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Description
BACKGROUND
1. Field

[0001] The present technology is directed to medical
imaging and more particularly to a method and apparatus
for detection of catheter location for intravenous access.

2. Description of the Related Art

[0002] Intravenous (IV) catheters are used to access
veins for blood draw, and for fluid delivery. There are very
few techniques for assisting nurses and clinicians in ver-
ifying a positive cannulation of a vein. The standard tech-
nique for peripheral IV access involves using a tourniquet
to engorge veins, followed by palpation to identify a suit-
able vein and finally insertion of the catheter needle. Cli-
nicians must rely on "feel" when inserting the needle into
a vein and on observing blood flashback to ascertain
when the catheter has successfully cannulated the vein.
Statistics indicate that this trial-and-error process re-
quires an average of 2.4 attempts and up to 20 min for
a clinician to successfully cannulate a vein. Aside from
the increased pain and anxiety experienced by patients,
there are real costs associated with IV care. Patient
throughput, nurse time, consumables, and increased in-
fection rates all contribute to increased medical care
costs for hospitals and governments.

[0003] Systems have been developed for assisting in
venous access and which overcome the disadvantages
of the traditional trial-and-error procedure discussed
above. One such system is the VeinViewer® infrared de-
tector and image projector manufactured and sold by
Christie Medical Holdings, Inc., a division of Christie Dig-
ital Systems, Inc., which is described in US Patent No.
7,239,909, and US Publication Nos. 2010051808,
20070158569 and 20060122515.

[0004] According to the VeinViewer® system, diffuse
infrared light is used to image vasculature below the sur-
face of the skin, and the image is then projected onto the
skin to reveal the location of the vasculature. The vascu-
lature image is projected in exactly the same anatomical
location as the vasculature itself, and in its three-dimen-
sional context (skin of patient) making it very easy to see
the vessels. Also, since there is no transducer to hold,
the clinician’s hands are free to deal with venous access.
[0005] Although the VeinViewer® system has been
widely adopted by hospitals, its application has been
somewhat limited by the fact that it cannot detect a suc-
cessful cannulation event. For this, ultrasound is the only
current visualization technology that can show if a suc-
cessful cannulation has occurred. Ultrasound is com-
monly used for deep vein access such as PICC lines and
CVC'’s, but is not typically used for peripheral veins.
[0006] Examples of ultrasound imaging systems for
acquiring images of the vasculature include US Publica-
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tion No. 20060036167 which discloses a system for ac-
quiring angiographic images and locating a catheter with-
in a blood vessel, and US Patent No. 7930014 which
discloses a system for locating a catheter inside a body
and the simultaneous display of two images: an angio-
graphic representation of the location of the catheter and
an image captured by the catheter.

[0007] Additional prior art of interest is as follows: US
Publication ~ Nos.  20080194930; 20100094126;
20080039715; 20060036164; 20110009738; 2011 125
028 and US Patent Nos. 6178340; 5519208; 5608210
and 4817622.

[0008] US Publication No. 20080194930 discloses
modifying a catheter needle surface to facilitate detection
of the needle by an IR camera.

[0009] US Publication No. 20100094126 discloses the
use of an optical fibre to locate the tip of the needle by
extending the fibre out the end of the needle, and the use
of absorbed and re-emitted light to find a vein. The ap-
plication envisions a clinician passing the needle over
the skin to detect the presence of a vein beneath and
watching for a corresponding change in optical return.
There is no imaging of the needle or the vein.

[0010] US Patent No. 6178340 discloses an infrared
imaging system for detection of veins near the surface
of a patient’s skin. A screen is used to show the clinician
where the veins are located. There is no imaging of the
catheter/needle.

[0011] US Patent No. 5519208 discloses the use of a
near infrared LED to mark the tip of the needle/catheter.
The image of the needle/catheter is seen through a
screen or via a mirror that enables viewing of the image
and the patient simultaneously.

[0012] US Patent No. 5608210 also discloses the use
of a near infrared LED to mark the tip of the needle/cath-
eter. The image of the needle/catheter is seen through
special headgear worn by the clinician. The head-mount-
ed instruments are intended to overcome the problem of
viewing a monitor while attempting to cannulate a vein.
[0013] US Patent No. 4817622 discloses the use of a
fibre to illuminate tissue.

[0014] US Publication Nos. 20080039715 and
20060036164 disclose the use of a light emitting tip to
locate a catheter within a patient and the use of pulsed
light signals to facilitate such detection. The pulsed sig-
nals are meant to facilitate locating the catheter by giving
instruments a known signal type, e.g. rhythmic pulses,
to detect and track within the body.

