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DEVICES, SYSTEMS, AND METHODS FOR
TARGETED CANNULATION

BACKGROUND

During a variety of medical procedures, including vascular cannulation, it is desirable to

intentionally penetrate certain internal anatomic structures to facilitate diagnostic and

therapeutic objectives. However, accurate and efficient penetration may be difficult to

accomplish, and may be accompanied by risks of inadvertently altering and/or harming

neighboring structures.

For example, a common procedure involving external to internal penetration of an

anatomic structure is the localization and cannulation of vessels for inserting intravenous

("IV") tubes, drawing blood, or inserting an arterial catheter. However, health care

practitioners may have difficulty in accurately locating the target vessel before advancing the

delivery instrument or needle into the patient's tissue. Multiple placement attempts can result

in discomfort to the patient and prolong the procedure time. In some instances, multiple

placement attempts can damage neighboring structures such as nerves and other vessels. This

problem is particularly pronounced in pediatric patients, obese patients, patients with unusual

anatomy, and in acute care situations such as an emergency.

Various devices and methods have been devised to help healthcare practitioners

accurately locate a vessel prior to cannulation. For example, some methods employ Doppler

sonar technology to determine the location and direction of the target vessel. However,

several of these methods involve insertion of a needle into the patient's subcutaneous tissue

before using Doppler to accurately locate the target vessel. The user employs a sweeping

motion within the patient's tissue to locate the target vessel. Such a sweeping motion may be

painful to the patient and cause injury to neighboring structures. Moreover, some ultrasonic

placement devices require complicated catheter construction that incorporates ultrasonic

transducers and receivers in the delivery instrument.



The devices, systems, and methods disclosed herein overcome one or more of the

deficiencies of the prior art.



SUMMARY

The present disclosure provides devices, systems, and methods for accessing and

evaluating a vessel in a patient in a safe and accurate manner. The devices, systems, and

methods can utilize Doppler ultrasound sensing to guide a user to the vessel and confirm

positioning within the blood vessel. Once access to the vessel has been obtained in a safe and

accurate manner, any number of alternative sensing devices can be introduced into the vessel

for additional diagnosis and/or treatment.

In one exemplary embodiment, the present disclosure describes a system for accessing

and evaluating a blood vessel in a patient. The system comprises an access sensor wire, an

access needle sized to receive the access sensor wire, and a second sensing wire configured to

be sequentially positioned within the access needle. In one feature, the access sensor wire

includes a rigid member having a length generally equivalent to the length of the access

needle while the second sensing wire is very flexible and several times longer than the access

needle. A method is also disclosed for utilizing a short access sensing wire to access a blood

vessel with in an introduction needle with the short access sensing wire being replaced by a

much longer second sensing wire after the needle is positioned in the vessel. In one

embodiment, both the access sensing wire and second sensing wire having a substantially

similar connection assembly.

In another exemplary embodiment, the present disclosure is directed to a system for

blood vessel access and sensing in a patient. The system comprises a first access sensor wire

having a hollow, elongate tube with a first length and first outer diameter, and a sensor

disposed adjacent a distal portion of the tube configured to transmit and receive waves to

detect Doppler shift. The system further includes a hollow penetrating instrument including a

lumen defining a first inner diameter extending to a sharp distal end, the second lumen sized

and shaped to receive the sensor wire. In one aspect, the system also includes a second

sensor wire having a second length and a second outer diameter, wherein the second length is

greater than two times the first length and the second outer diameter is substantially equal to

the first diameter and configured for passing through the lumen of the hollow penetrating

instrument. In one embodiment, the elongate tube is a rigid member.



In another aspect, the present disclosure provides a system for blood vessel access and

sensing in a patient including a connection mechanism for outputting sensor data to a

processing system. In one aspect, the system includes a first access sensor wire having a

hollow, elongate tube with a first length and first outer diameter configured for passing

through a lumen of a hollow blood vessel penetrating instrument, and a sensor disposed

adjacent a distal portion of the tube configured to transmit and receive waves to detect

Doppler shift, the sensor in communication with a first connection assembly disposed

adjacent a proximal portion of the tube. In a further aspect, the system includes a second

sensor wire having a second length and a second outer diameter, wherein the second length is

greater than two times the first length and the second outer diameter is substantially equal to

the first diameter and configured for passing through the lumen of the hollow penetrating

instrument, the second sensor wire having a second connection assembly disposed adjacent a

proximal portion of the wire, the second connection assembly configured to substantially

match the first connection assembly. The system may also include a female connector

coupled to a signal processing system configured to analyze data from the sensor to detect a

Doppler shift, the female connector having a lumen configured to receive each of the first

connection assembly and second connection assembly sequentially. In one embodiment, the

elongate tube is sufficiently rigid to maintain the connection assembly in alignment with the

lumen of the hollow penetrating instrument when coupled to the female connector.

In still a further aspect, the present disclosure provides a method of accessing a vessel

in a patient and sensing a parameter of a patient from within a connected vessel. In an

exemplary form, the method comprises connecting a sensor wire communication connection

assembly to a female connector interconnected with a signal processing system; inserting the

sensor wire into a lumen of a penetrating instrument, wherein the sensor wire includes a

Doppler ultrasound transducer at a distal portion of the sensor wire, and wherein the

penetrating instrument includes a sharp distal tip. The method continues by positioning the

distal portion of the sensor wire adjacent the sharp distal tip of the penetrating instrument,

positioning the distal portion of the sensor wire adjacent a skin surface of the patient,

analyzing the Doppler shift of the reflected ultrasound data to evaluate the presence of a

vessel in the tissue and the direction of flow within the vessel, moving the penetrating

instrument and the sensor wire on the skin surface and analyzing the reflected ultrasound data



until an optimal position and angle for penetrating the vessel is identified, and advancing the

penetrating instrument into the skin surface and penetrating the vessel. Once the vessel has

been accessed, then removing the access sensor wire from the penetrating instrument,

connecting an internal sensor wire communication connection assembly to the female

connector interconnected with the signal processing system, and inserting the internal sensor

wire through the penetrating instrument into a blood vessel.

In another exemplary embodiment, the present disclosure describes sensor wire that can

be utilized within an introduction needle to identify blood vessels. In one embodiment, the

sensor wire includes a rigid tubular body that can maintain the distal sensor in substantial

alignment with the proximal communication connection assembly, even when carrying the

weight of a female connector. In a further aspect, the sensing wire is relatively short in

relation to its diameter. In still a further feature, the communication connection assembly has

a length that is about 10 percent of the overall length of the sensing wire. In still a further

feature, the sensing wire has a substantially uniform diameter from the distal sensor up to and

including the communication connection assembly.

In another exemplary embodiment, the present disclosure is directed to a device for

locating a blood vessel in a patient. In one aspect, the device includes a hollow, elongate

rigid tube including a lumen extending from a proximal portion to a distal portion, the tube

having a longitudinal axis; an ultrasonic sensor coupled to the distal portion, the sensor

configured to transmit and receive ultrasound waves distally along the longitudinal axis to

detect Doppler shift; and at least one communication line extending from the sensor to a

communication connection assembly positioned adjacent the proximal portion, wherein the

rigid tube maintains the ultrasonic sensor and communication connection assembly in

substantial alignment with the longitudinal axis during use.

