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Description
Field of invention

[0001] The presentinvention relates to an imaging de-
vice and procedures for use of same for non-invasive
visualization of subcutaneous structures within an organ-
ism. Visualization of subcutaneous structures will in-
crease the speed and accuracy with which medical treat-
ments requiring insertion of instruments into these struc-
tures can be performed. Especially fluid insertions into
or extractions from an organism will be facilitated as the
device is adapted to be placed upon the organism in a
manner giving continued full mobility for the recipient and
operator of the device.

Background of invention

[0002] Several medical procedures necessitate punc-
ture of subcutaneous blood vessels and therefore require
the precise localization of these. Most commonly the lo-
calization is done visually or by palpitating the selected
area, but this can be hampered if the recipient of the
medical treatment has small, deep-lying vessels, is
obese, is an infant, is anaemic, has a dark skin complex-
ion, experiences vein contraction due to stress or suffers
from burns, blood loss, dehydration or varicose veins.
Vein wall thickening or scar tissue due to repeated treat-
ment with venous access devices may also hamper can-
nulation procedures. Missing the vessel during injection
can be unpleasant as this requires repeated stabbing,
but can also have serious consequences such as extra
vascular haemorrhaging if the vessel is punctured or tis-
sue toxicity, if for example injecting chemotherapeutic
agents. Numerous inventions have been provided for lo-
calization of blood vessels in the prior art. In U.S. Pat.
No. 5,608,210 Esparza describes an invention utilizing
infrared light for aiding in locating a vein for insertion of
a hypodermic needle. The operator performing the injec-
tion wears a headpiece which in front of one or both eyes
comprises an infrared light source, a video camera and
a monitor screen. This is unpractical and limits the mo-
bility of the operator of the device.

[0003] In U.S. Pat. No. 6,178,340, the main technical
components of the invention are the same as in the above
mentioned invention. However, the components of the
invention described in U.S. Pat. No. 6,178,340 are com-
prised within a frame and placed on a stand between the
operator of the device and the recipient. The operator
puts on two-color filter glasses to achieve a three dimen-
sional effect of the generated image. Again, the require-
ment of eyewear is unpractical, and the use of a stand
limits the flexibility and speed of the use of the device.
[0004] Reynolds describes in U.S. Pat. Appl. Pub.
2005/0119546 an invention which is placed directly upon
the recipient. Although the invention includes light emit-
ting diodes (LEDs) and a display, this invention does not
provide the operator with a real time video image of the
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subcutaneous blood vessels and cannot display the in-
sertion of, for example a hypodermic needle, into such a
vessel. US2003/0018271 discloses a system for visual-
isation of veins and other subcutaneous structures. The
system consists of two separate devices, namely a light
source 1 a and a detector 1 b, wherein the light source
is arranged at a distance from the body partto be imaged,
or if the illumination is transillumination then the light
source is arranged opposite the surface to be viewed,
i.e. meaning that the detector is arranged opposite the
detector.

[0005] Document US2003018271 A1 discloses the
subject-matter of the preambles of claim 1 and claim 16.
[0006] WO 01/82786 discloses systems for optical im-
aging of subsurface structures. Figure 9 discloses a con-
figuration of a system including a plurality of arms to hold
anillumination source and video detector over the region-
of-interest, however no display is disclosed.

[0007] EP 1447 044 discloses a measuring apparatus
for non-invasive analysis of blood. In Figure 3 is shown
a device comprising light sources and a detector unit,
however no display is shown. The measuring apparatus
may be used for determining the content of one or more
components in the blood, however there is no disclosure
thatthe measuring apparatus may be used for displaying
images of the veins or other subsurface structure.
[0008] US 5,983,120 discloses a system for perform-
ing non-invasive, in vivo analysis of blood components,
such as haemoglobin concentration, number of white
blood cells, and mean cell volume. One system compris-
es a probe having a light source and a detector, however
no display is shown.

[0009] There still exists a need for a small, practical,
real time imaging system for visualizing subcutaneous
blood filled structures which is intuitive in use, does not
restrain the movements of either the operator of the de-
vice or the recipient of any medical treatment, which
might benefit from the use of the device, and is usable
in nearly any setting.

Summary of invention

[0010] The present invention relates to a medical im-
aging device and procedures for use of same for visual-
ization of subcutaneous structures by non-invasive
means. The visualization will facilitate administering
medical treatments requiring insertion of medical equip-
ment into the subcutaneous structures. This is further
facilitated by the device being adapted to be placed upon
the recipient, leaving the operator of the device with both
hands free and not restricting body movements for either
operator or recipient of the treatment.

[0011] Itis therefore an object of the present invention
to provide an imaging device designed with the intent of
visualizing subcutaneous structures in a body, where the
device being adapted to be placed directly upon the re-
cipient, comprises: at least one light emitting source illu-
minating a selected area of body surface, hereunder lying
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tissue and subcutaneous structures, at least one camera
enabled detection system recording an image of said il-
luminated subcutaneous structures, and at least one dis-
play meansrendering arecorded image of theilluminated
subcutaneous structures.

[0012] It is yet an object of the present invention to
provide use of a device adapted to be placed directly
upon the recipient with the purpose of visualizing subcu-
taneous structures in a body, comprising the steps of:
emitting light onto a selected area of body surface, here-
under lying tissue and subcutaneous structures, detect-
ing the unabsorbed light by camera enabled detecting
means and recording an image of illuminated subcuta-
neous structures and displaying the image of illuminated
subcutaneous structures.

[0013] It is furthermore an object of the present inven-
tion to provide a method of visualizing subcutaneous
structures in a body, with a device adapted to be placed
directly upon the recipient comprising the steps of emit-
ting light onto a selected area of body surface, hereunder
lying tissue and subcutaneous structures, detecting the
unabsorbed light by camera enabled detecting means
and recording an image of illuminated subcutaneous
structures and finally displaying the image of the illumi-
nated subcutaneous structures.

Description of Drawings

[0014]
Figure 1:  lllustrates a representative embodiment of
the invention employing a reflective mode
ofilluminating and visualizing subcutaneous
blood filled structures.

lllustrates a representative embodiment of
the invention employing a trans-illuminating
mode of illuminating and visualizing subcu-
taneous blood filled structures.

lllustrates the underside and some of the in-
ternal components of a representative em-
bodiment of the invention employing a re-
flective mode of illuminating and visualizing
subcutaneous blood filled structures.
lllustrates a preferred embodiment of the in-
vention employing a reflective mode of illu-
minating and visualizing subcutaneous
blood filled structures, this embodiment
comprising straps.

lllustrates a preferred embodiment of the in-
vention employing a reflective mode of illu-
minating and visualizing subcutaneous
blood filled structures, this embodiment
comprising symmetrical light guides.
lllustrates the underside and some of the in-
ternal components of a preferred embodi-
ment of the invention employing a reflective
mode of illuminating and visualizing subcu-
taneous blood filled structures, this embod-

Figure 2:

Figure 3:

Figure 4:

Figure 5:

Figure 6:
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iment comprising symmetrical light guides.
lllustrates the underside and some of the in-
ternal components of a preferred embodi-
ment of the invention employing a reflective
mode of illuminating and visualizing subcu-
taneous blood filled structures, this embod-
iment comprising straps.

Figure 7:

Detailed description of the invention

[0015] The present invention relates to a device and
use of same for real time visualization of subcutaneous
structures for the purpose of facilitating the insertion of
medical instruments e.g. hypodermic needles, into said
subcutaneous structures. The invention comprises alight
emitting source, a camera and a display and is adapted
to be placed upon a recipient of a medical treatment.

Adaptation to recipient

[0016] The invention has been adapted to be placed
upon the recipient in several ways. Firstly, the device is
small and lightweight and therefore does not cause un-
due strain upon the recipient. Secondly, a fastening
means can be used in conjunction with the device. Third-
ly, the device itself can be shaped to fit a certain anatom-
ical part e.g. an arm or it can be flexible in its form.
[0017] The size of the device is less than 1000 cm3.
Preferably the device will be smaller than 500 cm3, 400
cm3 or 350 cm3, more preferably smaller than 300 cm3,
250 cm3, 180 cm3 or 125 cm3, most preferably smaller
than 100 cm3 or 50 cm3. The weight of the device will be
no greater than 500g; it may weigh less than 350g, pref-
erably less than 250g, or less than 175g, more preferably
less than 100g, or less than 90g, most preferably less
than 80g, 70g, 60g or 50g. It is more preferable to have
a light weight device as the device is to be born by the
recipient and thus the device is of less than 100g of
weight.