[0015] US Publication No. 20110009738 discloses the
use of changes in the surface properties of the needle to
facilitate tracking by an IR camera as well as the use of
the properties of blood to modify the signal received by
the IR camerain order to detect a successful cannulation.
[0016] It is an attempt of this description to set forth a
system for detecting the position of a catheter using in-
frared based imaging but which eliminates the prior art
difficulties in detecting a positive cannulation.
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SUMMARY

[0017] Itis an aspect of the present technology to pro-
vide a system for detecting cannulation of a catheter,
comprising a needle, a light source, a camera and a pro-
jector. The light source illuminates a patient’s skin in an
area of interest. The light is reflected and scattered by
tissue but absorbed by hemoglobin in the blood. The
camera detects the reflected light and the projector then
projects the image obtained by the camera onto the pa-
tient’s skin thereby providing a map of the patient’s blood
vessels that is visible to the clinician. The needle is made
detectable by projecting light from its tip. This can be
accomplished by threading a fibre through the needle to
a position at or near the tip or by using the hollow needle
itself as a light guide. The light illuminates the tissue sur-
rounding the vein but is absorbed by hemoglobin in the
blood. Therefore, as the needle is pushed into the pa-
tient’s skin the tip will continue to be visible to the camera
until a successful cannulation event has occurred, indi-
cated by the light emitted from the tip of the needle being
absorbed by the hemoglobin in the blood resulting in a
substantial decrease in the light being detected by the
camera. An image of the needle may also be projected
onto the patient’s skin to aid the clinician in positioning
the needle. This can be accomplished using two different
wavelengths of light for illuminating the skin and the nee-
dle tip or by alternating pulses of light for alternately illu-
minating the skin and the needle tip.

[0018] These together with other aspects and advan-
tages which will be subsequently apparent, reside in the
details of construction and operation as more fully here-
inafter described and claimed, reference being had to
the accompanying drawings forming a part hereof,
wherein like numerals refer to like parts throughout.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Figure 1 is a cross-section view through a conven-
tional IV catheter, according to the prior art;

Figure 2 is a cross-section view through an IV cath-
eter with light source for detection of catheter loca-
tion, according to a first embodiment;

Figure 3 is a cross-section view through an IV cath-
eter with light source for detection of catheter loca-
tion, according to a second embodiment;

Figure 4 is a cross-section view through an IV cath-
eter with light source for detection of catheter loca-
tion, according to a third embodiment;

Figure 5 is a cross-section view through an IV cath-
eter with light source for detection of catheter loca-
tion, according to a further embodiment;

10

15

20

25

30

35

40

45

50

55

Figure 6 is a schematic representation of an IR im-
ager and projector forming part of an exemplary em-
bodiment of a system for detection of catheter loca-
tion for intravenous access;

Figure 7 is a schematic representation of a system
for detection of catheter location for intravenous ac-
cess, incorporating the catheter of Figures 2-5 and
the IR imager and projector of Figure 6, according
to a further embodiment; and

Figures 8A, 8B and 8C show images projected onto
the arm of a patient using the system of Figure 7.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0020] A conventional prior art catheter 10 for periph-
eral IV access is shown in Figure 1, including a catheter
housing 12 sheathed over anintroducer needle 14, which
terminates in a needle housing 16. The introducer needle
14 is used to insert the catheter into a vein. Once the
vein is cannulated, the introducer needle 14 is removed
leaving the catheter 10 in place.

[0021] According to a first embodiment, as shown in
Figure 2, the IV catheter 10 of Figure 1 can be illuminated
via a fibre optic light guide 18 disposed within the needle
14. The light guide is illuminated from the needle housing
16 and propagates light to the needle tip 15. A source of
illumination orilluminator (discussed in greater detail with
reference to Figures 6 and 7) generates light at a wave-
length chosen to be transparent to tissue but readily ab-
sorbed by haemoglobin. Wavelengths in the range of
650-1100 nm are suitable. The illuminator can be a laser,
LED or other suitable light source, and can be disposed
within housing 16 or can be connected to the housing
from a remote location via optical fibre 19 and a light
source coupler 20. The coupler 20 ensures accurate
alignment between the light-generating tip of the optical
fibre 19 and the light guide 18. The use of a remote illu-
minator also eliminates any obtrusion around the cathe-
ter, for ease of insertion.

[0022] In a second embodiment, shown in Figure 3,
the hollow needle 14 is used as a light guide such that
no fibre 18 is required. The light source coupler 20
mounts directly to the needle housing 16 and self-aligns
with the back of the needle 14. Light propagates down
the needle shaft and is reflected out at the sharp side of
the needle 14.

[0023] A window 24 is molded into the plastic needle
housing 16. The purpose of the window 24 is to create a
blood flashback chamber that can be used as a visual
detector for cannulation while preventing blood from con-
taminating the light source coupler 20.

[0024] In a third embodiment, illustrated in Figure 4, a
plano-convexlens 25 is provided having a suitable radius
to match the fibre numerical aperture output of optical
fibre 19 for enhanced optical coupling into the needle 14.
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The lens 25 can be molded into the optical window 24
as part of the manufacturing process. The lens 25 focus-
es the diverging light emitted from the optical fibre 19 to
a point at the opening in the end of the needle 14. This
ensures maximum light coupling and light transmission
to the needle tip 15.

[0025] According to a further embodiment, illustrated
in Figure 5, a self-centering mechanism 26 is provided
in the walls of the needle housing 16 to ensure the light
source coupler 20 self centers to the optical window 24
and lens 25. This can be accomplished using a slight
taper to the needle housing walls that matches the light
source coupler. In this way, the coupler self centers but
can also be "locked" in place by friction. Alternatively, a
quarter-turn thread (not shown) can also be used to at-
tach the light coupler 20. In this case, a matching thread
(notshown) is placed on the needle housing 16 to engage
the light coupler 20.

