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LOCATING DEVICE

[0001] This application claims priority to U.S. Provisional
Application No. 61/927,648, filed Jan. 15, 2014, and U.S.
Provisional Application No. 61/857,736, filed Jul. 24, 2013,
both of which are hereby incorporated by reference herein.

BACKGROUND

[0002] The present invention relates generally to medical
devices and more particularly to a device and method for
navigating a catheter through a body passageway. In one
preferred embodiment, the invention involves navigating a
peripherally inserted central catheter to the superior vena
cava and positioning the peripherally inserted central catheter
within the superior vena cava or right atrium for treatment. In
another preferred embodiment, the invention involves trans-
mitting light through the tubular wall of a catheter and over-
lying body tissues for external navigation, where the tubular
wall of the catheter is made of a material that absorbs certain
wavelengths of light and the light source emits light within a
limited wavelength range that is transmissable through the
light absorbing material.

[0003] One type of central venous catheter is referred to as
peripherally inserted central catheters (“PICC”), which are
commonly used for infusing drugs or nutrition into a patient’s
body and for venous pressure monitoring, blood sampling,
administration of fluids, and for the delivery of contrast solu-
tion for imaging studies. As those of ordinary skill in the art
understand the distal portion of a PICC is typically positioned
within the superior vena cava of a patient. Although various
locations may be prescribed for the distal end of the PICC,
one common position where the distal end of the PICC may
be located is the lower one third of the superior vena cava. The
use of PICCs in the superior vena cava is desirable for a
number of treatments since the entire blood flow through a
patient’s body passes through the superior vena cava to the
heart, and is then recirculated through the patient’s body. As
a result, drugs and nutrition infused into the superior vena
cava are quickly diluted and evenly distributed throughout the
patient’s body.

[0004] For example, chemotherapy drugs, and other such
drugs, are often released into the body through a PICC to the
superior vena cava. The superior vena cava is particularly
advantageous for the release of chemotherapy drugs because
chemotherapy drugs can be harmful to the tissues of the
vessel walls. However, because of the high flow rate of blood
in the superior vena cava, chemotherapy drugs are less likely
to harm the tissues of the superior vena cava, and the chemo-
therapy drugs are quickly and evenly distributed throughout
the patient’s body. The use of PICCs in the superior vena cava
are also commonly used for the infusion of total parenteral
nutrition to patients, pressure monitoring of the venous sys-
tem, and imaging or contrast studies. Depending on the par-
ticular treatment being performed, a PICC may remain within
the superior vena cava anywhere from less than an hour to
more than a year.

[0005] Onedifficulty with the use of PICCs is that the PICC
must be navigated and positioned through the venous system
to the superior vena cava from outside the patient’s body.
Thus, the physician has limited means for observing the loca-
tion of the PICC as it is being navigated and positioned. The
most common methods of observing the PICC involve theuse
of X-rays to view navigation in process or to confirm final
positioning. For example, fluoroscopy uses X-rays to provide
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a video image which can be used to view movement of the
PICC or guidewire as it is navigated through the venous
system. Alternatively, the PICC may be navigated through the
venous system without the use of external visualization by
relying on anatomical measurements, tactile feedback during
navigation, and physician experience. However, even in this
blind type of navigation, an X-ray image is usually taken after
navigation is complete to confirm final positioning of the
PICC before using the PICC for therapy.

[0006] An approach for navigating and positioning a PICC
that does not involve the use of X-rays would be desirable
since X-ray radiation is dangerous for patients and physi-
cians. One alternative that has been tried is the use of an
optical fiber within the PICC that shines light that can be seen
through thinner tissues from outside of a patient’s body. How-
ever, the use of an optical fiber has limited usefulness because
final positioning of a PICC occurs within the superior vena
cava underneath the sternum where the light from an optical
fiber cannot be seen from outside of the patient, both due to
the sternum bone blocking the light and the depth of superior
vena cava and overlying tissues. Another alternative that has
been tried is the use of intravascular ECG to position a PICC
within the superior vena cava. However, this technique can
only be used for final positioning and cannot be used to
navigate a PICC into the superior vena cava, since the read-
ings needed to determine positioning only become noticeably
apparent proximate the heart. Thus, in this approach blind
navigation has been used to thread the PICC through the
venous system to the superior vena cava.

[0007] Accordingly, the inventors believe it would be desir-
able to provide a simple and inexpensive way to navigate and
position a catheter without using X-rays.

SUMMARY

[0008] A device and method is described that may be used
to navigate and position a PICC into a superior vena cava
using two modes that do not require X-ray visualization. The
first mode uses a light emitting element to enable light navi-
gation to the superior vena cava. The second mode uses a
conductive medium to monitor an intravascular ECG reading
to position the PICC within the superior vena cava or right
atrium. Combining these two modes into a single device
and/or method enables the entire insertion procedure to be
performed from the access site to the final position in the
superior vena cava without using X-ray visualization.
[0009] A system for navigating is also provided with a
locating device having a light emitting element positioned
within the lumen of a catheter. The light emitting element
directs light toward the catheter wall, and the catheter wall
includes a light absorbing material. The light absorbing mate-
rial is defined by first and second wavelengths of light, where
ahigher proportion of light passes through the first range than
the second range. A light source is provided that emits wave-
lengths of light that generally matches the first range of wave-
lengths.

[0010] The inventions herein may also include any other
aspect identified below, described in the written description,
the claims, or in the attached drawings and any combination
thereof.

[0011] A system for locating a central venous catheter,
comprising:
[0012] a central venous catheter comprising one or more

lumens extending therethrough adapted to extend from a
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proximal portion outside an access site into a patient’s vein to
a distal end within a venous system of the patient;

[0013] a locating device extending through one of the
lumens of the central venous catheter, a proximal portion of
the locating device extending proximally from the proximal
portion of the central venous catheter, and a distal portion of
the locating device being disposed adjacent the distal end of
the central venous catheter, the locating device being remov-
able from the central venous catheter after the central venous
catheter is navigated and positioned within the venous sys-
tem;

[0014] abiocompatible fluid disposed within the lumens of
the central venous catheter;

[0015] a light emitting element disposed along the distal
portion of the locating device, the light emitting element
thereby being adapted to direct light radially away from the
locating device, the light being visible through tissues of the
patient from outside the patient to navigate the central venous
catheter through the venous system; and

[0016] a conductive member made of a metallic material
electrically connected to an ECG machine, a distal portion of
the conductive member being exposed to the biocompatible
fluid within one of the lumens of the central venous catheter
or blood within the patient adjacent the distal end of the
central venous catheter, the conductive member thereby
being adapted to transmit an intravascular ECG signal to the
ECG machine to position the central venous catheter within
the venous system.

[0017] The system where the locating device comprises an
optical fiber adapted to extend from the proximal portion of
the locating device to the distal portion of the locating device,
the light emitting element comprising a redirection element
disposed along the optical fiber, the redirection element being
adapted to direct light passing axially through the optical fiber
radially away from the optical fiber, and a light source con-
nected to a proximal end of the optical fiber.

[0018] The system where the redirection element com-
prises a partially or completely removed length of a cladding
layer of the optical fiber.

[0019] The system where a distal end of the optical fiber is
adjacent the distal end of the central venous catheter.

[0020] The system further comprising an adapter con-
nected to the light source and a proximal hub connected to the
optical fiber, the proximal hub and the adapter being adapted
to couple the light source and the optical fiber together for the
transmission of light from the light source to the optical fiber,
the proximal hub comprising a flexible arm engaging a
tapered portion of the adapter, where pressure from the flex-
ible arm against the tapered portion pulls the proximal hub
into the adapter until a proximal end of the optical fiber is
generally flush with a lens of the light source.

[0021] The system where the locating device comprises an
electric supply line adapted to extend from the proximal
portion of the locating device to the distal portion of the
locating device, the light emitting element comprising a light
source connected to a distal end of the electric supply line and
adapted to direct light radially away from the locating device,
and a power supply connected to a proximal end of the elec-
tric supply line.

[0022] The system where the conductive member wraps
around an outer circumference of a length of the proximal
portion of the locating device, the conductive member
thereby being exposed proximally from the proximal portion

Jan. 29,2015

of the central venous catheter, and the conductive member
being connectable to the ECG machine with a clip contacting
the outer circumference.

[0023] The system where the conductive member com-
prises a coiled wire wrapped around the outer circumference
of the length.

[0024] The system where the conductive member extends
axially through one of the lumens of the central venous cath-
eter less than half of an overall length of the central venous
catheter.

[0025] The system where the conductive member extends
axially through one of the lumens of the central venous cath-
eter substantially an entire length of the central venous cath-
eter.

[0026] The system where the locating device extends
through a valve to extend through the lumen of the central
venous catheter, the valve longitudinally retaining the central
venous catheter and the locating device together during navi-
gation and positioning of the central venous catheter.

[0027] The system further comprising a proximal member
housing a light source or a power supply, a sterile barrier
surrounding the proximal member, and a proximal end of the
locating device comprises a conical surface configured to
penetrate the sterile barrier to connect the locating device to
the proximal member.

