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Description
FIELD AND BACKGROUND OF THE INVENTION

[0001] The present invention relates to an apparatus
which allow the acquisition of endoscopicimages of small
internal cavities of the body including methods and ap-
paratus for visualization through opaque liquid media.
[0002] Heartandblood vessel diseases are among the
main causes for morbidity and mortality in Western so-
ciety. Therefore, interventional procedures involving
blood vessels of the heart are among the most widely
used in the medical field. The pathology that is in the
base of most acute coronary syndromes and sudden car-
diac deaths is atherosclerosis. In this process, athero-
sclerotic plaques, which are an active collection of differ-
ent cells, mainly immune cells and smooth muscle cells
along with deposits of fatty substances, cholesterol, cel-
lular waste products, calcium and other substances, are
accumulated in the inner lining of an artery. Stable
plaques, which cause the more significant narrowing of
the arterial wall, are considered the major factor in the
development of angina pectoris (chest pain). However,
studies from recent years have shown, that unstable an-
gina, myocardial infarctions (heart attacks) and sudden
cardiac related deaths are caused mainly by unstable
plaques, otherwise known as vulnerable plaques. This
type of plaque is usually smaller and therefore less sig-
nificant and difficult to detect with currently used angio-
graphic methods described hereafter.

[0003] Some of the important developments were
made in the field of minimally invasive procedures. A very
common diagnostic and therapeutic procedure is cardiac
catheterization. The commonly applied method, angiog-
raphy, includes imaging the heart and coronary blood
vessels using an X-ray camera as the imaging device,
and a catheter, through which a contrast substance is
injected into the heart and vessels to enable them to be
viewed by the camera. This method gives a two-dimen-
sional monochromatic view of the heart and blood ves-
sels as viewed from the outside. This method detects
major occlusions by identifying places where blood flow
is disturbed and it may direct the PTCA (Percutaneous
Transluminal Coronary Angioplasty) or stent-inserting
technique to the place of the occlusion, but it does not
give a direct view of the occlusion site or the surrounding
area. One of the major risks of the techniques described
above is a rupture or a disruption in the fibrous cap cov-
ering the plaque and the release of plaque particles into
the blood stream. These particles may cause numerous
small occlusions in the coronary arteries but also may
cause occlusions in small blood vessels of other organs,
such as the brain, kidney, or lungs. A direct, clear view
of the field of operation, as provided in the current inven-
tion, could substantially decrease the risk of disruption,
as described above. Also, and perhaps more importantly,
only through intra-vascular imaging will it be possible to
detectthe smaller, vulnerable plaques. The effectiveness
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and precision of the plaque treatment, when assisted with
direct intra-vascular imaging, such as in the present in-
vention, would be enhanced when compared to current
indirect imaging methods.

[0004] Important methods that have been developed
to confront the issue of intra-vascular imaging are angi-
oscopy and intra-luminal ultrasound. New techniques,
which are still under development, include Optical Co-
herence Tomography (OCT) and infrared endoscopy.
[0005] Angioscopy is a form of endoscopy developed
for the arteries. Because the illumination used in angios-
copy is in the visible wavelength range, in which the blood
that fills the arteries is opaque, the method requires a
way of moving the blood from the field of view prior to
visualization. One way to do this is by injecting a high-
pressure physiological fluid into the vessel to temporarily
displace the blood, as disclosed in patents US4827907,
US4998972, US5730731, US5010875 and US4934339.
Another way of clearing the field of view is by inflating a
balloon, which is positioned at the distal end of the angi-
oscope, in front of the camera-head or optical assembly.
The balloon is made of a transparent substance, so that
when it is inflated inside the blood vessel, with either gas
or a transparent liquid, it pushes the blood away from the
distal end of the angioscope and clears a field of view of
the walls of the vessel. Such an apparatus is described
in US4784133 and US5411016; the latter patent disclos-
ing a transparent part at the distal end of the angioscope
in addition to the balloon surrounding it. A similar appa-
ratus is disclosed in US4470407, except that the optical
system terminates inside the balloon (also allowing laser
operation through the balloon). An apparatus that uses
two spaced and expendable balloons, that occlude and
isolate an operating area in the blood vessel between
them, is disclosed in US4445892. Most methods com-
bine an inflatable balloon with injection of a transparent
liquid. The balloon coaxially surrounds the sheath at the
distal end of the catheter and, when inflated, it blocks
some of the blood flow. The method described above
allows the injection of less flush liquid and at a lower
pressure, which is safer and more efficient. Prior art in
which the method described above is used is
US4576145, US4576146, US5263928 and US5464394.
A combination of an angioplasty balloon with intra-vas-
cular endoscopy is disclosed in patents EP177124A,
US5116317 and US4961738. In the latter patent, the op-
tical system terminates within the balloon and there is a
"working well" in the balloon to allow the insertion of in-
struments into the lumen of the vessel.

[0006] Another method for intra-vascular imaging is
the use of ultrasound. The ultrasound transducer is po-
sitioned at the distal end of a catheter inside the blood
vessel and the ultrasound transducer is used to obtain
an image of the lumen and walls of the artery. Patents
referring to this kind of apparatus are US6129672,
US6099475, US6039693, US6059731, US5022399,
US4587972,US4794931, US4917097 and US5486170.
A patent that combines PTCA with ultrasonic imaging is
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US5167233.

[0007] OCT provides a three-dimensional image by
performing optical measurements, and it can be used in
intra-vascularimaging. Related patents are US6134003,
US6010449, and US5459570.

[0008] The opaqueness of blood at visible light wave-
lengths poses a specific problem when attempting to ac-
quire an image of an intra-vascular space. One solution
to the problem noted above is to utilize infrared (IR) light
to enable visibility through the suspended particles and
cells in the blood. A patent that discloses a method for
using deep-IR light for imaging through blood is
US6178346. The use of deep-IR wavelengths to achieve
visibility in a blood medium as described in the referred
patent requires very high-energy illumination, which has
risks and disadvantages when used inside the body. The
use of near-IR radiation substantially diminishes risks.
US4953539 discusses the use of an endoscopic imaging
device, which is illuminated from outside the body with
infrared light. The referred patent serves as an example
of the use of infrared light in imaging body organs. Ex-
ternal illumination has not been used to date for intra-
vascular imaging.

[0009] A well-known property of human tissue is that
it has different absorption, scattering, and attenuation co-
efficients of IR radiation. This fact allows different types
of tissues to be distinguished in general, and allows dif-
ferent types of plaque to be to be distinguished in partic-
ular. Reference is made to "A Review of the Optical Prop-
erties of Biological Tissues" Cheong, Prahl and Welch,
IEEE J. of Quantum Electronics, Vol 26 No 12 December
1990.

[0010] An example of known invasive imaging appa-
ratus of this type is disclosed in WO-A-00/45691A. In this
WO-A-00/45691Athere is described an invasive imaging
apparatus according to the preamble of claim 1.

[0011] Itis against this background, and the limitations
and problems associated therewith, that the present in-
vention has been developed.

[0012] Toachievethis, the invasive imaging apparatus
of the invention comprises the features claimed in the
characterizing part of claim 1.

[0013] Preferably said illumination source utilizes at
least one wavelength taken from within a range compris-
ing visible light, near infra-red, and infra-red light.
[0014] A preferred embodiment comprises a plurality
of illumination sources and said illumination sources are
controlled together.