[0018] A fastening means can be used to secure the
placement of the device upon the recipient. The fastening
means can be an adhesive such as tape, double sided
tape, glue or removable glue. These can all be products
that are specially adapted for medical purposes toreduce
the amount of irritation to the surface or skin of the recip-
ient. The fastening means can be any kind of strap, belt,
band, or elastic material of any material such as rubber,
plastic, fabric or metal, and can be in a single unit to be
slipped upon the recipient or be a two piece arrangement
to be brought together by Velcro, tying, buckling, semi-
permanent glue or the like. The fastening means can be
a permanent feature of the present invention or it can be
removable, such as detachable, for cleaning or hygienic
purposes or it can be single use, such as a sleeve, wrap,
cover, envelope or bag into which the device fits and
which can be fastened to the recipient by tape or tying
or other. The device may be fastened to the recipient with
a single use cover, wrapper, strap, slip, pocket or the like
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any of which may stick to the cover, wrapper, strap, slip,
pocket or the like itself or directly to the recipientby means
of a low-tack, reusable or repositionable adhesive. The
single use wrapper or the like can be of transparent plas-
tic or rubber of any thickness and flexibility. Preferably,
the device is contained within a single use cover.
[0019] Itis an object of the presentinvention to provide
a box or kit comprising the device, a number of single
use wrappers, covers or the like and one or more sets of
detachable straps. The number of single use covers may
be any number over one, such as 10, 20, 30, 40, 50, 60,
75 or 100 covers or any number therein between or
above. The kit may further comprise an instruction man-
ual and or batteries. A separate box or kit of single use
covers suitable for use with the device is also an object
of the present invention.

[0020] Thedeviceitselfcanin a preferred embodiment
be curved in a semicircular manner whereby the shape
alone lets the device rest upon the recipient. The device
canin an alternative embodiment be flexible by arranging
the components of the device in a manner so that they
are separable from one another or by the use of flexible
components such as an organic display, which in itself
is a bendable structure. The device can be partially flex-
ible by having a lower part to be placed on the recipient
that is made of a pliant and flexible material attached to
an unalterable top part. The flexible material may adapt
to the surface upon which it rests. Furthermore, the de-
vice can be shaped to be ergonomically adapted for the
operator of the device. The device may be with rounded
edges, and overall organic in shape, it may have a re-
striction at one or more parts for the placement of fingers
to hold the device. The device may be made from any
suitable material and may comprise several such types
of material within and without. Preferably, the device is
of one or more lightweight materials.

[0021] The benefit of adapting the imaging device to
be placed upon the recipient is that the person or persons
administering a medical treatment have both hands free
to do so. Furthermore the administering person is free
from donning heavy and unhandy headgear which inhib-
its free sight and restricts the practitioner in his/hers
whereabouts. Moreover, the advantage of the present
invention is free mobility of the recipient and an easy
reestablishment of the system in case the device has
been moved, the recipient’s skin or subcutaneous struc-
ture has moved or other similar scenarios. A further ad-
vantage of many of the embodiments of the invention
such as the embodiment comprising hinged flaps of flex-
ible material wherein the light emitting sources of the de-
vice are embedded is that optimal contact is ensured
between the device and the recipient. This facilitates the
imaging of the subcutaneous structures.

[0022] The recipient upon which the device can be
adapted to be placed can be any living being, preferably
an animal such as a mammal, and most preferably a
human being. The device may be used on any part of
the recipients’ anatomy such as the legs, head, body or

10

15

20

25

30

35

40

45

50

55

arms.

Light sources

[0023] The presentinvention will comprise atleastone
light emitting source for the purpose of illuminating sub-
cutaneous structures. The governing principle of the in-
vention is the particular absorptive qualities of various
subcutaneous elements, especially the absorbance by
blood of specific spectral wavelengths.

[0024] Itisanaspectofthe presentinvention to provide
illumination for the visualization of a selected area of body
surface, hereunder lying tissue and subcutaneous struc-
tures. This can be done in a trans-illuminating mode or
a reflective mode. In one embodiment of the present in-
vention the mode of illumination is a trans-illuminating
mode. In an alternative embodiment the mode is a re-
flective mode.

[0025] The at least one light source preferably emits
light of a wavelength between 550 and 1600nm. This
spectrum includes both visible and infrared (IR) light; and
sources capable of emitting either or both, singularly or
combined, are provided for in an embodiment of the
present invention. The visible light is preferably yellow
light of a wavelength between 550 to 580 nm or 560 to
575nm, orange light of a wavelength between 580 to 630
nm or 585 to 610 nm, red light of a wavelength between
630 to 700nm or 640 to 665 nm. The infrared light may
be near-infrared or infrared light of wavelengths between
700and 1600 nm or more. Thisincludes light ofany wave-
length therein and in any interval therein such as light of
wavelengths between, but not limited to: 700 and 800nm,
800 and 900nm, 900 and 1000nm, 1000 and 1100nm,
1100 and 1200nm, 1200 and 1300nm, 1300 and
1400nm, 1400 and 1500nm, 1500 and 1600nm, or more.
Most preferably the infrared light is of a wavelength be-
tween 800 and 900nm, such as between 810 and 890nm,
820 and 880nm, 830 and 870nm, 840 and 860nm, 845
and 855nm or such as between 820 and 840 nm, 825
and 835nm, such as 830nm or 850nm.

[0026] Preferably, the invention comprises a combina-
tion of light sources emitting yellow (550-580nm), orange
(580-630nm), and red (630-700nm) light. This combina-
tion provides wavelengths that are both maximally ab-
sorbed by blood and most illuminating, giving the best
contrast between blood filled structures and surrounding
tissue. More preferably the invention further comprises
an infrared light (700 to 1000nm) for added in light pen-
etration through tissue.

[0027] Several sources can emit light of the above
mentioned wavelengths. The light source chosen may
be any physically non-threatening light source and se-
lected from any of the non-limiting examples such as light
emitting diodes (LEDs) and laser diodes (LDs), low en-
ergy IR LEDs, chemilumiscent, incandescent, laser, or
fluorescent sources.

[0028] Of special interest to the present invention are
various types of diodes such as, but not limited to, light
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emitting diodes (LEDs) and laser diodes (LDs). LEDs are
semiconductor devices that emit monochromatic light of
varying colors, which are generated based on the mate-
rial used for the tips of the probes. Aluminium indium
gallium phosphide (AlinGaP) is used for red and yellow.
LEDs emitting lightin the infrared spectrum are also avail-
able and may be made of Gallium Aluminium Arsenide
(GaAlAs) and can be of a low energy type. LDs are like-
wise semiconductors, and work on the same principle as
gas lasers. They function as an optical oscillator by stim-
ulating a chain reaction of photon emission inside a tiny
chamber. The most common semiconductors used in la-
ser diodes are compounds based on gallium arsenide
(750 to 900 nm in the infrared) and indium gallium arse-
nide phosphide (1200 to 1700 nm in the infrared).
[0029] Preferably the invention comprises light sourc-
esthat are diode based such as LEDs, LDs or low energy
IR LEDs. Most preferably LEDs emitting yellow, orange,
red and infrared light.

[0030] ThelEDs ofthe presentinvention emitlightwith
an effect suitable for illuminating subcutaneous struc-
tures without causing discomfort in the recipient. It is a
trade off between using high effect which allows better
detection, but generates considerable heat, and using
low effect which results in suboptimal detection, but does
not burn or discomfort the recipient. Preferably, the in-
vention comprises infrared diodes emitting light of an ef-
fect between 0.5 and 1.5W. More preferably the infrared
LED emits light of an effect between 0.9 and 1.1W such
as 1W. Most preferably, the infrared LED emits light of a
wavelength of 850nm with an effect of 1W.

[0031] It is an object of the present invention that the
heatdeveloped by the device, especially the LEDs is less
than 50 C (degree Celsius) as measured on the surface
of the skin of the recipient. Preferably the heat developed
is less than 49 C, less than 48 C, 47 C, 46 C or 45 C.
More preferably the heat developed by the device is less
than 44 C, suchas 43 C, 42 C, 41 C or 40 C. A reduction
in heat development may be achieved as stated above
or by pulsing the light on and off as described in the below.
[0032] The present invention comprises at least one
light source. A preferred embodiment of the present in-
vention comprises a plurality of light sources such as at
least two light sources, such as four, six, ten, twelve,
sixteen, twenty, twenty-four, thirty, thirty-two, thirty-six,
forty, forty-four or fifty light sources, but is not limited to
and may be in excess of any of these numbers of light
sources.

[0033] Multiple light sources may be combined, each
emitting light of the same or different colors and wave-
lengths. In one embodiment of the present invention all
light sources will emit light of the same wavelength. In a
preferred embodiment, separate sources will emit light
of at least two different wavelengths, such as three or
four different wavelengths.

