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DESCRIPTION

Description

Technical field

[0001] The present invention relates generally to methods and apparatus for use in locating a
target region which is situated in a body of a subject, for example for the delivery of drugs.

Background

[0002] Locating a target region in a body, for example an anatomical cavity in a body of a
patient, is important, inter alia, for anesthetics, or biopsy or aspiration of material from the
cavity.

[0003] For example, a regional anesthesia block of the epidural tissue-space is understood to
produce effective transient anesthesia of the lower extremities of the body. It can be effectively
used for a vast number of invasive procedures of the body, including but not limited to,
childbirth, prosthetic hip replacement, and a variety of other surgical procedures where
anesthesia below the waist is required. It can also be effectively used for treatment of chronic
and acute pain including, for example, "back-pain,” ailments of the vertebrae and, compression
of the accessory nerves of the spinal column. To achieve effective regional anesthesia and to
block nerve transmission to the central nervous system an adequate volume of a local
anesthetic solution must be deposited in close proximity to the spinal cord at a particular level
of the vertebral column within the anatomic site known as the epidural space.

[0004] The epidural space is that part of the vertebral canal not occupied by the dura mater
and its contents. It lies between the dura and the periosteum lining the inside of the vertebral
canal. It extends from the foramen magnum to the sacral hiatus. The anterior and posterior
nerve roots in the dural membrane pass across the epidural space to unite in the intervertebral
bodies, and the intravertebral discs. Laterally, the epidural space is bordered by the
periosteum of the vertebral pedicles, and the intervertebral foramina. Posteriorly, the bordering
structures are the periosteum of the anterior surface of the laminae, the articular processes
and their connecting ligaments, the periosteum of the root of the spines, and the interlaminar
spaces filled by the ligamentum flavum. The space contains venous plexuses and fatty tissue
which is continuous with the fat in the paravertebral space.

[0005] The epidural fluid filled space (posterior epidural space) is a limited anatomic area with
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an irregular shape measuring in several square millimeters with respect to the cross section of
the vertebrae and spinal column. The fluid filled space is very narrow and is associated closely
with the dura of the spinal column with the ligamentum flavum closely adjacent. The fluid filled
space therefore has to be clearly identified when the bevel or point of the needle exits the
ligamentum flavum, as the dura will be punctured if the needle continues to penetrate. The
standard technique for locating the epidural fluid filled space employs the loss-of-resistance
(LOR) technique. This technique utilizes a low-friction syringe made of plastic or glass
connected to an epidural Touhy needle (16 to 18 gauge). In addition, other pump driven
systems have been developed to identify the epidural space by utilizing pressure monitoring
with visual and acoustical representation of the fluid pressure within the system or at the tip of
the needle.

[0006] When using a LOR technique the needle of the syringe is advanced until the subjective
"feel" of resistance by the clinician results in a distinct back-pressure on the plunger. The
clinician must subjectively differentiate the back-pressure or resistance encountered to identify
the location of the anatomic structure of the ligamentum flavum. The epidural fluid filled space
is entered by the tip of the needle after it passes through the ligamentum flavum thus
identifying a true-LOR.

[0007] During the advancement of the needle within the tissues it is common for the operator
to identify a drop of pressure, or a false-LOR. The false-LOR can be attributed to the needle tip
entering into a low-density tissue structure such as a vacuole (adipose tissue) or an anatomic
structure with a high tissue compliance such as the interspinous tissues. Repositioning of the
needle (forward and backward) occurs many times as a needle makes contact to bony
vertebrae as one is attempting to find the correct trajectory to the epidural space. Any
backward movement (retraction) of the needle along a path during the repositioning creates a
drop in pressure in the fluid, which can result in a false-LOR further complicating the detection
of a true-LOR.

[0008] Various conditions can create a false-LOR. False-LORs can lead to many problems.
For example, excess fluids can be indiscriminately injected while trying to determine the
location of the epidural space. The additional fluid released into these tissues can further
complicate the identification of epidural space. Additionally, if the doctor has difficulty
discriminating between a false-LOR and a true-LOR, the Touhy needle may be moved beyond
the boundary of the epidural space and inadvertently advanced into and through the dura of
the spinal cord producing what is termed a wet-tap, which can have dangerous long-term
consequences to the patient. US 2006/0122555 A1 discloses an injection device that includes
a fluid reservoir (fluid storage device), an injection fluid, a pumping mechanism, an end in fluid
contact with the reservoir and adapted to be inserted into the body of a patient, a sensor
arranged to determine a resistance measurement of the injection fluid, and a controller
capable of receiving the resistance measurement from the sensor, calculate an exit pressure,
and modulating the flow rate of the injection fluid. The sensor may be an in-line sensor placed
between the pumping mechanism and the end, but is preferably between the pumping
mechanism and the beginning of the tubing set which measures the pressure of the injection



DK/EP 3969082 T3

fluid. US 2015/0025363 A1 teaches an injection device having a needle, and wherein upon
epidural space entry, the injection media will exit the needle and the pressure will rapidly drop,
thereby signalling entry into the epidural space. Pressure readings can be monitored or
examined for presence or absence of a characteristic pulsatile pressure waveform. Muscle,
which also may exhibit a loss of resistance or pressure change upon needle entry, can be
differentiated from the epidural space by the absence or presence of such a pulsatile pressure
waveform.

[0009] In view of the above, it is desirable to provide a system that supplements or supplants
the loss of resistance information to accurately guide a needle during insertion.

Summary of the invention

[0010] The present invention is defined in independent claim 1. The dependent claims define
additional features of preferred embodiments. In general, the invention provides an apparatus
or device that enables practitioners to more easily perform the identification of anatomical
target regions such as the epidural space.

[0011] The present invention provides a novel system for guiding a needle to an anatomical
target region. The system provides a software logic and apparatus that can simplify
discrimination between a false-LOR and true-LOR when performing these operations, such as
detection of the epidural space, thereby improving the reliability and safety of such injections.

