US 202000606

a9y United States
12) Patent Application Publication (o) Pub. No.: US 2020/0060643 A1

Misener

Al

43

43) Pub. Date: Feb. 27, 2020

(54)

(1)

(72)

1)
22)

(60)

(1)

SYSTEMS AND METHODS FOR
INFRARED-ENHANCED ULTRASOUND
VISUALIZATION

Applicant: Bard Access Systems, Inc., Salt Lake
City, UT (US)

Anthony K. Misener, Bountiful, UT
(Us)

Inventor:

Appl. No.: 16/548,607
Filed: Aug. 22, 2019

Related U.S. Application Data

Provisional application No. 62/721,358, filed on Aug.
22, 2018.

Publication Classification

Int. CL

A6IB 8/08 (2006.01)
A61B 5/00 (2006.01)
A61B 1407 (2006.01)

Patient

74B

(52) US.CL
CPC oo AGIB 8/0841 (2013.01); A61B 1/07
(2013.01); A61B 5/0035 (2013.01); A61B

50075 (2013.01)

7) ABSTRACT

A system and method for providing enhanced ultrasound
images for accessing a vasculature of a patient is disclosed.
The system includes an ultrasound imaging device including
a probe with a light detector disposed at a distal end thereof.
A medical device includes an infrared emitter disposed a
distal tip thereof. The emitter provides infrared light that
illuminates surrounding tissue. Reflected light is detected
and interpreted based on the profile of absorbance spectra
which can be used to identify different tissue structures. This
light-based information is superimposed on an ultrasound
image of the vessel to facilitate first-stick access of patient
vasculature.



Patent Application Publication  Feb. 27,2020 Sheet 1 of 8 US 2020/0060643 A1

10
i 20 50
e s
2| Console )52 Sglﬁssor
30 ’ - -
N Display Pm(ﬁ:ﬁ%}“’ ith Ports :—J 54
[ 1 v
24— ¥ Optional
32 T i Printer/
™F Digital Controller / St
u Cor?sole Button Analog Interface 56 M‘;@gje
Dipriace £ Keyboard
el Power Power !
P Probe Probe Interface Management | {Connection
Y Buttgn Piezo 110 N ] *
] an P 7y B
Memory Button and v 5 External
49 | AController Memory 1/O Internal Power Power
{ i Supply Supply
44A ) )K
44B 60 \
FlG. 1 58
Console 2
10
. /

50

Sensor

72
74

74B

FiG. 2



Patent Application Publication  Feb. 27,2020 Sheet 2 of 8 US 2020/0060643 A1

FiG. 3A

FiG. 3B



Patent Application Publication  Feb. 27,2020 Sheet 3 of 8

86

.

92
/

US 2020/0060643 A1

Sim® R Patient Name /  2006-10-19 12:21

/

...... X 0 cm

L-VA

28
£.67 ram
6]

3 Fr

-l 1.00 mtn
3.0om

4Fr
£.34 rim

§ Fr
167 mm

6fr
200 mm

7 Fr
238 mm

O

3 &r
287 mm

O

-3

75%

e

[}

t W3

£

wz@

98

F1: Enter Info [AlHci]: Sherlock I F5: Sharp \

F12: Clear Info

94

N

FI1G. 4A 96

e
£

98



Patent Application Publication  Feb. 27,2020 Sheet 4 of 8 US 2020/0060643 A1

I 23
J 210
20, ||| o
88 90 214 92
SR /
L-VA

98

75%
1: Enter Info F5: Sharp \

“““ N

96

F12: Clear Info

FiG. 4C



Patent Application Publication  Feb. 27,2020 Sheet 5 of 8 US 2020/0060643 A1

214

(
224
FIG. 5C

230 *‘\% /27}212

Skin
Sfrface

Q
n
O
Wy
N
-
82 o o
o o™~ <t
¥ <
:%3\ N o
9
— N
o
5%
w

]




Patent Application Publication

Feb. 27,2020 Sheet 6 of 8

US 2020/0060643 A1

Skin
Surface

214

<X
‘&

X0

224

ST

SREEL

KA
(RIS

V‘V

5%
%

KRS

NI

55

52

{

b

2
&

S5

FiIG. 6C

Skin
Surface

214

212

9%
0G0 C 009600
e

SLRRHKEELLRS

% 35
CHAXIH XL RS
R0 HAGRAAR
S SRR

FIG. 6B

230

FIG. 6A

222 —



US 2020/0060643 A1

L "Dl g/ "Oid VL "Old
Il

&

N

(

/
S\
N

/

Il

06C ——

cic
4 N
l/

042~ 244 V444

Feb. 27,2020 Sheet 7 of 8

%%
5

D]
XGRS

%
Y

X
%

KX
KR
KR
bete%e!