[0034] The light sources can be arranged in any
number of ways around the optics and/or camera of the
device. The light sources may be arranged in a manner
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so that they all are oriented in the same direction. Pref-
erably, they may be arranged at angles to each other and
especially to the optics and/or camera of the device to
ensure optimal illumination of the body surface and the
underlying tissue and structures. Most preferably, the
light sources are arranged in a manner where the angles
of the individual light sources or groups of light sources
relate in an equivalent way to the optics and/or camera
of the device. An embodiment of the present invention
may thus comprise several light sources emitting the
same or at least two different wavelengths wherein the
sources emitting one wavelength are placed atone angle
to the optics/camera and the sources emitting light of the
same or another wavelength are placed at another angle
to the optics/camera of the device and so forth. The
sources emitting light of the same wavelength may also
be arranged at more than one angle to the optics/camera
of the device.

[0035] Inanother embodiment of the presentinvention
the light sources of one wavelength are arranged at dif-
ferent angles to each other but focus their light towards
the same point, where the light sources of another wave-
length likewise are arranged at different angles to each
other and focus their light towards the same or a different
point compared to the light sources of the first wave-
length. Embodiments including light sources emitting
light of a third or fourth wavelength or more different
wavelengths fall within the scope of the presentinvention.
If the angle of the light received by the camera and the
camera itself is 90 degrees, then it is an aspect of the
present invention that the light sources are at an angle
of 30 degrees or more to each other, more preferably 20
or 15 degrees to each other, most preferably 10 to 5
degrees to each other.

[0036] As different wavelengths are either absorbed
by blood, reflected by or penetrate tissue it is preferable
that the different light sources emitting light having these
different properties are placed at an angle to each other
for optimal resolution of subcutaneous structures. There-
fore, itis preferable that yellow, red and IR emitting LEDs
are placed atan angle between 5 and 15 degrees of each
other.

[0037] The light sources may be arranged in any con-
figuration such as in a line, in parallel lines, squares, tri-
angles, semi- or full circles, concentric circles or star
shapes. The light sources may be thus arranged in a
particular configuration around the detection device or
camera, e.g. in at least one circle around the opening of
the camera. They may furthermore be arranged at an
angle to each other and to the camera. At least one light
source may be placed in a groove or recess within the
device or any straps or fastening means attached hereto,
or preferably, the at least one light source may rest di-
rectly upon the body surface of the recipient. The at least
one light source may be placed at a distance to the cam-
era which can be regulated by moving the light source(s)
compared to the camera/detection device or preferably,
the at least one light source may be at a fixed distance
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to the camera/detection device.

[0038] An embodiment of the present invention in-
cludes a light guide. Said light guide is a LED or other
light source emitting visible light which, by illuminating
the body surface indicates to the operator of the device,
exactly where to inject e.g. a hypodermic needle. The
light guide is placed on the side of the device and may
have a strip of material mounted in front, dividing the light
beam, to further assist in locating the correct point of
injection.

[0039] A further embodiment comprises a needle
guide in the shape of a two-pronged fork or "V" aiding
the insertion of the needle into a detected subcutaneous
structure by limiting the freedom of movement to one
plane. The light guide and needle guide may be present
on the same embodiment of the invention.

Camera

[0040] It is an object of the present invention that it
comprises means for real time visualization and true to
nature rendition of a subcutaneous blood filled structure.
Therefore the presentinvention comprises a light detect-
ing means and a display means.

[0041] A camera like device will enable detection and
recording of the light emitted from the chosen light sourc-
es. The cameralike device will comprise afiltering means
for the received light, a spectrally selective array type
imaging device responsive to the spectrum chosen and
be connected to an image forming system or display
means. The detection and recording means may include
but are not limited to cameras, film mediums, photocells,
photodiodes, an electronic digital camera, a charge cou-
pled device (CCD) camera, or a complementary metal
oxide semiconductor (CMOS) camera.

[0042] Filters and deflectors can be used in the device
as a processing means for enhancing the quality of the
received light. The object may be to increase the contrast
or signal to noise ratios, allow use of the systemin natural
or artificial lightening situations or increase the sensitivity
of the signal. It is an object of the present invention that
it is applicable in any setting where a medical treatment
of the type described herein is likely to be administered,
especially in an indoor room lit by artificial means such
as fluorescent or incandescent light sources. Ambient
light may thus be filtered away. It is further an object of
the presentinvention to be applicable for localization and
visualization of blood filled subcutaneous structures in
recipients with varying amounts of subcutaneous fat de-
posits. Tissue, especially fat tissue, absorbs light very
weakly, but scatters light very heavily and it is an object
of the present invention to reduce the noise thus gener-
ated by filtering or deflecting means.

[0043] A deflector is a means by which the direction of
the light is altered in a predetermined manner. It may be
of any size or shape, having a coating or being of a ma-
terial capable of reflecting light. Deflectors and their uses
are generally known by those skilled in the art.
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[0044] An optical filter is a device which selectively
transmits light having certain properties (often, a partic-
ular range of wavelengths, that is, range of colours of
light, or polarizations), while blocking the remainder. The
filter is thus of an interference structure type and may be
selected from but not limited to the group of bandpass
(cavity, Fabry-Perot, induced transmission), low pass,
high pass, band stop, polarized or tuneablefilters. Anovel
development within the field is the use of nanotubes. Na-
notubes are only a few nanometers in diameter but mil-
limetres in length, the length-to-width ratio is thus ex-
tremely high. This ratio is of importance for filtering the
light and an example of a beneficial ratio is a ratio of
200:1, but may be any ratio optimized for use in the de-
vice.

[0045] Nanotubes are based on carbon or other ele-
ments. The tubes absorb visible and IR light allowing only
light travelling parallel to the tubes to reach the light de-
tecting means. The tubes thus function as filtering devic-
es reducing scattering dramatically. Carbon nanotubes
are hexagonal lattices of carbon atoms rolled into a cyl-
inder forming a macromolecule. The structure may be
capped but is preferably uncapped and may be of the
multi-walled or preferably of the single walled type. Na-
notubes may be arranged inbundles orropesorinarrays.
Nanotubes in ropes or arrays function as collimators. Any
type of collimator, which are devices for producing beams
of parallel rays of light or other radiation, fall within the
scope of the present invention. Examples of collimators
include but are not limited to: ultra high resolution (UHR),
high resolution (HR), general all purpose (AP), and high
sensitivity (HS) collimators and silicone micromachined
collimator arrays (SMCAs).

[0046] More than one filter is applicable within the
present invention and these may be of the same or of
different types. Itis thus an object of the presentinvention
to provide at least one filtering and/or deflecting means
according to any of the herein above.

[0047] The detection of the filtered and/or deflected
light is provided by an imaging device responsive to the
spectrum chosen. It is an object of the present invention
thatthe camera enabled detection systemis an electronic
digital camera. It is further an object of the present inven-
tion that the electronic digital camera enabled detection
system comprises an array-type detector selected from
the group consisting of: complementary metal oxide sem-
iconductor (CMOS), charge coupled device (CCD) ar-
rays and charge injection device (CID) arrays. Most pref-
erably the presenting invention comprises complemen-
tary metal oxide semiconductor (CMOS) arrays.

[0048] A charge-coupled device (CCD) is a sensor for
recording images, consisting of an integrated circuit con-
taining an array of linked or coupled, capacitors. An im-
age is projected by a lens on the capacitor array, causing
each capacitor to accumulate an electric charge propor-
tional to the light intensity at that location. Once the array
has been exposed to the image, a control circuit causes
each capacitor to transfer its contents to its neighbor.
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The last capacitor in the array dumps its charge into an
amplifier that converts the charge into a voltage. By re-
peating this process, the control circuitconverts the entire
contents of the array to a varying voltage, which it sam-
ples, digitizes and stores in memory.

[0049] Every pixel in a charge injection device (CID)
array can be individually addressed via electrical index-
ing of row and column electrodes; therefore charge does
not transfer from site to site in the CID array as ina CCD
array. Instead, a displacement current proportional to the
stored signal charge is read when charge "packets" are
shifted between capacitors within individually selected
pixels. The displacement current is amplified, converted
to a voltage, and fed to the outside world as part of a
composite video signal or digitized signal. Readout is
non-destructive because the charge remains intactin the
pixel after the signal level has been determined. To clear
the array for new frame integration, the row and column
electrodes in each pixel are momentarily switched to
ground releasing, or "injecting" the charge into the sub-
strate. In this manner "blooming" or "smearing" by spill
from oversaturated elements is avoided.

[0050] Complementary metal-oxide-semiconductors
(CMOS) are a major class of integrated circuits. The cen-
tral characteristic of the technology is that it only uses
significant power when its transistors are switching be-
tween on and off states. Consequently, CMOS devices
use little power and do not produce as much heat as
other forms of logic. CMOS also allows a high density of
logic functions on a chip.

[0051] Thepresentinvention can comprise atleastone
camera enabled detection system or two such detection
systems, at the most three such detection systems. It is
an important aspect of the present invention that at least
one camera is in direct contact with the body surface of
the recipient. However, the at least one camera can in
an alternative embodiment be placed in a recess of the
device, and thus be at a distance from the body surface
of the recipient.