[0015] A preferred embodiment comprises a plurality
of illumination sources and said illumination sources are
controlled separately.

[0016] Preferably saidillumination source uses at least
one wavelength preselected to improve visibility through
blood.

[0017] Preferably said illumination source is com-
prised of aninfra-red illumination source positionable out-
side of said patient’s body.

[0018] Preferably said illumination source is controlla-
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ble to be aimed directly at an imaged object from the
direction of said imaging assembly.

[0019] Preferably said illumination source is controlla-
ble to be directed in a general viewing direction.

[0020] Preferably said optical assembly comprises op-
tical components and an imaging assembly.

[0021] Preferably said imaging assembly comprises
said image sensor and an illumination sensor.

[0022] Preferably said optical components comprise a
lens with two optical planes, a shutter, and a light deflec-
tor.

[0023] Preferably said light deflector is one of a prism
and a mirror with a reflecting surface.

[0024] Preferably said image sensor and said illumi-
nation sensor are operable to sense at least one wave-
length taken from within a range from visible light to infra-
red light to correspond to said illumination source.
[0025] Preferably a polarized filter is positionable be-
fore at least one of as member of a group comprising
said illumination sensor, said image sensor, said illumi-
nation sources, and said lens, and said polarized filter
polarization direction is controllable to enhance image
quality.

[0026] A preferred embodiment comprises a central
control and display unit connectable to the proximal end
of said catheter from outside of the patient’s body.
[0027] Preferably said working channel comprises a
guide wire.

[0028] Preferably said image sensor is positioned sub-
stantially parallel to the longitudinal axis of said catheter.
[0029] Preferably said image sensor is shaped to fit
within restricted dimensions of said catheter.

[0030] Preferably said image sensor is a CMOS or
CCD-based pixel sensor.

[0031] Preferably said image sensor comprises anim-
aging area shaped in a rectangular pixel array.

[0032] Preferably said rectangular pixel array meas-
ures 128 x 256 pixels.

[0033] Preferably said sensor comprises sensor con-
trol electronic circuitry located beneath a shorter side of
said imaging area, said imaging area being arranged as
a rectangular pixel array.

[0034] Preferably I/O and supply pads for said elec-
tronic circuitry are placed along at least one of the shorter
sides of said image sensor.

[0035] A preferred embodiment with a local controller
located at the distal end of said catheter to coordinate
data flow to and from said optical assembly and to per-
form commands received from said central control and
display unit.

[0036] Preferably said display and control unit is oper-
able to control the timing and amount of injection of said
fluid.

[0037] Preferably a transparent balloon-like structure
is positioned at said distal end of said catheter to displace
blood from around the optical sensor-head, allowing clear
visibility.

[0038] Preferably said balloon-like structure is rigid
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[0039] Preferably said balloon-like structure is flexible.
[0040] Preferably said balloon-like structure is inflated
and deflated by means of using a liquid or a gas passed
through said working channel.

[0041] Preferably said optical assembly comprises two
image sensors for obtaining a stereoscopic image.
[0042] Preferably the injection of said fluid is synchro-
nized with the operation of said optical assembly, syn-
chronizing said operation and said injection with the cycle
of patient physiological conditions.

[0043] Preferably one of said physiological conditions
is heart beat sensible using a heart rate sensor (such as
a plethysmograph, or other device) connectable to a pa-
tient’s body from outside of said patient’s body or insert-
able into said blood vessel through said catheter.
[0044] Preferably information from said heart rate sen-
sor is transferred to said central control unit enabling syn-
chronization with said physiological conditions.

[0045] Preferably said balloon-like structure is pres-
sure-sensed to provide real-time feedback when said bal-
loon-like structure impinges upon an obstacle, such as
a blood vessel wall.

[0046] Preferably said working channel is usable for
passage of therapeutic instruments to a site of operation.
[0047] Preferably said optical assembly is used in con-
junction with a laser cutting device to enable laser oper-
ated surgery.

[0048] Preferably said laser cutting device is used to
obtain biopsy biological samples by cutting and transfer-
ring through said working channel to the proximal end of
said catheter.

[0049] Preferably said optical assembly and said laser
cutting device are used in conjunction with one of a suc-
tion and nano-gripper mechanisms to enable visual in-
spection of a desired location for biological sample re-
trieval.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] For a better understanding of the invention and
to show how the same may be carried into effect, refer-
ence will now be made, purely by way of example, to the
accompanying drawings.

[0051] With specific reference now to the drawings in
detail, it is stressed that the particulars shown are by way
of example and for purposes of illustrative discussion of
the preferred embodiments of the present invention only,
and are presented in the cause of providing what is be-
lieved to be the most useful and readily understood de-
scription of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show
structural details of the invention in more detail than is
necessary for a fundamental understanding of the inven-
tion, the description taken with the drawings making ap-
parent to those skilled in the art how the several forms
of the invention may be embodied in practice. In the ac-
companying drawings:
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Fig. 1 is a simplified schematic of the overall patient
system.

Fig. 2Ais a simplified schematic of the optical head—
side view.

Fig. 2B is a simplified schematic of the optical head—
top view.

Fig. 3 is a system block diagram.

Fig. 4A is a simplified schematic of the optical array
assembly.

Fig. 4B is a schematic example configuration of op-
tical design A.

Fig 4C is a schematic example configuration of op-
tical design B.

Fig. 5Ais a simplified diagram of a configuration with
the optical head inside of a transparent balloon distal
to a PTCA/stent balloon.

Fig. 5B is a simplified diagram of a configuration with
the optical head adjoining the PTCA/stent balloon.
Fig. 6 is a schematic representation of the image
sensor.

Fig. 7 is a block diagram of the post-processing al-
gorithm.

Fig 8 is a simplified schematic of use of an external
IR source.

Fig 9 is a simplified schematic of a biological sample
collector.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0052] Before explaining at least one embodiment of
the invention in detail, it is to be understood that the in-
vention is not limited in its application to the details of
construction and the arrangement of the components set
forth in the following description or illustrated in the draw-
ings. The invention is applicable to other embodiments
or of being practiced or carried out in various ways. Also,
it is to be understood that the phraseology and terminol-
ogy employed herein is for the purpose of description
and should not be regarded as limiting.

[0053] The present embodiments preferably provide a
diagnostic and operative system for use in intra-vascular
procedures. They consist of the following:

1. A small-diameter flexible catheter, with a distal
end that can be inserted into the blood vessel or any
other internal cavity along a guide wire and reach
remote places in the vasculature or other organs;
and

2. A viewing apparatus, which is positioned at the
distal end of the catheter, and consists of a specifi-
cally designed image sensor, a distorting optical as-
sembly and an illumination source.

(a) The image sensor is shaped to fit within the
restricted dimensions of the catheter. Theimage
sensor is positioned non-perpendicularly to the
longitudinal axis of the catheter; in a preferred
embodiment parallel to the longitudinal axis of
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the catheter. The small width of the imaging area
makes it possible to reduce the diameter of the
catheter. The design of the sensor allows the
catheter to contain both the viewing apparatus
and a working channel without a prohibitive in-
crease in catheter diameter.