[0012] The present invention provides a needle bearing apparatus for administering fluid into
an anatomic space of a mammalian subject. The apparatus includes a fluid reservoir for
storing fluid to be provided to the needle, an ejection element displaceable relative to the fluid
reservoir to expel fluid from the reservoir and a drive element configured to engage the
ejection element to control displacement of the ejection element. A controller is provided for
controlling the drive element to control the flow of fluid from the reservoir to the needle.
Additionally, the apparatus includes a sensor for detecting a characteristic indicative of the fluid
pressure in the needle. The sensor is configured to continuously detect the characteristic as
the needle-bearing apparatus is inserted into the subject. A flexible conduit is in fluid
communication with the fluid reservoir and the sensor; and the conduit is substantially rigid
radially. The controller periodically discontinues movement of the drive element and processes
data from the sensor to detect one or more characteristics indicative of a pulsatile waveform.
Additionally, the conduit, reservoir, ejection element and drive element are configured so that
the fluid volume between the needle and the fluid reservoir is substantially constant so that the
sensor is able to accurately detect the pulsatile waveform passing through residual fluid in the
needle when movement of the drive element is discontinued. Optionally, the fluid reservoir may
be a syringe barrel. Additionally, the ejection element may be slidably displaceable within the
fluid reservoir.

[0013] Preferably, the invention comprises a controller configured to analyze the data from the
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sensor to detect one or more characteristics indicative of a loss of resistance.

[0014] According to the invention in response to detecting one or more characteristics, the
controller discontinues movement of the drive element and processes data from the sensor to
detect one or more characteristics indicative of a pulsatile waveform. Optionally, the controller
may be configured to provide a verification signal that the needle is properly placed adjacent a
target tissue upon receipt of a signal indicative of a loss of resistance and upon receipt of a
signal indicative of the presence of a pulsatile waveform at the needle.

[0015] The invention further comprises a display including a first output section configured to
display the fluid pressure at the needle as a function of time in a manner consistent with a loss
of resistance guidance procedure. Additionally, the controller may be configured to process
data from the sensor to isolate data indicative of a pulsatile waveform. The display comprises a
second output section configured to display the data indicative of a pulsatile waveform while
the first section displays the fluid pressure data as a function of time in the first section.

[0016] The present disclosure also provides a method for locating a target region which is
situated in a body of a subject with a needle in fluid communication with a reservoir. The
method includes the steps of providing a reservoir containing injection fluid, tubing in
communication at one end with the reservoir and connected at the other end to the needle to
be inserted into the body of the subject and the step of acquiring data about a resistance
measurement of the injection fluid when the fluid is pumped into the body of the subject
through the needle. The method further includes the steps of advancing the needle into the
patient. Additionally, the method may include the step of pumping injection fluid into the patient
during the step of advancing the needle. Still further, the method may include the step of
intermittently discontinuing the step of advancing the needle and the step of pumping injection
fluid. The method may also include the step of acquiring data regarding the fluid pressure in
the needle during the step of intermittently discontinuing and processing the data acquired
during the step of intermittently discontinuing to detect one or more characteristics indicative of
a pulsatile waveform at the needle.

[0017] Optionally, another aspect of the present disclosure comprises re-starting the steps of
advancing the needle and pumping injection fluid after the step of intermittently discontinuing.

[0018] Additionally, another aspect includes the step of processing the data regarding fluid
pressure in the needle by removing noise related to the flow of fluid when the fluid is pumped
into the body. The pump may be operable to pump fluid during the step of pumping injection
fluid and the step of removing noise may include the steps of running the pump prior to
inserting the needle into the body of the subject and acquiring data related to noise during the
step of running the pump. Further still, the step of removing noise may comprise modifying the
data regarding fluid pressure in response to the data acquired related to noise.

[0019] According to another aspect, the present disclosure provides a method including the
step of selectively varying an amplitude range for processed fluid pressure data to attempt to
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identify a pulsatile waveform.

[0020] A still further aspect of the present disclosure provides a method for inserting a needle
into a patient. The method includes the step of performing a loss of resistance procedure to
attempt to place a needle at a target location in the patient, wherein the step of performing a
loss of resistance procedure comprises the steps of:

inserting the needle into the patient, injecting fluid through the needle during the step of
inserting, detecting the fluid pressure at the needle during the step of injecting, and guiding the
needle in response to the step of detecting the fluid pressure. The presence of a pulsatile
waveform at the needle is detected, which may include the steps of detecting the fluid pressure
at the needle when the needle is substantially stationary in the patient and injecting a bolus of
medication into the patient after the step of performing a loss of resistance procedure indicates
that the needle is at the target location and after the step of detecting the presence of a
pulsatile wave indicates the presence of a pulsatile waveform.

[0021] Optionally, the method may include the step of intermittently switching between the step
of performing a loss of resistance procedure and the step of detecting the presence of a
pulsatile waveform. Additionally, the step of injecting fluid comprises electronically controlling a
drive unit to dispense fluid from a fluid reservoir. Further, the step of injecting comprises
electronically controlling the drive unit in response to the step of detecting the fluid pressure.

[0022] As is apparent from the independent claim, the present invention in general relates to
an apparatus for locating a target region which is an anatomic space situated in a body of a
subject. The apparatus includes a reservoir for receiving an injection fluid, a needle in fluid
communication with the reservoir, and a sensor operable to detect a characteristic indicative of
the fluid pressure in the needle. A pump is configured to pump fluid to the needle from the
reservoir and a controller is operable to process data from the sensor regarding the fluid
pressure in the needle. The controller is configured to process the data from the sensor when
the needle is stationary to identify a pulsatile waveform. Additionally, the controller is configured
to provide signals to guide insertion of the needle wherein the signals are provided in response
to the data from the sensor. Further, wherein the system comprises an input mechanism for
selectively varying an amplitude range for the processed data to identify a pulsatile waveform.

[0023] These and other embodiments are described in more detail hereinafter. The various
features of novelty which characterize the invention are pointed out with particularity in the
claims annexed to and forming a part of this disclosure. For a better understanding of the
invention, its operating advantages and specific objects attained by its uses, reference is made
to the accompanying drawings and descriptive matter in which a preferred embodiment of the
invention is illustrated.