[0052] In embodiments where the camera is placed at
a distance from the surface of the recipient the distance
between these two is less than 40mm, such as less than
35mm, less than 30mm, less than 25mm. Preferably the
distance between the camera and the surface of the re-
cipientis less than 20mm, such as 19mm, 18mm, 17mm,
16mm, 15 mm or less.

[0053] The image receiving parts of the camera, i.e.
the aperture, lens and so forth, must be of a size allowing
optimum visualization of the subcutaneous structures
and the opening of the detection device must therefore
relate to the size of such structures and be at least 5mm
in diameter, preferably 10mm in diameter, or most pref-
erably 20mm in diameter. The size of the opening is not
limited to any of the hereby described diameters Prefer-
ably the device comprises a CCD camera with an aper-
ture of between 10 and 40mm, as this size aperture al-
lows detection of both thin, thick and branched blood ves-
sels.
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[0054] Inany of the herein described embodiments the
shutter closure / imaging availability of the image receiv-
ing device / camera and LED emitted light are adapted
to each other in a manner whereby they can be said to
pulse (the shutter opens / an image is ready for receival,
the LED emits light) synchronously. The advantages
hereof are less heat development as the LEDs emit heat
when on, and especially the synchronous pulsing is of
relevance for battery driven devices as this will prolong
the life of the batteries by being less taxing energy ex-
penditure wise.

[0055] The cameramay be fitted with a wide-angle lens
providing a wider angle of view, with a rectilinear projec-
tion or a non-geometric projection such as that given by
a fisheye lens.

[0056] The depth of detection depends on the combi-
nation of light sources and deflector/filtering means and
itisan aspect ofthe presentinvention to provide detection
means up to butalso in excess of a tissue depth as meas-
ured from the surface of a body of 10mm. This detection
depth is expected to be sufficient for the localization of
veins and other blood filled structures in 80 to 90% of the
human population. In a preferred embodiment the
present invention provides means of detection of subcu-
taneous blood filled structures of up to 15mm, more pref-
erably 20mm, even more preferably 25mm or most pref-
erably up to but also in excess of 30mm. Especially for
embodiments of the presentinvention employing a trans-
illuminating mode of illuminating subcutaneous struc-
tures it is of relevance that IR light can reaching depths
of approximately 150mm. Detection depths and means
to reach these of up to 40mm, 50mm, 60mm, 70mm,
80mm, 100mm, 120mm and 150mm all fall within the
scope of the presentinvention including depths in excess
of 150mm.

Trans-illuminating mode

[0057] The configuration of light sources and detection
device(s) or camera(s) in respect to each other and the
device is an aspect of the present invention. The light
detected may be light reflected or scattered by subcuta-
neous structures within the body of the recipient and is
herein described as reflective mode. The light detected
may otherwise be a combination of light that has tra-
versed the body(part) of the recipient and reflected or
scattered light; this is herein described as trans-illumi-
nating mode.

[0058] The camera and light sources may thus be ori-
ented in the same direction or be placed at angles to
each other. If the angle between the light received by the
camera and the body surface is 90 degrees and a light
source placed directly opposite of the camera is at an
angle of 180 degrees hereto, then in embodiments em-
ploying trans-illuminating means of visualization and de-
tection the light sources are preferably at an angle of 180
degrees, 170 degrees or 160 degrees, relative to the at
least one camera of the present invention. One such em-
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bodiment will comprise LEDs emitting yellow, orange,
red and IR light placed at angles between 180 and 160
degrees relative to the light received by the camera.

Reflective mode

[0059] In a preferred embodiment, subcutaneous
structures are illuminated and visualized in a reflective
mode. The light sources may be placed at a distance
from the detection device or camera, the preferred light
sources being LEDs. The distance can be regulated by
moving the LEDs compared to the detection device/cam-
era or be at a fixed distance hereto. Preferably, the LEDs
are at a fixed distance to the detection device/camera.
The LEDs will be placed upon the body surface of the
recipient and rest hereon either directly or at a small dis-
tance here from. The distance may provided for by a
membrane of a flexible or adaptable material, such as a
silicone membrane. Depending on the distance from
which the LEDs are placed from the detection device or
camera the angle to same may be 90 degrees, such that
the LEDs, which are arranged symmetrically, are lying
on approximately the same plane i.e. at 180 degrees to
each other. The angle to the detection device/camera
from a given light source may be any angle between 5
degrees and 160 degrees. In one embodiment the angle
may be any angle between 10 degrees and 80 degrees,
such as 20 degrees, 30degrees, 40 degrees, 50 degrees,
60 degrees or 70 degrees. In a preferred embodiment
the angle between the light source and the detection de-
vice/camera is between 90 degrees and 140 degrees,
more preferably between 90 degrees and 110 degrees.
The light detected is the light scattered by the subcuta-
neous structures.

[0060] In a preferred embodiment the subcutaneous
structures are illuminated in a reflective mode by at least
two infrared LEDs placed symmetrically at a fixed dis-
tance from the detection device or camera at an angle
between 70 degrees and 110 degrees, between 90 and
110 degrees, orbetween 80 and 100 degrees. The device
will preferably have a detection depth of at least 10mm
in part due to the placement of the light sources relative
to the camera. Most preferably, the LEDs will be placed
on or embedded in hinged flaps of a flexible material en-
suring optimal contact between the device, especially the
LEDs, and the recipient. Due to the hinged flaps, the ac-
tual angle between the LEDs and the camera will vary
depending on the curvature of the surface of the recipient.
The interplay between the angle (between the LEDs and
the camera) and the adaptation to the patient by any of
the herein mentioned means is an important object of the
present invention.

Display
[0061] Itis anaspect of the presentinventionto provide

at least one display means with the intent of rendering a
true to nature rendition of the recorded real time image
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of illuminated subcutaneous structures. The display can
be at a distance from the device itself, but preferably the
display is an integrated part of the device. The display
can be placed anywhere on the device, preferably the
display is on a surface different from the surface resting
on the recipients body surface. Most preferably the dis-
play is facing away from the body surface of the recipient,
so the line of sight is perpendicular to the body surface
upon which the device is placed.

[0062] The display may be any type of display known
in the art. For example the display can be at least one
diode, or several diodes arranged in an array such as in
line with one another orin two lines parallel to each other.
The display can also be of a flat panel display type such
as, but not limited to, a liquid crystal display (LCD) or an
organic display. The display may have a centreline print-
ed, engraved or displayed upon it. The centreline has the
purpose of aiding in aligning e.g. a hypodermic needle
with the displayed image of a blood vessel. The centreline
is in line with the light guide and the optional strip of ma-
terial mounted in front hereof for further assistance in
inserting the hypodermic needle correctly.

[0063] A liquid crystal display (LCD) is a display tech-
nology that uses rod-shaped molecules (liquid crystals)
thatflow like liquid and bend light. Un-energized, the crys-
tals direct light through two polarizing filters, allowing a
natural background color to show. When energized, they
redirect the light to be absorbed in one of the polarizers,
causing the dark appearance of crossed polarizers to
show. The more the molecules are twisted, the better the
contrast and viewing angle.

[0064] Organic displays also known as organic LED
displays or organic electroluminescent device (OLED)
are based on the discovery thatlight-emitting, fast switch-
ing diodes could be made from polymers as well as from
semiconductors. Starting from a standard LCD glass cov-
ered with structured ITO (Indium-Tin-Oxide), the polymer
materials are applied by precision ink jet printing. Using
this technology, pixels of red, green, and blue material
are applied. Each pixelinthe display behavesin the same
way as a miniature LED. After the patterned cathode has
been applied via metal evaporation, the cell is sealed.
Organic displays can be constructed on virtually any sur-
face and are thinner, lighter, and more flexible in structure
plus they are more power efficient.

[0065] A preferred embodiment of the present inven-
tion comprises at least one organic display means. Or-
ganic displays can display still pictures or real time video
in full-color graphics. A preferred embodiment of the
present invention displays real-time video.

[0066] The display can have any size compatible with
the size of the device and allowing a good visualization
of the subcutaneous structures. The display can be 3 by
3cmor4by4cm,or5by5cm,or6 by 6 cm,orit may
be rectangular in shape and thus be 3 by 4 cm, or 3 by
5cm, or4 by 5 cm, or 4 by 6 cm, or 5 by 6 cm. These
measurements are meant as examples and are not lim-
iting for the configuration of the device.
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[0067] A preferred embodiment of the invention com-
prises a guide light, an LCD display with a centreline, the
display being about 3 by 4 cm coupled to a CCD camera
receiving light from LEDs emitting yellow, orange, red
and IR light.