[0028] The system further comprising an ECG extension
cable comprising a clip at one end adapted to connect to the
conductive member and an ECG electrode snap at another
end adapted to connect to an ECG lead.

[0029] The system further comprising an ECG electrode
snap fixedly attached to the conductive member along a
proximal portion of the conductive member.

[0030] The system where the ECG electrode snap is dis-
posed more than 300 mm from the access site when the distal
portion of the conductive member is within the venous sys-
tem.

[0031] The system further comprising a proximal member
housing a light source or a power supply connected to a
proximal end of the locating device, the proximal member
being disposed more than 150 mm from the access site when
the distal portion of the locating device is within the venous
system.

[0032] The system where the locating device and the con-
ductive member are bonded together to restrain longitudinal
movement between the locating device and the conductive
member.

[0033] The system where the locating device is disposed
coaxially within the conductive member.

[0034] The system where the locating device comprises an
optical fiber adapted to extend from the proximal portion of
the locating device to the distal portion of the locating device,
the light emitting element comprising a redirection element
disposed along the optical fiber, the redirection element being
adapted to direct light passing axially through the optical fiber
radially away from the optical fiber, and a light source con-
nected to a proximal end of the optical fiber, the conductive
member wraps around an outer circumference of a length of
the proximal portion of the locating device, the conductive
member thereby being exposed proximally from the proximal
portion of the central venous catheter, and the conductive
member being connectable to the ECG machine with a clip
contacting the outer circumference, the locating device is
disposed coaxially within the conductive member, the locat-
ing device and the conductive member are bonded together to
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restrain longitudinal movement between the locating device
and the conductive member, and the locating device and the
conductive member extend through a valve to extend through
the lumen of the central venous catheter, the valve longitudi-
nally retaining the central venous catheter and the locating
device and the conductive member together during naviga-
tion and positioning of the central venous catheter.

[0035] The system where a distal end of the optical fiber is
adjacent the distal end of the central venous catheter, the
redirection element comprises a partially or completely
removed length of a cladding layer of the optical fiber, the
conductive member comprises a coiled wire wrapped around
the outer circumference of the length, and the conductive
member extends axially through the lumen of the central
venous catheter less than half of an overall length of the
central venous catheter.

[0036] A method of locating a central venous catheter
within a venous system of a patient, comprising:

[0037] extending a locating device and a conductive
medium though one or more lumens of the central venous
catheter, the locating device comprising a light emitting ele-
ment disposed adjacent a distal end thereof;

[0038] establishing access to a vein within an arm or neck
of the patient;
[0039] directing light from the light emitting element radi-

ally away from the locating device;

[0040] navigating the central venous catheter through a
venous system of the patient by viewing thelight from outside
of the patient; and

[0041] positioning a distal portion of the central venous
catheter within the venous system by monitoring an ECG
reading through the conductive medium.

[0042] A system for navigating a catheter through a body
passageway of a patient, comprising:

[0043] acatheter comprising a distal portion and a proximal
portion, the distal portion comprising a tubular wall defining
a lumen extending therethrough, the tubular wall being at
least partially translucent and defined by a first range of
visible light wavelengths and a second range of visible light
wavelengths, the first range of visible light wavelengths com-
prising less than 50% of the entire visible light spectrum and
the second range of visible light wavelengths comprising
more than 50% of the entire visible light spectrum, the first
range being at least partially transmitted through the tubular
wall and the tubular wall substantially blocks transmission of
all visible light wavelengths within the second range, where
the first range appears as a color of red, orange, yellow, green,
blue, violet or a mixture thereof when a white light is trans-
mitted through the tubular wall;

[0044] alocating device extending through the lumen of the
catheter, the locating device comprising a light emitting ele-
ment disposed along a distal portion thereof, the light emit-
ting element being disposed within the lumen and being
directed toward the tubular wall; and

[0045] alight source in communication with the light emit-
ting element, at least 60% of light output by the light source
being within the first range of visible light wavelengths and
no more than 30% of the light output being within the second
range of visible light wavelengths, where the light output is
directed through the tubular wall by the light emitting ele-
ment, the light output being visible from an exterior of the
patient through the tubular wall and overlying tissues of the
patient for navigation through the body passageway.
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[0046] The system where the tubular wall comprises a
structural base material and an additive, the structural base
material being defined by generally uniform light transmis-
sion therethrough throughout the entire visible light spec-
trum, and the additive having greater light absorbing proper-
ties throughout the second range and transmitting light
throughout the first range.

[0047] The system where the additive is impregnated
within the tubular wall of the catheter and is exposed to an
exterior surface and an interior surface of the tubular wall.

[0048] The system where the additive is a drug.

[0049] The system where the drug comprises an antibiotic
drug.

[0050] The system where the drug comprises minocycline
and rifampin.

[0051] The system where the catheter is a central venous
catheter.

[0052] The system where the light emitting element is

within 50 mm of a distal tip of the catheter.

[0053] The system where the light source is an LED.
[0054] The system where substantially all of the light out-
put by the light source is within the first range of visible light
wavelengths.

[0055] The system where substantially none of the light
output by the light source is within the second range of visible
light wavelengths.

[0056] Thesystem where the light output of the light source
comprises a single peak.

[0057] The system where a white light transmitted through
the tubular wall appears as a color of one of red, orange,
yellow, green, blue or violet.

[0058] The system where the second range comprises more
than 75% of the entire visible light spectrum.

[0059] The system where the first range of visible light
wavelengths is within 580 nm and 750 nm.

[0060] The system where at least 60% of the light output of
the light source is within 600 nm and 700 nm.

[0061] The system where the tubular wall is orange or red.
[0062] The system where the light output is orange or red.
[0063] The system where the tubular wall comprises a

structural base material and an additive, the structural base
material being defined by generally uniform light transmis-
sion therethrough throughout the entire visible light spec-
trum, and the additive having greater light absorbing proper-
ties throughout the second range and transmitting light
throughout the first range, the additive is a drug, the firstrange
of visible light wavelengths is within 580 nm and 750 nm, and
the light output of the light source comprises a single peak.
[0064] The system where the light emitting element is
within 50 mm of a distal tip of the catheter, and substantially
none of the light output by the light source is within the
second range of visible light wavelengths.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

[0065] The invention may be more fully understood by
reading the following description in conjunction with the
drawings, in which:

[0066] FIG. 1 is a schematic view of a patient’s venous
system;
[0067] FIGS. 2A-2D are intravascular and external ECG

readings, showing changes in the intravascular ECG readings
as a conductive medium is moved toward the sinoatrial node;
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[0068] FIG. 3 is an elevational view of a peripherally
inserted central catheter and a locating device;

[0069] FIG. 4 is an elevational view of the locating device;
[0070] FIG. 51s a close-up view of an ECG connector on
the locating device;

[0071] FIG. 6 is a cross-sectional view of one embodiment
of the locating device;

[0072] FIG. 7is a cross-sectional view of another embodi-
ment of the locating device;

[0073] FIG. 8is a cross-sectional view of another embodi-
ment of the locating device;

[0074] FIG. 9A is a cross-sectional view of the proximal
portion of the locating device;

[0075] FIG. 9B is a cross-sectional view of the distal por-
tion of the locating device;

[0076] FIG. 10 is a cross-sectional view of the proximal
portion of another embodiment of the locating device;

[0077] FIG. 11 is an elevational view of conventional ECG
leads;

[0078] FIG. 12 is an elevational view of another locating
device;

[0079] FIG. 13 is an elevational view of another locating
device;

[0080] FIG. 14 is a cross-sectional view of the locating

device of FIG. 13;

[0081] FIG. 15 is a cross-sectional view of the proximal
member within a sterilized bag;

[0082] FIG. 16 is a partial cross-sectional view of an
adapter and proximal hub;

[0083] FIG. 17 is a cross-sectional view of the adapter;
[0084] FIG. 18 is a perspective view of the proximal hub;
[0085] FIG. 19 is a side view of the proximal hub;

[0086] FIG. 20 is a cross-sectional view of the proximal
hub;

[0087] FIG. 21 is a schematic view of another locating
device;

[0088] FIG.22 is a partial cross-sectional view of the distal

portion of a locating device within a catheter;

[0089] FIG. 23 is a chart showing transmission of light
through an additive;

[0090] FIG. 24 is a chart showing transmission of light
through body tissues; and

[0091] FIG. 25 is a chart showing the wavelengths of light
output of a white light source and a red light source.