In a further exemplary embodiment, the present disclosure is directed to a device for

locating a blood vessel in a patient. The device comprises a sensor wire having a hollow,

elongate tube including a lumen extending from a proximal portion to a distal portion, and

having a length and a diameter wherein the length is less than 1000 times the diameter. The

sensor wire includes an ultrasonic sensor positioned adjacent the distal portion and



configured to transmit and receive ultrasound waves to detect Doppler shift and a

communication connection assembly positioned adjacent the proximal portion. A further

feature includes a hollow connector having a weight and configured to couple the sensor wire

to a Doppler ultrasound processor, wherein the connector includes a second lumen sized to

receive the communication connection assembly.

In still a further exemplary embodiment, the present disclosure provides a device for

locating a blood vessel. The device includes a sensing wire tube having a first length

extending along longitudinal axis and a diameter. The sensing wire includes a hollow,

elongate tube including a lumen extending from a proximal portion to a distal portion, an

ultrasonic sensor coupled to the distal portion, the sensor configured to transmit and receive

ultrasound waves distally along the longitudinal axis to detect Doppler shift, and a least one

communication line extending from the sensor to a communication connection assembly

positioned adjacent the proximal portion. In at least one example, the connection assembly

having a second length, wherein the ratio of the first length to the second length is less than

10 to 1. In still a further aspect, the sensor wire includes a pressure sensor for sensing blood

pressure once the device is inserted into the body of a patient.

It is to be understood that both the foregoing general description and the following

detailed description are exemplary and explanatory in nature and are intended to provide an

understanding of the present disclosure without limiting the scope of the present disclosure.

In that regard, additional aspects, features, and advantages of the present disclosure will be

apparent to one skilled in the art from the following detailed description.



BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate embodiments of the devices and methods

disclosed herein and together with the description, serve to explain the principles of the

present disclosure.

Fig. 1 is a schematic illustration of a cannulation system according to one embodiment

of the present disclosure.

Fig. 2 illustrates a partial cutaway side-view of a sensor wire coupled to a connector

according to one embodiment of the present disclosure.

Fig. 3 is a diagram illustrating various angles of emitted Doppler ultrasound toward a

vessel and the corresponding sonograms that result on an indicating apparatus according to

one embodiment of the present disclosure.

Fig. 4 illustrates a partial cutaway side-view of a sensor wire according to one

embodiment of the present disclosure.

Fig. 5 illustrates a partial cutaway side-view of the sensor wire shown in Fig. 4 at a

different angle and positioned within a sheath according to one embodiment of the present

disclosure.

Fig. 6 is a schematic representation of a side view of the sensor wire disposed within the

penetrating instrument and positioned against the skin of a patient according to one

embodiment of the present disclosure.

Fig. 7 is a schematic representation of a side view of the sensor wire disposed within the

penetrating instrument and positioned against the skin of a patient in an optimal position to

penetrate a vessel according to one embodiment of the present disclosure.



Fig. 8 is a schematic representation of a partially cross-sectional side view of the

penetrating instrument advancing into a vessel while the sensor remains outside the skin of a

patient according to one embodiment of the present disclosure.

Fig. 9 is a schematic representation of a side view of the sensor wire encased in a sheath

and disposed within the penetrating instrument, wherein both the sensor wire and the

penetrating instrument are advancing into a vessel of a patient according to one embodiment

of the present disclosure.

Fig. 10 is a schematic representation of a cross-sectional side view of the sensor wire

disposed within the penetrating instrument and a delivery instrument, wherein the sensor wire

is positioned against the skin of a patient according to one embodiment of the present

disclosure.

Fig. 11 is a schematic representation of a cross-sectional side view of the delivery

instrument shown in Fig. 10 positioned within a vessel of a patient while the penetrating

instrument and the sensor wire are being withdrawn according to one embodiment of the

present disclosure.

Fig. 12 illustrates a partial cutaway side-view of an elongated sensor wire coupled to a

connector according to one embodiment of the present disclosure.



DETAILED DESCRIPTION

For the purposes of promoting an understanding of the principles of the present

disclosure, reference will now be made to the embodiments illustrated in the drawings, and

specific language will be used to describe the same. It will nevertheless be understood that

no limitation of the scope of the disclosure is intended. Any alterations and further

modifications to the described devices, instruments, methods, and any further application of

the principles of the present disclosure are fully contemplated as would normally occur to one

skilled in the art to which the disclosure relates. In particular, for the sake of brevity, the

various embodiments of prosthetic devices and corresponding engagement structures are

described below with reference to particular exemplary combinations of components,

features, and structures. However, it is understood that the various components, features, and

structures of the exemplary embodiments are combinable in numerous other ways. It is fully

contemplated that the features, components, and/or steps described with respect to one

embodiment may be combined with the features, components, and/or steps described with

respect to other embodiments of the present disclosure. Thus, features from one embodiment

may be combined with features from another embodiment to form yet another embodiment of

a device, system, or method according to the present disclosure even though such a

combination is not explicitly shown. Further, for the sake of simplicity, in some instances the

same reference numbers are used throughout the drawings to refer to the same or like parts.

The present disclosure relates to devices, systems, and methods for accurately locating

and penetrating anatomic structures using ultrasonic Doppler technology. More particularly,

but not by way of limitation, the present disclosure relates to an ultrasonic sensor wire that is

sized, shaped, and configured to pass through a penetrating instrument and transmit an

ultrasound signal through the skin of the patient towards the region of a target vessel, thereby

indicating the accurate location and direction of the target vessel. In addition, the present

disclosure relates to a cannulation system comprising a sensor wire, a penetrating instrument,

and a Doppler ultrasound system to allow the user to determine the location and direction of

the target vessel in real time before and while advancing the penetrating instrument into the

patient' s body. Moreover, the present disclosure provides for a sensor wire that includes a

protective sheath designed to prevent direct physical contact between the sensor wire and the



patient, thereby allowing for the repeated use of the sensor wire in different patients.

Because the sensor wire and system disclosed herein indicates the appropriate approach angle

for penetration to the user before any actual penetration of tissue, the sensor wire enables the

user to minimize inadvertent injury to neighboring tissue, such as, by way of non-limiting

example, nerves, as the penetrating instrument travels toward the target structure.

The various figures show embodiments of devices, systems, and methods suitable to

accurately locate and penetrate a vessel within a patient. One of ordinary skill in the art,

however, would understand that similar embodiments could be used to locate and penetrate

other anatomic structures without departing from the general intent or teachings of the

present disclosure, including, but not limited to, gastrointestinal organs, sinuses, respiratory

tracts, genitourinary organs, and adjacent structures.