Energy source

[0068] The device is a handheld device that gives free
mobility to the operator of the device and the recipient of
a medical treatment. It is therefore an aspect of the
present invention to comprise an energy source or the
means i.e. at least one port, for being connected to a
remote energy source. Preferably, the device comprises
batteries, such as single use batteries or rechargeable
batteries. In addition the device can have means for re-
charging the batteries such as a socket for hooking up
an external wire or a cup or other holder for placing the
device in for recharging. Alternatively or additionally, the
device or the rechargeable batteries contained herein
may be charged through a universal serial bus (USB)
connection. The external wires or holders may comprise
transformation means for the electric current.

[0069] The device itself may be designed for single use
purposes, for use up to 100 times or for use until the
batteries are discharged. The device may also be con-
structed forrepeated use. The number of times the device
is intended to be used can be reflected not only in the
choice of energy source, but also in al the herein men-
tioned components. A device intended for single or few
times usage may thus be of materials of less durability
and cost compared to a device designed for continued
usage.

[0070] Examples of batteries that may be used are
AAA batteries or flat batteries of the type known from
cellular phones or any other battery that provides a sat-
isfactory duration of usage time of the device and total
size of the device.

[0071] An embodiment of the present invention is a
device of less than 100g for use with single covers until
the battery is discharged and the device is disposed of.

Communication means

[0072] The device can comprise means for storage of
images within itself in a digitalized storage means. The
digital storage means can be any from the following non-
exhaustive list: computer chips, universal serial bus
(USB) utilities, disc devices or others. The images can
subsequently be called up and be displayed upon the
display of the device, to a display separate from the de-
vice, or be transferred to an external storage medium or
printer. The exchange of images, stills, video or other
information gathered, from the device and to any sur-
rounding media can be done by USB means, moveable
disc, or wireless communication means such as Ether-
net, blue tooth, IR ports or other wireless computerized
communication means. This includes that the device
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comprises at least one assembly for communication pur-
poses, such as ports for plug-in devices, ports for wire
transfer or means for wireless communication. A pre-
ferred embodiment comprises at least one wireless com-
munication means. An alternative embodiment of the
present invention comprises a thermal paper printing
means.

[0073] Any technique known in the art that can accom-
plish any of the above mentioned functions fall within the
scope of the present invention. Especially in regards to
the administration of a medical treatment, it is an aspect
of the present invention to provide means for the storage
of rendered images in any form, of subcutaneous struc-
tures prior to, during and after the administration of the
medical treatment. In a preferred embodiment this is ac-
complished by the device comprising a USB port which
simultaneously allows for recharging the device.

Alternative embodiments

[0074] All the herein above described embodiments
are comprised within the scope of the present invention,
which also encompasses several alternative embodi-
ments as described hereafter.

[0075] An embodiment of the present invention com-
prises the display of a rendered image in three dimen-
sions (3D). This can be accomplished by the use of cam-
eras, image processing means and displays as are
known in the art. In a preferred embodiment the present
invention comprises at least two cameras arranged at an
angle to one another with the intent of providing a 3D
image.

[0076] An alternative embodiment of the present in-
vention includes a system to gather and relay sound. The
intent of the device according to the present invention is
to localize subcutaneous structures, especially veins and
arteries. Veins and arteries pump blood under pressure,
and arteries inherently pump with a higher pressure than
veins. This fact can be employed in the distinction be-
tween venous and arterial structures and can be relayed
to the operator of the device e.g. a by both visual and
audible means. The pulse can thus be made audible to
the operator of the device.

[0077] A further aid in the process of detecting and
visualizing subcutaneous structures can be the addition
of an ultrasound scanning function to an embodiment of
the present invention. An ultrasound emitting and receiv-
ing device can be used in an embodiment of the present
invention with the intent of localizing and visualizing sub-
cutaneous blood filled structures. In an alternative em-
bodiment, the ultrasound devices are combined with the
light detection system of the herein described embodi-
ment of the present invention.

[0078] It is understood that modification to the inven-
tion may be made as might occur to one having skill in
the field of the invention within the scope of the herein
described and claimed embodiments. All the embodi-
ments contemplated hereunder that achieve the objects
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of the invention have therefore not been shown in com-
plete detail. Other embodiments may be developed with-
out departing from the spirit of the invention or the scope
of the herein described embodiments and appended
claims.

Subcutaneous structures

[0079] Subcutaneous structures that can be visualized
with the device are any structures which absorb light of
the wavelength emitted from the chosen light sources.
It is an object of the invention to provide real time, true
to nature images of haemoglobin filled structures. Hae-
moglobin filled structures include blood vessel such as
veins, arteries and capillaries or blood filled spaces such
as haematomas occurring during or found after a haem-
orrhage. Furthermore, cancers, tumors, infected areas
or other abnormal structures which are vascularised or
blood enriched will be visualized.

[0080] Itis anaspect of the presentinventionto provide
means for the detection of blood vessels especially veins
and arteries, most especially veins. In an embodiment of
the present invention means are provided by which it is
possible to distinguish between veins and arteries. This
can be done due to the inherent difference in pressure
between veins and arteries and the clear presence of a
pulse in an artery. Foreign objects will likewise be visu-
alized if they absorb or reflect the light emitted from the
present invention. For example the tip of a hypodermic
needle will be visible together with any other subcutane-
ous structures present. This means that the precise lo-
cation of the tip of the needle compared to for example
a blood vessel such as a vein or artery can be seen with
the herein described device. This is extremely useful for
the administration of several types of medical treatments
in that the tip of a hypodermic needle will be visible si-
multaneously with the blood vessel ensuring that the tip
is inserted into the vessel and the fluid in the hypodermic
needle or drip bag is administered into the blood stream.

Medical treatment

[0081] The presentinvention greatly facilitates the ad-
ministration of several types of medical treatments. Any
type of medical treatment that requires the visualization
of subcutaneous structures will benefit from the use of
this device. This includes the simple visualization of sub-
cutaneous structures, i.e. for determining the presence
and extent of a haemorrhage, infection, varicose vein or
other.

[0082] Treatments potentially painful for the recipient
in that they require injection or other types of incisions
into the surface of the recipient can be performed accu-
rately and need not be repeated at the recipients risk or
discomfort when using the present invention. Especially
injections into blood vessels such as veins for the admin-
istration or extraction of fluids will be facilitated. Other
treatments that will be facilitated include placing of drips,

10

15

20

25

30

35

40

45

50

55

10

sampling of blood, placement of probes and insertion of
catheters for example peripherally inserted central ve-
nous catheters (picc lines). Prior to administering antibi-
otics, cytotoxic drugs such as a chemotherapeutic agent
or other to the recipient it is common procedure to flush
the vein with an amount of saline water to ensure that
the cannula/catheter is correctly placed inside the vein.
Alarge amount of saline water may be required to ensure
this. The device of the present invention alleviates the
need for flushing with large amounts of saline water (or
other fluids) as the displacement of the blood inside the
vein by even small amounts of saline water is visible, as
is the haemorrhaging that may be associated with a false
puncture of the vein. In this manner, as in any of the
above described, the "1 st attempt" peripheral cannula-
tion success rate is greatly improved. Likewise, the de-
vice may be used to provide ongoing verification of the
correct placement of a cannula/catheter, such as in pa-
tients receiving any type of fluid from an intravenous (IV)
drop or the like. Thus, it is an embodiment of the present
invention to provide a device and a method of using said
device wherein said device is capable of improving the
success rate of an initial cannulation attempt and / or
capable of ensuring /verifying the correct placement of
any intravenous device at any point in time while a can-
nula/catheter or other is inserted into the recipient.
[0083] The facility with which medical treatments can
be administered aided by the device of the present in-
vention will furthermore be an economic incentive for its
production. This is due to several factors including the
time saved when only one insertion is required for per-
forming a medical treatment. It thus alleviates time spent
on unsuccessful insertions, waiting for a second medical
practitioner to repeat the attempts, and any delays in per-
forming subsequent medical treatments. Furthermore
the cost of repeatedly disposing medical instruments due
to potential contamination after erroneous insertion into
the recipient will be reduced as will the number of proce-
dures that may follow due to the administration of erro-
neous treatments.

Biometrics

[0084] The pattern of subcutaneous blood filled struc-
tures within an individual is highly unique and can there-
fore be used as a personal identification means. Further-
more, said pattern, being subcutaneous, is extremely dif-
ficult to alter or duplicate and is therefore a biological trait
ideally suited for authentication of personal identity. Bi-
ometrics is the science and technology of authentication
by measuring an individuals physiological or behavioural
features. The use of biometrics is a rapidly expanding
within all areas where authentication of personal identity
is of relevance for security reasons, such as the finance,
defence, and government sectors.