[0026] Figure 6isaschematicrepresentation of amod-
ified version of a VeinViewer® infrared detector and im-
age projector 27 manufactured and sold by Christie Med-
ical Holdings, Inc., as discussed above, for incorporation
into the system of Figure 7, discussed in greater detail
below. The infrared detector and image projector 27 is
described in detail in the patents and patent applications
referred to above. In general, infrared detector andimage
projector 27 comprises an IR illuminator 28, an IR imager
29, image processing circuitry and imaging optics 30 and
a projector 32. The IR light illuminates a patient’s tissue
with light in the range of 650-1100 nm, which is absorbed
by haemoglobin. The unabsorbed light is reflected back
and is detected by the IR imager 29.The reflected image
is processed by image processing circuitry and imaging
optics 30, and then re-projected back in real-time via the
projector 32 to show the location of blood vessels be-
neath the patient’s skin. The IR imager 29 includes a cut-
off filter to differentiate reflected imaging light from back-
ground IR light in the environment.

[0027] In addition to the IR illuminator 28, an additional
IR illuminator 28A, may be provided for illuminating the
IV catheter 10, and a second IR imager 29A and optical
separator 31 may be provided for detecting light reflected
from illuminator 28A. The modified system of figure 6
may be combined with the IV catheter 10 of any one of
Figures 2 or 5, to create a system for detection of catheter
location for intravenous access, as shown in Figure 7.
[0028] In the system of Figure 7, the infrared detector
and image projector 27 is connected to additional IR il-
luminator 28A via a USB cable 33, which illuminates the
IV catheter 10 via optical fibre 19 and light source coupler
20 (Figures 2 - 5). The wavelength of illumination of this
additional light source is also in the range of 650-1100
nm but at a second wavelength that is different than the
first wavelength output from the IR illuminator 28, and is
preferably separated from the first wavelength by at least
50 nm. Light 34 emanating from the tip 15 of the catheter
is filtered by optical separator 31 and detected by the IR
imager 29A. Light 35 from illuminator 28 that has not
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been absorbed by haemoglobin is reflected by the tissue
and detected by the IR imager 29 whereas light absorbed
by haemoglobin results in an absence of reflected light
35 indicative of vein 38. Imagers 29 and 29A therefore
detect both the image of the veins and the image of the
catheter simultaneously. Both detectors are preferably
identical in aspect ratio and resolution to ensure proper
image alignment between the two images. The catheter
housing 16 is also detectable by the IR imager 29A for
orienting the axis of the needle in space. With the tip 15
of the needle and the housing detected, the infrared de-
tector and image projector 27 can project an image 40
onto the surface of the skin showing the location of the
needle 14 relative to the tissue 36 and vein 38 in the
image map, for example by illuminating the 1V catheter
10in a different color from the rest of the image, as shown
in Figures 8A - 8C.

[0029] As the needle is pushed into the skin, the illu-
minated tip 15 continues to be detected by the IR imager
29A of infrared detector and image projector 27 since the
chosenwavelength is not readily absorbed by tissue. The
infrared detector and image projector 27 maintains a pro-
jection of the entire needle so that the clinician has a
visual reference of the needle position relative to the vein
38. Once the needle penetrates the vein, blood flashes
back through the needle, as described above. Since
blood is a good absorber of wavelengths in the range of
650-1000 nm, the light emanating from the needle tip 15
diminishes substantially. As the light diminishes, the IR
imager 29A eventually detects a condition wherein no
light is detected. This condition is fed back to the image
processing circuitry which in response changes the color
on the needle projection to indicate to the clinician that
the needle has entered the bloodstream. Additional in-
formation can also be added via text on the image to
indicate to the operator that the blood vessel is cannu-
lated.

[0030] Wavelength separation can also be detected
using a single IR imager 29 in at least one other way.
The first and second wavelengths can be separated us-
ing a mirror composed of two equal sized band-pass fil-
ters (not shown). The firstfilter reflects the primary wave-
length onto one half ofimager 29 and allows transmission
of the second wavelength. The second filter reflects the
secondary wavelength onto the other half of imager 29
and transmits the primary wavelength. With suitable im-
aging optics in front of the imager 29, each wavelength
may be focussed onto one half of the imager. The two
imaging halves are partitioned to be identical in aspect
ratio and resolution. The acquired images of either the
veins or the catheter can then be processed and overlaid
in the projected image to locate the catheter position.
[0031] According to a further embodiment, light pulse
modulation may be used to illuminate the catheter 10 but
at the same wavelength of light as generated by the IR
illuminator 28. This removes the need for an additional
imager ay the second wavelength and simplifies the de-
sign of the imaging optics 30 required to resolve different
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wavelengths. In this embodiment, the imager 29 acquires
images at a speed of between 20-30 frames per second.
Preferably, this speed is maintained in duplex, which
means alternating images of the vein pattern and needle
are acquired at a rate of 40-60 frames per second. How-
ever, this higher acquisition speed reduces the amount
of lightimpinging on the imager and thus reduces signal/
noise ratio. In order to compensate for this, pixel binning
can be employed toreduce the resolution while improving
the signal/noise ratio. If adequate signal/noise ratio can-
not be achieved at 40-60 frames per second then a lower
frame rate of 20-30 frames per second can be used, al-
though this will introduce visible lag into the projected
image