(b) An optical assembly. One preferred embod-
iment consists of a lens with two optical planes,
a shutter and a prism or mirror with a reflecting
surface. The optical assembly is designed to dis-
tort and deflect the light received from the
viewed object to fit the sensor.

(c) The light source or sources may be visible
light sources, IR sources or any combination of
the light sources in one embodiment, according
to the embodiment’s uses. The lighting is either
aimed directly at the imaged object from the di-
rection of the optical sensor head or directed
generally at the scene, i.e. without directing the
light sources straight ahead at the object.

3. One or more working channels, which run along
the length of the catheter, from the proximal end to
the distal end, through which therapeutic instru-
ments can be inserted to the site of their operation.
The working channel is also used for the injection of
liquids or gas, as is described in some of the embod-
iments. A channel for a guide wire is necessary, and
may be provided as a dedicated channelforthe guide
wire only or combined with a an injection channel.
4. A local controller situated at the distal head of the
catheter for coordinating data flow to and from the
optical image sensor head and carrying out com-
mands coming from a central processing and control
unit outside the body regarding, for example, shutter
speed and changing the intensity of the light sources.
The communication between the local controller and
the central unit is conducted through a wire connec-
tion or a wireless connection. The local controller
may be an entirely separate element situated at the
distal head of the catheter as described above, but
it also may be a part of the image sensor. Another
option is that some or all of the local controller’s func-
tions are carried out by the central control and display
unit described hereafter.

5. A central control and display unit is typically locat-
ed on a rack in the operating/catheterization room.
This unit executes, among other tasks, basic recon-
struction of the image including color reconstruction,
interface to the user, display of the video and addi-
tional data, manual/automatic control overimage ac-
quisition parameters, and a specific image recon-
structing algorithm for improving resolution and local
contrasts based on the specific design of the sensor.

[0054] The embodiments described are designed for
use in both diagnostic and therapeutic procedures.
Therefore, they can be used on catheters as a viewing
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device only or as part of a PTCA, stenting, laser, or any
other operative device. Another option for combining in-
tra-vascular imaging with the diagnostic and operative
devices is by mounting the viewing apparatus at the distal
end of a guide wire. The guide wire is inserted into the
artery at the beginning of a catheterization procedure,
and the guide wire guides the catheters used during the
procedure to their proper location. The positioning of the
imaging apparatus on a guide wire makes it possible to
useitin very restricted spaces. Positioning of the imaging
apparatus on the guide wire also allows better navigation
inside the vessel and the replacement of the diagnostic
and operating tools while keeping an insertion path open
by means of the wire.

[0055] Reference is now made to Fig. |, which is a sim-
plified schematic of the overall patient-system configu-
ration according to a first preferred embodiment of the
present invention. The configuration has a processing
and control unit 28 comprising, among others, three func-
tional units: digital video unit 40; balloon inflation unit 41;
and fluid injection unit 42. The proximal end of the cath-
eter 30 is connected to the processing and control unit
28. The display unit 50 (typically a monitor) is also con-
nected to the processing and control unit 28. The catheter
30isinserted into the patient 25 with the inflatable balloon
31 1 located at the catheter distal end, inside the patient.
A heart rate sensor 26 is connected to the patient.
[0056] The heart rate of the patient 25 is monitored
either by a heart rate sensor 26 attached to the patient
or by a method described below to determine the trans-
parency level of the blood. (Such a measurement can
indicate blood pressure changes, and is correlated to
heart activity.) Information about the heart rate is sent to
the processing and control unit 28. The processing and
control unit receives the information, processes it and
synchronizes the system’s operation with the heart rate.
The catheter 30 is connected to the processing and con-
trol unit through three channels: digital video 40, balloon
inflation 41 (for inflating and deflating the inflatable bal-
loon 31 located atthe distal end of the catheter 30, located
inside the patient) and fluid injection 42 (used to inject
fluids to alter the optical quality of the blood in the imme-
diate vicinity of the inflatable balloon 31).

[0057] Referenceis now made to Fig. 2A and 2B which
are schematic details of a side view and a top view, re-
spectively, of the optical head, located on the distal end
of the catheter 30. The optical head comprises a lens 2
and an optical array, comprising a prism 10, and a sensor
array, comprising an illumination sensor 1 and an image
sensor 8 (for acquiring images). The illumination sensor
1 and image sensor 8 may be separate elements or they
may be combined together. One or more illumination
sources 3, which may use visible or infrared or both types
of light, are positioned at the distal end of the optical
head. A pressure sensor 7 is also positioned at the distal
end of the optical head. A variable volume transparent
balloon 6 encloses all components on the distal end. A
mechanical enclosure houses the previously mentioned
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components and serves as the proximal surface of the
variable volume transparent balloon 6. Working channel
A 4, representing one or more such channels, runs along
the catheter 30 and terminates at the distal end inside of
the variable volume transparent balloon 6. Working chan-
nel B 9, representing one or more such channels, runs
along the catheter 30 and terminates distally outside of
the variable volume transparent balloon. A cable 5 runs
along the catheter 30 and connects with the local con-
troller 11 and provides power and communications for
the optical head.

[0058] The illumination sources 3 in the present em-
bodiment illuminate the region immediately in front of the
optical head. DC power and electrical signals are fed to
and from the optical head via the cable 5 which is con-
nected at the distal end to the local controller 11. Working
channels (in this example, two) provide fluid feed and
removal and/or other functions inside and outside of the
variable volume transparent balloon 6.

[0059] The variable volume transparent balloon 6 en-
ables short period imaging of a blood vessel (for example)
using the visible and/ or infrared illumination sources 3.
The variable volume transparent balloon pressure is
sensed and controlled by the pressure sensor 7 to inflate/
deflate the balloon via air or liquid provided through work-
ing channel A 4. The system has a fixed optical mecha-
nism comprised of a lens 2 and a prism 10. The variable
volume transparent balloon 6 has known optical at-
tributes and it enables close contact with the blood vessel
wall. Inflation of the variable volume transparent balloon
6 enables a clear path for the visible or infrared light di-
rectly onto the lens 2. When deflated, the variable volume
transparent balloon 6 allows an undisturbed flow of blood
untilthe moment before animage is acquired, whereupon
the variable volume transparent balloon 6 is inflated
again. At the time of variable volume transparent balloon
6 inflation, blood flow is momentarily disturbed to enable
aclear view. A safety mechanism, comprising a pressure
sensor 7 ensures that pressure within the balloon is main-
tained at acceptable limits. The combination of the pres-
sure sensor 7 and the momentary pressure supply pro-
vide and indication of a possible obstacle in the path of
the catheter. A local controller 11 coordinates data flow
to and from the optical head, as is described in more
detail below.