X
55
S
&5

(2
L

9%
K

Patent Application Publication

44 0ce



Patent Application Publication  Feb. 27,2020 Sheet 8 of 8 US 2020/0060643 A1

106 o | DO P T T T T et
1 | ——Oxyhemoglobin |
. N 54 S reees Deoxyhemoglobin |

Absorption

102k i j ; i i
0 300 400 500 600 700 800 900 1000
Wavelength (nm)

FIG. 8A

Absorption

10° b ; | a ; ; a
’ 300 400 500 600 700 800 900 1000
Wavelength (nm)

FIG. 8B



US 2020/0060643 A1

SYSTEMS AND METHODS FOR
INFRARED-ENHANCED ULTRASOUND
VISUALIZATION

PRIORITY

[0001] This application claims the benefit of priority to
U.S. Provisional Application No. 62/721,358, filed Aug. 22,
2018, titled, “Systems And Methods For Infrared-Enhanced
Ultrasound Visualization,” which is incorporated by refer-
ence in its entirety into this application.

BRIEF SUMMARY

[0002] Accessing the patients vasculature is a common
technique, but also one that continues to be problematic and
require the use and loss of multiple needles or catheters in
failed cannulation attempts. Ultrasound has become preva-
lent as a tool to improve first stick success through visual-
ization of vessel size, depth and location. However, visual-
izing the needle crossing into the vessel and staying in the
vessel can still be difficult under ultrasound guidance.
[0003] Briefly summarized, a system and method for
providing enhanced ultrasound images for accessing a vas-
culature of a patient is disclosed. The system includes an
ultrasound imaging device including a probe with a light
detector disposed at a distal end thereof. A medical device
includes an infrared emitter disposed a distal tip thereof. The
emitter provides light in the wavelength ranges of infrared,
or near-infrared, which is capable of penetrating biological
tissue to a greater extent than other wavelengths. Further,
different tissue components, such as oxyhemoglobin, deoxy-
hemoglobin, water, melanin, fat, etc., absorb certain wave-
lengths of infrared light more readily than others, providing
differing spectra of absorption coefficients. Accordingly,
detecting and interpreting these absorption coeflicients can
provide information regarding the tissue type and therefore
location of the emitter. This light-based information can be
superimposed on an ultrasound image of the vessel to
facilitate first-stick access of patient vasculature.

[0004] Disclosed herein is an imaging system for guiding
a medical device within a body of a patient, comprising, an
ultrasound probe for producing and receiving ultrasound
signals, an emitter configured for emitting an infrared light,
the emitter coupled to a distal tip of the medical device, a
detector configured to detect the infrared light emitted from
the emitter, and a display configured to provide an enhanced
ultrasound image including ultrasound information from the
ultrasound probe and light-based information from the
detector.

[0005] In some embodiments, the emitter is configured to
emit light within a range of wavelengths between 780 nm
and 3000 nm. The emitter further includes a light source
capable of producing an infrared light. The system further
includes a light source, capable of producing an infrared
light and positioned distally of the emitter, and a fiber optic
cable extending from the light source to the emitter that
communicates light therebetween. The detector is included
with a distal end of the probe. The light-based information
from the detector includes an image of an illuminated
portion of the patient. The light-based information from the
detector includes detecting and interpreting the absorption
spectra of reflected light to determine a type of tissue
structure that the emitter is illuminating. The detector deter-
mines a reflected light from the emitter is red-shifted and
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indicates that a vessel being accessed is arterial. The detector
determines a reflected light from the emitter is blue-shifted
and indicates that a vessel being accessed is venous. The
emitter is included with a distal end of a stylet, disposed
within a lumen of the medical device. The medical device
includes one of a needle and a catheter.

[0006] Also disclosed herein is a method of accessing a
vasculature of a patient, the method comprising, providing
an ultrasound probe including a light detector disposed at a
distal end thereof and a medical device for accessing the
vasculature of the patient, placing an ultrasound probe
adjacent a skin surface of the patient, the ultrasound probe
including a light detector to detect a vessel, inserting a
medical device through the skin surface of the patient, the
medical device including an emitter at a distal tip thereof,
illuminating subcutaneous tissue above the vessel with infra-
red light of the emitter to indicate a location of the vessel,
advancing the tip of the medical device into the vessel and
illuminating an inner portion of the vessel to indicate the
distal tip of the medical device being in the vessel, and
providing an enhanced ultrasound image, including light-
based images, to indicate to a user a position of the tip of the
medical device relative to the vessel.

[0007] In some embodiments, the method further includes
advancing the distal tip through a far side of the vessel to
illuminate a subcutaneous tissue below the vessel. The
emitter provides light within a wavelength range of between
780 nm and 3000 nm. The light detector determines a
reflected light from the emitter is red-shifted and provides an
enhanced ultrasound image indicating the vessel is arterial.
The light detector determines a reflected light from the
emitter is blue-shifted and provides an enhanced ultrasound
image indicating the vessel is venous. The emitter is
included with distal tip of a stylet, disposed within a lumen
of the medical device. The medical device includes one of a
needle and a catheter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] A more particular description of the present dis-
closure will be rendered by reference to specific embodi-
ments thereof that are illustrated in the appended drawings.
It is appreciated that these drawings depict only typical
embodiments of the invention and are therefore not to be
considered limiting of its scope. Example embodiments of
the invention will be described and explained with addi-
tional specificity and detail through the use of the accom-
panying drawings in which:

[0009] FIG. 1 is a block diagram depicting various ele-
ments of an integrated system for intravascular placement of
a catheter, according to embodiments disclosed herein;
[0010] FIG. 2 is a simplified view of a patient, and a
catheter being inserted therein, with assistance of the inte-
grated system of FIG. 1;

[0011] FIGS. 3A and 3B are views of a probe of the
integrated system of FIG. 1;

[0012] FIG. 4A is a screenshot of an ultrasound image as
depicted on a display of the integrated system of FIG. 1;
[0013] FIG. 4B is a screenshot of a multimodal image as
depicted on a display of the integrated system of FIG. 1;
[0014] FIG. 4C is a screenshot of an enhanced ultrasound

image as depicted on a display of the integrated system of
FIG. 1;
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[0015] FIGS. 5A-5C show various front-end views of
enhanced ultrasound images produced by the integrated
system of FIG. 1 according to embodiments disclosed
herein.

[0016] FIGS. 6A-6C show various side profile views of
enhanced ultrasound images produced by the integrated
system of FIG. 1 according to embodiments disclosed
herein.

[0017] FIGS. 7A-7C show various plan views of enhanced
ultrasound images produced by the integrated system of
FIG. 1 according to embodiments disclosed herein.

[0018] FIGS. 8A-8B show exemplary absorption spectra
for different tissue components, according to embodiments
disclosed herein.

DETAILED DESCRIPTION OF SELECTED
EMBODIMENTS

[0019] Reference will now be made to figures wherein like
structures will be provided with like reference designations.
It is understood that the drawings are diagrammatic and
schematic representations of exemplary embodiments of the
present invention, and are neither limiting nor necessarily
drawn to scale.

[0020] For clarity it is to be understood that the word
“proximal” refers to a direction relatively closer to a clini-
cian using the device to be described herein, while the word
“distal” refers to a direction relatively further from the
clinician. For example, the end of a catheter placed within
the body of a patient is considered a distal end of the
catheter, while the catheter end remaining outside the body
is a proximal end of the catheter. Also, the words “includ-
ing,” “has,” and “having,” as used herein, including the
claims, shall have the same meaning as the word “compris-
ing.”

[0021] Embodiments of the present invention are gener-
ally directed to systems and methods for providing enhanced
ultrasound images produced by an ultrasound imaging
device including an ultrasound probe, such as the system
described herein. The enhanced image is provided by a light
source that provides additional subcutaneous visualization
for incorporation into the ultrasound image. In an embodi-
ment, the light source emits light in the infrared and/or
near-infrared wavelength range, although other wavelengths
are contemplated. As used herein, the infrared range of
wavelengths are between about 700 nm to about 1 mm, the
near-infrared range wavelengths are between about 780 nm
and about 3000 nm. A detector is coupled with the ultra-
sound probe to detect the light emitted from the light source
to enable the system to combine the ultrasound and light-
based images and produce an enhanced image to the clini-
cian. The enhanced image in turn assists the clinician to
determine with relatively greater accuracy the position of a
distal end of a catheter, needle, or similar device that is being
inserted into a vessel or other subcutaneous portion of the
body of a patient.

[0022] The accompanying figures depict various features
of embodiments of a catheter placement system configured
for accurately placing a catheter within the vasculature of a
patient. While embodiments disclosed herein are directed to
catheter placement, it will be appreciated that the systems
and methods can also be used with different types of
catheters, such as peripherally-inserted central catheter
(“PICC”), central venous catheter (“CVC”), and the like,
needles, stylets, guidewires, introducers, trocars, or the like,
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or combinations thereof. In an embodiment, the catheter
placement system employs at least two modalities for
improving catheter placement accuracy: 1) ultrasound-as-
sisted guidance for introducing the catheter into the patient’s
vasculature; and 2) a tip location/navigation system
(“TLS”), or magnetically-based tracking of the catheter tip
during its advancement through the tortuous vasculature
path to detect and facilitate correction of any tip malposition
during such advancement. The ultrasound guidance and tip
location features of the present system according to one
embodiment are integrated into a single device for use by a
clinician placing the catheter. Integration of these two
modalities into a single device simplifies the catheter place-
ment process and results in relatively faster catheter place-
ments. For instance, the integrated catheter placement sys-
tem enables ultrasound and TLS activities to be viewed from
a single display of the integrated system. Also, controls
located on an ultrasound probe of the integrated device,
which probe is maintained within the sterile field of the
patient during catheter placement, can be used to control
functionality of the system, thus precluding the need for a
clinician to reach out of the sterile field in order to control
the system.

[0023] In an embodiment, a third modality, for example
ECG signal-based catheter tip guidance, is included in the
integrated system to enable guidance of the catheter tip to a
desired position with respect to a node of the patient’s heart
from which the ECG signals originate. Such ECG-based
positional assistance is also referred to herein as “tip con-
firmation.”