[0032] Using timed light pulsing, the image of the vein
map and catheter are separated by sequentially pulsing
the IR illuminator 28 and the IR illuminator 28A for the IV
catheter 10 so that the IR imager 29 sees only one of
either the vein image or the IV catheter image at any
point in time. By using pulse modulation, the infrared im-
ager 29 and image projector 27 can operate at the same
wavelength for the vein image and the catheter image.
[0033] For this embodiment, the timing between the
light pulses from IR illuminator 28, the needle-tip IR illu-
minator 28A, and the imager 29 is synchronized such
that the imager 29 is virtually shuttered to only acquire
scattered or transmitted light from one of either the illu-
minator 28 or illuminator 28Ain sequential frames. Frame
synchronization can be achieved in one of two ways.
[0034] First, electronic synchronization may be provid-
ed by a microcontroller within the infrared detector and
image projector 27 which communicates with and con-
figures both IR illuminator 28 and IR imager 29. The im-
ager 29 is caused to capture sequential frames as fol-
lows: A, B, A, B, etc., where A = vein image and B =
catheter, with virtual shuttering of the imager 29 between
frames. This sequencing is used to cause the IR illumi-
nator 28 to illuminate during frame capture A and to turn
off during frame capture B. A sync signal can also be
output over the USB cable 33 so as to cause illuminator
28A to illuminate the external needle tip 15 during frame
capture B and be turned off during frame capture A.
[0035] Second, optical synchronization may be provid-
ed using the same synchronization pattern as set forth
above, but using an optical signal. In this case, the nee-
dle-tip illuminator 28A is disposed in close proximity to
the infrared detector and image projector 27, such that
when the illuminator 28 is turned on (frame capture A),
the IR imager 29 detects this light and trips a switch to
turn off the needle-tip illuminator 28A.

[0036] A final and simpler method to differentiate light
received from illuminators 28 and 28A is to use intensity
filtering. Instead of using two IR imagers 29 and 29A for
detecting reflected light projected onto the patient by the
illuminators 28 and 28A at different wavelengths, a single
IR imager 29 can be used to detect reflected light pro-
jected onto the patient by the illuminators 28 and 28A at
the same wavelength but at different amplitudes or in-
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tensities. Lightfrom illuminator 28A can be made brighter
than light from illuminator 28, which is detected by IR
imager 29 and re-projected back on to the patient’s skin
via projector 32 with the catheter needle being distin-
guishable by its higher brightness. The light from the nee-
dle tip 15 is much brighter and more concentrated than
the diffuse scattered light that is back-scattered from the
bulk tissue around veins. This difference in relative
brightness can be used by image processing software
and circuitry and grey scale filtering to allow the catheter
housing 16 and needle 14 to be discerned from the back-
ground vein image. However, this technique reduces the
overall dynamic range of the imaging system.

[0037] Figures 8A - 8C show vein map images ac-
quired using the system of Figure 7, with images of the
catheter 10 with the illuminated catheter tip 15 indicated
using coloured projection. Thus, in Figure 8A, the tip 15
may be shown in a first colour (e.g. red) prior to cannu-
lation while Figure 8B shows the tip 15in a second colour
(e.g. yellow) to indicate that vein cannulation has been
achieved, and in Figure 8C the catheter needle 14 is
shown beneath the surface of the skin via a coloured line
(e.g. yellow) for indicating orientation of the catheter in
space.

[0038] The present technology has been described
with respect to the forgoing embodiments and variations.
Other embodiments and variations are possible. For ex-
ample, instead of including a window 24, as in Figure 3,
an optical plug can be placed at the end of the needle to
prevent blood flashback from contaminating the light
source coupler 20. The optical plug can, for example, be
a clear medically approved plastic window that is placed
on the end of the needle 14 to allow light transmission
down the hollow needle.

[0039] The many features and aspects of the technol-
ogy are apparent from the detailed specification and,
thus, it is intended by the appended claims to cover all
such features and aspects of the technology that fall with-
in the scope of the technology. Further, since numerous
modifications and changes will readily occur to those
skilled in the art, it is not desired to limit the technology
to the exact construction and operation illustrated and
described, and accordingly all suitable modifications and
equivalents may be resorted to, falling within the scope
of the claims.

[0040] All elements, parts and steps described herein
are preferably included. It is to be understood that any
of these elements, parts and steps may be replaced by
other elements, parts and steps or deleted altogether as
will be obvious to those skilled in the art.

[0041] Broadly, this writing discloses at least the fol-
lowing: a system is set forth for detection of catheter lo-
cation forintravenous access, comprising a catheter hav-
ing a light source for illuminating a needle tip thereof; and
an infrared detector and image projector for simultane-
ously detecting image vasculature and the location of the
needle tip below the surface of the skin and in response
projecting an image onto the skin to reveal the location
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of the needle tip relative to the vasculature.