[0060] Reference is now made to Figure 3, which is a
system block diagram. Figure 3 highlights the logic in and
between the optical head 20, as detailed in Figures 2A
and 2B, with the processing and control unit 28, as de-
scribed in Figure 1. The functions of the optical head 20
are grouped logically in Figure 3. The local processor 11
serves to control the functions of the optical head 20 while
coordinating signals and power with the processing and
control unit 28 located in the operating room. Functions
of the optical head 20 are the illumination source 3 (com-
manded by the local processor 11), light sensor 8 (which
feeds back to the local processor 11), image sensor 1
(which feeds back to the local processor 11), and shutter
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12 (commanded by the local processor 11). The local
processor 11 receives and sends commands and re-
ceives power from the video control and command unit
40 and power and data control command unit 13, both
of which are located in the processing and control unit
28. The video control and command unit 40 and power
and data control command unit 13 together form the core
of command and control of the entire system. Additional
functions are: supply controller 14 (power supply to pow-
er and data control 13), data acquisition and control sys-
tem 15 (commanded by power and data control unit 13),
and the fluid and air pressure controller 41 (commanded
by power and data control unit 13). The fluid and air pres-
sure controller 41 operates through working channel A
4, which physically passes through the optical head to
enable balloon inflation. In addition, the fluid and air pres-
sure control 41 commands the physiological fluid control
source 42. The suction mechanism19 and laser source
18 all function through working channel B 9, which runs
along the catheter but parallel and external to the optical
head. The suction mechanism 19 and laser source 18
are devices that may be employed in an embodiment
described below.

[0061] The local processor 11 controls and coordi-
nates functioning of components previously described
on the optical head with the system control and supply
functions located in the operating room. Specific func-
tions of the power and data control unit 13 include, timing
control of the system functions such as timing of balloon
inflation, fluid infusion/injection, activation of light sourc-
es 3, and image sensor 1 activation. The video control
and command unit 40 receives digital image information
from the image sensor 1. Corrections of optical distortion
created by the image sensor 1 taking into account the
system overall design, are controlled by the video control
and command unit 40. Other functions controlled by the
video control and command unit 40 are:

1. Improvement of image resolution based on redun-
dant information residing in the system, intended
specifically for improving image resolution.

2. Improvement of image quality and image adjust-
ment for the specific medical application, for exam-
ple: color, local contrasts, and emphasis on pathol-
ogies.

3. Evaluation of relative temperature based on video
information for spotting pathologic areas suspected
as inflamed.

4. Evaluation of the blurring parameters of the image
based on the blurring model of the blood and the
acquired image.

5. Reconstruction of the original image according to
the blurring model and evaluated parameters.

[0062] Images processed by the video control and
command unit 40 may be displayed, typically on the pre-
viously mentioned monitor, as video images in one of two
display modalities. The first modality is a succession of
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separate images as received by the image sensor 1. This
modality requires a minimal delay. The second modality
is a stream of video images. In order to enable a stream
of video images the processing and control unit 28 per-
forms a time interpolation of missing images to provide
acontinuous image. As aresult, a delay of up to a second
between image acquisition and display is typical.
[0063] Reference is now made to Figure 4A, which
shows a schematic of the optical array assembly. The
optical array assembly 48 is comprised of a lens 2 which
is located in front of the shutter 12, which is in turn mount-
ed before the prism 22. The prism is positioned above
the image sensor 1. One preferred embodiment consists
of a lens 2 with two optical planes, a shutter 12 and a
prism 22 or mirror with a reflecting surface. The optical
array assembly 48 is designed to distort and deflect light
received from the viewed object to fit the image sensor
1. The lens 2 and prism 22 are two fixed optical compo-
nents whereas the shutter 12 offers flexibility. The shutter
12, as previously mentioned, is commanded by the
processing and control unit, located outside of the patient
at the proximal end of the catheter in the operating room.
Schematic descriptions of two optical design alternatives
are depicted on Figs. 4B and 4C. In Figure 4B PMMA
refers to a specific plastic lens material called polymethyl
methacrylate.

[0064] Reference is now made to Figure 5A and 5B,
which show related embodiments where a fluid is used
to inflate the flexible PTCA or stenting catheter balloon
at the distal end of the catheter. Figure 5A shows an
embodiment where an optical head 47 is located distally
to the PTCA/stent balloon 50. The stent balloon 50 is
located distally to the catheter 30. The optical head 47
is located within a second balloon 60. A regulating valve
55 is located between the PTCA/stent balloon 50 and the
second balloon 60. Inflation of the second balloon 60 is
enabled by the regulating valve 55, which allows the sec-
ond balloon 60 to be initially inflated, followed by inflation
of the stent balloon 50. Note that the optical head shown
in Figure 5A is similar to the optical head previously
shown in Figure 2, in that the functions of on-board mul-
tiple light sources, on board light receivers, and an on
board pressure sensor are preferably included. The reg-
ulating valve 55 is designed to close itself under high
pressure and enables the inflation of the PTCA/stent bal-
loon 50. Once the second balloon 60 is inflated and the
pressure inside is high enough, the valve closes and the
PTCA/stent balloon 50 inflates. The injected fluid inflates
the second balloon 60, made of a transparent membrane
which is non-permeable to red blood cells, to remove the
red blood cells from the field of view and reduce the scat-
tering of light. The optical characteristics of the injection
fluid are discussed hereafter. The regulating valve 55
also controls deflation of both the PTCA/stent balloon 50
and the second balloon 60.

[0065] Figure 5B shows an embodiment where the op-
tical head 48 is installed distally and exterior to the PTCA/
stent balloon 50. The optical head assembly 48 is mount-
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ed on the fluid injection channel 75, which terminates in
aregulating valve 56, located at the distal end of the fluid
injection channel 75. The PTCA/stent balloon 50 is lo-
cated atthe distal end of the catheter. Note that the optical
head assembly 48 shown in Figure 5B is similar to the
optical head previously shown in Figure 2 in that the func-
tions of on-board multiple light sources and on board light
receiver are preferably included. In the present embod-
iment, a regulating valve 56 located distally to the PTCA/
stent balloon 50 controls the flow of injected fluid distally
outside of the PTCA/stent balloon 50 to momentarily
clear the field of view in front of the optical assembly and
allow images to be acquired.

[0066] The embodiments shown in Figures 5A and 5B
operate in a cyclical manner. Every heartbeat sensed by
the previously mentioned heart rate sensor, initiates a
new device cycle. Each cycle comprises a delay after
which fluid is injectedin order to inflate the second balloon
60 as in figure 5A or clear the field of view as in figure
5B. Inflation of the second balloon 60 and fluid injection
are synchronized and timed so that they occur after a
pulse of blood which is pushed from the heart. The reg-
ulating valve 56 is opened and fluid is infused into the
artery toimprove the visibility at the distal end of the cath-
eter. A short period after the start of fluid infusion, the
optical head assembly 48 starts acquiring images of the
scene. The previously-mentioned light sources are pow-
ered in synchronized pulses with the frame rate of the
optical head assembly 48 to increase the ratio between
the effective light absorbed by the optical head assembly
48 and power dissipation of the light source. After obtain-
ing several images and in synchronization with the be-
ginning of the next heart beat, the system stops both
image acquisition and infusion of fluid and reduces the
pressure inside the second balloon 60.

[0067] The embodiments shown in Figures 5A and 5B
are not space-consuming because one channel is used
for inflating both balloons (Figure 5A) or for inflating and
injecting fluid into the blood vessel (Figure 5B), thus al-
lowing a smaller width catheter.