DETAILED DESCRIPTION

[0092] Referring now to the figures, and particularly to
FIG. 1, the internal anatomy of a patient is shown. As those of
ordinary skill in the art understand, a peripherally inserted
central catheter (“PICC”) 12 is typically inserted through an
access site 14 into one of the veins 16 of the arm, such as the
cephalic vein 16, basilic vein or brachial vein. The PICC 12 is
then navigated through the venous system until the distal
portion of the PICC 12 is positioned within the superior vena
cava 18. When the distal portion of the PICC 12 reaches the
superior vena cava 18, the physician will typically position
the distal portion at a predetermined location as desired by the
physician for the particular treatment involved. For example,
for many treatments it is desirable for the distal opening of the
PICC 12 to be located within the lower ¥4 of the superior vena
cava 18. However, it is also possible that a physician may
desire to locate the distal opening of the PICC 12 within the
right atrium of the heart.
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[0093] Navigating a PICC 12 through a patient’s venous
system to reach the superior vena cava 18 can be challenging,
and it is not unusual for a PICC 12 to be inadvertently navi-
gated through the wrong veins so that the distal portion of the
PICC 12 misses the superior vena cava 18. The most common
malpositions are for the PICC 12 to be navigated up through
the jugular vein 20, to be navigated across through the trans-
verse brachiocephalic and opposite subclavian vein 22, or to
be navigated down through the thoracic vein 24 on the side of
the torso where access is gained. As explained above, physi-
cians most commonly avoid these malpositions when navi-
gating a PICC 12 through the venous system by using fluo-
roscopy during the navigation process, or alternatively
physicians discover a malposition before treatment begins by
taking an X-ray image. Fluoroscopy or an X-ray image is also
commonly used to precisely position the PICC 12 within the
superior vena cava 18 after the PICC 12 is navigated through
the venous system. Typically, the overall length of the PICC
12 is trimmed prior to the procedure for the particular
anatomy of the patient 10, and some extra length is left on the
PICC 12 so that the proximal portion can be adjusted at the
access site 14 in order to precisely position the distal portion
in the superior vena cava 18.

[0094] Theinvention described herein has the advantage of
making it possible to both navigate a PICC 12 through the
venous system while avoiding malpositions and positioning
the distal portion of the PICC 12 in the superior vena cava 18
without using X-rays. Thus, the entire procedure of inserting
a PICC 12 may be done without using dangerous X-rays. The
invention accomplishes this by using two different navigation
and positioning techniques in a single device and/or method.
In particular, the invention uses a light emitting element 32,
116 for navigation through the venous system and uses intra-
vascular ECG via an internal conductor 40, 80 and an ECG
machine for positioning the PICC 12 in the superior vena cava
18.

[0095] As described further below, the locating device 26,
78, 96, 114 preferably extends through a lumen of a PICC 12
and has a distal end that is adjacent the distal end of the PICC
12. A valve 28 (FIGS. 3 and 12-14), such as a tuohy-borst
valve 28, may be connected to the proximal end of the PICC
12 and may seal around the circumference of the locating
device 26, 78, 96, 114, both to prevent blood from escaping
from the PICC 12 and to longitudinally retain the PICC 12
and locating device 26, 78, 96, 114 together during the navi-
gating and positioning procedure. The distal portion of the
optical fiber 30 is provided with a redirection element 32, or
light emitting element 32, that directs light that passes axially
through the optical fiber 30 radially away from the optical
fiber 30. Alternatively, the light emitting element 32 may be
an LED 116 along the distal portion supplied with electric
power by electric supply lines 118 as in FIG. 16. Asillustrated
in FIG. 1, the light 34 directed radially away from the locating
device 26, 78, 96, 114 is bright enough that it shines 34
through the tissues between the venous system and the
patient’s skin and is visible to the naked eye from outside of
the patient 10. Thus, the physician may view the light 34 from
the light emitting element 32 to see the location of the PICC
12 and the locating device 26, 78, 96, 114 within the venous
system. As a result, the physician may navigate the PICC 12
through the venous system by viewing the light 34 from the
light emitting element 32 without using fluoroscopy.
Although various wavelengths of light may be used for the
light navigation described herein, particular wavelengths
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may be more preferred. For example, light with a long wave-
length within the visible light spectrum, such as orange and
red light, may be better at penetrating through tissues, and
may therefore be more visible. It may also be particularly
useful to match the color of the light with the color of the
PICC 12. That is, the wavelengths of light emitted by the light
source 64, 116 may be primarily within a narrow range of
wavelengths of light that are not absorbed by the PICC 12. For
example, where the color of the PICC 12 is orange, it may be
desirable for the light to also be within the orange spectrum.
Specifically, a wavelength of 58010 635 nm or 590 to 610 nm
may be desirable for the light. Alternatively, white light with
a mixture of various wavelengths may also be used.

[0096] Navigating the PICC 12 through the venous system
by viewing light 34 from the light emitting element 32 will
typically work while the distal portion of the PICC 12 and the
locating device 26, 78, 96, 114 are within veins that are close
to the surface of the skin and not behind larger bones. How-
ever, the light from the light emitting element 32 typically
becomes obstructed and cannot be sufficiently seen when
thicker tissues exist between a vein and the surface of the skin
and where bones are located between the vein and skin. When
using the locating device 26, 78, 96, 114 to navigate a PICC
12 through the venous system, the light 34 from the light
emitting element 32 will typically be viewable from the
access site 14 up to the clavicle bone 36 but will be obstructed
for a short distance as the light emitting element 32 passes
under the clavicle 36. The light 34 may then be briefly view-
able again between the clavicle bone 36 and the sternum bone
38. Brief obstruction of the light 34 at the clavicle 36 may be
overcome by providing multiple light emitting elements 32
along the length of the locating device 26, 78, 96, 114 so that
atleast one of the light emitting elements 32 is viewable as the
locating device 26, 78, 96, 114 passes under the clavicle 36.
However, because the superior vena cava 18 is located under-
neath the sternum bone 38, the light 34 from the light emitting
element 32 will no longer be viewable in most cases as the
locating device 26,78, 96, 114 and PICC 12 enter the superior
vena cava 18. Thus, the light emitting element 32 is unusable
for positioning the distal portion of the PICC 12 within the
superior vena cava 18. Nevertheless, the light emitting ele-
ment 32 is useful for navigating the PICC 12 into the superior
vena cava 18 since the most common malpositions will be
viewable by seeing the light 34 from the light emitting ele-
ment 32 inthose locations. That is, if the PICC 12 and locating
device 26, 78, 96, 114 are inadvertently navigated into the
jugular vein 20, opposite subclavian, jugular or brachio-
cephalic veins 22, or thoracic vein 24, there are no bones in
those locations to obstruct the light 34 and the tissues are thin
enough to allow the light 34 to reach the surface of the patient
10. Therefore, if the PICC 12 has been malpositioned during
navigation and is not in the superior vena cava 18, the physi-
cian will be able to see that the PICC 12 is in the wrong
position.

[0097] As noted, once the light emitting element 32 and
PICC 12 are located within the superior vena cava 18, the
outwardly directed light 34 will no longer be viewable from
outside of the patient 10. However, in order to precisely
position the PICC 12 inthe superior vena cava 18, the locating
device 26, 78, 96, 114 and method provides a second mode of
determining the location of the PICC 12. The second mode of
location is intravascular ECG, which requires a conductive
medium 40, 80 that extends through the venous system from
an ECG connector 62 for an ECG machine located outside of
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the patient 10 to a location within the superior vena cava 18.
Intravascular ECG works by monitoring changes in the ECG
signal 42 (e.g., lead T in Finthoven’s triangle) as the conduc-
tive medium 40, 80 is moved through the superior vena cava
18 toward the right atrium 44 of the heart 46. In particular, as
shown in FIGS. 2A-2D, the P-wave 48 of the ECG signal 42
changes as the conductive medium 40, 80 is moved closer to
the sinoatrial (“SA”) node 50 of the heart 46. Typically, as
illustrated in FIG. 1, external ECG electrodes 52 will be
applied to the skin of the patient’s torso in order to compare
the differences between the external electrode signals 54 and
the signal 42 from the electrode 40, 80 within the superior
vena cava 18. FIG. 2A illustrates an example of the end of the
conductive medium 40, 80 located in the lower portion of the
superior vena cava 18, where the P-wave 48 increases in
height. By way of comparison, the external ECG reading 54 is
shown along the top of each of FIGS. 2A-2D, while the
intravascular ECG reading 42 is shown along the bottom of
each figure. In FIG. 2B, the end of the conductive medium 40,
80 is located at the junction between the superior vena cava 18
and the right atrium 44 of the heart 46 (i.e., the cavoatrial
junction), where the P-wave 48 is at its maximum height. In
FIG. 2C, the end of the conductive medium 40, 80 is located
in the upper portion of the right atrium 44 of the heart 46,
where the P-wave 48 has a negative incision. And in FIG. 2D,
the end of the conductive medium 40, 80 is located in the
middle portion of the right atrium 44 of the heart 46, where the
P-wave 48 has a diphasic pattern. As the conductive medium
40, 80 is moved further into the lower portion of the right
atrium 44, the P-wave 48 will typically become completely
negative. Thus, the distal portion of the PICC 12 may be
accurately positioned within the superior vena cava 18 by
monitoring the ECG reading 42 received through the conduc-
tive medium 40, 80.