Claims

1.

10.

A system for detection of catheter location for intra-
Venous access, comprising:

a catheter (10) having an illuminator (28A) for
illuminating a needle tip (15) thereof; and
aninfrared detector and image projector (27) for
simultaneously detecting image vasculature
and the location of said needle tip below the sur-
face of the skin and in response projecting said
image onto the skin to reveal the location of said
needle tip relative to said vasculature.

The system of claim 1, wherein catheter comprises
a light guide (18) disposed within said needle (14)
and terminating at said tip (15), and said illuminator
illuminates said light guide (18) so as to propagate
light to said needle tip (15).

The system of claim 2, wherein said illuminator gen-
erates light at a wavelength that is transparent to
tissue but readily absorbed by haemoglobin.

The system of claim 3, wherein said wavelength is
in the range of 650-1100 nm.

The system of claim 4, wherein said illuminator is a
laser.

The system of claim 4, wherein said illuminator is an
LED.

The system of claim 2, wherein said illuminator is
disposed within a housing at an end of said catheter
remote from said needle tip.

The system of claim 2, wherein light from said illu-
minator propagates through an optical fibre (19) cou-
pled to a needle housing (16) via a light source cou-
pler (20), said housing (16) being disposed at an end
of said catheter remote from said needle tip, and
wherein said coupler (20) provides alignment be-
tween the illuminator and said light guide.

The system of claim 1, wherein light from said illu-
minator is directed through said needle (14) to said
tip (15).

The system of claim 9, wherein said catheter (10) is
connected to an optical fibre (19) that is coupled to
aneedle housing (16) via a light source coupler (20),
said housing being disposed at an end of said cath-
eter remote from said needle tip, wherein said cou-
pler provides alignment between the optical fibre and
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1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

said light guide such that light is directed through
said needle to said tip.

The system of claim 10, wherein said catheter further
comprises a clear medically-approved plastic win-
dow (24) that is moulded into said needle housing
(16) to create a blood flashback chamber for use as
a visual indicator of cannulation.

The system of claim 11, further comprising a piano-
convex lens (25) molded into said window and hav-
ing a radius that matches the fibre numerical aper-
ture output of said optical fibre for optical coupling
of said light into the needle (14).

The system of claim 12, wherein said illuminator gen-
erates light at a wavelength that is transparent to
tissue but readily absorbed by haemoglobin.

The system of claim 12, wherein said wavelength is
in the range of 650-1100 nm.

The system of claim 12, wherein said illuminator is
a laser.

The system of claim 12, wherein said illuminator is
an LED.

The system of claim 1, wherein said infrared detector
and image projector (27) includes a first illuminator
(28) for illuminating said vasculature, a second illu-
minator (28A) for illuminating said catheter, a first IR
imager (29) for detecting reflected light that has not
been absorbed by haemoglobin, and a second IR
imager (29A) for detecting light from said needle tip
and light reflected from said catheter.

The system of claim 17, wherein the wavelengths of
illumination of said first and second illuminators are
each in the range of 650-1000 nm but are at different
wavelengths and are separated from each other by
at least 50 nm.

The system of claim 1, wherein said infrared detector
and image projector (27) includes a first illuminator
(28) for illuminating said vasculature, a second illu-
minator (28A) for illuminating said catheter, and an
IR imager (29, 29A) for detecting reflected light that
has not been absorbed by haemoglobin as well as
light from said needle tip and light reflected from said
catheter, wherein said first illuminator is modulated
to generate timed light pulses, and said second illu-
minator is modulated to generate timed light pulses
at times when said first illuminator is not generating
light pulses.

The system of claim 19, wherein said second illumi-
nator (28A) disposed in close proximity to said IR
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22.

23.
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imager such when the first illuminator (28) is turned
on the IR imager detects the light therefrom and
causes said second illuminator (28A) to turn off.

The system of claim 1, wherein said infrared detector
and image projector (27) includes a first illuminator
(28) for illuminating said vasculature, a second illu-
minator (28A) for illuminating said catheter, and an
IR imager (29, 29A) for detecting reflected light that
has not been absorbed by haemoglobin as well as
light from said needle tip and light reflected from said
catheter, wherein light from the second illuminator
(28A) is brighter than light from the first illuminator
(28), such that the IR imager distinguishes between
bright light from the second illuminator and reflected
diffuse light from the firstilluminator that has notbeen
absorbed by haemoglobin.

The system of claim 21, wherein said IR illuminator
distinguishes between said bright light and reflected
light using image processing and grey scale filtering.

The system of claim 1, wherein said image is pro-
jected onto the skin using coloured projection to re-
veal the location of said needle relative to said vas-
culature

Patentanspriiche

1.

System zur Erkennung einer Katheterposition fiir ei-
nenintravendsen Zugang, wobei das System folgen-
des umfasst:

einen Katheter (10) mit einem llluminator (28A)
zum Beleuchten einer Nadelspitze (15) des Ka-
theters;

und

einen Infrarotdetektor und Bildprojektor (27)
zum gleichzeitigen Erkennen einer Bildvaskula-
tur und der Position der genannten Nadelspitze
unterhalb der Oberflache der Haut, sowie als
Reaktion auf die Projektion des genannten Bilds
auf die Haut zum Offenbaren der Position der
genannten Nadelspitze im Verhaltnis zu der ge-
nannten Vaskulatur.