Brief Description of the Drawings

[0024]
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Fig. 1 is a top view of a computer-controlled drug delivery system;

Fig. 2 is a top view of the drug delivery system illustrated in Fig. 1 with a disposable injection
assembly connected with the system;

Fig. 3 is a schematic representation of the computer-controlled drug delivery system illustrated
in Fig. 1;

Fig. 4Ais a view of a display screen of the system illustrated in Fig. 1 showing fluid pressure
measurements detected by the system;

Fig. 4B is a view of a display screen of Fig. 4A illustrated with a different amplitude range;
Fig. 4C is a view of a display screen of Fig. 4B illustrated with a different amplitude range;
Fig. 4D is a view of a display screen of Fig. 4C illustrated with a different amplitude range;
Fig. 5A is view of the display screen of the system illustrated in Fig. 1; and

Fig. 5B is a view of the display screen shown in Fig. 5A illustrated with a different amplitude
range.

Detailed Description of the Preferred Embodiments

[0025] 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 24 configured for insertion into a 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.

[0026] The system 10 enables a practitioner to accurately identify a target tissue. In particular,
the system may be adapted for use in identifying the location for injection of a drug while
limiting the placement of drugs into non-targeted tissues. This may be 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 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. In the present instance, a slow flow-rate 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
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detected. Generally, a flow-rate of between 0.005 cc/sec to 0.20 cc/sec will be appropriate for
the subject and intervention, though 0.01 to 0.15 cc/sec may be preferred.

[0027] As discussed further below, the system is adapted for identifying proper placement of a
needle according to various criteria. For instance, the system may identify a space such as the
epidural space using a loss of resistance technique. Additionally, the system 10 may be
adapted for identifying target tissue based on identifying a pulsatile waveform. In this way, the
system may identify proper placement of the needle relative to a target tissue using a first
search criteria and the system may verify or validate the proper placement of the needle
relative to the target tissue using a second search criteria, such as the identification of a
pulsatile waveform.

[0028] The flow-rate range provided by the drive unit 50 during the placement of the needle is
capable of providing a responsiveness to a change in pressure that can be detected rapidly.
Additionally, 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 84 for providing an output signal.

Injection Assembly

[0029] Referring to Fig. 2, the system 10 includes an injection assembly 20 co-operable with a
drive unit 50 during a drug infusion procedure. The injection assembly includes a syringe 18, a
handpiece or needle 24 and a fluid line 22 connecting the syringe with the handpiece.

[0030] Various elements of the injection assembly may be disposable, such as the syringe 18,
the fluid line 22, and/or the needle 24. Alternatively, the elements may be re-useable.
Accordingly, various elements of the injection assembly may be releasably connectable. For
instance, the fluid line 22 may include a fluid connector at each end. The fluid-tight connectors
may be any of a variety of connectors. One such connector is a Luer connector. At the first
end, the fluid connector sealingly connects with the syringe and at the second end the fluid line
sealingly connects with the needle 24. Alternatively, the fluid line 22 may be fixedly connected
with the rearward end of the needle 24. In either embodiment, the needle 24 and the syringe
are in fluid communication to provide a flow of fluid from the syringe to the needle.

[0031] The syringe 18 may be any of a variety of hypodermic syringes and the size may vary
depending on the intended use. The syringe 18 includes a barrel for holding a volume of
medicament and a plunger 19 slidable within the barrel to draw fluid into or eject fluid from the
barrel. The syringe 18 preferably also includes flanges projecting outwardly from the barrel.
The flanges operate as finger flanges to facilitate displacement of the plunger into the barrel.
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[0032] The injection assembly 20 also includes a pressure sensor 20 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
24. 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 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 20 is an inline fluid pressure sensor attached to the
syringe 18 between the syringe and the tubing 22. In this way, the pressure sensor 20 senses
the fluid pressure as the fluid exits the syringe and enters the tubing 22 to which the insertion
needle 24 is connected. Similarly, the in-line pressure sensor can be interposed between the
tubing and the needle. As shown in Fig. 2, the insertion needle 24 is connected to the forward
end of the handpiece and the tubing 22 is connected to the rearward end of the handpiece.

[0033] The tubing 22 comprises an elongated polymer tube that is sufficiently flexible
longitudinally to allow the tube to bend during use, but substantially non-expanding radially with
a rigid wall thickness. In particular, the tube is a polymer tubing that remains rigid radial without
any radial at pressures below 500 mm/Hg

[0034] 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 connects the pressure
sensor 20 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 20. The pressure transducer 20 may be connected inline between the forward end of
the cylinder of syringe 18, and the first end of tubing 22. One such connection is a Luer
connection for connecting the pressure transducer 20 to the tip of the syringe, although other
connections may be used. The connection may be fixed by a threaded connection and/or an
irreversible threaded connection, such as a Luer-Lock. Alternatively, the pressure transducer
20 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 22 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 24, and therefore, at the location
in the patient's body where the needle tip is located. The electronic pressure transducer 20
provides pressure data via an electronic data cable that is connected directly to the central unit
50 to collect the pressure measurements.

[0035] The electronic pressure transducer 20 can be any of various pressure sensors. One
type of sensor is a piezoelectric pressure sensor, such as sensors available from Merit Medical

Systems, Inc. such as the Meritrans® Pressure Transducer item MER212.

Automated Fluid Delivery System
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[0036] As described above, the system 10 may include a fluid delivery system 50 for providing
a controlled flow of medication to the injection assembly 20. 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.

[0037] Referring to Figs. 1-3, the drive unit 50 is designed to work in connection with an
injection element, such as syringe 18. The drive unit 50 may include a cradle 56 configured to
receive the syringe 18 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 60 that releasably engage
the plunger 19. The cradle 56 includes a recess for receiving the syringe is configured to
constrain the syringe against longitudinal movement. For instance, the cradle 56 may include a
slot for receiving the flange the projects radially outwardly from the surface of the syringe
barrel. Accordingly, driving the motor in a first direction drives the arm 58 forwardly to advance
the plunger 19. Since the barrel of the syringe is maintained in a relatively fixed axial position,
displacement of the plunger displaces the plunger relative to the barrel, thereby expelling fluid.
The CPU 82 of the drive unit provides signals to the motor to control operation of the motor.

[0038] 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 20, 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-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

[0039] The system may include pre-defined pressure thresholds used to control the flow of
medication from the syringe 18 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, or other criteria. As the pressure
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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.

[0040] The system 10 may directly measure the fluid pressure in the injection assembly 20 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.

[0041] 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. One characteristic that
facilitates the detection of minute pressure changes is the 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 may be coordinated with a pre-determined maximum 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.