[0098] Although intravascular ECG is useful for final posi-
tioning of the PICC 12 within the superior vena cava 18, this
mode of location has little usefulness in navigating a PICC 12
from the access site 14 to the superior vena cava 18 since the
changes in ECG readings 42 only become noticeably appar-
ent when the conductive medium 40, 80 is relatively close to
the SA node 50. For example, the ECG signal 42 may start to
change about 10-15 cm from the SA node 50, and changes
become more noticeable within about 5 cm from the SA node
50. However, because the invention combines light naviga-
tion and ECG positioning into a single device and method, a
PICC 12 can be completely inserted from the access site 14 to
the final position in the superior vena cava 18 without using
X-rays. Inaddition, the ECG mode of positioning may also be
useful in preventing a more rare type of malposition into the
azygous vein. Although the light mode of navigating may not
identify this malposition due to its deep location below the
sternum 38, movement into the azygous typically would
occur during the ECG positioning stage of the process, and
changes in the ECG signal 42 may indicate that the locating
device 26, 78, 96, 114 has unexpectedly moved away from the
superior vena cava 18. Although this is a rare malposition, it
is potentially a concern because a frontal X-ray image may
not identify the malposition since the azygous vein extends
rearward from the superior vena cava 18. Typically, a lateral
X-ray image is required to identify a malposition within the
azygous vein, which is more expensive and involves more
exposure to X-rays.

[0099] Oneembodiment of the inventive device is shown in
FIG. 3. As shown, the locating device 26 may extend through
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one or more of the lumens of the PICC 12. Preferably, the
distal portion of the locating device 26 is positioned adjacent
the distal end of the PICC 12 so that the distal ends are
generally aligned. Typically, the distal portion of the locating
device 26 is considered to be adjacent and generally aligned
with the distal end of the PICC 12 when the variation in
alignment is within a centimeter (i.e., the locating device 26
extends beyond the PICC 12 by a centimeter or the PICC 12
extends beyond the locating device 26 by a centimeter). The
PICC 12 may have a first hub 56 that is sutured or otherwise
attached to the patient’s body 10 after the PICC 12 has been
finally positioned to retain the position of the PICC 12. The
PICC 12 may also have a second hub 58 which may have a
luer fitting for attaching syringes or other devices to infuse
drugs or nutrition through the PICC 12 during treatment.
Various types of valves 28, such as the tuohy-borst valve 28
shown in FIGS. 3 and 12-14, may also be provided to seal the
locating device 26 within the PICC 12 and lock the PICC 12
and locating device 26 together. The proximal portion of the
locating device 26 extends proximally from the proximal end
of the PICC 12 so that the physician can access the proximal
portion of the locating device 26 while it is positioned within
the PICC 12.

[0100] The locating device 26 has two separate connectors
60, 62 for connecting a light source 64, or proximal member
64, and an ECG machine to the locating device 26. In par-
ticular, a light source connector 60 may be provided along the
proximal portion of an optical fiber 30 to connect a light
source 64, such as an LED 64 or laser, to the optical fiber 30.
An ECG connector 62 may also be provided along the proxi-
mal portion of a conductive wire 40, which in this embodi-
ment is the conductive medium 40, to connect an ECG
machine to the wire 40.

[0101] Although the optical fiber 30 is shown in the figures
as a single, unitary member, it is understood that the optical
fiber 30 may have various layers that make up the complete
fiber 30. For example, optical fibers 30 typically include a
core made of glass or plastic and a cladding layer surrounding
the core. In addition, the optical fiber 30 may also be provided
with a scratch resistant coating and a slick outer coating to
reduce frictional sliding forces during use. The conductive
wire 40 may be any type of elongate non-liquid material that
conducts an electrical signal along its length. The conductive
wire 40 may also be any type of conductive member 40 made
of a metallic material and electrically connected to the ECG
machine.

[0102] FIG. 4 shows the locating device 26 by itself without
the PICC 12, LED 64, and ECG connection cable 66. The
light source connector 60 may be a conventional optical fit-
ting for connecting an LED 64 to the optical fiber 30, or may
be a special fitting that prevents high powered light sources,
which may be harmful, from being connected to the optical
fiber 30. As also shown in FIG. 4 (but more visible in FIG. 5),
the ECG connector 62 may be merely the proximal end of the
conductive wire 40. Thus, in the embodiment shown in FIG.
3, an ECG extension cable 66 with an alligator clip 68 may be
connected to the ECG connector 62. The other end of the
extension cable 66 may be provided with a conventional ECG
electrode snap 70 for connecting an ECG lead 72 to the
extension cable 66.

[0103] Preferably, the optical fiber 30 and the conductive
wire 40 are bonded together to longitudinally restrain move-
ment between the optical fiber 30 and the conductive wire 40.
This may be done in several ways. For example, in FIG. 6, the
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optical fiber 30 and the conductive wire 40 may be located
side-by-side, and an outer layer 74, such as heat shrink tubing
74, may cover the optical fiber 30 and conductive wire 40 to
bond them together. Adhesive or short sections of tubing may
also be used. Alternatively, as shown in FIG. 7, the conductive
wire 40 may extend longitudinally through the optical fiber
30. In this embodiment, it may be desirable for the conductive
wire 40 to be off-center from the axis of the optical fiber 30 to
minimize interference with light transmission through the
optical fiber 30. As shown in FIG. 8, the optical fiber 30 may
also extend longitudinally through the conductive wire 40. In
this embodiment, it may be desirable for the conductive wire
40 to be a thin conductive polymer coating 40 on the optical
fiber 30. The outer conductive wire layer 40 may also be a thin
metal layer or a helical coil wrapped around the optical fiber
30. Thus, the optical fiber 30 would be located coaxially
within the conductive wire 40.

[0104] A cross-section of the proximal portion of one
embodiment of the locating device 26 is shown in FIG. 9A,
and the distal portion of the locating device 26 is shown in
FIG. 9B. As shown in FIG. 9A, the light source connector 60
may be at the proximal end of the optical fiber 30 and may be
coaxial with the optical fiber 30. The ECG connector 62 may
be a conventional ECG electrode snap 62 that is fixedly
attached to the conductive wire 40. As shown, the conductive
wire 40 may extend through a portion of the light source
connector 60, and the ECG connector 62 may be located on
the light source connector 60. In FIG. 9A-9B, the optical fiber
30 and conductive wire 40 are bonded to each other side-by-
side with heat shrink tubing 74 like FIG. 6, but other embodi-
ments could be used as explained above. As shown in FIG.
9B, the redirection element 32 may be a length of the optical
fiber 30 with a roughened outer surface 32. As shown, it may
be desirable to provide multiple regions 32 with a roughened
outer surface 32 to achieve the desired amount of radial light
dispersion. Typically, the roughened outer surface 32 will be
a length of the optical fiber 30 where the cladding layer has
been partially or completely removed to allow light traveling
through the core to escape laterally from the core. However,
there may be other ways to provide a redirection element 32
along the distal portion of the optical fiber 30, such as altering
the crystal structure of the fiber 30 or providing mirrors to
redirect the light.

[0105] As also shown FIG. 9B, the distal end of the locating
device 26 preferably has an atraumatic tip 76. This may be a
rounded metal or other conductive tip 76 that is attached to the
conductive wire 40. An atraumatic tip 76 is preferable since
the distal end of the locating device 26, including the optical
fiber 30 and conductive wire 40, are preferably adjacent the
distal end of the PICC 12. However, in other embodiments
like FIGS. 12-14, where the conductive member does not
extend to the distal end of the locating device, the distal end of
the optical fiber 30 may be rounded to form an atraumatic tip.
As explained above, it may be desirable to lock the locating
device 26 and PICC 12 together. Thus, where the locating
device 26 and PICC 12 are navigated and positioned through
the venous system together, the atraumatic tip 76 of the locat-
ing device 26 may extend slightly beyond the distal end of the
PICC 12 and form the leading end as the locating device 26
and PICC 12 move through the venous system. Thus, in this
embodiment, the distal portion of the conductive wire 40 will
be exposed to blood within the patient adjacent the distal end
of the PICC 12, as compared to embodiments described
below where the conductive wire 40 is only exposed to the
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biocompatible fluid 80 within the PICC 12. After the locating
procedure is complete, the locating device 26 will typically be
removed from the lumen of the PICC 12 to allow the PICC 12
to be used in a conventional manner.