[0068] Reference is now made to Figure 6, which is a
simplified diagram showing an image sensor 70. The
sensor comprises an imaging area 71 which is shaped
as arectangle pixel area, such as a 128 x 256 pixel array.
The sensor may also contain additional circuitry 72 that
performs functions such as analog to digital conversion,
timing control, and local control. /0. Supply pads 73 are
indicated. The sensor 70 is located in the optical head
assembly previously noted in Figures 2, 3, and 4A, 4B,
and 4C. The sensor 70 serves to capture the visible or
IR light from the scene as shaped by the lenses and shut-
ters located in front of it. As previously noted, the sensor
is positioned non-perpendicularly to the longitudinal axis
of the catheter. In a preferred embodiment it is placed
parallel to that axis. The small width of the imaging area
makes it possible to reduce the diameter of the catheter.
[0069] Reference is now made to Figure 7. Figure 7 is
a simplified block diagram describing a post-processing
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algorithm, which reconstructs the displayed image based
on a training sequence and a real time image, once an
image has been received by the central control and dis-
play unit. The central control and display unitis preferably
located in the operating room, and it receives images
from the image sensor, preferably located at the distal
end of the catheter, preferably located in a blood vessel.
[0070] The initialization and training sequence 301
takes place as a one-time off-line process. The aim of
this sequence is to detennine the optimal set of filters for
reconstructing the real-time image. The sequence begins
by construction of a training image, followed by clipping
and rotating the image to obtain robust edges in all di-
rections 302. For illustration purposes the training image
size may be N by N pixels. Then, pre input image con-
version 303 takes place involving construction of a new
image from the training frame in order to obtain an input
to a neural network. The input image size selected for
this case is N/2 by N pixels, but the algorithm works with
other image sizes. Input image conversion 303 is then
performed by finding the edge direction 304 at each pixel
of the input according to neighborhood decision vote, fol-
lowed by training the neural network 305 to obtain a set
of filters. The training process is performed on the inten-
sityimage (a black and white gray levelimage). The result
at this point is a set of filters (weights) to be used on the
real-time sequence.

[0071] Real-time execution begins with step 306, when
anewimageisreceived 307. Ifthere are no moreimages,
execution is completed 317. If a new image is received,
the next step is to find the direction for each pixel 308 in
the intensity input image according to the neighborhood
decision vote. The neural networks’ filters are then run
309, in accordance with the directions for each color
plane, which is performed separately. If contrast en-
hancement is necessary 310, a series of steps are per-
formed, as noted below. If contrast enhancement is not
necessary, a new image is received 307.

[0072] Thefirst step of contrastenhancementis to per-
form image segmentation 311 based on local average
intensity. The following steps are performed: calculate
average intensity 312, taking into account only neighbors
with relatively close values, and; correct average inten-
sity 313 using look up tables (LUT) which optimizes the
dynamic range of the system (camera and display de-
vice). In parallel to the two previous steps, the following
are performed: calculate local image contrast 314 and;
enhance local contrast 315. The enhancement function
is afunction of the average intensity and the local contrast
and it is done by means of LUT. Generation of the final
image 316 utilizes the previous steps of contrast and in-
tensity enhancement, summing the local contrast and
the average intensity. At this point, a new image is re-
ceived 307. This logic continues until there are no new
images and the algorithm ends 317.
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Methods for Imaging in the Presence of Opaque Liquids

[0073] The following are various preferred embodi-
ments for different methods and applications designed
toachieve visibility through a medium of an opaque liquid,
preferably, in blood. It is important to emphasize that the
various embodiments described below can be used ei-
ther separately as stand-alone systems or in any combi-
nation with each other.

1. Lighting with Near-IR wavelengths:

[0074] There are three properties of light that effect the
visibility of light with a specific wavelength passing
through a medium: scattering, absorption, and attenua-
tion. Scattering is significant in both near-IR and visible
light when passing through blood. Absorption and atten-
uation, on the other hand, are minimal in near-IR radia-
tion. Therefore, near-IR light may be advantageous when
compared to visible light for effective illumination through
such a medium as blood. In the following text, it should
be noted that wherever IR is mentioned, near-IR (radia-
tion with wavelengths shorter than 1 wm) is preferably
used, unless specified otherwise.

[0075] The fact that IR light absorption is minimal in a
blood medium means that IR light may be used in a view-
ing apparatus designed for intra-vascular imaging in
combination with other methods mentioned in the present
disclosure. The apparatus and method in the presentem-
bodiment includes a flexible catheter with a viewing ap-
paratus at its distal end, a working channel running from
the proximal to the distal end, and a local controller at
the distal end. The previously mentioned imaging sens-
ing apparatus is applicable to the present embodiment.
The apparatus consists of one or more light sources
which emit IR light, animage sensor that is able to receive
this light, and an optical assembly. The image sensor is
preferably a CMOS or CCD pixilated sensor. In order to
allow acquisition of IR images, the sensor may use filters
that have band passes at IR wavelengths. Silicon-based
devices (CMOS, CCD) exhibit a reasonably good re-
sponse to IR wavelengths of up to 1um.

[0076] The light sources may also include a combina-
tion of wavelengths of visible and IR light, requiring ap-
propriate sensors to receive multiple light wavelengths.
llluminating the scene with multiple wavelength light
sources enables acquisition of several types of pictures
for diagnostic purposes.

[0077] IR light can be used in another diagnostic em-
bodiment, considering the fact that in general, different
human tissues and different substances have different
absorption, scattering, and attenuation coefficients in the
IR region. The present embodiments can include an an-
alyzing apparatus for the analysis of these coefficients.
Evaluation of blood status (for example, sugar level in
the blood may be analyzed by evaluating the IR light ab-
sorption) may be one of the applications of the present
embodiment. Several pathologies in the vessel tissue
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may be analyzed in the same way.

[0078] Another embodiment uses external IR illumina-
tion. Reference is made to Figure 8. The optical assembly
80 is located at the distal end of the catheter 30 within
the patient’s body 85, preferably in a blood vessel. An
exterior IR light source 88 exterior to the patient’s body
illuminates the field of view in front of the optical assem-
bly. Note that the optical head assembly 80 shown in
Figure 8 is similar to the optical head assembly 80 pre-
viously shown in Figure 2 in that the function of on- light
receiver is preferably included. However, in the present
embodiment, the light source is not on board the optical
head assembly 80, rather it is exterior to the patient.

2. Changing the optical properties of blood

[0079] Another method and embodiment make use of
light sources utilizing visible light or IR radiation. Blood
is opaque in visible light illumination because blood con-
tains suspended cells. This phenomenon is much like
that encountered with water vapor drops in fog; even
though the content of the red blood cells is transparent,
when the content of red blood cells is arranged in "drops"
surrounded by a membrane, the reflectance factor of the
solution yields an opaque situation. Therefore, in order
to obtain a clear vision of the field of view, blood may be
temporarily diluted at the site of an object to be imaged.
[0080] The injection fluid is not necessarily a physio-
logical fluid. One possible embodiment uses a fluid with
a reflectance factor identical or similar to the reflectance
factor of red blood cells, or a fluid that creates such a
reflectance factor when mixed in a certain concentration
with blood. This type of fluid solves the problem of light
scattering in blood, leaving only a light absorption prob-
lem, which is much simpler to solve. The present embod-
iment includes a flexible catheter, a viewing apparatus
and a local controller at the distal end and a working
channel, through which the fluid may be injected from
the proximal end into the blood vessel or injected directly
into the vessel. Another optionis to inject the fluid through
the guide wire channel. The amount of injected fluid is
controlled centrally by a processing device, and is deter-
mined according to the transparency level of the blood,
measured by the reflection of illumination from the light
source onto the light sensor as previously described, or
according to a sensor connected to the patient outside
ofthe patient’s body. Such a light measurement may sup-
ply the timing to inject the physiological fluid into the ves-
sel. In another application, the reflected light measure-
ment may provide for analysis of blood pressure changes
by measuring the amplitude of the light reflected into the
sensor, according to the level of heart activity. There is
a correlation between the amplitude of light received by
the sensor and blood pressure.