[0042] Another aspect that facilitates the detection of minute changes in pressure is the
precise control of the volume of the injections set 18. Specifically, the tubing 22 of the injection
assembly 20 is substantially rigid radially so that the tubing does not expand radially under
pressures below 500 mmHg. Therefore, under any backpressure that the injection assembly
20 could reasonably expect during use the tubing will not expand or bulge so that the volume
of the tubing will not expand from any back pressure that the injection assembly may
encounter. Additionally, the drive unit 50 rigidly controls the position of the plunger relative to
the syringe barrel to precisely control the volume inside of the barrel. Specifically, the drive unit
controls the position of the plunger so that when the motor of the drive unit stops the drive unit
maintains the plunger in a fixed position against forward or rearward displacement. In this way,
the drive unit impedes or prevents movement of the plunger in response to fluid backpressure.
Under normal operating conditions of the system, the drive unit maintains the plunger in a fixed
position against any back pressure that the system may reasonably encounter during use. In
this way, when the motor of the drive unit stops, the drive unit acts as a stop preventing relative
displacement of the plunger relative to the barrel. These mechanical elements combined with
the rigidity of the materials used in assembly 20 prevent deformation at pressures below 500
mmHg, which could impede detection of subtle pressure changes within the fluid being
detected by sensor 20. In particular, when the drive unit is stopped, the configuration of the



DK/EP 3969082 T3

injection assembly 20 and the drive unit impede a change in fluid volume that affect detection
of the pulsatile wave form.

[0043] The flow-rate, therefore, becomes another variable that may be modulated within a pre-
determined range 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.

[0044] 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 30 of the drive unit 50. Similarly, the system may include a mechanism
for recording such information 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 electronic data.

[0045] 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.

[0046] 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.

[0047] 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.

Calculation of Fluid Pressure at the Exit of the Needle

[0048] 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 against or in dense
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tissue, such as the dura. There are several methodologies for calculating the fluid pressure at
the exit of the needle.

[0049] A pressure sensor may detect the fluid pressure in the injection assembly 20. For
example, as discussed above the pressure sensor may be an in-line pressure sensor.
Alternatively, a pressure sensor internal to the drive unit 50 may detect the fluid pressure
between a conduit, such as tubing 22 and a fluid reservoir, such as a syringe 18, fluid-filled
carpule or other fluid reservoir. Similarly, the pressure sensor can be interposed between the
syringe tubing 22 and the needle 24. Further still, the in-line sensor may be embedded into a
hub connected to the needle or between the tubing 22 and the hub. Another alternative is
using a thumb-pad force sensor to detect the force driving the plunger 19 to calculate the
pressure within the syringe 18. 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 18.

[0050] The system may be configured to provide one or more visual signals for the user to
observe and/or analyze the detected pressure signals. For instance, referring to Figs. 1-4A,
the system 10 may include a display screen 30 for displaying data related to the operation of
the system, including, but not limited to, pressure data and fluid flow data. For example, as
shown in Figs. 4A-4C the system includes a primary pressure graph 32 on the display 30. The
primary pressure graph 32 plots the fluid pressure against time so that the graph represents
the variations in detected fluid pressure over a period of time. This graph represents general
pressure trend information and in the present instance the controller processes the signal
received from the pressure detection element to remove variations that are not created by fluid
pressure. For example, the controller 30 may be programmed to process the pressure data to
remove variations of pressure signals caused by motor operation, syringe stiction, and general
pressure variations caused by flexing of the tubing and needle tip elevation changes. Higher
frequency variations and noise are removed through the use of a low pass filter of either an
electrical or software implementation. As shown in Figs. 1 and 2, the display may also include a
current pressure display 38 that displays the most recently detected fluid pressure.

[0051] Additionally, the display 30 also includes a pulsation wave detection display 34. As
discussed below, it may be desirable to analyze the fluid pressure data to detect the presence
of a pulsatile waveform. The controller is configured to process the data in a manner that
isolates a pulsatile wave from the underlying fluid pressure in the environment of the needle as
described below. The pulsation wave display 34 shows this processed data so that the
operator can determine whether the data is indicative of the presence of a pulsatile waveform.
As discussed below, the pulsation wave display 34 includes an amplitude range identified as
element 36. This amplitude range 36 can be varied in order to more clearly display the
pulsatile wave form depending on the amplitude of the waveform.

[0052] As noted above, it may be desirable to analyze the fluid pressure data to detect the
presence of a pulsatile waveform in the pressure data detected by a pressure sensor, such as
sensor 20. In fluid dynamics, a flow with periodic variations is known as pulsatile flow. Pulsatile
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flow is an intrinsic property of the cardiovascular system. In other words, the basic operation of
the cardiovascular system generates pulsatile flow as follows: when the ventricle contracts and
creates the needed pressure gradient, a volume of blood is rapidly ejected into the arterial
vessels. The aorta and arteries have a lower resistance to blood flow compared to smaller
blood vessels, such as arterioles and capillaries. Due to the slower outflow to the arteriole, the
arteries are inflated to accommodate the extra blood volume. During diastole, the elastic recoil
of the arteries forces the blood out into the arterioles. In this way, the elasticity of the arteries
helps to convert the pulsatile flow of blood from the heart into a more continuous flow through
the rest of the circulation.

[0053] The pulsatile waveform produced intravascularly by the cardiovascular system also
creates a corresponding extravascular pulsatile waveform cause by movement of blood
vessels, such as arteries. For instance, arteries in the nerve bundle in the spinal cord create a
pulsatile waveform that is observed in the spinal fluid in the epidural space. The frequency of
the extravascular pulsatile waveform is similar to the intravascular pulsatile waveform;
however, the magnitude of the extravascular waveform is significantly lower than the
magnitude of the intravascular pulsatile waveform. Specifically, the intravascular pulsatile
waveform is created directly by the blood pressure whereas the extravascular pulsatile
waveform is created by movement of blood vessels in response to the blood pressure.

[0054] In order to identify pulsatile waveform, the data may be processed to isolate the data
representative of the pulsatile waveform. The pulsatile waveform may be difficult to identify due
to the magnitude of the background fluid pressure. For instance, the amplitude of the pulsatile
waveform may by an order of magnitude lower than the background fluid pressure. For
example, if the needle is located in dense tissue the detected fluid pressure may exceed 100
mmHg, whereas the amplitude of the pressure variations resulting from the pulsatile wave may
be only 10 mmHg. In such an instance, the pressure may only fluctuate from 95 mmHg to 105
mmHg, which may be imperceptible on a plot of pressure versus time. Therefore, it is desirable
to isolate the pressure of the pulsatile wave from the underlying pressure, wherein the
underlying pressure or background pressure is the pressure that results primarily from the
density of the tissue in which the tip of the needle is located.