The present invention provides means for rapid identifi-
cation of individuals based on their subcutaneous blood
filled structures. It is an object of the present invention to
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provide a means for immediate visual identification of
individuals based on their subcutaneous blood filled
structures. A preferred embodiment of the presentinven-
tion is a small, portable, handheld device, in contact by
any means known in the art to storage and communica-
tion means for relaying, comparing and identifying imag-
es of subcutaneous blood filled structures.

Methods

[0085] The invention furthermore relates to the use of
the herein above described embodiments of the device.
The use primarily relates to the visualization of subcuta-
neous structuresin a body, said subcutaneous structures
mainly being blood filled vessels. The use of the device
according to any of the herein described specifications
especially the specification of the device being adapted
to be placed directly upon the surface of the recipient
comprises the steps of: 1) emitting light onto a selected
area of body surface, hereunder lying tissue and subcu-
taneous structures, 2) detecting the reflected light by
camera enabled detecting means and recording an im-
age of illuminated subcutaneous structures and 3) dis-
playing the real time image of true to nature illuminated
subcutaneous structures. The device is especially adapt-
edforlocalizing blood vessels prior to and during injection
of vessels with the tip of a hypodermic needle or other
medical instrument and therefore the preferred use of
the device includes these steps.

[0086] The method of visualizing subcutaneous struc-
tures in a body with a device being adapted to be placed
directly upon the recipient, comprising the steps of: 1)
emitting light onto a selected area of body surface, here-
under lying tissue and subcutaneous structures, 2) de-
tecting the reflected light by camera enabled detecting
means and recording an image of illuminated subcuta-
neous structures and 3) displaying the real time image
of illuminated subcutaneous structures. Preferably the
device is of any of the herein described embodiments
and more preferably the method is applied prior to and
during the injection the tip of a hypodermic needle or
other medical instrument into said subcutaneous struc-
tures such as blood vessels.

[0087] The method of visualizing subcutaneous struc-
tures in a body with a device being adapted to be placed
directly upon the recipient, comprising the steps of: 1)
emitting light onto a selected area of body surface, here-
under lying tissue and subcutaneous structures, 2) de-
tecting the reflected light by camera enabled detecting
means and recording an image of illuminated subcuta-
neous structures, 3) displaying the real time image of
illuminated subcutaneous structures and 4) by commu-
nication, storage and processing means comparing said
image with stored images. Preferably the device is of any
of the herein described embodiments and more prefer-
ably the method is used to authenticate the identity of an
individual.
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Detailed description of the drawings
[0088]

Figure 1: lllustrates a preferred embodiment of the
invention employing a reflective mode of illuminating
and visualizing subcutaneous blood filled structures.
The device is shown at four differentangles. 1a: View
of one of the two sides of the device that will be per-
pendicular to the arm 8 or vein 11 of the patient. The
device is adapted to be placed upon the recipient by
the concave shape of the device which fits the con-
vex surface of the recipient. The top of the device 1
facing away from the recipient has the display 4, in-
serted. The bottom of the device 2 is a lid, and rests
upon the surface of the recipient. This bottom lid 2,
is made of a light transparent material and covers
the light emitting diodes (LEDs) 7, and other com-
ponents. The side 3 of the device brings together the
top 1, and the bottom lid 2, making up the housing
of the device wherein LEDs 7, camera 15, batteries
16 and more are comprised. There is a light guide 5
in the bottom lid 2, of the device. The light guide 5
is a LED emitting visible light, which shines onto the
surface of the recipient to aid in the insertion of e.g.
a hypodermic needle into the subcutaneous struc-
ture visualized upon the display 4. The light guide 5
has a strip 6 of material mounted in front to further
facilitate the insertion of e.g. a hypodermic needle.
1b: View of the one of the two sides of the device
that will be parallel to the arm of the recipient, in
which the on/off switch 9 is placed. The switch 9 is
placed on this side for easy manipulation - turning
the device on and off - by the operator. Due to the
concave shape of the device, the display 4 is visible
from this side. 1c: Slightly elevated corner view of
the device illustrating the ergonomic curvature, light
guide 5, light guide strip 6 and display 4 of the device.
The display 4 is aliquid crystal display (LCD) shaped
to follow the curvature of the device. 1d: View of the
top 1 of the device into which the display 4 is inserted.
Thedisplay4is atleast3by4 cmandhasacentreline
10 marked upon it. The centreline 10 is in line with
the light guide 5 and the light guide strip 6 on the
side of the device depicted in 1 a. The centreline 10
runs across the display upon which the subcutane-
ous structures are visualized, here a vein 11. By
aligning the centreline 10 with the real time image of
the vein 11 as displayed on the display 4 the guide
light 5 shines upon the body surface of the recipient
exactly above the vein 11. The strip 6 further pin-
points the exact place to insert e.g. a hypodermic
needle.

Figure 2: lllustrates a preferred embodiment of the
invention employing a trans-illuminating mode of il-
luminating and visualizing subcutaneous blood filled
structures. The device is shown at four different an-
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gles. 2a: View of one of the two sides of the device
that will be perpendicular to the arm 8 or vein 11 of
the recipient. This embodiment comprises two
halves: the housing 18 comprising the camera 15,
display 4, batteries 16, and electronics 19, and the
back light 17 comprising the LEDs 7 that will illumi-
nate the subcutaneous structures. A strap 14 con-
nects the two halves and keeps the device securely
mounted on the recipient. The back light 17 is made
up of the back light top 12, and the back light bottom
13 from which the LEDs 7 protrude. The bottom 2 of
the housing 18 is as described for the previous em-
bodiment a light transparent lid allowing the unab-
sorbed light access to the camera 15, which lies be-
hind the lid together with the other internal compo-
nents. As with the embodiment employing the reflec-
tive mode of illumination, this embodiment of the de-
vice is adapted to be placed upon the recipient by
the concave shape of both halves of the device,
which fits the convex surface of the recipient. This
embodiment also comprises a light guide 5 and light
guide strip 6 as previously described. 2b: View of
the one of the two sides of the device that will be
parallel to the arm of the recipient, in which the above
described on/off switch 9 is placed. The switch 9 is
placed in the housing 18 of the device. 2c¢: Slightly
elevated corner view of the device illustrating the er-
gonomic curvature, light guide 5, light guide strip 6
and display 4 of the device. Again the display 4 is a
liquid crystal display (LCD) shaped to follow the cur-
vature of the device. From this angle, the array of
LEDs 7 is visible. The array comprises LEDs 7 emit-
ting yellow, red, orange and infrared light. As the
LEDs 7 are placed in the bottom 13 of the concave
back light 17, the LEDs 7 are row by row at an angle
to one another. The LEDs 7 emit light towards the
same point, this being the camera aperature 15
placed within the housing 18. The number of LEDs
7 may be as shown or the array may comprise ad-
ditional LEDs 7. 2d: View of the top 1 of the device
into which the display 4 is inserted. The display 4,
centreline10 and vein 11 are as described above.
Furthermore, the strap 14 is visible from this angle.

Figure 3: lllustrates the underside and some of the
internal components of a preferred embodiment of
the invention employing a reflective mode of illumi-
nating and visualizing subcutaneous blood filled
structures. 3a: View of the underside of the device
with the light transparent bottom lid 2 in place. 3b:
Same view with the bottom lid 2 removed. The thus
visible internal components include batteries 16,
LEDs 7, camera 15 and further house the electronics
19 ofthe device. The LEDs 7 emityellow, red, orange
and infrared light and are placed at angles to one
another. The device may comprise the number of
LEDs 7 shown or preferably more LEDs 7. The cam-
era 15 is placed at the centre of the device to confer
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the most intuitive use of the device. The camera 15
is a ccd camera and comprises an optical filter, pref-
erably a filter composed of nanotubes in arrays or
other collimator type filters. The preferred embodi-
ment of the invention employing a trans-illuminating
mode of illuminating and visualizing subcutaneous
blood filled structures comprises with the exception
of the LEDs 7, the same internal components in the
housing 18 as can be seen in figure 3b.

