient after the sensor detects a characteristic of
the fluid pressure indicative of the fluid pressure exceeding a first
threshold.

15.  The apparatus of claim 14 wherein the system includes an indicator operable to

provide an audible, visual or tactile signal.

16.  The apparatus of claim 15 wherein the indicator is operable to provide a signal

when the fluid pressure exceeds the first threshold.

17.  The apparatus of claim 15 comprising an input element configured to provide a
mechanism for an operator to input whether a clinically observable response was

observed in response to the electric nerve stimulation after the intensity is varied.

18.  The apparatus of claim 17 wherein the indicator is operable to provide a signal
indicative of the needle being in an appropriate position for an injection, wherein the
indicator is configured to provide the signal in response to a signal from the input
element indicative of no clinically observable response being observed.

19.  The apparatus of claim 14 wherein the injection system includes a fluid reservoir
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and an elongated flexible tube, wherein a first end of the flexible tube is connected with

the fluid reservoir and a second end of the flexible tube is connected with the needle.

20. The apparatus of claim 19 wherein the sensor is located in-line between the fluid
reservoir and the needle so that the sensor detects the fluid pressure in-line with the

flow of fluid between the reservoir and the needle.

21.  The apparatus of claim 14 wherein the injection system comprises a
microprocessor for controlling the rate of fluid flowing from the fluid reservoir.

22.  The apparatus of claim 14 wherein the electric nerve stimulation element is
configured to reduce the intensity of the electric nerve stimulation to a patient after the
sensor detects a characteristic of the fluid pressure indicative of the fluid pressure
exceeding the first threshold.

23. The apparatus of claim 22 wherein the electric nerve stimulation element is
configured to reduce the intensity of the electric nerve stimulation from no greater than
approximately 2.0 amperes to no greater than approximately 1.0 amperes after the
sensor detects a characteristic of the fluid pressure indicative of the fluid pressure
exceeding the first threshold.

24.  The apparatus of claim 22 wherein the electric nerve stimulation element is
configured so that the electric nerve stimulation element does not provide electric nerve
stimulation unless the sensor detects a characteristic of the fluid pressure indicative of
the fluid pressure exceeding a second threshold that is lower than the first threshold.

25.  The apparatus of claim 24 wherein the second threshold is less than or equal to
approximately 100 mm/Hg.

26. A system for injection fluid into a patient, comprising:
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a needle having a sharpened tip;

a fluid pump providing a flow of fluid to the needle,

a controller for controlling the fluid pump to control the flow of fluid to the needle;

a sensor for detecting the fluid pressure in the needle; and

a conductive element for providing an electric nerve stimulation at the tip of the
needle;

wherein the controller is configured to control the fluid pump to provide a dose of
fluid in response to a signal from the sensor indicative of a pressure
exceeding a threshold and the absence of a signal indicative of an electric
motor response in response to electric nerve stimulation when the electric

nerve stimulation exceeds a threshold intensity.

27.  The system of claim 26 wherein the controller is configured to store a plurality of
charge profiles that include data regarding various characteristics of the electrical
stimulation to be provided; wherein the charge profile includes a maximum charge

current and a minimum charge current.

28.  The system of claim 27 wherein the charge profile includes a plurality of charge

values between the maximum and the minimum.

29. The system of claim 28 wherein the controller is configured to provide a constant
stimulation at a baseline current when the detected fluid pressure is below the first
threshold; and wherein the charge profile includes the baseline current and the first
pressure threshold.

30. The system of any of claims 26-29 wherein the controller is configured to
discontinue the flow of fluid to the needle in response to the sensor detecting a fluid
pressure above a second threshold and indication of an evoked muscle response from

the electric nerve stimulation.
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31.  The system of claim 30 wherein the second threshold is different from the first
threshold.

32. The system of claim 30 wherein the second threshold is the same as the first
threshold.

33. The system of any of claims 26-32 comprising a remote actuator for providing
signal to control operation of the fluid pump or the electric nerve stimulation.

34. The system of any of claims 26-33 comprising an input element configured to
allow the operator to indicate whether an evoke motor response was observed in

response to the electric nerve stimulation.

35. The system of any of claims 26-33 comprising a sensor for detecting an evoked

motor response in response to the electric nerve stimulation.

36. The system of claim 35 wherein the sensor for detecting an evoke motor

response comprises an accelerometer or electromyograph sensor.
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