[0106] The length of the locating device 26 must be suffi-
cient to extend from outside the access site 14 into the
patient’s venous system to the superior vena cava 18. Thus,
when the locating device 26 has been finally positioned in the
superior vena cava 18, the proximal portions of the optical
fiber 30 and conductive wire 40 and respective connectors 60,
62 will be located outside the patient’s body 10. At final
positioning, the distal ends of the optical fiber 30 and con-
ductive wire 40 will be located within the superior vena cava
18 or right atrium. The length of the locating device and the
location of the connectors 60, 62 outside of the patient’s body
may be influenced by the desired sterilization field around the
access site and which components in the system are sterilized
and which are not. For example, it may be possible for the
light source 64 to be a reusable device that is sterilizable by a
physician. If the light source 64 is sterilized, the light source
connector 60 may be located close to the access site 14 in the
final position. This may be desirable to keep the optical fiber
30 relatively short and maximize light transmission. Also, if it
is desirable to locate the ECG connector 62 close to the access
site 14 in the final position, it may be desirable to provide a
separate ECG connection cable 66 with the locating device
26,78, 96, 114 that has been sterilized by the manufacturer.
Alternatively, if the light source 64, or proximal member 64,
is not sterilized and/or a separate sterilized ECG connection
cable is not desirable, one or both of the connectors 60, 62
may be spaced away from the access site 14 during the pro-
cedure by an acceptable sterilization field distance. For
example, the ECG connector 62 and light source or electric
supply line connector 60 may be located at least 150 mm from
the access site 14 when the distal portion of the conductive
wire 40 and optical fiber 30 are within the superior vena cava
18. Alternatively, it may be more desirable for the ECG con-
nector 62 and light source connector 60 to be at least 1,000
mm from the access site 14 when the distal end of the locating
device 26 is within the superior vena cava 18. This may be
done by lengthening one or both of the conductive wire 40 and
optical fiber 30 to achieve the desired sterilization field.

[0107] As shown in FIG. 10, the light source or electric
supply connector 60 and ECG connector 62 may be separated
from each other in order to more easily manage the connec-
tors 60, 62 and use the device 26. Like F1G. 9A (and unlike
FIG. 3), it may be preferable for the conductive wire 40 to
have a conventional ECG electrode snap 62, such as a button
snap 62, fixedly attached to the conductive wire 40. If a
conventional ECG electrode snap 62 is provided on the con-
ductive wire 40, a conventional ECG lead 72 like one of the
three shown in FIG. 11 may be used to connect the ECG
machine to the conductive wire 40. This may be more conve-
nient and intuitive because as explained above conventional
ECG leads 72 will also be typically used during the procedure
to connect to external electrodes 52 on the patient’s torso.

[0108] An alternative device 78 and method is shown FIG.
12. In this device 78, the conductive medium 80 may be a
biocompatible fluid 80, such as saline solution 80, instead of
aconductive wire 40. The device 78 may include a hub 82 that
can be connected to the second hub 58 of the PICC 12. The
device 78 may also include two other ports 84, 90, and a
connector hub 94. One port 84 may be connected to a syringe
86 filled with saline solution 80. The optical fiber 30 may
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extend through another port 90 and through one of the lumens
of the PICC 12. Preferably, the port 90 for the optical fiber 30
is generally aligned with the lumen of the PICC 12. A valve
28, such as a tuohy-borst valve 28, may also be connected to
the port 90 and may be used to seal and lock the optical fiber
30 in place. A short conductive wire 92 may extend through
the connector hub 94 so that the end of the wire 92 inside the
device 78 is in contact with the saline solution 80 that fills the
device 78. However, in this embodiment, the wire 92 need not
extend into the PICC 12. Instead, the saline solution 80
extends through the annular space between the optical fiber
30 and the lumen of the PICC 12 or through a separate lumen
of the PICC 12. Because the saline solution 80 is conductive,
an ECG reading 42 from the distal end of the PICC 12 can be
transmitted to the short conductive wire 92. As shown, an
alligator clip 68 can be connected to the short conductive wire
92 to transmit the ECG signal 42 to the ECG machine or an
ECG electrode snap 62 can be provided foran ECG lead 72 as
explained above. In this embodiment, it may be particularly
helpful to press the syringe 86 when the distal end of the PICC
12 enters the superior vena cava 18 to discharge saline 80
from the distal end of PICC 12 to ensure that the lumen of the
PICC 12 is completely filled with saline solution 80 to
improve transmission of the ECG reading 42. Although
already noted above, the conductive wire 92 may be any type
of conductive member 92 that is made of a metallic material
and is electrically connected to the ECG machine.

[0109] Another embodiment of the locating device 96 and
method is shown in FIGS. 13-14. As shown in FIG. 14, the
locating device 96 extends through the valve 28 in order to
extend through the lumen of the PICC 12. Biocompatible
fluid 80, such as saline solution 80, fills the lumens of the
PICC 12 and surrounds the locating device 96 but is prevented
from escaping by the valve 28. Like the embodiment shown
FIG. 8, the conductive wire 40 wraps around the outer cir-
cumference of the locating device 96. For example, the con-
ductive wire 40 may be a helical coil 40 that wraps around the
optical fiber 30 or around the locating device 114 shown in
FIG. 16. One type of helical coil 40 that may be desirableis a
helical hollow strand 40, which is composed of multiple wires
positioned side-by-side that wraps helically around a core of
the locating device 96. The wrapped conductive wire 40 pref-
erably extends distally through the valve 28 so that it is
exposed to the biocompatible fluid within the lumen of the
PICC 12. The wrapped conductive wire 40 also preferably
extends proximally from the valve 28 so that the conductive
wire 40 is exposed outside of the access site. This exposed
region may be used as an ECG connector 62. Thus, an alli-
gator clip 68 may be used to connect the conductive wire 40
to the ECG machine by clipping the alligator clip 68 onto the
outer circumference of the locating device 96. For example, it
may be desirable to use an ECG extension cable 66 as shown
in FIG. 3 to connect the conductive wire 40 to the an ECG lead
72.

[0110] Although the conductive wire 40 in FIGS. 13-14
may extend axially to the distal portion of the locating device
96 like shown and described above (although the wire 40
would not wrap around the light emitting element 32), it may
be more desirable for the conductive wire 40 to extend axially
through the lumen of the PICC 12 less than half of the overall
length of the PICC 12. A shorter conductive wire 40 such as
this may provide several advantages. Because the conductive
wire 40 does not extend all the way to the distal end of the
PICC 12, the method of transmitting the ECG signal 42 is
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similar to the method shown in FIG. 12, since it relies on the
saline solution 80 in the PICC 12 to transmit the ECG reading
42 from the distal end of the PICC 12 to the conductive wire
40. However, this method generally provides similar results
to extending the conductive wire 40 all the way to the distal
end of the PICC 12. However, because the conductive wire 40
does not extend all the way to the distal end of the locating
device 96, the distal portion of the locating device 96 may be
more flexible and smaller in profile. This may be particularly
advantageous where the PICC 12 tapers to a smaller lumen
along the distal portion. Thus, the length of the proximal
portion of the locating device 96 with the conductive wire
wrap 40 may be sized so that it is only located within the
proximal portion of the PICC 12 with the larger lumen, and
only the distal portion of the locating device 96 without the
conductive wire wrap 40 is located within the smaller lumen
that is distal from the taper in the PICC 12.

[0111] Typically, it will be preferred for the length of the
conductive wire wrap 40 to be at least 30 cm long to allow
sufficient length proximally from the valve 28 to connect a
clip 68 and to provide sufficient length to accommodate nor-
mal trimming of the PICC 12 by physicians. That is, physi-
cians normally trim the end of the PICC 12 to fit a patient’s
specific anatomy. Thus, when the distal end of the locating
device 96 is aligned with the distal end of the PICC 12 after
trimming, the proximal portion of the locating device 96 that
extends outside of the valve 28 will vary from patient to
patient. Thus, the length of the conductive wire wrap 40 is
preferably long enough so that at least a portion of the con-
ductive wire wrap 40 will extend distally past the valve 28 and
into the lumen of the PICC 12, even where the end of the PICC
12 has been trimmed to fit a patient (in this example, extra
fittings connected to the proximal end of the PICC 12 are
treated as being part of the PICC 12). Although FIGS. 13-14
contemplate the use of a conductive wire 40 that wraps
around the outer circumference of the locating device 96, a
minimum and/or maximum length like this would be appli-
cable to any type of conductive wire 40 that is bonded to the
locating device 96 to restrain longitudinal movement between
the locating device 96 and the conductive wire 40. For
example, the conductive wire 40 could have an exposed por-
tion or an electrode snap 62 proximal from the valve 28 and an
exposed portion distal from the valve 28. However, the intet-
mediate portion between the exposed portions could be cov-
ered and insulated like in FIGS. 6 and 7 if desired.