System nach Anspruch 1, wobei der Katheter einen
Lichtleiter (18) umfasst, der sich innerhalb der ge-
nannten Nadel (14) befindet und an der genannten
Spitze (15) endet, und wobei der genannte lllumina-
tor den genannten Lichtleiter (18) beleuchtet, so
dass Licht zu der genannten Nadelspitze (15) aus-
gebreitet wird.

System nach Anspruch 2, wobei der genannte Illu-
minator Licht mit einer Wellenlange erzeugt, die in
Bezug auf Gewebe transparent ist und von Hamo-
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1.

12.

globin gut absorbiert wird.

System nach Anspruch 3, wobei die genannte Wel-
lenldnge im Bereich von 650 bis 1100 nm liegt.

System nach Anspruch 4, wobei es sich bei dem
genannten llluminator um einen Laser handelt.

System nach Anspruch 4, wobei es sich bei dem
genannten llluminator um eine LED handelt.

System nach Anspruch 2, wobei der genannte lllu-
minator in einem Geh&use an einem Ende des ge-
nannten Katheters, entfernt von der genannten Na-
delspitze angeordnet ist.

System nach Anspruch 2, wobei sich Licht von dem
genannten llluminator durch einen Lichtwellenleiter
(19) ausbreitet, der Uber eine Lichtquellen-Kopp-
lungseinrichtung (20) mit einem Nadelgehause (16)
gekoppelt ist, wobei das genannte Gehause (16) an
einem Ende des genannten Katheters, entfernt von
der genannten Nadelspitze angeordnet ist, und wo-
bei die genannte Kopplungseinrichtung (20) eine
Ausrichtung zwischen dem llluminator und dem ge-
nannten Lichtleiter bereitstellt.

System nach Anspruch 1, wobei Licht von dem ge-
nannten llluminator durch die genannte Nadel (14)
zu der genannten Spitze (15) geleitet wird.

System nach Anspruch 9, wobei der genannte Ka-
theter (10) mit einem Lichtwellenleiter (19) verbun-
den ist, der Uber eine Lichtquellen-Kopplungsein-
richtung (20) mit einem Nadelgehause (16) gekop-
pelt ist, wobei das genannte Gehduse an einem En-
de des genannten Katheters angeordnet ist, das von
der genannten Nadelspitze entfernt angeordnet ist,
wobei die genannte Kopplungseinrichtung eine Aus-
richtung zwischen dem Lichtwellenleiter und dem
genannte Lichtleiter bereitstellt, so dass Licht durch
die genannte Nadel zu der genannten Spitze geleitet
wird.

System nach Anspruch 10, wobei der genannte Ka-
theter ferner ein durchsichtiges, fiir medizinische
Zwecke zugelassenes Kunststofffenster (24) um-
fasst, das in das genannte Nadelgehause (16) ge-
formt ist, so dass eine Blutriicklaufkammer zur Ver-
wendung als Sichtanzeige fir die Kanilierung er-
zeugt wird.

System nach Anspruch 11, wobei dieses ferner eine
plankonvexe Linse (25) umfasst, die in das genannte
Fenster geformt ist und einen Radius aufweist, wel-
cher der numerischen Faser-Apertur des genannten
Lichtwellenleiters zur optischen Kopplung des ge-
nannten Lichts in die Nadel (14) entspricht.
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System nach Anspruch 12, wobei der genannte Illu-
minator Licht mit einer Wellenlange erzeugt, die in
Bezug auf Gewebe transparent ist und von Hamo-
globin gut absorbiert wird.

System nach Anspruch 12, wobei die genannte Wel-
lenldnge im Bereich von 650 bis 1100 nm liegt.

System nach Anspruch 12, wobei es sich bei dem
genannten llluminator um einen Laser handelt.

System nach Anspruch 12, wobei es sich bei dem
genannten llluminator um eine LED handelt.

System nach Anspruch 1, wobei der genannte Infra-
rotdetektor und Bildprojektor (27) einen ersten Illu-
minator (28) zum Beleuchten der genannten Vasku-
latur, einen zweiten Illuminator (28A) zum Beleuch-
ten des genannten Katheters, eine erste IR-Bilddar-
stellungseinrichtung (29) zum Erkennen von reflek-
tiertem Licht, das nicht von Hamoglobin absorbiert
worden ist, und eine zweite IR-Bilddarstellungsein-
richtung (29A) zum Erkennen von Licht von der ge-
nannten Nadelspitze und von dem genannten Ka-
theter reflektiertem Licht aufweist.

System nach Anspruch 17, wobei die Wellenldngen
der Beleuchtung der genannten ersten und zweiten
llluminatoren jeweils im Bereich von 650 bis 1100
nm liegen, wobei es sich dabei um unterschiedliche
Wellenlangen und Wellenldangen handelt, die zuein-
ander um mindestens 50 nm auseinanderliegen.