Fig. 1 illustrates a cannulation system 100 according to one embodiment of the present

disclosure. In the pictured embodiment, the cannulation system 100 includes a sensor wire

110 slidably disposed within a penetrating instrument 120, as well as a Doppler ultrasound

system 125. The penetrating instrument 120 is shown in a cross-sectional view so that the

sensor wire 110 can be seen inside the penetrating instrument 120. In the pictured

embodiment, the Doppler ultrasound system 125 consists of a processor 130, an ultrasound

pulse generator 135, a user input 138, and an indicating apparatus 140. The system 100 is

arranged to facilitate the localization and penetration of an internal anatomic structure such

as, by way of non-limiting example, a vessel. The individual component parts of the

cannulation system 100 may be electrically, optically, and/or wirelessly connected to

facilitate the transfer of power, signals, and/or data. The number and location of the

components depicted in Fig. 1 are not intended to limit the present disclosure, and are merely

provided to illustrate an environment in which the devices and methods described herein may

be used.

In the illustrated embodiment, the sensor wire 110 is shaped and configured as an

elongate, rigid, cylindrical tube. The sensor wire 110 includes a hollow elongate tube 145, a

sensor 150, and a core wire 155. In one aspect, a core wire 155 extends between a proximal

portion 160 and a distal portion 165 of the sensor wire 110. In the pictured embodiment, the



sensor 150 is coupled to the core wire 155 at the distal portion 165. The sensor 150 may be

attached to the core wire 155 or tube 145 in any of a variety of coupling mechanisms,

including by way of non-limiting example, a snap-fit engagement, adhesive, welding,

pressure fit, and/or mechanical fasteners. In the pictured embodiment, the sensor 150 is

attached to the core wire 155 via welding and a housing around the sensor is bonded to the

tube 145 via an adhesive. In a further embodiment, the sensor housing is directly attached to

a rigid hollow elongate tube 145 and the core wire can be omitted, thereby forming a rigid

sensor wire assembly. The sensor wire 110 will be described in further detail below with

reference to Figs. 4 and 5.

The sensor wire 110 is coupled to the Doppler ultrasound system 125 in any of a variety

of means known to those skilled in the art. In the pictured embodiment, the proximal portion

160 of the sensor wire 110 is coupled via a connector 170 to a supply cable 175 linked to the

Doppler ultrasound system 125. In some embodiments, as shown in Fig. 2, the connector 170

has an inner passage 176 which can house the proximal portion 160 of the sensor wire 110.

The sensor wire 110 may be selectively coupled to the connector 170 and the supply cable

175 in any of a variety of selective coupling mechanisms, including by way of non-limiting

example, a threaded engagement, a snap-fit engagement, and a tension-based engagement. In

some embodiments, the connector 170 comprises a handle sized such that it may be held and

maneuvered by a user during a medical procedure. In the illustrated embodiment of Fig.2,

the connector is a conventional releasable connector utilized with coronary sensing systems

sold by Volcano Corporation under the trade name ComboWire®. The sensor wire 110

possesses sufficient column strength to support the weight of the connector 170 without

causing damage to or deformation of the sensor wire 110. In some embodiments, the

connector 170 can be disconnected to allow the advancement of a surgical instrument, such

as, by way of non-limiting example, a balloon catheter, an irrigation catheter, an imaging

catheter, another suitable surgical catheter, another sensor wire, or a guidewire, over the

sensor wire 110 or in place of the sensor wire 110. In some instances, the sensor wire and the

connector include similar features to and interact in ways similar to those disclosed for the

guidewire and connector, respectively, in U.S. Patent No. 8,231,537, entitled "Combination

Sensor Guidewire and Methods of Use" and filed on June 23, 2006, which is hereby

incorporated by reference in its entirety.



With reference to Fig. 1, the penetrating instrument 120 comprises an elongate, rigid

tube. The penetrating instrument 120 includes a lumen 178 extending between a sharp distal

tip 180 and a proximal end 185. The sharp distal tip 180 is shaped and configured to

penetrate the skin, subcutaneous tissue, and other anatomic tissues of the patient (e.g., a

vessel wall). In the pictured embodiment, the penetrating instrument 120 comprises a

surgical needle. In other embodiments, the penetrating instrument may comprise a surgical

introducer, which can be sized and shaped to allow the passage of the sensor wire 110 and/or

other surgical instruments from the proximal end through the distal end. In other

embodiments, as described below with reference to Fig. 10, the penetrating instrument may

comprise the combination of a surgical introducer and a surgical needle, wherein the

introducer is sized and shaped to allow the passage of the needle from a proximal end through

a distal end, the needle is inserted into a lumen of the introducer, and the sensor wire is

inserted into the needle.

The penetrating instrument 120 may range in an outer diameter Dl from 0.014 in (0.356

mm) to 0.040 in (1.016 mm). A wall thickness T of the penetrating instrument 120 may range

from 0.001 to 0.004 inches. In one embodiment, the wall thickness T of the penetrating

instrument is 0.002 in (0.051 mm). In one embodiment, the penetrating instrument 120 may

be a conventional 20 gauge surgical needle. In another embodiment, the penetrating

instrument may be a conventional 22 gauge surgical needle.

The sensor wire 110 extends through the lumen 178 of the penetrating instrument 120.

The sensor wire 110 is shaped such that it can be slidably disposed within the lumen 178, and

the sensor wire 110 is sized such that the distal portion 165 can extend beyond the distal tip

180 of the penetrating instrument 120. In other words, the sensor wire 110 is sized to be

longer than the penetrating instrument 120. In the pictured embodiment, the diameter of the

sensor wire 120 is sized to be less than the diameter of the lumen 178 of the penetrating

instrument 120 to enable the sensor wire 110 to be reciprocally and axially moveable within

the penetrating instrument 120. In particular, the penetrating instrument 120 and the sensor

wire 110 are sized such that an outer diameter D2 of the sensor wire 110 is substantially

equal to or less than an inner diameter D3 of the lumen 178 of the penetrating instrument 120.



This enables reciprocating movement of the sensor wire 110 along a longitudinal axis LA

within the lumen 178 in directions designated by arrows 187 and 188. The sensor wire 110

may range in diameter D2 from 0.008 in (0.203 mm) to 0.040 in (1.016 mm). For example,

the sensor wire 110 may have any of a variety of diameters D2, including, by way of non-

limiting example, 0.010 in (0.254 mm), 0.014 in (0.356 mm), and 0.035 in (0.889 mm). The

penetrating instrument 120 may range in inner diameter D3 from 10 to 30 gauge. The

penetrating instrument 120 may have any of a variety of inner diameters D3, including, by

way of non-limiting example, 0.010 in (0.254 mm). With reference to Fig. 2, the sensor wire

110 may range in length L from 50 mm to 500 mm. For example, the sensor wire 110 may

have any of a variety of lengths, including, by way of non-limiting example, 25 cm.

In one aspect, the connection assembly is significantly smaller in diameter in relation to

the overall length. For example, in the illustrated embodiment, the length of the sensor wire

110 is greater than 100 times longer than the diameter of the communication connection

assembly 113. In one example, it has about a 250:1 length to diameter ratio. The overall

ratio of length to diameter is less than 1000:1 in the illustrated examples.