[0081] Variations in the amount and timing of fluid in-
jection may be determined by a quality control algorithm,
which may be able to calculate necessary changes to
lighting or fluid injection from the received image to im-
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prove image quality.

[0082] A further embodiment of the present invention
uses either a fluid with a physiological concentration of
particles or a fluid with less than a physiological concen-
tration of particles, such as 1/6 saline. The latter type of
fluid can cause hemolysis of some of the red blood cells,
thus improving the reflectance factor of the liquid, and
reducing the above-mentioned phenomenon of light
scattering in blood. Another embodiment uses a fluid that
is capable of carrying oxygen, such as a blood substitute,
thus reducing the risk of hypoxia to the heart muscle; this
compared to injecting a fluid not capable of carrying ox-
ygen to body tissues into the artery.

[0083] Yet another embodiment uses a fluid that ena-
bles a frequency conversion of light, i.e. from IR wave-
lengths to the visible light spectrum, thus making it pos-
sible to use a visible light optical sensor and nevertheless
retaining the advantages of illuminating with IR light.

3. Transparent structure at the distal end

[0084] The present embodiment also makes use of
light sources in the visible light or IR wavelengths. There
is a need to displace the blood in order to clear the field
of view. This embodiment uses a transparent dome or
balloon, either rigid or flexible. The structure is positioned
at the distal end of the catheter, beyond the viewing ap-
paratus. In one form of the embodiment previously de-
scribed and referred toin Figures 5A and 5B, the structure
at the distal end is a flexible balloon, which inflates by
injecting a transparent fluid or gas into it. It is positioned
at the distal end of the catheter at its deflated mode. The
injection is preferably, centrally controlled and the fluid
or gas may be injected to inflate the balloon whenever
the viewing apparatus is activated. When inflated, the
balloon displaces the blood from the field of view, as does
the dome described above. In another form of the em-
bodiment, the structure is a rigid dome, which is posi-
tioned around and at the edge of the distal end and ex-
tends distally to it. The rigid structure is situated so that
it removes the blood from around the viewing apparatus,
thus clearing the field of view between the dome and the
apparatus without blocking the flow of blood in the artery.
The rigid structure is either hollow (vacuum, gas) or filled
with a transparent fluid.

4. Polarized light filter

[0085] Light that impinges on a surface has a compo-
nent that returns polarized. Reflected light is more polar-
ized when the incidence angle is closer to normal. In an
intra-vascular surrounding, light hitting the wall and/or
any structures connected to it returns mostly polarized,
while the light hitting suspended cells in the fluid filling
the vessel does not return polarized. Imaged objects are
usually surfaces connected to the vessel’s wall. As a re-
sult, by situating a polarized light filter before the optical
assembly, light reaching the sensor may be only polar-
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izedlight, i.e. the light reflected from the imaged structure.
This method of using polarized light increases the image/
noise ratio and improves the quality of the received im-
age.

Other Possible System Embodiments

[0086] In addition to the embodiments previously dis-
cussed, the following represent four other possible em-
bodiments, related to previously described embodi-
ments:

1. An optical sensor head with two sensors for ob-
taining a stereoscopic image.

2. A distal balloon made of a transparent membrane
blocking the passage of red blood cells but allowing
the passage of fluids. In the present embodiment,
the injected fluid can also be used for the inflation of
the distal balloon membrane.

3. Laser operated surgery mechanism using service
channel and local imaging device(s). This embodi-
ment enables an accurate operation procedure with
continuous imaging of the operation area.

4. Mounting the viewing apparatus close to the front
end of a needle for performing biopsies and other
diagnostic or therapeutic procedures.

5. Another embodiment is that of biopsy and sample
retrieval. Reference is made to Figure 9. Working
channel B 9 is used to pass either or both the suction
and nano-gripper 98 and the laser device 98 distally,
in front of the optical head 90. Biological sample col-
lection, using a suction/nano-gripper 99 mechanism
and the optical head 90 to enable visual inspection
of the desired location. Samples may be transferred
through the working channel B 9 outside the patient’s
body for analysis. The suction/nano-gripper 99 is
used to hold a sample in position and the laser ap-
paratus is used to cut the sample from surrounding
tissue. The optical head 90 is similar to the previously
mentioned optical head configuration. The suction/
nano-gripper 99 and laser device 98 can alternately
or together be positioned in front of the optical head
90 to provide visual feedback. This process enables
biopsy of samples which can be removed from the
patient’s body through working channel B 9.

[0087] The application in the field of cardiovascular
therapy is only one of the possible applications for the
present invention. Minimally invasive surgery is applied
in many fields of medical diagnosis and therapy, such as
in other vascular, breast, urethral and renal, and abdom-
inal procedures, for example, and the present invention
may be applied in these fields.

[0088] Itis appreciated that certain features of the in-
vention, which are, for clarity, described in the context of
separate embodiments, may also be provided in combi-
nation in a single embodiment. Conversely, various fea-
tures of the invention which are, for brevity, described in
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the context of a single embodiment, may also be provided
separately or in any suitable sub combination.

[0089] It will be appreciated by persons skilled in the
art that the present invention is not limited to what has
been particularly shown and described hereinabove.
Rather the scope of the present invention is defined by
the appended claims and includes both combinations
and sub combinations of the various features described
hereinabove as well as variations and modifications
thereof which would occur to persons skilled in the art
upon reading the foregoing description.

Claims
1. Aninvasive imaging apparatus comprising:

a. A flexible catheter (30) with a proximal end
and a distal end, said distal end being shaped
for insertion into a blood vessel along a guide
wire thereby to reach remote places in the vas-
culature or other organs;

b. at least one illumination source (3) for illumi-
nating an immediate region beyond the distal
end of said catheter;

c. An optical assembly positioned at the distal
end of said catheter comprising animage sensor
(8) positioned non-perpendicularly to the longi-
tudinal axis of said catheter and an illumination
sensor (1) ; and

d. Atleast one working channel (9) running from
the proximal to the distal end of said catheter,
usable for controllably passing through fluid to
said distal end of catheter, characterized in
that:

the illumination sensor is separate from the
image sensor and is configured to measure
reflection of illumination from the illumina-
tion source, and to the apparatus further
comprising a processing device configured
to control an amount of the fluid injected
through the working channel according to a
transparency level of the blood in the blood
vessel, measured by the reflection of the
illumination onto the illumination sensor.

2. Apparatus according to claim 1 wherein said illumi-
nation source utilizes at least one wavelength taken
from within a range comprising visible light, near in-
fra-red, and infra-red light.

3. Apparatus according to claim 2 comprising a plurality
of illumination sources and wherein said illumination
sources are controlled together.

4. Apparatus according to claim 2, comprising a plural-
ity of illumination sources and wherein said illumina-
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tion sources are controlled separately.