[0055] To isolate the data representative of a pulsatile wave, the controller may include a self-
centering filter to maintain the waveform at the center of the graph of pulsation wave detection
display 34. Various filter types may be implemented to remove the average value. These filters
may be constructed using mechanical, electrical or software designs. In the present instance, a
running average filter is designed into software programmed into the controller to generate an
average value for pressure which is subtracted from the current pressure reading for graphing
purposes. This maintains the pulsation waveform data centered on the graph. For example,
the data may be processed so that the data is generally centered on a base line between the
upper limit of the pulsatile waveform and the lower limit of the pulsatile waveform. In one
embodiment, the pressure data may be processed as follows: first, an average pressure value
is calculated based on the pressure values detected by the sensor during the most recent time
period, such as a time period varying between 2 and 10 seconds. The calculated average is
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then subtracted from the current pressure value. The system displays the resulting value on
the pulsation detection display 34. Large transient pressures will cause the plotting to be
clipped on the pulsation detection display 34, however, the average will settle to the center of
the detection display 34.

[0056] The amplitude of the pulsatie waveform may vary from situation to situation.
Additionally, the fluid pressure at which the pulsatile waveform becomes noticeable may also
vary. As described above, the controller may be configured to process the data from the
pressure sensor to isolate the pulsatile waveform. Additionally, the controller may be
configured to process the data from the pressure sensor to attempt to center the waveform on
the pulsation detection display 34. Although the process of attempting to center the waveform
may improve the likelihood of identifying the pulsatile waveform, it is still possible to overlook
the waveform in many situations. For instance, Figs. 4A-4D display how scaling the amplitude
of the pulsation detection display can determine whether the pulsatile motion is detected.
Specifically, in Fig. 4A the display illustrates the processed pressure data with an amplitude
scaling of 5 mm Hg (2.5 above the base line and 2.5 below the baseline). As can be seen in
Fig. 4A, the pulsatile waveform is readily identified using this scaling. Referring to Fig. 4B, the
amplitude range 36 is twice that of Fig. 4A. As such, the oscillations are significantly diminished
but still noticeable. In Fig. 4C the amplitude range is doubled again. The oscillations are subtle
but possible to identify. In Fig. 4D the amplitude range is doubled again. In the scale of Fig. 4D
the pulsatile waveform is not discernible. Accordingly, if the operator were to start with a large
amplitude range 36 as in Fig. 4D it would seem that the sensor 20 did not detect a pulsatile
waveform.

[0057] In contrast, Figs. 5A and 5B illustrate the opposite problem. In Fig. 5A the data is
plotted with an amplitude range 36 of 10 mm Hg. However, the range of the pressure data is
greater than 10 mm Hg so many of the data points are off the scale. Referring to Fig. 5B, the
same data is plotted with an amplitude range of 40 mm Hg. Since the amplitude range is large
enough to fit all of the pressure data, the pulsatile waveform is identifiable on Fig. 5B.

[0058] Since the amplitude range for a given set of pressure data is highly variable, the system
may include the option of easily scaling the date to change the amplitude range. Specifically,
the system 10 includes the ability to readily re-graph the processed pressure data in response
to the operator selecting or inputting a change in the amplitude range. The request may be
input using any of a number of input mechanisms, including but not limited to a mouse, a
footswitch, voice activation, a keyboard, a button on the drive unit 50 or a touch screen button,
as well as, automatically rotating through different amplitude ranges via the software. In the
present instance, the display 30 is a touchscreen that the touchscreen includes a button that
allows the operator to toggle though any in a variety of amplitude ranges. When the user
selects a different amplitude range, the system re-graphs the data. In this way, the operator
can manipulate the display of the pressure data to identify whether a pulsatile waveform is
present.

Noise Compensation
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[0059] As discussed above, the system 10 may be configured to continue to inject fluid through
the needle while the system or the operator analyzes the pressure data to detect the presence
of a pulsatile waveform. However, the injection of fluid may cause disturbances that affect
detection of the pulsatile waveform. For instance, the turbulence from the fluid flow and the
stiction of the rubber/elastomeric piston in the syringe are two variables that can adversely
affect the detection of the pulsatile waveform. To overcome the potential issues created by
such disturbances, the system may be configured to isolate the pulsatile waveform from the
effects of the disturbances.

[0060] To isolate the pulsatile waveform, the system may include a process for assessing the
disturbances that are caused by the configuration of the system and the injection of fluid. In a
particular embodiment, the system includes a noise cancellation mode. Prior to inserting the
needle into the patient, the user selects the noise cancellation mode. The system then runs the
drive unit to inject fluid through the needle. The system monitors any changes in pressure that
arise during the noise cancellation mode. When assessing the presence of a pulsatile
waveform, the system modifies the detected pressure data based on the data collected during
the noise cancellation mode.

System Control

[0061] 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 a touch screen, buttons on the drive unit or a foot-operated control that
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
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 that controls the flow of fluid through the device. Actuating
the 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 24 as long as the pedal is actuated. Alternatively, actuating the 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.

[0062] 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 multispeed 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 controls the
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speed at which the control unit displaces the plunger in the syringe 18. 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/or other characteristics during different portions of a procedure.

[0063] 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, 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.

Method of Operation

[0064] An exemplary method for guiding a needle to a target location using the system
described above will now be described. It should be understood that the present system is not
limited to use in guiding a needle for infusion of a medicament. Accordingly, it should be
understood that the principles and methods described below may be readily adapted for the
insertion of a needle into tissues and anatomical areas in a variety of applications and
procedures.

[0065] When the needle is adjacent fluid or a vessel producing a pulsatile waveform, the
processed pressure data forms an oscillatory wave, such as a sinusoidal wave. Detection of
the pulsatile waveform can act as a primary indication that the needle is positioned at or
adjacent the target tissue. Alternatively, detection of the pulsatile waveform can operate as a
validation or verification that an alternate method for identifying a target tissue (such as by a
loss-of-resistance technique) was accurate. In this way, the detection of a pulsatile waveform
can operate in combination with another search methodology in order to increase the likelihood
of proper needle placement and reduce the likelihood of inadvertent needle/anesthesia
injuries. In the following example, the system is used in combination with a loss-of-resistance
technique for identifying a target tissue.