[0112] As shown in FIG. 15, a sterilization system may be
provided to shorten the length of the locating device 96 that
must extend from the proximal end of the PICC 12 to the
proximal member 64 housing the light source 64 or power
supply 120. This system may be useful where the proximal
member 64 is a reusable device that will be used for locating
a number of different PICCs 12. For example, the proximal
member 64 may be an LED light source 64 or a battery-
powered supply unit 120 that is too expensive to be discarded
after a single use. However, because the proximal member 64
may be reusable, there may be concerns about sterilization of
the proximal member 64, especially where the proximal
member 64 cannot withstand standard sterilization proce-
dures. The sterilization system includes a sterile bag 98, or
other sterile barrier 98, made from a plastic or other material
that can be readily punctured. The proximal member 64 is
placed in the sterile bag 98 and sealed inside of the bag 98.
The proximal portion of the locating device 96 is provided
with a conical surface 100 that narrows to a small proximal
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end that is suitable for puncturing an opening 102 through the
sterile bag 98. After the proximal end of the locating device 96
punctures through the sterile bag 98, the proximal portion of
the locating device 96 can be connected to the proximal
member 64 inside of the sterile bag 98. Because the sterile bag
98 isolates the proximal member 64 inside of the bag 98, it
may be possible to locate the proximal member 64 closer to
the access site 14 and the proximal end of the PICC 12 and
shorten the overall length of the locating device 96. Also,
because the sterile bag 98 is made of a thin, flexible material,
a physician can operate the controls of the proximal member
64 during the procedure without directly contacting the proxi-
mal member 64.

[0113] Although the proximal portion of the locating
device 96 and the connection to the proximal member 64 may
be configured in a variety of ways, FIG. 15 shows an adapter
104 threaded into the proximal member 64. The adapter 104
allows a conventional proximal member 64 to be used with
the sterilization system described above. The adapter 104 is
provided with an inverted conical surface 106 that receives
the conical surface 100 of the locating device 96. The adapter
104 and the locating device 96 are also provided with one or
more recesses 108 to receive a locking ring, ball or other
member 110 to allow the locating device 96 and proximal
member 64 to be snapped together. The proximal portion of
the locating device 96 may also be provided with a proximal
hub 112 that surrounds the conductive wire wrap 40 and an
optical fiber 30 or electrical supply line 118 extending
through the wrap 40. Where the distal end of the optical fiber
30 or electric supply line 118 extends distally from the con-
ductive wire wrap 40, the proximal hub 112 may serve to
bond the conductive wire wrap 40 and optical fiber 30 or
electric supply line 118 together at the proximal end. Alter-
natively, the proximal hub 112 may also be used without the
conductive wire wrap 40 with only the optical fiber 30. As
shown, the conical surface 100 and recesses 108 may be
formed onto the proximal hub 112. Although FIG. 15 shows
the proximal member 64 as being an LED light source 64 and
the locating device 96 having an optical fiber 30, it is under-
stood that the proximal member 64 could also be a power
supply 120 and the locating device 96 could have an electric
supply line 118 connected to the proximal member 64.

[0114] As shown in FIGS. 16-20, another variation of the
adapter 104 and proximal hub 112 are shown. Although simi-
lar to the adapter 104 and proximal hub 112 described above
and shown in FIG. 15, the adapter 104 and proximal hub 112
of FIGS. 16-20 include additional features. As shown in
FIGS. 16-17, the adapter 104 has threads 150 that are tight-
ened into the threads of the proximal member 64 to connect
the adapter 104 and proximal member 64 together. The length
between the bottom face 152 of the adapter 104 and the
middle flange face 154 may be larger than the length between
the LED lens 156 and the end face 158 of the proximal
member 64. As a result, when the adapter 104 is fully tight-
ened into the proximal member 64, the bottom face 152 of the
adapter 104 preferably bottoms out against the LED lens 156,
or inner face 156, of the proximal member 64 before the
middle flange face 154 abuts the end face 158 of the proximal
member 64. As illustrated in FIG. 17, the inner lumen 160 of
the adapter 104 has an inverted conical surface 106 that
receives the conical surface 100 of the proximal hub 112. If
desired, the inner lumen 160 may also have constant diameter
sections corresponding to the proximal hub 112.
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[0115] The proximal hub 112 has an axial lumen 162
extending therethrough that receives the optical fiber 30. Pref-
erably, the optical fiber 30 extends through the lumen 162 of
the proximal hub 112 so that the proximal end of the optical
fiber 30 is generally flush with the proximal face 164 of the
proximal hub 112. The optical fiber 30 is preferably secured
to the proximal hub 112 by gluing the proximal hub 112 and
optical fiber 30 together. For example, glue may be deposited
into one or more proximal cross holes 166 to directly adhere
the proximal hub 112 and optical fiber 30 together. In addi-
tion, the optical fiber 30 may be provided with a strain relief
182 (e.g., a short polymeric outer tube) that extends through
the distal portion of the lumen 162 in the proximal hub 112.
The distal portion of the lumen 162 may have a larger diam-
eter than the proximal portion to accommodate the strain
relief 182. The strain relief 182 thus extends out the distal end
of the proximal hub 112 and surrounds a proximal portion of
the optical fiber 30 to resist kinking of the fiber 30. The strain
relief 182, proximal hub 112, and optical fiber 30 may be
secured together by depositing glue into one or more distal
cross holes 168 and around the distal opening to adhere the
proximal hub 112 and strain relief 182 together. The optical
fiber 30 and strain relief 182 may also be secured together by
depositing glue around the circumference of the optical fiber
30 at the distal end of the strain relief 182.

[0116] The proximal hub 112 may be provided with a
proximal end 170 that has a steeper taper 170 than the taper of
the conical surface 100. This is useful to provide a puncturing
tip 170 that is more effective at puncturing the sterile bag 98.
In use, it may be preferable for the punctured opening 172 in
the sterile bag 98 to get pulled into the lumen 160 of the
adapter 104 by the proximal hub 112 so that the punctured
opening 172 is squeezed between the adapter 104 and the
proximal hub 112. The proximal hub 112 may also be pro-
vided with one or more flexible arms 174 that extend from the
body of the proximal hub 112 and engage a portion of the
adapter 104. The arms 174 preferably engage a tapered por-
tion 176 of the adapter 104 such that when the arms 174 exert
pressure against the tapered portion 176 of the adapter 104,
the proximal hub 112 is pulled into the lumen 162 of the
adapter 104.

[0117] Pressure by the arms 174 may be exerted by the
resiliency of the arms 174 or may also be exerted by the
operator’s fingers when the operator pushes on the outer
surfaces of the arms 174 to push the proximal hub 112 into the
adapter 104. As a result, the proximal hub 112 is pulled into
the adapter 104 until the proximal face 164 of the proximal
hub 112 (and the proximal end of the optical fiber 30) abuts or
is flush with the LED lens 156, or inner face 156, of the
proximal member 64. One advantage of this feature is that the
proximal end of the fiber 30 is positioned as close as possible
to the lens 156 so that little or no light is lost between LED-
fiber connection.

[0118] As shown in FIG. 16, the sterile bag 98 may extend
between the flexible arms 174 and the tapered portion 176 of
the adapter 104 if desired. As also shown in FIG. 16, the
proximal hub 112 may be provided with a distal stem 178 that
extends distally from the base 180 of the flexible arms 174.
This may be useful to protect the optical fiber 30 from kinking
if the operator inadvertently places a finger on the base 180 of
the flexible arms 174 when pushing the proximal hub 112 into
the adapter 104.

[0119] As shown in FIG. 21, the locating device 114 may
have the light source 116 located along the distal portion of
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the locating device 114 that extends inside the patient’s body
instead of at the proximal end as described above. The light
emitting element 116 in FIG. 21 is preferably a small LED
116 located near the distal end of the locating device 114. In
order to power the LED 116, electric supply lines 118 may
extend along the length of the locating device 114 between
the LED 116 and the proximal member 120. In this embodi-
ment, the proximal member 120 may have a power supply
120 for the LED 116, which is preferably battery-powered. In
order to see the light through the patient’s tissues from outside
the patient, the LED 116 is oriented laterally from the axis of
the locating device 114 so that light is directed radially away
from the locating device 114. Preferably, the light source 116
and electric supply lines 118 are embedded within a covering
to insulate the electric supply from the patient’s body. For
example, a resin 122 may be used to cover the LED 116 and
electric supply lines 118. Although a single LED 116 is
shown, it is understood that the locating device 114 may have
multiple LEDs 116 around the circumference and along the
length of locating device 114. The LEDs 116 may also be of
different colors and may be switched on at different intervals
or strobed, etc. if desired.

[0120] Another embodiment for a system for navigating a
catheter 12 is shown in FIGS. 22-25. As illustrated in F1G. 22,
it is preferable in some catheter navigation systems for the
distal end 124 of the locating device 126 to be within the
lumen 128 of the catheter 12. That is, the distal end 130 of the
catheter 12 is located distally from the distal end 124 of the
locating device 126 so that the distal end 130 of the catheter
12 forms the leading end 130 of the system. This arrangement
is desirable since the distal end 130 of the catheter, for
example in the case of a PICC 12, is designed to be atrau-
matic. Itis also preferred for the light emitting element(s) 132
to be located close to the distal end 130 of the catheter 12 in
order to indicate to the physician where the distal end 130 of
the catheter 12 is during the navigation procedure. Preferably,
the distal-most light emitting element 132 is within 50 mm of
the distal tip 130 of the catheter 12. Typically, the arrange-
ment of the catheter 12 and the locating device 126 shown in
FIG. 22 will be locked together with a proximal valve 28 as
shown in FIG. 14 to maintain the relative positions of the
catheter 12 and the locating device 126. As explained above,
after the catheter 12 is positioned at the intended treatment
site, the locating device 126 will be unlocked by releasing the
valve 28, and the locating device 126 will be removed from
the lumen 128 of the catheter 12.