Apparatus according to claim 1 wherein said illumi-
nation source uses at least one wavelength prese-
lected to improve visibility through blood.

Apparatus according to claim 1 wherein said illumi-
nation source is comprised of aninfra red illumination
source positionable outside of said patient’s body.

Apparatus according to claim 4 wherein said illumi-
nation source is controllable to be aimed directly at
an imaged object from the direction of said imaging
assembly.

Apparatus according to claim 1, wherein said illumi-
nation source is controllable to be directed in a gen-
eral viewing direction.

Apparatus according to claim 1 wherein said optical
assembly comprises optical components and an im-
aging assembly.

Apparatus according to claim 9 wherein said imaging
assembly comprises said image sensor and said il-
lumination sensor.

Apparatus according to claim 9 wherein said optical
components comprise alens with two optical planes,
a shutter, and a light deflector.

Apparatus according to claim 11 wherein said light
deflector is one of a prism and a mirror with a reflect-
ing surface.

Apparatus according to claim 10 wherein said image
sensor and said illumination sensor are operable to
sense at least one wavelength taken from within a
range from visible light to infra-red light to correspond
to said illumination source.

Apparatus according to claim 10 wherein a polarized
filter is positionable before at least one of a member
of a group comprising said illumination sensor, said
image sensor, said illumination sources, and said
lens, and wherein said polarized filter polarization
direction is controllable to enhance image quality.

Apparatus according to claim | comprising a central
control and display unit connectable to the proximal
end of said catheter from outside of the patient’s
body.

Apparatus according to claim 1 wherein said working
channel comprises a guide wire.

Apparatus according to claim 10 wherein said image
sensor is positioned substantially parallel to the lon-
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gitudinal axis of said catheter.

Apparatus according to claim 10 wherein said image
sensor is shaped to fit within restricted dimensions
of said catheter.

Apparatus according to claim 10 wherein said image
sensor is a CMOS or CCD-based pixel sensor.

Apparatus according to claim 10 wherein said image
sensor comprises an imaging area shaped in a rec-
tangular pixel array.

Apparatus according to claim 20 wherein said rec-
tangular pixel array measures 128 x 256 pixels.

Apparatus according to claim 10 wherein said sensor
comprises sensor control electronic circuitry located
beneath a shorter side of said imaging area, said
imaging area being arranged as a rectangular pixel
array.

Apparatus according to claim 22 wherein 1/0 and
supply pads for said electronic circuitry are placed
along at least one of the shorter sides of said Image
sensor.

Apparatus according to claim 1 further comprising a
local controller located at the distal end of said cath-
eter to coordinate data flow to and from said optical
assembly and to perform commands received from
said central control and display unit.

Apparatus according to claim 1 wherein said display
and control unit is operable to control the timing and
amount of injection of said fluid.

Apparatus according to claim 1 wherein a transpar-
ent balloon-like structure is positioned at said distal
end of said catheter to displace blood from around
the optical sensor-head, allowing clear visibility.

Apparatus according to claim 26 wherein said bal-
loon-like structure is rigid.

Apparatus according to claim 26 wherein said bal-
loon-like structure is flexible.

Apparatus according to claim 28 wherein said bal-
loon-like structure is inflated and deflated by means
of using a liquid or a gas passed through said working
channel.

Apparatus according to claim 1 wherein said optical
assembly comprises two image sensors for obtain-

ing a stereoscopic image.

An apparatus according to claim 1 wherein the in-
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jection of said fluid is synchronized with the operation
of said optical assembly, synchronizing said opera-
tion and said injection with the cycle of patient phys-
iological conditions,

Apparatus according to claim 31 wherein one of said
physiological conditions is heart beat sensible using
a heart rate sensor connectable to a patient’'s body
from outside of said patient’s body or insertable into
said blood vessel through said catheter.

Apparatus according to claim 32, wherein said heart
rate sensor comprises a plethysmograph.

Apparatus according to claim 32 wherein information
from said heart rate sensor is transferred to said cen-
tral control unit enabling synchronization with said
physiological conditions.

Apparatus according to claim 29 wherein said bal-
loon-like structure is pressure-sensed to provide re-
al-time feedback when said balloon-like structure im-
pinges upon an obstacle, such as ablood vessel wall.

Apparatus according to claim 1 wherein said working
channel is usable for passage of therapeutic instru-
ments to a site of operation.

Apparatus according to claim 1 wherein said optical
assembly is used in conjunction with a laser cutting
device to enable laser operated surgery.

Apparatus according to claim 1 wherein said laser
cutting device is used to obtain biopsy biological
samples by cutting and transferring through said
working channel to the proximal end of said catheter.

Apparatus according to claim 38 wherein said optical
assembly and said laser cutting device are used in
conjunction with one of a suction and nano-gripper
mechanisms to enable visual inspection of a desired
location for biological sample retrieval.

Patentanspriiche

1.

Invasiver Abbildungsapparat, umfassend:

a. einen flexiblen Katheter (30) mit einem proxi-
malen Ende und einem distalen Ende, wobei
das distale Ende zum Einflihrung in ein Blutge-
falk entlang eines Fihrungsdrahts geformt ist,
um somit entfernte Stellen in den BlutgefalRen
oder anderen Organen zu erreichen;

b. mindestens eine Beleuchtungsquelle (3) zum
Beleuchten einer unmittelbaren Region Uber
dem distalen Ende des genannten Katheters
hinaus;
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c. einen optischen Bausatz, der am distalen En-
de des genannten Katheters positioniert ist, um-
fassend einen Bildgebungssensor (8), der nicht
senkrecht zur Langsachse des genannten Ka-
theters positioniert ist sowie einen Beleuch-
tungssensor (1); und

d. wenigstens einen Arbeitskanal (9), der sich
vom proximalen bis zum distalen Ende des ge-
nannten Katheters erstreckt und zur regelbaren
Durchfiihrung durch Flissigkeit zum distalen
Ende des Katheters verwendbar ist, dadurch
gekennzeichnet, dass:

der Beleuchtungssensor separat vom Bild-
gebungssensor liegt und derart konfiguriert
ist, um die Reflektion der Beleuchtung von
der Beleuchtungsquelle zu messen und der
Apparat ferner ein Verarbeitungsgerat um-
fasst, dass derart konfiguriert ist, um eine
Menge der Flissigkeit zu regeln, die durch
den Arbeitskanal injiziert wird gemaf einem
Transparenzwert des Bluts im Blutgefal,
gemessen durch die Reflektion der Be-
leuchtung auf den Beleuchtungssensor.

Apparat nach Anspruch 1, wobei die Beleuchtungs-
quelle wenigstens eine Wellenlange verwendet, die
innerhalb eines Bereichs entnommenist, umfassend
sichtbares Licht, nahes Infrarotlicht und Infrarotlicht.

Apparat nach Anspruch 2, umfassend eine Vielzahl
von Beleuchtungsquellen und wobei die genannten
Beleuchtungsquellen zusammen geregelt werden.

Apparat nach Anspruch 2, umfassend eine Vielzahl
an Beleuchtungsquellen und wobei die Beleuch-
tungsquellen separat geregelt werden.

Apparat nach Anspruch 1, wobei die Beleuchtungs-
quelle wenigstens eine Wellenlange verwendet, die
zur Verbesserung der Sichtbarkeit durch Blut vorge-
wabhlt ist.