[0066] First, the operator determines that the target tissue is one in which the target tissue will
generate a pulsatile waveform. After making or confirming such a determination, the operator
advances the needle 24 into the patient, preferably as fluid flows through the needle at a set
flow rate. In a method in which the drive unit is utilized, fluid reservoir, such as a syringe, is
loaded into the drive unit 50. The drive unit then precisely controls the position of the drive
element 58 to precisely control the flow of fluid from the syringe. The pressure sensor 20
detects the fluid pressure at the needle and as shown in Fig. 4A, the fluid pressure varies as
the needle is advanced through different tissue types. WWhen searching for a target tissue, the
change in fluid pressure may guide the advancement of the needle. For example, the system
may provide a perceptible output that guides the operator. In one example, the system may
provide an audible tone representative of the pressure. For instance, the pitch of the audible
signal may increase as the pressure increases and may decrease as the pressure decreases.
Similarly, the system may provide a visual signal indicative of the change in pressure. For
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instance, as illustrated in Fig. 4A a graph 32 provides a visual indication of the fluid pressure.
The graph 32 plots the pressure as it varies over time. In Fig. 4A, an apparent loss of
resistance appears to occur at an approximate time of 2840 seconds. However, a true loss of
resistance occurs at an approximate time of 2860 seconds. The present system can be used
to confirm when an apparent loss of resistance is an actual loss of resistance as discussed
further below.

[0067] As noted above, when the needle 24 is being advanced or withdrawn the fluid pressure
changes as the needle passes through different tissue types. Conversely, when the needle is
maintained at a particular location the fluid pressure will tend to stabilize and hold at a
generally constant value. However, if the needle tip is maintained in a substantially constant
location the sensor may detect pressure variations due to a pulsatile wave. Specifically, if the
needle is maintained in a particular location relative to a target area and if the particular
location is adjacent an artery then the system will detect periodic variations in the detected fluid
pressure. Furthermore, the detected magnitude of the fluid pressure may also guide the user
in addition to the detection of periodic variations. For example, if the system detects a pressure
profile having periodic pressure variations then the needle may be adjacent an artery.
However, if the fluid pressure is elevated and the amplitude of the pressure variation is above
a threshold then the system may determine that the needle is within the artery rather than next
to the artery. For instance, a pressure curve that indicates periodic variations between 80
mm/Hg to 120 mm/Hg would be indicative of the needle being within an artery rather than next
to the artery.

[0068] In this way, the system may combine the detection of periodic variations in the fluid
pressure with a second fluid pressure characteristic, such as loss of resistance as described
above. For example, the system may monitor the fluid pressure as the operator advances the
needle to guide the operator toward a target tissue, such as the epidural space. Once the
system detects a drop-in pressure indicative of a loss of resistance, the system may indicate
that the needle is in the epidural space. In response to this determination, the system provides
a signal to the user indicating that the needle is located at the target tissue so that the user
maintains the needle in the particular location. To verify that the needle is in the epidural
space, the system may monitor the fluid pressure to determine the presence of periodic
variations in the detected fluid pressure. If the system detects periodic variations in the fluid
pressure indicative of a pulsatile waveform, then such detection is validation that that the
needle is located in the epidural space. Having validated that the needle is either adjacent to,
or located within, the target tissue, the medicament can be safely injected through the needle
and into the patient at the target tissue site.

[0069] It should be understood that in the foregoing description the system is described as
automatically detecting the presence of a pulsatile waveform to validate the determination of
the needle placement. However, it should be understood that in addition to the system 10
being configured to automatically detect the presence of a pulsatile waveform, alternatively, the
system may be configured to display the fluid pressure data in a way that facilitates the
operator determining that the needle is detecting a pulsatile waveform.
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[0070] In the foregoing method, an operator locates a needle adjacent a target tissue by
utilizing constant feedback regarding the fluid pressure detected at the needle to guide the
needle. One such method for guiding the needle is a loss of resistance process for identifying a
target tissue site that is adjacent a dense barrier tissue. Once the barrier tissue is penetrated
the fluid pressure drops rapidly, providing an indication that the needle is properly positioned in
the target space. The system then validates the needle placement for processing the pressure
data to attempt to detect a pulsatile wave. The detection of the pulsatile wave operates as a
validation of the needle placement.

[0071] Although the foregoing example illustrates the use of the system in connection with a
loss of resistance process for positioning a needle in a particular location, it should be
understood that any number of processes can be used to place the needle at the target site,
so long as the target site is adjacent tissue that is likely to provide a pulsatile waveform. For
instance, as described below, the system may operate in combination with a peripheral nerve
block system to verify or validate that the needle is properly placed.