Figure 4: lllustrates a preferred embodiment of the
invention employing a reflective mode of illuminating
and visualizing subcutaneous blood filled structures,
this embodiment comprising straps. The device is
shown at four different angles. 4a: View of one of
the two sides of the device that will be perpendicular
to the arm 8 or vein 11 of the recipient. This embod-
iment comprises two halves: the housing 18 com-
prising the camera 15, display 4, batteries 16, and
electronics 19, and a pivot flap 20 comprising the
LEDs 7 that will illuminate the subcutaneous struc-
tures. The LEDs 7 are in this embodiment embedded
in a silicone block visible from the inside as well as
outside of the present embodiment. The LEDs 7 are
infrared LEDs of high effect and are via the silicone
casing placed at a small distance from the surface
of the recipient. A strap 14 connects the two pivot
flaps 20 and keeps the device securely mounted on
the recipient. The bottom 2 of the housing 18 is as
described for the previous embodiment a light trans-
parent lid allowing the reflected light access to the
camera 15, which lies behind the lid together with
the other internal components. This embodiment of
the device is arched and rests by the pivot joints 22
on the arm of the recipient allowing for the insertion
of the hypodermic needle under the device, whereby
the inserted needle can be visualized on the display
4. 4b: View of the one of the two sides of the device
that will be parallel to the arm of the recipient, in
which the above described on/off switch 9 is placed.
The switch 9 is placedin the housing 18 of the device.
4c: Slightly elevated corner view of the device illus-
trating the display 4 which again is a liquid crystal
display (LCD). The LEDs 7 emit light towards the
same pointinside the recipient. The number of LEDs
7 may be two as shown with one LED on either side
of the recipient’s arm, alternatively additional LEDs
may be added. 4d: View of the top 1 of the device
into which the display 4 is inserted. The display 4,
centreline10 and vein 11 are as described above.
The display also comprises an indicator 21 indicating
the status of the battery powering the device. Fur-
thermore, the pivot flap 20 and LED 7 comprising
blocks are visible from this angle.

Figure 5: lllustrates a preferred embodiment of the
invention employing a reflective mode of illuminating
and visualizing subcutaneous blood filled structures,
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this embodiment comprising symmetrical light
guides. The device is shown at four different angles.
5a: View of one of the two sides of the device that
will be perpendicular to the arm 8 of the recipient.
This embodiment comprises the housing 18 with the
camera 15, display 4, batteries 16, and electronics
19, and a pivot flap 20 comprising the embedded
LEDs 7 that will illuminate the subcutaneous struc-
tures. The LEDs 7 are also in this embodiment em-
bedded in a silicone block. The LEDs 7 are infrared
LEDs of high effect and are via the silicone casing
placed at a small distance from the surface of the
recipient. This embodiment of the device rests di-
rectly on the arm of the recipient. One of the two
hooded light guides 23 is visible at this angle. 5b:
View of the one of the two sides of the device that
will be parallel to the arm of the recipient, showing
the pivot flap 20, the embedded LEDs 7 and the
switch 9. 5¢: Slightly elevated corner view of the de-
vice illustrating the display 4 which again is a liquid
crystal display (LCD). The LEDs 7 emit light towards
the same point inside the recipient. 5d: View of the
top 1 ofthe device into which the display 4 is inserted.
The display 4, centreline10 and vein 11 are as de-
scribed above. The display also comprises an indi-
cator 21 indicating the status of the battery powering
the device. Furthermore, the pivot strap 20 and LED
7 comprising blocks are visible from this angle. The
two hooded light guides 23 are visible from this angle.
The purpose of having two is to ensure that the de-
vice can be used to assist in the insertion of a needle
at both ends of the device.

Figure 6: lllustrates the underside and some of the
internal components of a preferred embodiment of
the invention employing a reflective mode of illumi-
nating and visualizing subcutaneous blood filled
structures, this embodiment comprising symmetrical
light guides. 6a: View of the underside of the device
with the light transparent bottom lid 2 in place. The
pivot joints 22, pivot flaps 20, hooded light guide 23
and LEDs 7 embedded in silicone are furthermore
visible. 6b: Same view with the bottom lid 2 removed.
The thus visible internal components include batter-
ies 16, and camera 15 and further house the elec-
tronics 19 of the device. The camera 15 is placed at
the centre of the device again to confer the most
intuitive use of the device. The camera 15 is a ccd
camera and comprises an optical filter, and a wide
angle lens. The aperature of the camera 15 is be-
tween 10 and 40 mm in diameter to allow for the real
time imaging of thick, thin and branched subcutane-
ous blood vessels such as veins 11.

Figure 7: lllustrates the underside and some of the
internal components of a preferred embodiment of
the invention employing a reflective mode of illumi-
nating and visualizing subcutaneous blood filled
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structures, this embodiment comprising straps. 7a:
View of the underside of the device with the light
transparent bottom lid 2 in place. The pivot joints 22,
pivot straps 20, connecting straps 14 and LED 7 em-
bedded silicone blocks are furthermore visible. 7b:
Same view with the bottom lid 2 removed. The thus
visible internal components include batteries 16, and
camera 15 and further house the electronics 19 of
the device. The camera 15 is placed at the centre of
the device again to confer the most intuitive use of
the device. The camera 15is a ccd camera and com-
prises an optical filter, and a wide angle lens. The
aperature of the camera 15 is between 10 and 40
mm in diameter to allow for the real time imaging of
thick, thin and branched subcutaneous blood ves-
sels such as veins 11.

Claims

An imaging device for visualizing subcutaneous
structures (11) in a body of a recipient, comprising:

a) at least one light emitting source (7) adapted
to illuminate a selected area of body surface,
hereunder lying tissue and subcutaneous struc-
tures,

b) atleastone cameraenabled detection system
(15) adapted to record an image of said illumi-
nated subcutaneous structures (11),

c) at least one display means (4) adapted to
render a recorded image of the illuminated sub-
cutaneous structures (1), wherein the display (4)
is an integrated part of the device, and wherein
said display (4) is on a surface (1) of the device
facing away from the body surface of the recip-
ient when in use

d) said device being adapted to be placed di-
rectly upon the recipient, characterised in that
said at least one light source (7) is adapted to
emit light in an angle to the camera enabled de-
tection system (15), said angle being between
5 degrees and 160 degrees,

e)andfurther characterised inthat said atleast
one light source (7) isinagroove or recess within
a strap (14) or embedded in a hinged flap of
flexible material (20) attached to said device, or
said at least one light source (7) rests at a dis-
tance from the body surface, wherein said dis-
tance is provided for by a membrane of flexible
or adaptable material.

The device according to claim 1, wherein the device
is adapted to be fastened to the recipient by a fas-
tening means (14).

The device according to any of the preceding claims,
wherein at least one light source (7) is a light source
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adapted to emit visible light.

The device according to any of the preceding claims,
wherein at least one light source (7) is adapted to
emit yellow, orange or red light.

The device according to any of the preceding claims,
wherein at least one light source (7) is an infrared
light emitting source.

The device according to any of the preceding claims,
wherein the light source (7) is selected from the
group of consisting of light emitting diodes (LEDs)
and laser diodes (LDs).

The device according to any of the preceding claims,
wherein the device comprises a means for filtering
or deflecting the reflected light.

The device according to any of the preceding claims,
wherein the camera enabled detection system (15)
is an electronic digital camera.

The device according to any of the preceding claims
wherein all the components of the device are com-
prised within a frame no larger than 350 cm3.

The device according to any of the preceding claims
wherein the positioning of at least two cameras (15)
allow for the visualization of subcutaneous struc-
tures (11) in three dimensions.

The device according to any of the preceding claims,
wherein the device comprises an ultrasound emitting
source and an ultrasound detection system.

The device according to any of the preceding claims,
wherein the device comprises a least one port for a
remote power supply.

The device according to any of the preceding claims,
wherein the device comprises at least one digital
storage means.

The device according to any of the preceding claims,
wherein the device comprises at least one assembly
for communication purposes selected from the group
of: ports for plug-in devices, ports for wire transfer,
means for wireless communication.

The device according to any of the preceding claims,
wherein the device comprises at least one wireless

communication means.

A method of visualizing subcutaneous structures in
a body, comprising the steps of:

a) emitting light onto a selected area of body
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surface, hereunder lying tissue and subcutane-
ous structures,

b) detecting the reflected or transilluminated
light by camera enabled detecting means and
recording animage of illuminated subcutaneous
structures,

c) displaying the image of illuminated subcuta-
neous structures,

d) characterised in that these step are per-
formed with a device as defined in any of the
claims 1 to 15 being adapted to be placed di-
rectly upon the recipient.

17. The method according to claim 16, wherein the de-

vice as defined in any of the claims 1 to 15 is used
for visualizing subcutaneous blood filled structures
(11) for the purpose of identifying an individual here-
by.