In another aspect, the length of the overall sensor wire 110 is less than 10 times longer

than the length of the communication connection assembly 113. For example, the sensor

wire 110 can have a length of approximately 25 cm while the connection assembly 113 has a

length L3 of approximately 3 cm.

Referring to Fig. 2, the connector 170 is illustrated attached to a sensing wire 110. The

connector 170 has a length L2. In one embodiment, L2 is about 5-15 cm in length. In still a

further embodiment, L2 is 8-10 cm in length. The connector can range in lengths and

orientation.

In some instances, the sensor wire 110 may be entirely removed in the proximal

direction from the penetrating instrument 120. In other instances, the penetrating instrument

120 may be entirely removed in the proximal direction from around the sensor wire 110. For

example, in some embodiments, the connector 170 may be disconnected from the sensor wire

110 to allow the removal of the penetrating instrument 120 in the proximal direction. When



the user pierces the skin of a patient and advances the penetrating instrument 120 in order to

reach the target vessel, the penetrating instrument 120 will pass through various neighboring

tissues and fluids that may enter the lumen 178. In some embodiments, the outer diameter

D2 of the sensor wire 110 closely approximates the inner diameter D3 of the lumen 178 of

the penetrating instrument 120, such that the sensor wire 110 can block undesired aspiration

of bodily fluids and/or other substances into the lumen 178 of the penetrating instrument 120

during a procedure. In instances where the outer diameter D2 of the sensor wire 110 is less

than the inner diameter D3 of the lumen 178 of the penetrating instrument 120, other means

for blocking such undesired aspiration may be used. For example, in some embodiments, the

penetrating instrument includes a seal, such as, by way of non-limiting example, an O-ring, at

the distal tip 180 to prevent or minimize the entry of such tissues and fluids into the lumen

178 as the penetrating instrument is advanced to the target vessel. In some embodiments, the

penetrating instrument includes a conventional "bleed-back" chamber or valve. In some

embodiments, the penetrating instrument is coupled to a Tuohy-Borst adapter to prevent

backflow of fluid during insertion into a patient.

In the pictured embodiment, the penetrating instrument 120 includes a retaining feature

189 within the lumen 178 that prevents the sensor wire 110 from advancing a certain distance

past the distal tip 180 and may selectively lock the sensor wire into position within the

penetrating instrument. In some instances, the retaining feature 189 extends

circumferentially around the inner lumen 178. The retaining feature 189 may comprise any

of a variety of retaining mechanisms, including, by way of non-limiting example, a flexible

O-ring, a mechanical coupling, and or an adhesive such as "soft glue." In some instances, the

retaining feature 189 serves to center and/or align the sensor wire 110 with the distal tip 180

of the penetrating instrument 120. Other embodiments may have any number of retaining

features. Some embodiments lack a retaining feature.

The Doppler ultrasound system 125 is configured for receiving, processing, and

analyzing Doppler ultrasound data in accordance with one embodiment of the present

disclosure. The Doppler ultrasound system 125 includes the processor 130, which is coupled

to the ultrasound pulse generator 135 and the indicating apparatus 140. The Doppler

ultrasound system 125 is coupled to the sensor wire 110, which carries the sensor 150. In the



pictured embodiment, the sensor 150 comprises a Doppler ultrasound transducer. In some

embodiments, the sensor 150 may comprise an array of transducers.

The processor 130 may include one or more programmable processor units running

programmable code instructions for implementing the methods described herein, among other

functions. The processor 130 may be integrated within a computer and/or other types of

processor-based devices suitable for a variety of medical applications. The processor 130 can

receive input data from the sensor wire 110 and/or the ultrasound pulse generator 135 directly

via wireless mechanisms or from wired connections such as the supply cable 175. The

processor 130 may use such input data to generate control signals to control or direct the

operation of the sensor wire 110. In some embodiments, the user can program or direct the

operation of the sensor wire 110 and/or the ultrasound pulse generator 135 from the user

input 138. In some embodiments, the processor 130 is in direct wireless communication with

the sensor wire 110, the ultrasound pulse generator 135, and/or the user input 138, and can

receive data from and send commands to the sensor wire 110, the ultrasound pulse generator

135, and/or the user input 138.

In various embodiments, processor 130 is a targeted device controller that may be

connected to a power source (not shown), accessory devices (such as, by way of non-limiting

example, the indicating apparatus 140), and/or a memory (not shown). In such a case, the

processor 130 is in communication with and performs specific control functions targeted to a

specific device or component of the system 100, such as the sensor wire 110 and/or the

ultrasound pulse generator 135, without utilizing input from the user input 138. For example,

the processor 130 may direct or program the sensor wire 110 and/or the ultrasound pulse

generator 135 to function for a specified period of time, at a particular frequency, and/or at a

particular angle of incidence without specific user input. In some embodiments, the

processor 130 is programmable so that it can function to simultaneously control and

communicate with more than one component of the system 100. In other embodiments, the

system 100 includes more than one processor and each processor is a special purpose

controller configured to control individual components of the system.



The processor 130 is configured to acquire Doppler ultrasound data from a blood vessel

through the sensor wire 110, and can analyze the data to determine the presence or absence

and direction of fluid flow (e.g., blood flow) in front of the penetrating instrument 120.

Doppler ultrasound measures the movement of objects through the emitted beam as a phase

change in the received signal. When ultrasound waves are reflected from a moving structure

(e.g., a red blood cell within a vessel), the wavelength and the frequency of the returning

waves are shifted. If the moving structure is moving toward the transducer, the frequency

increases. If the moving structure is moving away from the transducer, the frequency

decreases. In some embodiments, the processor 130 employs the Doppler Equation ∆ =

(2foVCos 6)/C, where ∆ is the frequency shift, fo is the frequency of the transmitted wave, V

is the velocity of the reflecting object (e.g., a red blood cell), Θ is the angle between the

incident wave and the direction of the movement of the reflecting object (i.e., the angle of

incidence), and C is the velocity of sound in the medium. The frequency shift is maximal if

the sensor 150 is oriented parallel to the direction of the blood flow and the Θ is zero degrees

(cos 0 = 1). The frequency shift is absent if the sensor 150 is oriented perpendicular to the

direction of the blood flow and the Θ is 90 degrees (cos 90 = 0). Higher Doppler frequency

shifts are obtained the velocity is increased, the incident wave is more aligned to the direction

of blood flow, and/or if a higher frequency is emitted.

In the pictured embodiment, the processor 130 is connected to the ultrasound pulse

generator 135, and may control the ultrasound pulse generator. The ultrasound pulse

generator 135 may comprise an ultrasound excitation or waveform generator that provides

control signals (e.g., in the form of electric pulses) to the sensor wire 110 to control the

ultrasound wave output from the sensor 150. In some instances, the ultrasound pulse

generator 135 directs continuous wave ultrasound from the sensor 150, instead of pulsed

wave ultrasound. In some instances, the ultrasound generator is part of the processor 130. In

other instances, the ultrasound generator is integrated in the sensor wire 110.