[0072] In a peripheral nerve block process, the target tissue are nerves associated with a
neurovascular bundle. When an anesthetic is injected adjacent to the nerve then the anesthetic
can provide appropriate anesthesia. However, if the needle is placed within the nerve then the
anesthetic can cause damage to the nerve. Accordingly, a peripheral nerve block process may
use electrical stimulation to guide the needle. The level of the stimulation can be varied to
guide the needle toward the target site. The operator advances the needle and applies an
electrical stimulation to the tissue at the tip of the needle. If a response to the electrical
stimulation is noted, then the needle may be adjacent the target nerve. Furthermore, as
described in International Patent Application No. PCT/US18/31096 published as Publication
No. WO 2018/204789 on November 8, 2018 the fluid pressure adjacent the needle tip can be
monitored during a peripheral nerve block procedure. The entire disclosure International
Patent Application No. PCT/US18/31096 published as Publication No. WO 2018/204789 is
hereby incorporated herein by reference. In such a process, the combination of fluid pressure
and electrical stimulation can be used to guide the needle to the target site. Once the
peripheral nerve block process is used to place the position the needle tip at the target site, the
pulsatile wave detection is then used to verify or validate the needle placement. In particular,
once the needle is positioned at the proposed location, the positioned of the needle is
maintained without significant movement. While the needle is held in position, the system
continues to monitor the pressure signal from the sensor 20. The pressure date is processed
to isolate the pressure data from the background pressure to identify the presence of a
pulsatile waveform. If such a pulsatile waveform is present, then the needle location decision is
verified. The operator then performs the next step to the target tissue. The next step may be a
medical procedure to the target tissue or the next step may be the injection of a medicament or
anesthesia. Alternatively, if the peripheral nerve block procedure positions the needle at a
location that is thought to be the target tissue, but a pulsatile waveform is not detected, then
the operator determines that the needle is not properly positioned adjacent the target tissue
and the process for locating the needle is re-started.
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[0073] From the foregoing, it should be understood that the present invention may incorporate
one or more of a variety of search techniques that are configured to identify or validate that a
needle is positioned at or within a target tissue. For instance, in the following discussion the
system is used to validate the placement of a needle. However, it should be understood that
the system can be used to verify or validate the placement of a conduit other than a needle.
One example is the placement of a catheter. Frequently a catheter may be inserted using any
of a variety of techniques, such as the loss-of-resistance technique described above. Once the
needle is properly placed, a catheter may be inserted into the patient so that the catheter is
located at or within the target tissue. The catheter may need to remain positioned within the
patient for an extended period. During the extended period of time, the catheter may be
moved, thereby accidentally moving the catheter away from the target tissue. Currently the
method for verifying the placement of the catheter is to inject a fluid, such as a medicament,
and monitor the patient to determine if the medicament had the intended affect. If the
medicament affected the patient in the intended manner, then it is determined that the catheter
is properly placed; if not the search is re-started. However, the present system can be used to
verify or validate the placement of a catheter. Rather than a needle 24, the system may include
a hub configured to form a fluid-tight seal with the hub of the catheter. The hub of the system is
interconnected with the hub of the catheter to form a fluid-tight seal. The drive unit is then
started to inject fluid from the syringe into hub and then into the catheter until the catheter is
substantially full of fluid. The system then detects the fluid in the catheter. If the pressure signal
includes a pulsatile waveform the operator verifies or validates that the catheter is still properly
placed so that fluid can be injected to the target tissue through the catheter. Conversely, if a
pulsatile waveform is not detected through the catheter, then the operator determines that the
catheter is not properly placed and the catheter can be repositioned.

[0074] In the foregoing examples, the pulsatile wave detection is used as a signal to validate or
verify a needle or other conduit after the conduit is placed. Additionally, it should be noted that
the pulsatile waveform detection can be used as the primary data for guiding the placement of
a needle or other conduit. According to one example, a needle is inserted into a patient toward
a target tissue. As the needle is advanced toward the target tissue, the amplitude of the
pulsatile waveform may increase. Accordingly, by first monitoring for the presence of a pulsatile
waveform, the operator determines that the needle is within the general area of the target
tissue. As the needle is moved closer to the target tissue, the amplitude of the pulsatile
waveform increases. In this way, the variation of the pulsatile waveform is used to guide the
needle toward the target tissue.

[0075] In particular, the system may be configured to provide guidance for placing a needle or
other conduit based on two characteristics. The first characteristic is a pressure range
determined by the resistance of the tissue to a constant flow-rate thus producing a first
characteristic response to said flow-rate. In other words, a constant flow of fluid is injected
through a needle and a sensor detects the pressure range of the fluid in the needle while the
needle is in a particular tissue. A second characteristic is determined based on pressure data
received by the sensor while the needle is held in a stationary position without fluid being
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injected through the needle from a fluid reservoir. The second characteristic is based on the
presence of a pulsatile waveform. In particular, the second characteristic may be the amplitude
of the pulsatile waveform. The system is configured to allow the operator to alternate between
a) translational motion of the needle during needle insertion during which fluid flows through
the needle and b) stationary positioning of the needle without fluid flow. A comparison of the
amplitude of the pulsatile pressure waveform between two or more different locations provides
the relative distance of the needle tip to the target. When translation of the needle is stopped
so that the needle is maintained at a stationary position, the second characteristic is noted
again. The comparison of the height of the amplitude of the pulsatile waveform between two or
more time points may be aided by modifying and varying the scale 36 of the pulsatile pressure
waveform graph 34 to enable visualization of the height of amplitude of the oscillating
waveform. Comparing the amplitude height of the pressure waveform between two or more
different time points provides information for determining the relative position of the needle tip
to the target tissue. For example, if the amplitude of the subsequent pressure waveform is
decreasing compared to the prior waveform then the needle is moving away from the target
tissue. Conversely if the amplitude of the subsequent pressure waveform is increasing
compared to the prior waveform then the needle is moving toward the target. And, if the
amplitude of the pressure waveform does not significantly change between two time points
then the relative distance of the needle tip to the target tissue has not changed. It is
understood, that the apparatus is capable of varying the amplitude scale to the identify
pressure waveforms of varying intensity during this process. Thus, the reliance of a first
characteristic to identify a specific space or tissue and subsequent use of a secondary
characteristic with varying amplitude provides objective data as to the directional movement of
the needle within the tissues and forms the basis for using these two different characteristics to
determine guidance of the needle to the target tissue.

[0076] One example of using the amplitude of the pulsatile waveform as feedback for a needle
placement procedure is a dental application. The method includes setting a specific scale for
the pulsatile wave graph 34 and observing the amplitude of the pulsatile waveform from the
center of the graph 34 at a given distance. As the operator advances the needle closer to the
intended target an increase in the amplitude is noted during the intermittent stopping of needle
advancement and injection of drug. This provides guidance to the movement of the needle tip
thus enabling the anesthetic solution to be deposited close the neurovascular bundle of the
Inferior Alveolar Nerve Plexus. This system is used in conjunction with the dental instrument
with a LED screen displaying a pulsatile waveform graph, such as display 34. Additionally,
rather than using an in-line single use sensor, the system can incorporate a re-useable sensor
that is not in-line. For example, the injections assembly may include a fluid line having a flexible
side wall. A clam shell shaped sensor engages the outer wall of the tubing so that the flexible
side wall is between the halves of the clam shell sensor. The sensor detects the radial
pressure of the fluid pressing radially outwardly, which is indicative of the fluid pressure in the
tube and consequently the fluid pressure within the needle. In this way, the claim shell sensor
functions as an alternative to an in-line pressure sensor currently described for the epidural
system. The clam-shell piezo-electric sensor allows the tubing to be placed within the clam-
shell to detect the in-line fluid pressure.
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[0077] The system 10 can also be incorporated into a process for placing a needle or other
conduit to confirm placement of a spinal needle into cerebrospinal fluid. The system may be
used in combination with a loss-of-resistance technique previously discussed to guide the
needle into the appropriate position and then the needle will be stopped at the determined
position. The system the processes the fluid pressure data while the needle movement is
stopped. If a pulsatile waveform is detected, then the operator determines that the needle is
properly placed in the cerebrospinal fluid.