[0121] One problem with navigating the catheter 12 with a
light emitting element 132 as arranged in FIG. 22 is that the
light from the light emitting element 132 must pass through
the tubular wall 134 of the catheter 12 and the overlying
tissues of the patient in order for the physician to view the
light from outside of the patient. In FIG. 24, a chart is shown
which illustrates the typical transmission 136 of various
wavelengths of light through body tissues. Although the
wavelengths of light illustrated in FIGS. 23-25 may not pre-
cisely match the visible light spectrum, the wavelengths of
light referred to herein concern the visible light spectrum,
since the intention is that the physician will be able to view the
light transmitted by the light emitting element 132 from out-
side of the patient without the aid of special viewing equip-
ment. As illustrated in FIG. 24, all wavelengths of visible light
can be transmitted 136 through body tissues to varying
degrees. Thus, if the light transmitted by the light emitting
element 132 is intended to only pass through body tissues, the
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wavelengths of light used may not be of particular concern.
Thus, one conventional choice that may be used for the light
source (e.g., LED 64in FIG.3 or LED 116 in FIG. 21) may be
awhite LED 138. As illustrated in FIG. 25, a white LED 138
emits wavelengths of light over the entire, or most of, the
visible light spectrum. Depending on the specific light source
used, a white light source 138 may have multiple peaks of
higher light output at certain wavelengths, but in general a
white light source 138 emits light across a broad range of the
visible light spectrum. While some of the white light 138
wavelengths may be diminished more than other wave-
lengths, in general it would be expected that all white light
138 wavelengths will pass through body tissues to some
degree.

[0122] However, depending on the type of catheter 12 used,
it is possible that the catheter 12 may have a different light
transmission profile than overlying body tissues. This may be
particularly the case when a additive 140 is added to the
tubular wall 134 of the catheter 12 that absorbs certain wave-
lengths of visible light more than other wavelengths of visible
light. One such example of a additive 140 is illustrated in the
chart of FIG. 23. Although additives with different transmis-
sion profiles may be used, the additive 140 of FIG. 23 may be
characterized by afirst range 142 of visible light wavelengths
and a second range 144 of visible light wavelengths, where
the first range 142 of wavelengths allows a higher percentage
of light to pass through the additive 140 than the second range
144 of wavelengths allows. Thus, within the second range
144, a higher proportion of light is absorbed by the additive
140 than in the first range 142. That is, light more easily
passes through the additive 140 within the first range 142 of
wavelengths, but light is either partially or substantially
blocked within the second range 144 of wavelengths com-
pared to the first range 142. Thus, as shown in FIG. 23, light
transmission is completely blocked within the majority of the
second range 144. In FIG. 23, light transmission may also be
considered completely blocked within the entire second
range 144 where the second range 144 is defined at about 580
nm at the upper end, since this range also constitutes more
than 50% of the entire visible light spectrum.

[0123] The additive 140 may be a variety of different mate-
rials and may be incorporated with the tubular wall 134 of the
catheter 12 in a variety of ways. For example, the additive 140
may be impregnated into the tubular wall 134 and may be
integrated throughout the tubular wall 134. If desired, the
impregnated additive 140 may be exposed to the exterior
surface and interior surface of the tubular wall 134. However,
the additive 140 may also be a coating applied to the exterior
or interior surfaces of the wall 134. Typically, the tubular wall
134 of the catheter 12 will be made of a structural base
material, such as a flexible polymer material like nylon,
which may define the light transmission profile of the wall
134 in part or in whole. In one embodiment, the additive 140
is a drug 140. For example, the additive 140 may be an
antibiotic drug 140. This may be particularly advantageous
where the catheter 12 is a central venous catheter 12, such as
a PICC 12, since a PICC 12 may be left within a patient’s
venous system for days or years. Thus, an antibiotic drug 140
incorporated into the tubular wall 134 of the catheter 12 can
prevent bacterial growth on the surfaces of the catheter 12.
One possible antibiotic drug 140 that may be used is a com-
bination 140 of minocycline and rifampin. Minocycline is
typically yellow in color, and rifampin is typically red in
color. The resulting combination 140 of minocycline and
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rifampin is typically orange in color. Preferably, the additive
140 is incorporated along substantially the entire length of the
catheter 12. However, for the purposes described herein, the
additive 140 is incorporated along at least the distal portion of
the catheter 12 where the light emitting element 132 is
located. The light emitting element 132 is directed toward the
wall 134 of the catheter 12 incorporating the additive 140.
Thus, the light from the light emitting element 132 must pass
through the additive 140 in order to be seen from outside the
patient.

[0124] The chart in FIG. 23 shows the percent transmit-
tance 140 of light at various wavelengths through the minocy-
cline/rifampin antibiotic drug combination 140. As shown,
the minocycline/rifampin drug combination 140 substantially
blocks transmission of the majority of visible wavelengths of
light within the second range 144 of wavelengths. However,
within the first range 142 of wavelengths, a relatively high
proportion of light passes through the drug combination 140.
For example, the transmittance of light through the minocy-
cline/rifampin drug combination 140 is higher in the first
range 142 of wavelengths than the transmittance of a compa-
rable range of wavelengths through body tissues (compare
FIGS. 23 and 24). Preferably, the first range 142 of wave-
lengths defining the additive 140 is less than 50% of the entire
visible light spectrum. Within the first range 142 of wave-
lengths, at least 70% of light is transmissable through the
additive 140. The second range 144 of wavelengths is more
than 50% of the entire visible light spectrum. Within the
second range 144 of wavelengths, preferably no more than
30% of light is transmissable through the additive 140. In the
case of the minocycline/rifampin drug combination 140
described above, the first range 142 of visible light wave-
lengths may be between 580 nm and 750 nm. Thus, the
additive 140 may be orange or red in color.

[0125] Itis understood that the light transmission profile of
the tubular wall 134 is defined by the entire structure and
materials that make up the tubular wall 134. Thus, where the
tubular wall 134 is made from a structural base material like
nylon and an additive 140 impregnated therein like a drug, the
light transmission profile of the wall 134 is a combination of
the transmission properties of the base material and the addi-
tive 140. Conventionally, the base material will typically be
made from a material that has generally uniform light trans-
mission throughout the entire visible light spectrum. Thus,
conventional base materials commonly have a generally
white or other neutral appearance or a shade or hue thereof.
By contrast, the additive 140 may have greater light absorbing
properties throughout the second range 144 and allows light
transmission throughout the first range 142. Thus, the addi-
tive 140 may behave like a dye or other pigment. Although the
transmission ratio of the additive 140 itself may be quite high
within the first range 142 as illustrated in FIG. 23, it is under-
stood that light transmission through the wall 134 may be
significantly less where the base material itself blocks a per-
centage of light throughout the visible light spectrum, or least
blocks a percentage of light within the first range 142.

[0126] The tubular wall 134 may be characterized as trans-
lucent in that at least some light is able to pass through the
wall 134 and can be seen with the naked eye. However, when
a white light is used, the wavelengths that transmit through
the tubular wall 134 can be defined as having a color of red,
orange, yellow, green, blue, violet or a mixture thereof. That
is, the tubular wall 134 is not white, black or variations
thereof. Thus, as explained above with respect to the preferred
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additive 140, the tubular wall 134 may likewise be defined by
a first range 142 of wavelengths that is less than 50% of the
visible light spectrum, and a second range 144 of wavelengths
that is more than 50% of the visible light spectrum. The color
of the tubular wall 134 may therefore be defined by a greater
percentage of the first range 142 being transmitted through
the wall 134 compared to the second range 144, and a greater
percentage of the second range 144 being blocked or
absorbed compared to the first range 142. The second range
144 may also be defined as having at least a 15% or a 50%
drop in transmission intensity compared to the first range 142.
Preferably, no more than 30% of light is transmissable
through the tubular wall 134 within the second range 144.
Alternatively, the second range 144 may be defined as wave-
lengths where light transmission is substantially blocked. If
desired, the second range 144 may be defined as being at least
75% of the visible light spectrum. More specifically, substan-
tially all of the visible light may be blocked within 75% of the
visible light spectrum. Thus, when white light is transmitted
through the tubular wall 134, the light transmitted there-
through may be a distinct color of either red, orange, yellow,
green, blue or violet, which is understood to include shades
thereof.