System nach Anspruch 1, wobei der genannte Infra-
rotdetektor und Bildprojektor (27) einen ersten Illu-
minator (28) zum Beleuchten der genannten Vasku-
latur, einen zweiten llluminator (28A) zum Beleuch-
ten des genannten Katheters und eine IR-Bilddar-
stellungseinrichtung (29, 29A) zum Erkennenvon re-
flektiertem Licht aufweist, das nicht von Hdmoglobin
absorbiert worden ist, sowie von Licht von der ge-
nannten Nadelspitze und von Licht, das von dem
genannten Katheter reflektiert wird, wobei der ge-
nannte erste llluminator so moduliert ist, dass er zeit-
gesteuerte Lichtimpulse erzeugt, und wobei der ge-
nannte zweite llluminator so moduliert ist, dass er
zeitgesteuerte Lichtimpulse zu Zeiten erzeugt, wenn
der genannte erste llluminator keine Lichtimpulse er-
zeugt.

System nach Anspruch 19, wobei der genannte
zweite llluminator (28A) nah an der genannten IR-
Bilddarstellungseinrichtung angeordnet ist, so dass,
wenn der erste llluminator (28) eingeschaltet wird,
die IR-Bilddarstellungseinrichtung Licht von dieser
erkennt und das Abschalten des genannten zweiten
llluminators (28A) bewirkt.
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System nach Anspruch 1, wobei der genannte Infra-
rotdetektor und Bildprojektor (27) einen ersten lllu-
minator (28) zum Beleuchten der genannten Vasku-
latur, einen zweiten Illuminator (28A) zum Beleuch-
ten des genannten Katheters und eine IR-Bilddar-
stellungseinrichtung (29, 29A) zum Erkennen vonre-
flektiertem Licht aufweist, das nicht von Hamoglobin
absorbiert worden ist, sowie von Licht von der ge-
nannten Nadelspitze und von Licht, das von dem
genannten Katheter reflektiert wird, wobei das Licht
von dem zweiten llluminator (28A) heller ist als das
Licht von dem ersten llluminator (28), so dass die
IR-Bilddarstellungseinrichtung zwischen hellem
Licht von dem zweiten llluminator und reflektiertem
diffusem Licht von dem ersten llluminator, das nicht
von Hamoglobin absorbiert worden ist, unterschei-
det.

System nach Anspruch 21, wobei der genannte IR-
llluminator zwischen dem genannten hellen Licht
und dem reflektiertem Licht unter Verwendung von
Bildverarbeitung und Graustufenfilterung unter-
scheidet.

System nach Anspruch 1, wobei das genannte Bild
auf die Haut projiziert wird unter Verwendung von
farbiger Projizierung, um die Position der genannten
Nadel im Verhaltnis zu der genannten Vaskulatur zu
offenbaren.

Revendications

1.

Systéme de détection d’emplacement de cathéter
pour acces par voie intraveineuse, comprenant :

un cathéter (10) ayant un dispositif d’éclairage
(28A) pour éclairer sa pointe d’aiguille (15) ; et
un détecteur ainfrarouge et projecteur d'images
(27) pour détecter simultanément un systéme
vasculaire image et 'emplacement de ladite
pointe d’aiguille sous la surface de la peau et,
en réponse, projeter ladite image sur la peau
pour révéler 'emplacement de ladite pointe
d’aiguille par rapport audit systéme vasculaire.

Systéme selon la revendication 1, dans lequel le ca-
théter comprend un guide de lumiére (18) disposé a
l'intérieur de ladite aiguille (14) et se terminant au
niveau de ladite pointe (15), et ledit dispositif d’éclai-
rage éclaire ledit guide de lumiére (18) de maniére
a propager la lumiére a ladite pointe d’aiguille (15).

Systéme selon la revendication 2, dans lequel ledit
dispositif d’éclairage génére de la lumiére a une lon-
gueur d’'onde qui est transparente au tissu mais fa-
cilement absorbée par I’'hémoglobine.
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Systeme selon la revendication 3, dans lequel ladite
longueur d’onde estdanslaplage de650a 1 100 nm.

Procédé selon la revendication 4, dans lequel ledit
dispositif d’éclairage est un laser.

Procédé selon la revendication 4, dans lequel ledit
dispositif d’éclairage est une DEL.

Systeme selon la revendication 2, dans lequel ledit
dispositif d’éclairage est disposé dans un boitier a
une extrémité dudit cathéter a distance de ladite
pointe d’aiguille.

Systeme selon la revendication 2, dans lequel la lu-
miére provenant dudit dispositif d’éclairage se pro-
page a travers une fibre optique (19) couplée a un
boitier d’aiguille (16) par I'intermédiaire d’'un cou-
pleur de source de lumiére (20), ledit boitier (16)
étant disposé a une extrémité dudit cathéter a dis-
tance de ladite pointe d’aiguille, et dans lequel ledit
coupleur (20) fournit un alignement entre le dispositif
d’éclairage et ledit guide de lumiére.

Systeme selon la revendication 1, dans lequel la lu-
miére provenant dudit dispositif d’éclairage est diri-
gée a travers ladite aiguille (14) vers ladite pointe
(15).