[0024] Combination of the three modalities above, accord-
ing to an embodiment, enables the catheter placement sys-
tem to facilitate catheter placement within the patient’s
vasculature with a relatively high level of accuracy, i.e.,
placement of the distal tip of the catheter in a predetermined
and desired position. Moreover, because of the ECG-based
guidance of the catheter tip, correct tip placement may be
confirmed without the need for a confirmatory X-ray. This,
in turn, reduces the patient’s exposure to potentially harmful
x-rays, the cost and time involved in transporting the patient
to and from the x-ray department, costly and inconvenient
catheter repositioning procedures, etc.

[0025] So configured, the catheter placement system
serves as one exemplary environment in which embodi-
ments of enhanced subcutaneous imaging using ultrasound
imaging with infrared can be practiced. Further details of the
catheter placement system can be found, for example, in
U.S. Pat. Nos. 8,388,541, 8,781.555; 8,849,382; 9,456,766;
9,492,097, 9,521,961; 9,554,716; 9,636,031; 9,649,048;
U.S. Publication No. 2014/0031674; U.S. Publication No.
2014/0046261; and U.S. Publication No. 2014/0188133,
each of which is incorporated by reference in its entirety into
this application.

[0026] Reference is first made to FIGS. 1 and 2 which
depict various components of a catheter placement system
(“system”), generally designated at 10, configured in accor-
dance with an embodiment and providing an example envi-
ronment in which embodiments of the enhanced subcutane-
ous imaging using ultrasound and infrared, can be practiced.
It will be appreciated that the embodiments described herein
can be practiced in connection with other ultrasound imag-
ing systems, catheter placement systems, and the like, in
addition to those described herein. As such, the following
discussion is not intended to be limiting.
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[0027] Asshown in FIGS. 1 and 2, the system 10 generally
includes a console 20, display 30, probe 40, and sensor 50,
each of which is described in further detail herein. FIG. 2
shows the general relation of these components to a patient
70 during a procedure to place a catheter 72 into the patient
vasculature through a skin insertion site 73. FIG. 2 shows
that the catheter 72 generally includes a proximal portion 74
that remains exterior to the patient and a distal potion 76 that
resides within the patient vasculature after placement is
complete. The system 10 is employed to ultimately position
a distal tip 76 A of the catheter 72 in a desired position within
the patient vasculature. In an embodiment, the desired
position for the catheter distal tip 76A is proximate the
patient’s heart, such as in the lower one-third (14™) portion
of the Superior Vena Cava (“SVC”). Of course, the system
10 can be employed to place the catheter distal tip in other
locations. The catheter proximal portion 74 further includes
a hub 74A that provides fluid communication between the
one or more lumens of the catheter 72 and one or more
extension legs 74B extending proximally from the hub.

[0028] An example implementation of the console 20 is
shown in FIG. 1, though it is appreciated that the console can
take one of a variety of forms. A processor 22, including
non-volatile memory such as EEPROM for instance, is
included in the console 20 for controlling system function
during operation of the system 10, thus acting as a control
processor. A digital controller/analog interface 24 is also
included with the console 20 and is in communication with
both the processor 22 and other system components to
govern interfacing between the probe 40, sensor 50, and
other system components.

[0029] The system 10 further includes ports 52 for con-
nection with the sensor 50 and optional components 54
including a printer, storage media, keyboard, etc. The ports
in one embodiment are USB ports, though other port types
or a combination of port types can be used for this and the
other interfaces connections described herein. A power con-
nection 56 is included with the console 20 to enable operable
connection to an external power supply 58. An internal
power supply 60, such as a battery, can also be employed,
either with or exclusive of an external power supply. Power
management circuitry 59 is included with the digital con-
troller/analog interface 24 of the console to regulate power
use and distribution.