[0127] Inorder to ensure that sufficient light passes through
the tubular wall 134 of the catheter 12 and the overlying body
tissues for the physician to be able to see the light from
outside the patient, the light output from the light source may
be narrowed to a range of wavelengths that generally matches
the wavelengths of the first range 142 of wavelengths defining
the tubular wall 134. For example, the light output of one
embodiment of a preferred light source is shown in FIG. 25.
Unlike the light output for white light 138, the light output for
the preferred light source 146 emits substantially more visible
light within the first range 142 of wavelengths than within the
second range 144 of wavelengths. It is also possible for sub-
stantially all of the light output of the preferred light 146 to be
within the first range 142. Alternatively, there may be sub-
stantially no light output within the second range 144. Pref-
erably, at least 60% of the light output of the light source 146
is within the first range 142 of wavelengths, and no more than
30% of the light output 146 is within the second range 144 of
wavelengths. Typically, light output may be measured as a
power density within a particular range of wavelengths. An
LED may be preferred for the light source 146, since an LED
may provide light with a single peak of wavelengths of light
as shown in FIG. 25. By way of comparison, in FIG. 25 where
a similar white LED 138 and red LED 146 were used, the
power density of the red LED 146 within the range of 600 nm
and 700 nm is more than nine times higher than the white
LED 138 within the 600-700 nm range. A power density for
the light source of more than five times a comparable white
light source 138 within the first range 142 may also be advan-
tageous. Preferably, at least 60% of the light output of the
light source 146 is within 600 nm and 700 nm. Thus, the light
output may be orange or red and the tubular wall 134 may be
orange or red, and preferably orange, when used together in
the light navigation method described above.

[0128] Because the wavelengths of light emitted from the
light source 146 generally matches the first range 142 of
wavelengths of light that are transmissable through the tubu-
lar wall 134, a higher amount of light passes through the wall
134 of the catheter 12. As a result, more light reaches the
exterior of the patient to make viewing the light easier for the
physician. Alternatively, it would be possible to use a light
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source 146 with less power and still achieve acceptable exte-
rior visualization for navigation when the wavelengths of
light emitted from the light source 146 generally matches the
first range 142 of wavelengths of the catheter 12.

[0129] While preferred embodiments of the invention have
been described, it should be understood that the invention is
not so limited, and modifications may be made without
departing from the invention. For example, the method and
device may be used to navigate and position a central venous
catheter into the venous system with the two described modes
of location. The scope of the invention is defined by the
appended claims, and all devices that come within the mean-
ing of the claims, either literally or by equivalence, are
intended to be embraced therein. Furthermore, the advan-
tages described above are not necessarily the only advantages
of the invention, and it is not necessarily expected that all of
the described advantages will be achieved with every embodi-
ment of the invention.

1. A system for locating a central venous catheter, com-
prising:

a central venous catheter comprising one or more lumens
extending therethrough adapted to extend from a proxi-
mal portion outside an access site into a patient’s vein to
a distal end within a venous system of said patient;

a locating device extending through one of said lumens of
said central venous catheter, a proximal portion of said
locating device extending proximally from said proxi-
mal portion of said central venous catheter, and a distal
portion of said locating device being disposed adjacent
said distal end of said central venous catheter, said locat-
ing device being removable from said central venous
catheter after said central venous catheter is navigated
and positioned within said venous system;

a biocompatible fluid disposed within said lumens of said
central venous catheter;

a light emitting element disposed along said distal portion
of said locating device, said light emitting element
thereby being adapted to direct light radially away from
said locating device, said light being visible through
tissues of said patient from outside said patient to navi-
gate said central venous catheter through said venous
system; and

a conductive member made of a metallic material electri-
cally connected to an ECG machine, a distal portion of
said conductive member being exposed to said biocom-
patible fluid within one of said lumens of said central
venous catheter or blood within said patient adjacent
said distal end of said central venous catheter, said con-
ductive member thereby being adapted to transmit an
intravascular ECG signal to said ECG machine to posi-
tion said central venous catheter within said venous sys-
tem.

2. The system according to claim 1, wherein said locating
device comprises an optical fiber adapted to extend from said
proximal portion of said locating device to said distal portion
of said locating device, said light emitting element compris-
ing a redirection element disposed along said optical fiber,
said redirection element being adapted to direct light passing
axially through said optical fiber radially away from said
optical fiber, and a light source connected to a proximal end of
said optical fiber.

3. The system according to claim 2, wherein said redirec-
tion element comprises a partially or completely removed
length of a cladding layer of said optical fiber.
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4. The system according to claim 2, wherein a distal end of
said optical fiber is adjacent said distal end of said central
venous catheter.

5. The system according to claim 2, further comprising an
adapter connected to said light source and a proximal hub
connected to said optical fiber, said proximal hub and said
adapter being adapted to couple said light source and said
optical fiber together for the transmission of light from said
light source to said optical fiber, said proximal hub compris-
ing a flexible arm engaging a tapered portion of said adapter,
wherein pressure from said flexible arm against said tapered
portion pulls said proximal hub into said adapter until a proxi-
mal end of said optical fiber is generally flush with a lens of
said light source.

6. The system according to claim 1, wherein said locating
device comprises an electric supply line adapted to extend
from said proximal portion of said locating device to said
distal portion of said locating device, said light emitting ele-
ment comprising a light source connected to a distal end of
said electric supply line and adapted to direct light radially
away from said locating device, and a power supply con-
nected to a proximal end of said electric supply line.

7. The system according to claim 1, wherein said conduc-
tive member wraps around an outer circumference of a length
of said proximal portion of said locating device, said conduc-
tive member thereby being exposed proximally from said
proximal portion of said central venous catheter, and said
conductive member being connectable to said ECG machine
with a clip contacting said outer circumference.

8. The system according to claim 6, wherein said conduc-
tive member comprises a coiled wire wrapped around said
outer circumference of said length.

9. The system according to claim 1, wherein said conduc-
tive member extends axially through one of said lumens of
said central venous catheter less than half of an overall length
of said central venous catheter.

10. The system according to claim 1, wherein said conduc-
tive member extends axially through one of said lumens of
said central venous catheter substantially an entire length of
said central venous catheter.

11. The system according to claim 1, wherein said locating
device extends through a valve to extend through said lumen
of said central venous catheter, said valve longitudinally
retaining said central venous catheter and said locating device
together during navigation and positioning of said central
venous catheter.

12. The system according to claim 1, further comprising a
proximal member housing a light source or a power supply, a
sterile barrier surrounding said proximal member, and a
proximal end of said locating device comprises a conical
surface configured to penetrate said sterile barrier to connect
said locating device to said proximal member.

13. The system according to claim 1, further comprising an
ECG extension cable comprising a clip at one end adapted to
connect to said conductive member and an ECG electrode
snap at another end adapted to connect to an ECG lead.

14. The system according to claim 1, further comprising an
ECG electrode snap fixedly attached to said conductive mem-
ber along a proximal portion of said conductive member.

15. The system according to claim 13, wherein said ECG
electrode snap is disposed more than 300 mm from said
access site when said distal portion of said conductive mem-
ber is within said venous system.
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16. The system according to claim 1, further comprising a
proximal member housing a light source or a power supply
connected to a proximal end of said locating device, said
proximal member being disposed more than 150 mm from
said access site when said distal portion of said locating
device is within said venous system.

17. The system according to claim 1, wherein said locating
device and said conductive member are bonded together to
restrain longitudinal movement between said locating device
and said conductive member.

18. The system according to claim 1, wherein said locating
device is disposed coaxially within said conductive member.

19. A method of locating a central venous catheter within a
venous system of a patient, comprising:

extending a locating device and a conductive medium
though one or more lumens of said central venous cath-
eter, said locating device comprising a light emitting
element disposed adjacent a distal end thereof;

establishing access to a vein within an arm or neck of said
patient;

directing light from said light emitting element radially
away from said locating device;

navigating said central venous catheter through a venous
system of said patient by viewing said light from outside
of said patient; and

positioning a distal portion of said central venous catheter
within said venous system by monitoring an ECG read-
ing through said conductive medium.

20. A system for navigating a catheter through a body

passageway of a patient, comprising:

a catheter comprising a distal portion and a proximal por-
tion, said distal portion comprising a tubular wall defin-
ing a lumen extending therethrough, said tubular wall
being at least partially translucent and defined by a first
range of visible light wavelengths and a second range of
visible light wavelengths, said first range of visible light
wavelengths comprising less than 50% of the entire vis-
ible light spectrum and said second range of visible light
wavelengths comprising more than 50% of the entire
visible light spectrum, said first range being at least
partially transmitted through said tubular wall and said
tubular wall substantially blocks transmission of all vis-
ible light wavelengths within said second range, wherein
said first range appears as a color of red, orange, yellow,
green, blue, violet or a mixture thereof when a white
light is transmitted through said tubular wall;

a locating device extending through said lumen of said
catheter, saidlocating device comprising a light emitting
element disposed along a distal portion thereof, said
light emitting element being disposed within said lumen
and being directed toward said tubular wall; and

a light source in communication with said light emitting
element, at least 60% of light output by said light source
being within said first range of visible light wavelengths
and no more than 30% of said light output being within
said second range of visible light wavelengths, wherein
said light output is directed through said tubular wall by
said light emitting element, said light output being vis-
ible from an exterior of the patient through said tubular
wall and overlying tissues of said patient for navigation
through said body passageway.
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