In the pictured embodiment, the processor 130 is connected to the indicating apparatus

140, which is configured to convey information, including for example Doppler shift

information gathered from the sensor wire 110, to the user. In some instances, the processor

130 creates an appropriate indication to display via the indicating apparatus 140. In some



instances, the indicating apparatus 140 may be an oscillator or an auditory device configured

to convey information to the user via auditory methods, such as meaningful tonality to

convey different Doppler shift information. In other instances, the indicating apparatus 140

may convey different Doppler shift information via tactile sensations, including by way of

non-limiting example, vibration. In other instances, as shown in Fig. 3, the indicating

apparatus 140 may comprise a visual display configured to graphically or visually display the

measured Doppler shifts to the user, and the average Doppler shift associated with different

angles and/or positions of emitted energy may be displayed visually.

In Fig. 3, the indicating apparatus displays various sonograms associated with the

different Doppler shifts observed as the sensor wire 110 is moved across the skin S, thereby

emitting ultrasound waves at different angles of incidence Θrelative to the blood flow within

the vessel V. At the angle of incidence ΘΑ , a higher-frequency Doppler signal is shown on

the indicating apparatus 140a because the emitted beam is aligned more with the direction of

flow within the vessel V. At the angle of incidence ΘΒ , a slightly lower-frequency Doppler

signal is shown on the indicating apparatus 140b because the emitted beam is less aligned

with the direction of flow within the vessel V. At the angle of incidence 9C, a relatively poor

Doppler signal is shown on the indicating apparatus 140c because the emitted ultrasound

waves interact with the blood at almost 90 degrees. At the angle of incidence Θ , a negative

Doppler signal is shown on the indicating apparatus 140d because the blood is travelling

away from the emitted ultrasound waves. In other embodiments, the Doppler shift

information is displayed as color information superimposed on a background gray scale B

mode ultrasound image. In some embodiments, a positive Doppler shift is assigned one color

and a negative Doppler shift is assigned another color. In some embodiments, the magnitude

of the Doppler shift is represented by the different gradients of brightness of the assigned

color.

With reference to Fig. 4, as mentioned above, the sensor wire 110 comprises the

elongate tube 145, and the sensor assembly 148 including a pressure sensor 150 and an

ultrasound transducer 210. In the pictured embodiment, the elongate tube 145 is shaped as

rigid, hollow cylinder having a lumen 190 with a circular cross-sectional shape. With the

rigid elongate tube, the sensor assembly 148, including the ultrasound sensor 210, are



maintained in substantial alignment with the communication connection assembly 113 during

use. The strength of the rigid elongate tube is sufficient to hold the weight of the female

connector 170 along with the associated cable without substantially yielding from the

longitudinal axis. However, in alternative embodiments, the elongate tube may be semi-rigid

and partially flexible and allow the connection assembly 113 to be longitudinally offset from

the sensor assembly 148. In various embodiments, the elongate tube can have any of a

variety of cross-sectional shapes, including, for example, rectangular, square, or ovoid. The

lumen 190 is shaped and sized to receive the core wire 155 and various electrical conductors

192 extending from the sensor assembly 148. The illustrated embodiment includes

conductors extending to the pressure sensor 150 and conductors extending from the

ultrasound transducer to the ultrasound energy supply (e.g., the supply cable 175 and the

ultrasound pulse generator 135 (shown in Fig. 1)). Also depicted in the pictured embodiment

are conductive bands 193 positioned at the proximal portion 160 of the sensor wire 110

forming a communication connection assembly 113. Various embodiments may include any

number and arrangement of electrical conductors and conductive bands. Other embodiments

may lack the electrical conductors 192 and/or the conductive bands 193.

As illustrated in Fig. 4, the connection assembly 113 has a substantially uniform

diameter with each conductive band axially spaced coaxially along the longitudinal axis with

matching outer diameters. The outer diameter of the connection assembly 113 substantially

matches the outer diameter of the elongated tube 145 and sensor assembly 148. Thus, the

sensor wire has a uniform outer diameter along its entire length. In addition to the

alternatives set forth above, the outer diameter may be 0.0014 or 0.0018 inches in two

alternative embodiments.

The elongate tube 145 may be composed of any of a variety of suitable biocompatible

materials that are able to provide the desired amount of strength, rigidity, and corrosion

resistance, including, by way of non-limiting example, Nitinol, stainless steel, titanium,

nickel titanium alloys, cobalt alloys, combinations of tungsten/gold with stainless steel or

cobalt alloys, alloys thereof, and polymers such as polyimide, polyetheretherketone (PEEK),

polyamide, polyetherblockamide, polyethylene, polytetrafluoroethylene (PTFE), fluorinated

ethylene propylene (FEP), and polyurethane. In some instances, the elongate tube 145



possesses sufficient column strength and resilience to support the weight of the connector 170

(shown in Figs. 1 and 2) without causing damage to or deformation of the sensor wire 110.

In the pictured embodiment, the elongate tube 145 possesses a substantially constant degree

of stiffness along its length. In some instances, the sensor wire 110 has varying stiffness and

flexibility along its length due to changes in material composition, thickness, and cross-

sectional shape of the elongate tube 145.

An outer wall 200 of the elongate tube 145 may range in thickness from 1 mm to 40

mm. For example, the outer wall 200 may have any of a variety of thicknesses, including, by

way of non-limiting example, 0.002 inches (0.051 mm). In some embodiments, the outer

wall 200 may be treated or coated with a material to give the sensor wire 110 a smooth outer

surface with low friction. In some embodiments, the sensor wire 110 is coated with a

material along its length to ease insertion through the lumen 178 of the penetrating instrument

120. For example, the entire length of sensor wire 110 or a portion of its length may be

coated with a material that has lubricating or smoothing properties. Exemplary coatings can

be hydrophobic or hydrophilic. Typical coatings may be formed from, by way of non-

limiting example, polytetraflouroethylene (PTFE) or Teflon™, a silicone fluid, or urethane-

based polymers. Additionally or alternatively, other biocompatible coatings that provide the

above mentioned properties could be used.

With reference to Figs. 4 and 5, the distal tip including the ultrasound transducer 210 is

shaped and configured as a blunt, atraumatic tip. In the pictured embodiment, the distal tip

210 is shaped as a rounded, hemispherical dome. In other embodiments, the distal tip may

have any of a variety of atraumatic shapes, provided that the distal tip is configured to not

penetrate the skin in the absence of undue pressure. In some embodiments, the distal tip 210

may be sufficiently flexible to eliminate the need for the curve of the tip to be atraumatic. In

some embodiments where penetration of the skin by the sensor wire 110 is desired, the distal

tip can be sharp and/or have angular edges.