[0030] The display 30 in the present embodiment is inte-
grated into the console 20 and is used to display information
to the clinician during the catheter placement procedure. In
another embodiment, the display may be separate from the
console. As will be seen, the content depicted by the display
30 changes according to which mode the catheter placement
system is in: US, TLS, or in other embodiments, ECG tip
confirmation. In one embodiment, a console button interface
32 (see FIG. 1) and buttons included on the probe 40 can be
used to immediately call up a desired mode to the display 30
by the clinician to assist in the placement procedure. In one
embodiment, information from multiple modes, such as TLS
and ECG, may be displayed simultaneously, such as in FIG.
4B. Thus, the single display 30 of the system console 20 can
be employed for ultrasound guidance in accessing a patient’s
vasculature, TLS guidance during catheter advancement
through the vasculature, and ECG-based confirmation of
catheter distal tip placement with respect to a node of the
patient’s heart. In an embodiment, the display 30 is an LCD,
touchscreen display, or similar device.
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[0031] FIGS. 3A and 3B depict features of the probe 40
according to an embodiment. The probe 40 is employed in
connection with the first modality disclosed herein, i.e.,
ultrasound (“US”)-based visualization of a vessel, such as a
vein, in preparation for insertion of the catheter 72 into the
vasculature. Such visualization gives real time ultrasound
guidance for introducing the catheter into the vasculature of
the patient and assists in reducing complications typically
associated with such introduction, including inadvertent
arterial puncture, hematoma, pneumothorax, and the like.
[0032] The handheld probe 40 includes a head 80 that
houses a piezoelectric array for producing ultrasonic pulses
and for receiving echoes thereof after reflection by the
patient’s body when the head is placed against the patient’s
skin proximate the prospective insertion site 73 (FIG. 2).
The probe 40 further includes a plurality of control buttons
84, which can be included on a button pad 82. In an
embodiment, the modality of the system 10 can be con-
trolled by the control buttons 84, thus eliminating the need
for the clinician to reach out of the sterile field, which is
established about the patient insertion site prior to catheter
placement, to change modes via use of the console button
interface 32. In an embodiment, control buttons 84 can also
be located on a touchscreen display 30, as shown in FIG. 4B.
[0033] As such, in an embodiment a clinician employs the
first (US) modality to determine a suitable insertion site and
establish vascular access, such as with a needle or intro-
ducer, then with the catheter. The clinician can then seam-
lessly switch, via button pushes on the probe button pad 82,
to the second (TLS) modality without having to reach out of
the sterile field. The TLS mode can then be used to assist in
advancement of the catheter 72 through the vasculature
toward an intended destination.

[0034] FIG. 1 shows that the probe 40 further includes
button and memory controller 42 for governing button and
probe operation. The button and memory controller 42 can
include non-volatile memory, such as EEPROM, in an
embodiment. The button and memory controller 42 is in
operable communication with a probe interface 44 of the
console 20, which includes a piezo input/output component
44A for interfacing with the probe piezoelectric array and a
button and memory input/output component 448 for inter-
facing with the button and memory controller 42.

[0035] FIG. 4A shows an example screenshot 88 as
depicted on the display 30 while the system 10 is in its first
ultrasound modality. An image 90 of a subcutaneous region
of the patient 70 is shown, depicting a cross section of a vein
92. The image 90 is produced by operation of the piezo-
electric array of the probe 40. Also included on the display
screenshot 88 is a depth scale indicator 94, providing
information regarding the depth of the image 90 below the
patient’s skin, a lumen size scale 96 that provides informa-
tion as to the size of the vein 92 relative to standard catheter
lumen sizes, and other indicia 98 that provide information
regarding status of the system 10 or possible actions to be
taken, e.g., freeze frame, image templates, data save, image
print, power status, image brightness, etc.

[0036] Note that while a vein is depicted in the image 90,
other body lumens or portions can be imaged in other
embodiments. Note that the US mode shown in FIG. 4A can
be simultaneously depicted on the display 30 with other
modes, such as the TLS mode, if desired, e.g. FIG. 4B. In
addition to the visual display 30, aural information, such as
beeps, tones, etc., can also be employed by the system 10 to



US 2020/0060643 A1

assist the clinician during catheter placement. Moreover, the
buttons included on the probe 40 and the console button
interface 32, 84 can be configured in a variety of ways,
including the use of user input controls in addition to
buttons, such as slide switches, toggle switches, electronic
or touch-sensitive pads, etc. Additionally, both US and TLS
activities can occur simultaneously or exclusively during use
of the system 10.

[0037] As just described, the handheld ultrasound probe
40 is employed as part of the integrated catheter placement
system 10 to enable US visualization of the peripheral
vasculature of a patient in preparation for transcutaneous
introduction of the catheter. In the present example embodi-
ment, however, the probe is also employed to control
functionality of the TLS portion, or second modality, of the
system 10 when navigating the catheter toward its desired
destination within the vasculature as described below.
Again, as the probe 40 is used within the sterile field of the
patient, this feature enables TLS functionality to be con-
trolled entirely from within the sterile field. Thus the probe
40 is a dual-purpose device, enabling convenient control of
both US and TLS functionality of the system 10 from the
sterile field. In an embodiment, the probe can also be
employed to control some or all ECG-related functionality,
or third modality, of the catheter placement system 10, as
described herein.

[0038] The catheter placement system 10 further includes
the second modality described herein, i.e., the magnetically-
based catheter TLS, or tip location system. The TLS enables
the clinician to quickly locate and confirm the position
and/or orientation of the catheter 72, such as a peripherally-
inserted central catheter (“PICC”), central venous catheter
(“CVC”), or other suitable catheter, during initial placement
into and advancement through the vasculature of the patient
70. Specifically, the TLS modality detects a magnetic field
generated by a magnetic element-equipped tip location
stylet, which is pre-loaded in one embodiment into a lon-
gitudinally defined lumen of the catheter 72, thus enabling
the clinician to ascertain the general location and orientation
of the catheter tip within the patient body. In one embodi-
ment, the magnetic assembly can be tracked using the
teachings of one or more of the following U.S. Pat. Nos.
5,775,322, 5,879,297, 6,129,668; 6,216,028; and 6,263,230,
the contents of which are incorporated herein by reference in
their entireties. The TLS also displays the direction in which
the catheter tip is pointing, thus further assisting accurate
catheter placement. The TLS further assists the clinician in
determining when a malposition of the catheter tip has
occurred, such as in the case where the tip has deviated from
a desired venous path into another vein.