[0078] Further still, the system can be incorporated into other procedures to identify whether a
needle or other element is properly placed. One such application is a cardiac-vascular
application. In a cardiac-vascular application the system is used to determine the placement of
a needle or catheter into the lumen of a vessel by measuring the absolute pressure in addition
to detecting the presence of a pulsatile waveform to determine the patency of the vessel during
placement of a vascular stent and/or during the use of cardiac ablation in which a therapeutic
drug or diagnostic procedure is performed to determine the patency of said vessel of the
cardio-vascular system. Detection of a pulsatile waveform in conjunction with the absolute
pressure values provides diagnostic information when performing these procedures.

[0079] Yet another application of the system 10 is directed to an infusion pump. In the
embodiments described above, the system utilizes a syringe pump to insert fluid into the
patient. However, the present improvements may be embedded for use in an infusion pump
system which includes a peristaltic pump system with a closed drug delivery system consisting
of a drive unit, tubing, and an indwelling catheter in a patient's vein. The system would operate
by intermittently stopping the motor to enable the detection of a pulsatile waveform to confirm
that the catheter has not migrated from the position in the patient. In this way, the system
provides a process for determining the position of the catheter and its relative patency during
use.

[0080] 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 or sample a target tissue such
as performing a biopsy. 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 of the invention as set forth in the claims.
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Patentkrav

1. Nalebaerende indretning til indgivelse af fluid til malsted i en patient, omfat-
tende en injektionsenhed (20), som omfatter:

(a) en fluidbeholder, som er en sprgjtecylinder (18) til opbevaring af fluid, der
skal tilfares nalen (24);

(b) et udstadningselement, som er et stempel (19), der kan forskydes i forhold
til fluidbeholderen for at uddrive fluid fra beholderen;

(c) en sensor (20) til at detektere en karakteristik, der indikerer fluidtrykket i
nalen, hvor sensoren er konfigureret til kontinuerligt at detektere karakteristik-
ken, nar den nalebaerende indretning indseettes i individet;

(d) en fleksibel ledning (22) i fluidforbindelse med fluidbeholderen og senso-
ren,

hvor ledningen er i det vaesentlige stiv radialt, saledes at reret ikke udvider sig
radialt under tryk under 500 mmHg;

hvor indretningen yderligere omfatter

(e) en displayskeerm (62) til visning af data relateret til driften af systemet, her-
under, men ikke begreenset til, fluidtryk ved udgangen af nalen og yderligere
visning af en pulserende bglgeform,

og hvor indretningen yderligere omfatter

(f) en drivenhed (50) omfattende

(i) et drivelement (58) indbefattende en motor (70), hvor drivelementet er kon-
figureret til at ga i indgreb med udstedningselementet for at styre forskydning
af udst@dningselementet; og

(i) en styreenhed (30), der kan betjenes til at styre drivelementet for at styre
stremmen af fluid fra beholderen til nalen;

hvor styreenheden er konfigureret til periodisk at afbryde beveegelse af driv-
elementet og behandle data fra sensoren for at detektere en eller flere karak-

teristika, der indikerer den pulserende bglgeform,
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og hvor indretningen under brug er konfigureret saledes, at fluidvolumenet
mellem nalen og fluidbeholderen er i det vaesentlige konstant, séledes at sen-
soren er i stand til ngjagtigt at detektere den pulserende bglgeform, der pas-
serer gennem resterende fluid i nélen, nar beveegelsen af drivelementet afbry-
des,
og hvor drivenheden stift styrer stemplets position i forhold til sprajtecylinderen
for preecist at styre volumenet inde i cylinderen, saledes at nar drivenhedens
motor stopper, holder drivenheden stemplet i en fast position mod fremadga-
ende eller bagudrettet forskydning, hvorved stemplets bevaegelse hindres eller
forhindres som reaktion pa fluidens modtryk og derved fungerer som et stop,
der forhindrer relativ forskydning af stemplet i forhold til cylinderen, saledes at
konfigurationen af injektionsenheden og drivenheden forhindrer en aendring i
fluidvolumen, som ellers kunne pavirke detektering af den pulserende bolge-

form.

2. Nalebaerende indretning ifalge krav 1, hvor styreenheden er konfigureret til
at analysere dataene fra sensoren for at detektere en eller flere karakteristika,

der indikerer et tab af modstand.

3. Nalebeerende indretning ifelge krav 2, hvor som reaktion pa at styreenheden
detekterer den ene eller flere karakteristika, er styreenheden konfigureret til at
afbryde beveegelse af drivelementet og behandle data fra sensoren for at de-

tektere en eller flere karakteristika, der indikerer en pulserende balgeform.

4. Nalebzerende indretning ifelge krav 3, hvor styreenheden er konfigureret til
at tilvejebringe et verifikationssignal om, at nalen er korrekt placeret ved siden
af et malveev ved modtagelse af et signal, der indikerer et tab af modstand, og
ved modtagelse af et signal, der indikerer tilstedeveaerelsen af en pulserende

belgeform ved nalen.
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5. Nalebeerende indretning ifalge et hvilket som helst af kravene 1 til 4, hvor
displayet indbefatter en farste udgangssektion, der er konfigureret til at vise
fluidtrykket ved nalen som en funktion af tid pa en made, der er i overensstem-
melse med et tab af modstandsvejledningsprocedure, og eventuelt hvor styre-
enheden er konfigureret til at behandle data fra sensoren for at isolere data,
der indikerer en pulserende balgeform, hvor displayet omfatter en anden ud-
gangssektion, der er konfigureret til at vise de data, der indikerer en pulse-
rende bglgeform, mens den farste sektion viser fluidtrykdataene som en funk-

tion af tiden i den farste sektion.
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