The sensor 210 is shaped and configured to convey ultrasound energy along the

longitudinal axis of the device through the distal tip. In particular, the sensor may be an

ultrasound transducer configured to emit ultrasound waves and receive reflected ultrasound



waves. In other embodiments, the sensor may comprise a separate ultrasound transmitter and

receiver, wherein the transmitter and receiver may be communicatively coupled to each other

via either a wired or wireless link. In the pictured embodiment, the sensor is shown as a

single transducer. In alternative embodiments, the sensor may be any number of transducers,

shaped in any of a variety of shapes and arranged in any of a variety of arrangements. In

some embodiments, the sensor (and/or the sensor wire 110) includes additional amplifiers to

achieve the desired sensitivity to the nature of the target fluid flow (e.g., blood flow and/or

heart rate). It should also be appreciated that the sensor depicted herein is not limited to any

particular type of sensor, and includes all Doppler sensors and/or ultrasonic transducers

known to those skilled in the art. For example, a sensor wire having a single transducer

adapted for rotation or oscillation, as well as a sensor wire having an array of transducers

circumferentially positioned around the sensor wire are both within the spirit and scope of the

present invention. In addition, the Doppler sensor may include an optical sensor.

In the illustrated embodiment, the sensing wire includes a pressure sensor 150. The

pressure sensor can be used to sense the pressure of blood within the blood vessel once the

introducer is inserted. In the blood is not above a pre-determined pressure level, it may be an

indicator that the introducer missed the vessel or entered a smaller vessel having too small of

a diameter to receive the introducer.

Fig. 5 illustrates the sensor wire 110 shown in Fig. 4 rotated at a different angle about

the longitudinal axis LA. In Fig. 5, the sensor wire 110 is shown partially surrounded or

encased by a sheath 300. In some embodiments, the sensor wire 110 can be disposable in

order to prevent the transfer of contagious diseases among different patients. In other

embodiments, however, the sensor wire 110 may be reusable for performing medical

procedures on different patients. If used with the sheath 300, for example, the sensor wire

110 can be reused on different patients because the probability of transferring a virus or

bacterium among patients is reduced through the use of a disposable barrier such as the

sheath 300. In other instances, the sensor wire 110 may be reused for procedures on different

patients if it is sterilized between procedures.



In the pictured embodiment, the elongated, flexible, protective sheath 300 extends from

a proximal end 305 to a distal end 310. The proximal end 305 is open and relatively larger in

diameter than the closed distal end 310. In the pictured embodiment, the sheath 300 is

transparent, and, in particular, transparent to ultrasound energy. The sheath 300 is designed

to encase the sensor housing 202 and at least a portion of the elongate tube 145. In the

pictured embodiment, the inner diameter D4 of the sheath 300 is slightly larger than the outer

diameter D2 of the sensor wire 110 (shown in Fig. 1). An outer diameter D5 of the sheath

300 is slightly smaller than the inner luminal diameter D3 of the penetrating instrument 120

(shown in Fig. 1). Thus, the sensor wire 110, even when encased within the sheath 300, can

move back and forth along the longitudinal axis LA within the lumen 198 of the penetrating

instrument 120 (shown in Fig. 1).

Fig. 6 illustrates the sensor wire 110 disposed within the penetrating instrument 120

(e.g., prior to penetration of the skin S). In the pictured embodiment, the penetrating

instrument 120 comprises a hollow bore needle. After threading the sensor wire 110 through

the lumen 178 of the penetrating instrument 120, the user can advance the sensor wire 110

through the distal tip 180 of the penetrating instrument to position the sensor wire 110 against

the skin S of a patient in the vicinity of a target vessel V. As mentioned above, the distal end

210 of the sensor wire 110 is shaped and configured to emerge from the distal tip 180 of the

penetrating instrument 120 to contact the skin S. Once the sensor wire 110 is resting against

the skin S, the user can activate the Doppler ultrasound system 125 to transmit ultrasound

waves 127 from the sensor 150 through the skin S towards the vessel V. In some

embodiments, the user may apply a liquid or gel material to the skin S to enhance the

transmission and receipt of the ultrasound waves. The reflected signals obtained by the

sensor 150 are communicated to the processor 130, which conveys the reflected data to the

indicating apparatus 140 (shown in Fig. 1). If a Doppler shift is detected, the indicating

apparatus 140 can convey the characteristics of the Doppler shift via an audible sound, a

tactile sensation (e.g., a vibration), or a visual display. If the penetrating instrument is not

directed toward the vessel V, the reflected Doppler signal will be weak or nonexistent. In

Fig. 6, the reflected data shown on the indicating apparatus will reveal that the penetrating

instrument is not located at an optimal angle and position to penetrate the vessel V. In some

embodiments, the indicating apparatus 140 can indicate the direction of movement in which a



user should move the penetrating instrument 120 to optimize the signal and locate the vessel

V.

Fig. 7 illustrates a side view of the sensor wire 110 disposed within the penetrating

instrument 120 and positioned against the skin S at a more optimal angle to penetrate the

vessel V. As the user moves the penetrating instrument 120 and sensor wire 110 over the

skin S and takes Doppler measurements, the indicating apparatus will continue to indicate the

detected degree of Doppler shift. As the penetrating instrument 120 is directed toward the

vessel V, and in particular toward the direction of flow within the vessel V, the reflected

Doppler signals will increase in intensity. For example, when the user has moved the sensor

wire 110 to the position shown in Fig. 7, the indicating apparatus 140 will reveal a Doppler

shift indicating that the penetrating instrument 120 is located at an optimal angle and position

to penetrate the vessel V.

Fig. 8 illustrates a partially cross-sectional side view of the penetrating instrument 120

advancing into the vessel V while the sensor wire 110 remains outside the skin S according to

one embodiment of the present disclosure. Once the indicating apparatus 140 shows the user

that the penetrating instrument 120 is optimally positioned to penetrate the vessel V, the user

can advance the penetrating instrument 120 through the skin S and into the vessel V. Actual

penetration of the vessel V may be indicated by back flow of the blood into the penetrating

instrument 120 and/or a bleedback chamber or valve. In the pictured embodiment, the sensor

wire 110 remains at the skin surface as the penetrating instrument 120 is advanced into the

vessel V. In some embodiments, the user may manually prevent the sensor wire 110 from

advancing with the penetrating instrument 120 by holding the sensor wire 110 in place

proximal to the penetrating instrument 120 (e.g., by the connector 170 shown in Figs. 1 and

2). In other embodiments, the sensor wire 110 may be temporarily restrained within the

penetrating instrument by the connector 170 or by the retaining feature 189 within the lumen

178 of the penetrating instrument 120 (shown in Fig. 1). In some embodiments, the sensor

wire 110 may be retracted and/or removed from the penetrating instrument 120 as the

penetrating instrument is advanced into the vessel V.