[0039] As disclosed herein, in an embodiment the system
10 can include additional functionality wherein determina-
tion of the proximity of the catheter distal tip 76 A relative to
a sino-atrial (“SA”) or other electrical impulse-emitting
node of the heart of the patient 70 can be determined, thus
providing enhanced ability to accurately place the catheter
distal tip in a desired location proximate the node. Also
referred to herein as “ECG” or “ECG-based tip confirma-
tion,” this third modality of the system 10 enables detection
of ECG signals from the SA node in order to place the
catheter distal tip in a desired location within the patient
vasculature. Note that the US, TLS, and ECG modalities are
seamlessly combined in the present system 10 and can be
employed in concert or individually to assist in catheter
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placement. Further details regarding the catheter placement
system described herein can be found in U.S. Pat. No.
8,388,541, titled “Integrated System for Intravascular Place-
ment of a Catheter,” which is incorporated herein by refer-
ence in its entirety.

[0040] In reference to FIGS. 4C-7C, in an embodiment,
the ultrasound (“US”) portion of the system 10 further
includes additional imaging functionality to enable an
enhanced subcutaneous view of the patient body to be
achieved. The additional imaging functionality is provided
by an emitter 214, detector 216 and console 20. The emitter
214 is included with a needle 210 that is employed to gain
access to a vein or other subcutaneous vessel or body
portion. As shown in FIGS. 5A-5C as the needle 210/emitter
214 penetrates the skin surface and vasculature 222, differ-
ent tissue types are illuminated as they respond differently to
the light provided by the emitter 214.

[0041] In an embodiment, the emitter 214 is included at a
distal end of a stylet 212 that is removably received within
the lumen defined by the needle 210. The emitter 214 is
positioned so as to be disposed at the distal end of the needle
210, and is configured to emit a light signal of a predeter-
mined wavelength or wavelength range. In embodiments,
the emitter 214 can be included as a component on the
needle 210 itself, or on another component to be inserted
into the patient such as a catheter, guidewire, or the like. It
will be appreciated that one or more additional devices such
as catheters, guidewires, introducers, and the like can also be
disposed within the lumen of the needle 210.

[0042] In an embodiment, the stylet 212 includes a fiber
optic cable that extends the length of the stylet 212 to the
emitter 214 disposed at a distal end thereof. A light source
230 can be disposed proximally of the emitter 214 and
generate a source of light including a given wavelength or
range of wavelengths. The light can then be communicated
to the emitter 214 by the fiber optic cable. In an embodiment,
the light source 230 can be a Light Emitting Diode (LED),
tungsten bulb, fluorescent bulb, or similar suitable light
source capable of emitting a desired wavelength or range of
wavelengths.

[0043] In an embodiment, the light source 230 is part of
the emitter 214 and are both disposed at a distal end of the
stylet 212 as a single unit. A cable can extend proximally
from the emitter 214 to a power source. In an embodiment,
the power source is a battery, mains power, or similar
suitable power source, or combinations thereof.

[0044] As shown in FIG. 3A, a light detector 216 can be
included with the probe 40 and positioned proximate the
head 80 of the probe. It will be appreciated that the light
detector 216 can also be included with another component or
as a standalone configuration device. The detector 216 is
configured to detect light emitted by the emitter 214 after the
needle 210 has been inserted subcutaneously into the patient
70. In an embodiment, the system 10 includes an array of
detectors 216, one or more of which can be included with the
probe 40.

[0045] In an embodiment, the emitter 214 is configured to
emit light within the infrared wavelength range. In an
embodiment, the emitter 214 is configured to emit light
within the near-infrared range including wavelengths from
about 780 nm to about 3000 nm, which is an optical window
for biological tissue. Light in the foregoing optical window,
is capable of penetrating biological tissue more deeply than
light outside the foregoing range of wavelengths. The infra-
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red light penetrating and reflecting off of the tissue provide
differing spectra of absorption coefficients depending on the
different tissue components included in the tissue. Exem-
plary tissue components include oxyhemoglobin, deoxyhe-
moglobin, water, melanin, fat, etc., each of which show
different profiles of absorption peaks across the infrared
range. Exemplary absorption spectra are shown in FIGS.
8A-8B, where FIG. 8A shows the absorption spectra for both
Oxyvhemoglobin and Deoxyhemoglobin and FIG. 8B shows
an absorption spectra for water. Accordingly, different tissue
types, which include differing proportions of these tissue
components, provide signature absorption spectra that can
be detected and interpreted.