Systeme selon la revendication 9, dans lequel ledit
cathéter (10) estrelié a une fibre optique (19) qui est
couplée a un boitier d’aiguille (16) par I'intermédiaire
d’un coupleur de source de lumiere (20), ledit boitier
étant disposé a une extrémité dudit cathéter a dis-
tance de ladite pointe d’aiguille, dans lequel ledit
coupleur fournit un alignement entre la fibre optique
et ledit guide de lumiére de sorte que la lumiére est
dirigée a travers ladite aiguille vers ladite pointe.

Systeme selon la revendication 10, dans lequel ledit
cathéter comprend en outre une fenétre en plastique
transparente médicalement approuvée (24) qui est
moulée dans ledit boitier d’aiguille (16) pour créer
une chambre de reflux de sang destinée a étre uti-
lisée comme un indicateur visuel de la canulation.

Systeme selon la revendication 11, comprenant en
outre une lentille plan-convexe (25) moulée dans la-
dite fenétre et ayant un rayon qui correspond a la
sortie d’ouverture numérique de fibre de ladite fibre
optique pour le couplage optique de ladite lumiére
dans laiguille (14).

Systeme selon la revendication 12, dans lequel ledit
dispositif d’éclairage génere de la lumiére a une lon-
gueur d’onde qui est transparente au tissu mais fa-
cilement absorbée par I'hémoglobine.
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21.

Systéme selon la revendication 12, dans lequel la-
dite longueur d’'onde est dans la plage de 650 a 1
100 nm.

Procédé selon la revendication 12, dans lequel ledit
dispositif d’éclairage est un laser.

Procédé selon la revendication 12, dans lequel ledit
dispositif d’éclairage est une DEL.

Systéme selon la revendication 1, dans lequel ledit
détecteur ainfrarouge et projeteur d’image (27) com-
prend un premier dispositif d’éclairage (28) pour
éclairer ledit systéme vasculaire, un second dispo-
sitif d’éclairage (28A) pour éclairer ledit cathéter, un
premier imageur IR (29) pour détecter la lumiéere ré-
flechie qui n’a pas été absorbée par 'hémoglobine,
et un second imageur IR (29A) pour détecter la lu-
miére provenant de ladite pointe d’aiguille et la lu-
miere réfléchie par ledit cathéter.

Systéme selon la revendication 17, dans lequel les
longueurs d’onde d’éclairage desdits premier et se-
cond projecteurs sont chacune dans la plage de 650
a 1000 nm, mais sont a différentes longueurs d’'onde
et sont séparées l'une de 'autre d’au moins 50 nm.

Systéme selon la revendication 1, dans lequel ledit
détecteur a infrarouge et projecteur d’'image (27)
comprend un premier dispositif d’éclairage (28) pour
éclairer ledit systéme vasculaire, un second dispo-
sitif d’éclairage (28A) pour éclairer ledit cathéter, et
un imageur IR (29, 29A) pour détecter la lumiére
réfléchie quin’a pas été absorbée par 'hémoglobine
ainsi que la lumiére provenant de ladite pointe
d’aiguille et la lumiére réfléchie par ledit cathéter,
dans lequel ledit premier dispositif d’éclairage est
modulé pour générer des impulsions lumineuses
synchronisées, et ledit second dispositif d’éclairage
est modulé pour générer des impulsions lumineuses
synchronisées a des moments ou ledit premier dis-
positif d’éclairage ne génére pas des impulsions lu-
mineuses.

Systéme selon la revendication 19, dans lequel ledit
second dispositif d’éclairage (28A) est disposé a
proximité immédiate dudit imageur IR de sorte que
lorsque le premier dispositif d’éclairage (28) est mis
sous tension, 'imageur IR détecte salumiére etame-
ne ledit second dispositif d’éclairage (28A) a passer
hors tension.

Systéme selon la revendication 1, dans lequel ledit
détecteur a infrarouge et projecteur d’'image (27)
comprend un premier dispositif d’éclairage (28) pour
éclairer ledit systéme vasculaire, un second dispo-
sitif d’éclairage (28A) pour éclairer ledit cathéter, et
un imageur IR (29, 29A) pour détecter la lumiére
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réfléchie quin’a pas été absorbée par 'hémoglobine
ainsi que la lumiére provenant de ladite pointe
d’aiguille et la lumiére réfléchie par ledit cathéter,
danslequellalumiére provenant du second dispositif
d’éclairage (28A) est plus vive que la lumiére prove-
nant du premier dispositif d’éclairage (28), de sorte
que I'imageur IR fait la distinction entre la lumiére
vive du second dispositif d’éclairage et la lumiére
diffuse réfléchie provenant du premier dispositif
d’éclairage qui n’a pas été absorbée par 'hémoglo-
bine.

Systeme selon la revendication 21, dans lequel ledit
dispositif d’éclairage IR fait la distinction entre ladite
lumiere vive et la lumiére réfléchie en utilisant un
traitement d’'image et un filirage d’échelle de gris.

Systeme selon la revendication 1, dans lequel ladite
image est projetée sur la peau en utilisant une pro-
jection de couleur pour révéler I'emplacement de la-
dite aiguille par rapport audit systeme vasculaire.
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