Fig. 9 is a schematic representation of a side view of the sensor wire 110 encased in the

sheath 300 and disposed within the penetrating instrument 120, wherein both the sensor wire

and the penetrating instrument are advanced into the vessel V according to one embodiment

of the present disclosure. In this instance, the sensor wire 110 is inserted into the sheath 300

before being inserted into the penetrating instrument 120. The user can advance the sensor

wire 110 and sheath 300 along with the penetrating instrument 120 into the vessel V without

contaminating the sensor wire 110 (i.e., because the sheath 300 shields the sensor wire 110

from any tissue and fluid encountered within the patient). Actual penetration of the vessel V

may be indicated by back flow of the blood into the penetrating instrument 120 and/or a

bleedback chamber or valve. In some instances, actual penetration of the vessel V may be

indicated by a stepped increase in the intensity of the reflected Doppler signal once the sensor

wire 110 is within the vessel V. In such embodiments, if the sensor wire 110 is advanced into

the vessel V, then the user can confirm the positioning of the penetrating instrument 120

within the vessel V before withdrawing the sensor wire 110 and sheath 300 from the patient.

Fig. 10 illustrates a cross-sectional side view of the sensor wire 110 disposed within the

penetrating instrument 120 and a delivery instrument 400, wherein the sensor wire 110 is

positioned against the skin S of a patient according to one embodiment of the present

disclosure. In the pictured embodiment, the penetrating instrument 120 comprises a hollow

bore needle, and the delivery instrument 400 comprises a protective sheath surrounding the

needle. The delivery instrument 400 extends from a tapered distal portion 405 to a slightly

flared proximal portion 410. In some embodiments, a distal tip 412 of the delivery

instrument is sufficiently sharp to penetrate the skin S and the vessel V. In such

embodiments, the delivery instrument 400 may function as the penetrating instrument 120,

and the user may forego the use of a separate penetrating instrument. Instead, the user may

thread the sensor wire 110 directly into a lumen 415 of the delivery instrument 400. In other

embodiments, the distal tip 412 is blunt and atraumatic. The lumen 415 is sized and shaped

to receive the penetrating instrument 120.

In the pictured embodiment, the user can pass the penetrating instrument 120 into the

lumen 415 of the delivery instrument 400 before introducing the sensor wire 110 into the

lumen 178 of the penetrating instrument 120. After threading the sensor wire 110 through the



lumen 178 of the penetrating instrument 120, the user can advance the sensor wire 110

through the distal tip 180 of the penetrating instrument (and the distal portion 405 of the

delivery instrument 400) to position the sensor wire 110 against the skin S of a patient in the

vicinity of a target vessel V. As mentioned above, the distal end 210 of the sensor wire 110

is shaped and configured to emerge from the sharp distal tip 180 of the penetrating instrument

120 to contact the skin S.

Once the sensor wire 110 is resting against the skin S, the user can activate the Doppler

ultrasound system 125 to transmit ultrasound waves from the sensor 150 through the skin S

towards the vessel V. In some embodiments, the user may apply a liquid or gel material 420

to the skin S to enhance the transmission and receipt of the ultrasound waves. The reflected

signals obtained by the sensor 150 are communicated to the processor 130, which conveys

the reflected data to the indicating apparatus 140 (shown in Fig. 1). If a Doppler shift is

detected, as described above in relation to Fig. 6, the indicating apparatus 140 can convey the

characteristics of the Doppler shift via an audible sound, a tactile sensation (e.g., a vibration),

or a visual display.

Fig. 11 illustrates a cross-sectional side view of the delivery instrument 400 positioned

within the vessel V while the penetrating instrument 120 and the sensor wire 110 are being

withdrawn according to one embodiment of the present disclosure. Once the indicating

apparatus 140 shows the user that the penetrating instrument 120 (and/or the delivery

instrument 400) is optimally positioned to penetrate the vessel V, the user can advance the

penetrating instrument 120 and the delivery instrument 400 through the skin S and into the

vessel V. After withdrawal of the penetrating instrument 120 and the sensor wire 110, the

delivery instrument 400 may be left within the vessel V to enable the introduction of other

medical devices into the vessel V, such as the elongated sensing wire 1200 shown in Fig. 2.

Fig. 12 illustrates an intravascular sensing wire 1200 connected to the connector

assembly 170 of the sensing system. The sensing wire includes a distal sensor 1202 that can

include one or more sensors such as pressure, flow, temperature or imaging. The

communication connection assembly 1260 on the proximal portion is configured to

substantially match the outer diameter and length of the connection assembly 160 of the



shorter access sensing wire. In one embodiment the two connection assemblies are identical

in the number of electrical connectors, the diameter of the connectors and their axial spacing

along the axis. In this form, both sensing wires may be sequentially received within the

female lumen 176 of the connector 170. It is contemplated, that either of the sensor wires

may include a different number of conductive bands, however, the spacing between bands

must match the spacing of electrical contacts within the connector lumen 176. The sensing

wire 1200 is a very flexible wire suitable for passing through a tortuous vascular route and

can typically have a length from 75-200 cm. In most embodiments, the sensing wire length

will be at least 10 times the length L2 of the connector 170.

After the delivery instrument 400 has been positioned within the vessel V and access

sensing wire removed, the distal end of the elongated sensing wire 1200 can be passed

through the delivery instrument into the vessel. The elongated sensing wire can then be

advanced from the initial vessel segment into other vessel segments of the vasculature of the

patient. The proximal connection assembly 1260 can then be inserted into the lumen 176 of

the connector 170 and the distal barrel rotated to lock the connection assembly in place. The

sensing system can be utilized in a conventional fashion with the processing system receiving

signals, analyzing the signals and providing an output to the user based on the sensed signals.

Depending on the type of sensor 1202, the intravascular sensor can detect pressure, flow,

temperature, or image a vessel segment spaced up to the length of the sensing wire away

from the delivery instrument.

The cannulation system 100, which integrates the penetrating instrument 120 with the

sensor wire 110 and the Doppler system 125, offers the user a faster and more accurate

approach to vessel cannulation by allowing the user to accurately identify the optimal

position and angle of penetration before puncturing the skin to access the target vessel. The

system 100 not only enables the user to accurately penetrate the vessel without causing

unnecessary damage to neighboring anatomic structures, but also enables the user to confirm

the exact location of the penetrating instrument (and/or delivery instrument) within the

vessel. Healthcare professionals will be able to access vessels much faster and more

accurately using the system 100. The system can be particularly useful in patients having

smaller or collapsed vessels (e.g., diabetic, elderly, pediatric, or obese patients).



Persons of ordinary skill in the art will appreciate that the embodiments encompassed

by the present disclosure are not limited to the particular exemplary embodiments described

above. In that regard, although illustrative embodiments have been shown and described, a

wide range of modification, change, and substitution is contemplated in the foregoing

disclosure. It is understood that such variations may be made to the foregoing without

departing from the scope of the present disclosure. Accordingly, it is appropriate that the

appended claims be construed broadly and in a manner consistent with the present disclosure.



CLAIMS

We claim:

1. A device for locating a blood vessel in a patient, comprising:

a hollow, elongate rigid tube including a lumen extending from a proximal portion to

a distal portion, the tube having a longitudinal axis;

an ultrasonic sensor coupled to the distal portion, the sensor configured to transmit

and receive ultrasound waves distally along the longitudinal axis to detect Doppler shift; and

at least one communication line extending from the sensor to a communication

connection assembly positioned adjacent the proximal portion, wherein the rigid tube

maintains the ultrasonic sensor and communication connection assembly in substantial

alignment with the longitudinal axis during use.