[0046] For example, as shown in FIGS. 5A-5C, the sub-
cutaneous tissue 220, between the skin surface and the
vessel will have different proportion of blood, water, mela-
nin, fat, etc. than that of the vessel wall, vessel 222, and
deeper tissues 224 below the vessel 222. As such, the light
from the emitter 214 is reflected differently from these
different tissue types, which can be detected and interpreted
by the detector 216. Moreover, the vessel being accessed can
be identified as arterial or venous depending on the propor-
tion of oxyhemoglobin and deoxyhemoglobin detected. In
addition, the boundary layer between two different tissue
types provides a difference in impedance which can reflect
a portion of the light back into the tissue. As such, the emitter
214 disposed within different tissue structures 220, 222, 224,
illuminates the structures and highlights the boundaries
between the structures. Detecting and interpreting the wave-
length profiles of the reflected light can provide information
regarding the location of the emitter. This light-based infor-
mation can be superimposed on an ultrasound image of the
vessel to facilitate first-stick access of patient vasculature.

[0047] As shown in FIG. 4C, the processor 22 of the
system 10 can process the light-based information, sensed
by the detector 216, and combine them with the ultrasound
imaging data acquired by the ultrasound probe 40 to produce
an enhanced image. Further examples of enhanced images
are shown in FIGS. 5A-7C, together with the needle 210,
stylet 212, and the emitter 214. FIGS. 5A-5CA show a front
end view of subcutaneous tissue and a vessel 222 to be
accessed. As shown in FIG. 5A, as the needle 210 penetrates
the skin surface of the patient, light from the emitter 214
penetrates and illuminates subcutaneous body tissue 220
surrounding a target vessel 222. As shown in FIG. 5B, once
the needle 210 has penetrated the vessel 222, light emitted
from the emitter 214 illuminates the vessel interior instead
of the body tissue surrounding the vein. Should the needle
210 extend completely through the vein 222, the emitter 214
will illuminate the tissue 224 disposed below the vessel 222,
as seen in FIG. 5C.

[0048] Visualization of these different needle distal tip
positions of FIGS. 5A-5C can be superimposed atop the
traditional ultrasound image, for example, as shown in FIG.
4C. This provides an enhanced ultrasound/infrared image of
the vessel and the position of the distal tip of the needle 210
relative thereto, depicted on the display 30 (or other suitable
output device). In turn, this will assist the clinician in
determining when the distal tip of the needle 210 is desirably
disposed within the lumen of the vessel 222 or other body
portion. It will be appreciated that the system 10 can provide
various differently angled views of the enhanced image,
including a transverse, front-end view (FIGS. 5A-5C), a
longitudinal, side-profile view (FIGS. 6A-6C), a top-down,
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plan-view, ((FIGS. TA-7C), a three-dimensionally rendered
image, or combinations thereof.

[0049] FIGS. 6A-6C show an enhanced side-view US-
images during the insertion of the needle 210, both prior to
insertion of the needle 210 into the vessel 222 (FIG. 6A),
accessing the vessel 222 (FIG. 6B), and where the needle
210 has breached the far side of the vessel 222 (FIG. 6C).
FIG. 6A shows an enhanced side-view image where the tip
of the needle 210, including the emitter 214, is at or within
the subcutaneous tissue 220 that is above the vessel 222.
These tissues surrounding the vessel 220 are illuminated
while the vessel 222 itself remains unilluminated due to the
attenuation of the light at the wall of the vessel.

[0050] FIG. 6B shows an enhanced side-view image
where the tip of the needle 210, and the emitter 214, has
passed through the vessel wall and entered the vessel 222.
The vessel 220 itself is now illuminated while the tissues
surrounding the vessel 222 remain unilluminated. FIG. 6C
shows an enhanced side-view image where the tip of the
needle 210, including the emitter 214, has passed through
the vessel wall on a far side, breaching the vessel and
entering the tissues below the vessel 222. The tissues below
the vessel 222 are now illuminated while the vessel 222
itself is now unilluminated.

[0051] FIGS. 7A-7C show a plan-view of enhanced US-
images during the insertion of the needle 210, both prior to
insertion of the vessel 222 (FIG. 7A), accessing the vessel
222 (FIG. 7B), and where the needle 210 has breached the
far side of the vessel 222 (FIG. 7C). FIG. 7A shows an
enhanced image where the tip of the needle 210 including
the emitter 214 is at or within the subcutaneous tissue that
is above the vessel 222. The tissues surrounding the vessel
220 are illuminated while the vessel 222 itself remains
unilluminated. Advantageously, this highlights the boundar-
ies of the vessel 222 which helps guide the position of the
needle to a mid-point of the vessel 222.

[0052] FIG. 7B shows an enhanced side-view image
where the tip of the needle 210, and the emitter 214, has
passed through the vessel wall and entered the vessel 222.
The vessel 220 itself is now illuminated while the tissues
surrounding the vessel 222 remain unilluminated. FIG. 7C
shows an enhanced side-view image where the tip of the
needle 210, including the emitter 214, has passed through
the vessel wall on a far side, breaching the vessel and
entering the tissues below the vessel 222. The tissues below
the vessel 222 are now illuminated while the vessel 222
itself is now unilluminated.