Patentanspriiche

Bildgebungsvorrichtung zum Visualisieren subkuta-
ner Strukturen (11) in einem K&rper eines Empfan-
gers, umfassend:

a) wenigstens eine Lichtabstrahlungsquelle (7),
die dazu angepasst ist, einen ausgewahlten Be-
reich der Kérperoberflache, darunterliegendes
Gewebe und subkutane Strukturen zu beleuch-
ten,

b) wenigstens ein kameragestitztes Detekti-
onssystem (15), das dazu angepasstist, ein Bild
der beleuchteten subkutanen Strukturen (11)
aufzuzeichnen,

c) wenigstens ein Anzeigemittel (4), das dazu
angepasst ist, ein aufgezeichnetes Bild der be-
leuchteten subkutanen Strukturen (1) darzustel-
len, wobei die Anzeige (4) ein integrierter Teil
der Vorrichtung ist und wobei die Anzeige (4) an
einer Oberflache (1) der Vorrichtung angeordnet
ist, die im Gebrauch von der Koérperoberflache
des Empfangers abgewandt ist,

d) wobei die Vorrichtung dazu angepasst ist, di-
rekt auf dem Empfanger platziert zu werden,
dadurch gekennzeichnet, dass die wenigs-
tens eine Lichtquelle (7) dazu angepasst ist,
Licht in einem Winkel zum kameragestitzten
Detektionssystem (15) abzustrahlen, wobei der
Winkel zwischen 5 Grad und 160 Grad betragt,
e) und ferner dadurch gekennzeichnet, dass
die wenigstens eine Lichtquelle (7) in einer Nut
oder Vertiefung innerhalb eines Riemens (14)
liegt oder in eine Gelenkklappe aus flexiblem
Material (20) eingebettet ist, die an der Vorrich-
tung angebracht ist, oder die wenigstens eine
Lichtquelle (7) in einem Abstand von der Kor-
peroberflache ruht, wobei der Abstand durch ei-



10.

1.

12.

13.

27

ne Membran oder ein flexibles oder anpas-
sungsfahiges Material bereitgestellt wird.

Vorrichtung nach Anspruch 1, wobei die Vorrichtung
dazu angepasst ist, an dem Empfanger durch ein
Befestigungsmittel (14) befestigt zu werden.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei wenigstens eine Lichtquelle (7) eine
Lichtquelle ist, die dazu angepasst ist, sichtbares
Licht abzustrahlen.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobeiwenigstens eine Lichtquelle (7) dazu
angepasst ist, gelbes, orangefarbenes oder rotes
Licht abzustrahlen.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei wenigstens eine Lichtquelle (7) eine
Infrarotlichtabstrahlungsquelle ist.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei die Lichtquelle (7) ausgewahltistaus
der Gruppe bestehend aus Leuchtdioden (LEDs)
und Laserdioden (LDs).

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei die Vorrichtung ein Mittel zum Filtern
oder Beugen des reflektierten Lichts umfasst.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei das kameragestiitzte Detektions-
system (15) eine elektronische Digitalkamera ist.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei alle Komponenten der Vorrichtung
in einem Rahmen aufgenommen sind, der nicht gré-
Rer als 350 cm3 ist.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei die Positionierung von wenigstens
zwei Kameras (15) die Visualisierung subkutaner
Strukturen (11) in drei Dimensionen ermdglicht.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei die Vorrichtung eine Ultraschallab-
gabequelle und ein Ultraschalldetektionssystem
umfasst.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei die Vorrichtung wenigstens einen
Anschluss fir eine entfernte Stromversorgung um-
fasst.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei die Vorrichtung wenigstens ein digi-
tales Speichermittel umfasst.
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Vorrichtung nach einem der vorangehenden An-
spriiche, wobei die Vorrichtung wenigstens eine
Baugruppe fiir Kommunikationszwecke umfasst, die
ausgewahlt ist aus der Gruppe von: Anschlissen fur
Einsteckgerate, Anschlissen fir drahtgebundene
Ubertragung, Mitteln fiir drahtlose Kommunikation.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei die Vorrichtung wenigstens ein
drahtloses Kommunikationsmittel umfasst.

Verfahren zum Visualisieren subkutaner Strukturen
in einem Korper, folgende Schritte umfassend:

a) Abstrahlen von Licht auf einen ausgewahlten
Bereich der Kérperoberfliche, darunterliegen-
des Gewebe und subkutane Strukturen,

b) Erfassen des reflektierten oder durchleuch-
tenden Lichts durch ein kameragestitztes De-
tektionsmittel und Aufzeichnen beleuchteter
subkutaner Strukturen,

c) Anzeigen des Bildes beleuchteter subkutaner
Strukturen,

d) dadurch gekennzeichnet, dass

diese Schritte mit einer Vorrichtung nach einem der
Anspriche 1 bis 15 durchgefiihrt werden, die dazu
angepasst ist, direkt auf dem Empfanger platziert zu
werden.

Verfahren nach Anspruch 16, wobei die Vorrichtung
nach einem der Anspriiche 1 bis 15 dazu verwendet
wird, subkutane blutgefillte Strukturen (11) zu visu-
alisieren, um dadurch ein Individuum zu identifizie-
ren.

Revendications

1.

Dispositif d'imagerie pour visualiser des structures
sous-cutanées (11) dans un corps d’'un receveur,
comprenant :

a) au moins une source d’émission de lumiere
(7) adaptée pour éclairer une zone de surface
corporelle sélectionnée, le tissu sous-jacent et
les structures sous-cutanées,

b) au moins un systeme de détection (15) activé
par caméra adapté pour enregistrer une image
desdites structures sous-cutanées (11) éclai-
rées,

¢) au moins un moyen d’affichage (4) adapté
pour rendre une image enregistrée des structu-
res sous-cutanées (1) éclairées, dans lequel le
moyen d’affichage (4) est une partie intégrée du
dispositif, et dans lequel ledit moyen d’affichage
(4) se situe sur une surface (1) du dispositif tour-
née a l'opposé de la surface corporelle du rece-
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veur lors de l'utilisation

d) ledit dispositif étant adapté pour étre placé
directement sur le receveur, caractérisé en ce
que ladite au moins une source de lumiére (7)
est adaptée pour émettre de la lumiére selon un
angle par rapport au systéme de détection (15)
activé par caméra, ledit angle étant compris en-
tre 5 degrés et 160 degreés,

e) et caractérisé en outre en ce que ladite au
moins une source de lumiére (7) se situe dans
une rainure ou un évidement d’un bracelet (14)
ou estincorporée dans un rabat articulé de ma-
tériau flexible (20) attaché audit dispositif, ou la-
dite au moins une source de lumiére (7) repose
a une distance de la surface corporelle, dans
lequel ladite distance est assurée par une mem-
brane de matériau flexible ou adaptable.

Dispositif selon larevendication 1, dans lequel le dis-
positif est adapté pour étre fixé au receveur par un
moyen de fixation (14).

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel au moins une source de
lumiere (7) est une source de lumiére adaptée pour
émettre de la lumiére visible.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel au moins une source de
lumiere (7) est adaptée pour émettre de la lumiere
jaune, orange ou rouge.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel au moins une source de
lumiere (7) est une source d’émission de lumiére in-
frarouge.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel la source de lumiére (7)
est choisie dans le groupe composé de diodes élec-
troluminescentes (DEL) et de diodes laser (DL).

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel le dispositif comprend un
moyen pour filtrer ou faire dévier la lumiére réfléchie.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel le systéeme de détection
(15) activé par caméra est une caméra numérique
électronique.

Dispositif selon 'une quelconque des revendications
précédentes dans lequel tous les composants du
dispositif sont compris dans un cadre de pas plus de
350 cm3.

Dispositif selon 'une quelconque des revendications
précédentes dans lequel le positionnement d’au
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moins deux cameéras (15) permet la visualisation de
structures sous-cutanées (11) en trois dimensions.

Dispositif selon’'une quelconque des revendications
précédentes, dans lequel le dispositif comprend une
source d’émission a ultrasons et un systéme de dé-
tection a ultrasons.

Dispositif selon’'une quelconque des revendications
précédentes, dans lequel le dispositif comprend au
moins un port pour une alimentation a distance.

Dispositif selon'une quelconque des revendications
précédentes, dans lequel le dispositif comprend au
moins un moyen de stockage numérique.

Dispositif selon’'une quelconque des revendications
précédentes, dans lequel le dispositif comprend au
moins un ensemble pour des objectifs de communi-
cation choisis dans le groupe composeé : de ports
pour dispositifs enfichables, de ports pour transfert
cablé, des moyens pour communication sans fil.

Dispositif selon’'une quelconque des revendications
précédentes, dans lequel le dispositif comprend au
moins un moyen de communication sans fil.

Procédé de visualisation de structures sous-cuta-
nées dans un corps, comprenant les étapes consis-
tanta:

a) émettre de la lumiéere sur une zone de surface
corporelle sélectionnée, le tissu sous-jacent et
les structures sous-cutanées,

b) détecter la lumiére réfléchie ou transilluminée
par un moyen de détection activé par caméra et
enregistrer une image de structures sous-cuta-
nées éclairées,

c) afficher 'image de structures sous-cutanées
éclairées,

d) caractérisé en ce que ces étapes sont réa-
lisées avec un dispositif tel que défini selon'une
quelconque des revendications 1 a 15 adapté
pour étre placé directement sur le receveur.

Procédé selon la revendication 16, dans lequel le
dispositif tel que défini selon I'une quelconque des
revendications 1 a 15 est utilisé pour visualiser des
structures sous-cutanées remplies de sang (11)
dans le but d’identifier un individu par celui-ci.
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Fig 3
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Fig 7
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