2. The device of claim 1, wherein the elongate tube is a rigid cylinder with a circular

cross-sectional shape.

3. The device of claim 1, further including electrical conductors in communication with

the sensor extending through a lumen of the elongate tube.

4. The device of claim 1, wherein the communication connection assembly includes a

plurality of conductive bands on the proximal portion of the elongate tube.

5. The device of claim 1, wherein the elongate tube has a substantially constant degree

of stiffness from the proximal portion to the distal portion.

6. The device of claim 1, wherein the elongate tube and communication connection

assembly have a substantially uniform diameter.

7. The device of claim 1, further including a sensor housing shaped and configured to

enclose the sensor, wherein the sensor housing is coupled to the distal portion of the elongate

tube.



8. The device of claim 7, wherein the sensor housing includes a blunt, rounded distal tip.

9. The device of claim 8, wherein the sensor is coupled to a core wire adjacent to the

distal tip.

10. The device of claim 7, wherein the sensor housing includes an ultrasonically-

transparent aperture through which the sensor can transmit and receive ultrasound waves.

11. The device of claim 7, wherein the sensor housing comprises a steerable tip.

12. The device of claim 7, wherein the sensor housing includes a sharp distal tip.

13. The device of claim 1, wherein the sensor comprises at least one ultrasonic

transducer.

14. The device of claim 1, wherein the core wire is electrically conductive.

15. The device of claim 7, further including a flexible sheath shaped and configured to

surround the sensor housing and at least the distal portion of the elongate tube, the sheath

having a closed distal end and an open proximal end.

16. The device of claim 15, wherein the flexible sheath tapers from the proximal end to

the distal end.

17. The device of claim 15, wherein the flexible sheath is transparent to ultrasound

energy.



18. A system for blood vessel access and sensing in a patient, comprising:

a first access sensor wire having a hollow, elongate tube with a first length and first

outer diameter, and a sensor disposed adjacent a distal portion of the tube configured to

transmit and receive waves to detect Doppler shift;

a hollow penetrating instrument including a lumen defining a first inner diameter

extending to a sharp distal end, the second lumen sized and shaped to receive the sensor wire;

and

a second sensor wire having a second length and a second outer diameter, wherein the

second length is greater than two times the first length and the second outer diameter is

substantially equal to the first diameter and configured for passing through the lumen of the

hollow penetrating instrument.

19. The system of claim 18, wherein the elongate tube is coated with a lubricating

material.

20. The system of claim 18, wherein the access sensor wire further includes a sensor

housing shaped and configured to enclose the sensor, the sensor housing coupled to the distal

portion of the elongate tube.

21. The system of claim 20, wherein the sensor housing includes a blunt, rounded distal

tip.

22. The system of claim 18, wherein the access sensor wire includes a communication

connection assembly coupled to the electrical conductors, the communication connection

assembly having a third outer diameter, substantially matching the first outer diameter.

23. The system of claim 18, wherein the second sensor wire is very flexible in

comparison to a rigid cylinder forming the access senor wire.

24. The system of claim 23, wherein the first length is approximately 25 cm and the

second length is approximately 150 cm.



25. The system of claim 18, further including a flexible sheath shaped and configured to

surround the access sensor wire, the sheath having a closed distal end and an open proximal

end.

26. The system of claim 25, wherein the flexible sheath is sized and shaped to enable

reciprocating motion of the sheath and access sensor wire within the lumen of the penetrating

instrument in a longitudinal direction.

27. The system of claim 25, wherein the flexible sheath is transparent to ultrasound

energy.

28. The system of claim 18, wherein the penetrating instrument includes a retaining

feature within the second lumen configured to prevent the access sensor wire from advancing

a first distance past the sharp distal end of the penetrating instrument.

29. A method of accessing a vessel in a patient and sensing a parameter of a patient from

within a connected vessel, the method comprising:

connecting a sensor wire communication connection assembly to a female connector

interconnected with a signal processing system;

inserting the sensor wire into a lumen of a penetrating instrument, wherein the sensor

wire includes a Doppler ultrasound transducer at a distal portion of the sensor wire, and

wherein the penetrating instrument includes a sharp distal tip;

positioning the distal portion of the sensor wire adjacent the sharp distal tip of the

penetrating instrument;

positioning the distal portion of the sensor wire adjacent a skin surface of the patient;

emitting ultrasound waves from the sensor toward tissue underneath the skin surface;

receiving reflected ultrasound data from the tissue;

analyzing the Doppler shift of the reflected ultrasound data to evaluate the presence of

a vessel in the tissue and the direction of flow within the vessel;

moving the penetrating instrument and the sensor wire on the skin surface and

analyzing the reflected ultrasound data until an optimal position and angle for penetrating the

vessel is identified;



advancing the penetrating instrument into the skin surface and penetrating the vessel;

removing the access sensor wire from the penetrating instrument;

connecting an internal sensor wire communication connection assembly to the female

connector interconnected with the signal processing system; and

inserting the internal sensor wire through the penetrating instrument into a blood

vessel.

30. The method of claim 29, further including maintaining the connection assembly of the

access sensor wire in substantial alignment with a longitudinal axis of the penetrating

instrument.
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Claims 29 and 30 pertain to methods for treatment of the human body by therapy or surgery, as well as diagnostic
methods, and thus relate to a subject matter which this International Searching Authority is not required to search
under Article 17(2)(a)(i) of the PCT and Rule 39. 1(iv) of the Regulations under the PCT.

□ Claims Nos. :
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically :

3 . Claims Nos. :
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

I IAs all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

I IAs all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

I IAs only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4 . I INo required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos. :

Remark on Protest | | The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

I IThe additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I INo protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) ( y 2009)



Information on patent family members PCT/US2013/074171

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2003-0060716 Al 27/03/2003 AT 304877 T 15/10/2005
AU 2001-827501 A 12/06/2001
DE 10083782 D2 30/04/2003
DE 19958688 CI 18/10/2001
DE 50011227 Dl 02/02/2006
EP 1244491 Al 02/10/2002
EP 1244491 Bl 21/09/2005
WO 01-39824 Al 07/06/2001

US 5259385 A 09/11/1993 CA 2085912 Al 24/06/1993
CA 2085912 C 24/02/2004
EP 0548872 Al 30/06/1993
EP 0548872 Bl 25/06/1997
JP 07-184998 A 25/07/1995
JP 3732527 B2 05/01/2006

US 5427108 A 27/06/1995 EP 0617922 Al 05/10/1994
EP 0617922 Bl 17/12/1997
JP 06-319738 A 22/11/1994
WO 94-22373 Al 13/10/1994

US 5309915 A 10/05/1994 None

US 2008-0097218 Al 24/04/2008 WO 2008-024553 Al 28/02/2008

Form PCT/ISA/210 (patent family annex) ( y 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