[0053] Inanembodiment, as described herein, the detector
216 can determine differences between arterial and venous
vasculature based on the profile of absorbance spectra of
reflected light. The wavelengths provided by the emitter
214, and the wavelengths received by the detector 216 can
be compared and identified as either “red-shifted” or “blue-
shifted” to determine if the vessel 222 being accessed is
arterial or venous, respectively. The system 10 can then
indicate these differences either on the display 30 or by
various visual, auditory, or tactile alerts as described herein.
[0054] In an embodiment, the light detector 216 and
console 20 can detect and reproduce the illuminated portions
on the display 30 and superimpose these images onto the US
image of the same area. In an embodiment, the detector 216
can detect more subtle differences in reflected or absorbed
light that would otherwise be indeterminable by the human
eye. Accordingly, the detector 216 can detect and interpret
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the light-based information, and reproduce these data as
enhanced images on the display 30. In addition, the system
10 can provide various visual, auditory, and/or tactile alerts,
as the position of the needle tip/emitter 214 moves, relative
to the vessel 222.

[0055] For example, the display 30 can provide an image
of the needle relative to the vessel. Once the needle tip has
entered the vessel 222, the display can provide an alert, such
as green tick. If the needle 210 is advanced too far and
breaches the far side of the vessel, entering the tissues 224,
an auditory alert, or a tactile vibration can indicate to the
user that the needle 210 has been advanced too far. Auditory
and tactile alerts advantageously notify the user without the
user needing to observe the display 30.

[0056] Embodiments of the invention may be embodied in
other specific forms without departing from the spirit of the
present disclosure. The described embodiments are to be
considered in all respects only as illustrative, not restrictive.
The scope of the embodiments is, therefore, indicated by the
appended claims rather than by the foregoing description.
All changes that come within the meaning and range of
equivalency of the claims are to be embraced within their
scope.

What is claimed:

1. An imaging system for guiding a medical device within
a body of a patient, comprising:

an ultrasound probe for producing and receiving ultra-

sound signals;

an emitter configured for emitting an infrared light, the

emitter coupled to a distal tip of the medical device;

a detector configured to detect the infrared light emitted

from the emitter; and

a display configured to provide an enhanced ultrasound

image including ultrasound information from the ultra-
sound probe and light-based information from the
detector.

2. The system according to claim 1, wherein the emitter
is configured to emit light within a range of wavelengths
between 780 nm and 3000 nm.

3. The system according to claim 1, wherein the emitter
further includes a light source capable of producing an
infrared light.

4. The system according to claim 1, further including a
light source, capable of producing an infrared light and
positioned distally of the emitter, and a fiber optic cable
extending from the light source to the emitter that commu-
nicates light therebetween.

5. The system according to claim 1, wherein the detector
is included with a distal end of the probe.

6. The system according to claim 1, wherein the light-
based information from the detector includes an image of an
illuminated portion of the patient.

7. The system according to claim 1, wherein the light-
based information from the detector includes detecting and
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interpreting the absorption spectra of reflected light to
determine a type of tissue structure that the emitter is
illuminating.

8. The system according to claim 1, wherein the detector
determines a reflected light from the emitter is red-shifted
and indicates that a vessel being accessed is arterial.

9. The system according to claim 1, wherein the detector
determines a reflected light from the emitter is blue-shifted
and indicates that a vessel being accessed is venous.

10. The system according to claim 1, wherein the emitter
is included with a distal end of a stylet, disposed within a
lumen of the medical device.

11. The system according to claim 8, wherein the medical
device includes one of a needle and a catheter.

12. A method of accessing a vasculature of a patient, the
method comprising:

providing an ultrasound probe including a light detector

disposed at a distal end thereof and a medical device for
accessing the vasculature of the patient;

placing an ultrasound probe adjacent a skin surface of the

patient, the ultrasound probe including a light detector
to detect a vessel,

inserting a medical device through the skin surface of the

patient, the medical device including an emitter at a
distal tip thereof;

illuminating subcutaneous tissue above the vessel with

infrared light of the emitter to indicate a location of the
vessel;

advancing the tip of the medical device into the vessel and

illuminating an inner portion of the vessel to indicate
the distal tip of the medical device being in the vessel,
and

providing an enhanced ultrasound image, including light-

based images, to indicate to a user a position of the tip
of the medical device relative to the vessel.

13. The method according to claim 12, further including
advancing the distal tip through a far side of the vessel to
illuminate a subcutaneous tissue below the vessel.

14. The method according to claim 12, wherein the
emitter provides light within a wavelength range of between
780 nm and 3000 nm.

15. The method according to claim 12, wherein the light
detector determines a reflected light from the emitter is
red-shifted and provides an enhanced ultrasound image
indicating the vessel is arterial.

15. The method according to claim 12, wherein the light
detector determines a reflected light from the emitter is
blue-shifted and provides an enhanced ultrasound image
indicating the vessel is venous.

17. The method according to claim 12, wherein the
emitter is included with distal tip of a stylet, disposed within
a lumen of the medical device.

18. The method according to claim 17, wherein the
medical device includes one of a needle and a catheter.
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