Apparat nach Anspruch 1, wobei die Beleuchtungs-
quelle aus einer Infrarot-Beleuchtungsquelle be-
steht, die aulierhalb des Kérpers des Patienten po-
sitionierbar ist.

Apparat nach Anspruch 4, wobei die Beleuchtungs-
quelle derart geregelt werden kann, um direkt auf
ein abgebildetes Objekt aus der Richtung des Bild-
gebungsbausatzes gerichtet zu werden

Apparat nach Anspruch 1, wobei die Beleuchtungs-
quelle derart geregelt werden kann, um in eine all-

gemeine Sichtrichtung gerichtet zu werden.

Apparat nach Anspruch 1, wobei der optische Bau-
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satz optische Komponenten und einen Bildgebungs-
bausatz umfasst.

Apparat nach Anspruch 9, wobei der Bildgebungs-
bausatz den Bildgebungssensor und den Beleuch-
tungssensor umfasst.

Apparat nach Anspruch 9, wobei die optischen Kom-
ponenten ein Objektiv mit zwei optischen Flachen,
einer Blende und einem Lichtdeflektor umfasst.

Apparat nach Anspruch 11, wobei der Lichtdeflektor
ein Prisma und ein Spiegel mit einer reflektierenden
Oberflache ist.

Apparat nach Anspruch 10, wobei der Bildgebungs-
sensor und der Beleuchtungssensor jeweils einsetz-
bar sind, um wenigstens eine Wellenlange zu erfas-
sen, die innerhalb eines Bereichs aus sichtbarem
Licht bis Infrarotlicht entnommen ist, um der genann-
ten Beleuchtungsquelle zu entsprechen.

Apparat nach Anspruch 10, wobei ein polarisierter
Filter vor wenigstens einem Mitglied einer Gruppe,
umfassend den Beleuchtungssensor, umfassend
den Bildgebungssensor, die Beleuchtungsquellen
und die Objektive, positioniert werden kann und wo-
bei die Polarisierungsrichtung des polarisierten Fil-
ters geregelt werden kann, um die Bildqualitat zu
verbessern.

Apparat nach Anspruch 1, umfassend eine zentrale
Kontroll- und Anzeigeeinheit, die am proximalen En-
de des genannten Katheters aulRerhalb des Kdrpers
des Patienten angeschlossen werden kann.

Apparat nach Anspruch 1, wobei der Arbeitskanal
einen Flihrungsdraht umfasst.

Apparat nach Anspruch 10, wobei der Bildgebungs-
sensorim Wesentlichen parallel zur Langsachse des
genannten Katheters positioniert ist.

Apparat nach Anspruch 10, wobei der Bildgebungs-
sensor derart geformt ist, um innerhalb die einge-
schrankten Dimensionen des genannten Katheters
zu passen.

Apparat nach Anspruch 10, wobei der Bildgebungs-
sensor ein Pixelsensor auf CMOS- oder CCD-Basis
ist.

Apparat nach Anspruch 10, wobei der Bildgebungs-
sensor einen Bildgebungsbereich umfasst, der in ei-
ner rechteckigen Pixelmatrix geformt ist.

Apparat nach Anspruch 20, wobei die rechteckige
Pixelmatrix 128 x 256 Pixel misst.
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28.

29.

30.
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Apparat nach Anspruch 10, wobei der Sensor einen
elektronischen Sensorkontrollschaltkreis unter einer
kiirzeren Seite des Bildgebungsbereichs umfasst,
wobei der Bildgebungsbereich als eine rechteckige
Pixelmatrix angeordnet ist.

Apparat nach Anspruch 22, wobei E/A und Versor-
gungsalflager fir den elektronischen Schartkreis
entlang wenigstens einer der kiirzeren Seiten des
Bildgebungssensors platziert ist.

Apparat nach Anspruch 1, ferner umfassend eine
lokale Steuereinheit, die sich am distalen Ende des
genannten Katheters befindet, um den Datenfluf? zu
und aus dem optischen Bausatz zu koordinieren und
Befehle auszufiihren, die aus der zentralen Steuer
- und Anzeigeeinheit erhalten werden.

Apparat nach Anspruch 1, wobei die Anzeige- und
Steuereinheit betrieben werden kann, um die Zeit-
steuerung und die Menge der Injektion der Flussig-
keit zu regeln.

Apparat nach Anspruch 1, wobei eine transparente,
ballonartige Struktur am distalen Ende des genann-
ten Katheter positioniert wird, um Blut um den opti-
schen Sensorkopf herum zu verlagern, was eine kla-
re Sicht ermiglicht.

Apparat nach Anspruch 26, wobei die genannte bal-
lonartige Struktur starr ist.

Apparat nach Anspruch 26, wobei die genannte bal-
lonartige Struktur flexibel ist.

Apparat nach Anspruch 28, wobei die genannte bal-
lonartige Struktur durch Verwendung einer Flissig-
keit oder ein Gas, das durch den Arbeitskanal durch-
gefuhrt wird, aufgeblasen und entleert wird.

Apparat nach Anspruch 1, wobei der optische Bau-
satz zwei Bildgebungssensoren zum Erhalt eines
stereoskopischen Bilds umfasst.

Apparat nach Anspruch 1, wobei die Injektion der
Flussigkeit mit dem Betrieb des optischen Bausat-
zes synchronisiert wird, wobei der Betrieb und die
Injektion mit dem Zyklus der physiologischen Zu-
stdnde des Patienten synchronisiert werden.

Apparat nach Anspruch 31, wobei einer der genann-
ten physiologischen Zusténde ist der Herzschlag,
der unter Verwendung eines Herzfrequenzsensors
erfasst werden kann, der auRerhalb des Korpers ei-
nes Patienten an den Kérper des Patienten ange-
schlossen oder in das Blutgefalt durch den genann-
ten Katheter eingesetzt werden kann.
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Apparatnach Anspruch 32, wobei der Herzfrequenz-
sensor einen Plethysmographen umfasst.

Apparat nach Anspruch 32, wobei die Informationen
vom Herzfrequenzsensor zur zentralen Stetterein-
heit Gbertragen werden, um die Synchronisation mit
den physiologischen Zustanden zu ermdglichen.

Apparat nach Anspruch 29, wobei die ballonartige
Struktur durch Druck erfasst wird, um Feedback in
Echtzeit bereitzustellen, wenn die ballonartige Struk-
tur auf ein Hindernis trifft, wie z.B. einer
BlutgefaBwand.

Apparat nach Anspruch 1, wobei der Arbeitskanal
zum Durchriihren von therapeutischen Instrumen-
ten an eine Operationsstelle verwendbar ist.

Apparat nach Anspruch 1, wobei der optische Bau-
satz in Zusammenhang mit einem Laserschneidge-
rat verwendet wird, um eine durch Laser betriebene
Operation zu ermdglichen.

Apparat nach Anspruch 1, wobei das Laserschneid-
geratverwendet wird, um biologische Biopsieproben
durch Schneiden und Ubertragen durch den Arbeits-
kanal zum proximalen Ende des genannten Kathe-
ters zu erhalten.

Apparat nach Anspruch 38, wobei der optische Bau-
satz und das Laserschneidgerat in Zusammenhang
mit einem Saug- und Nano-Greifmechanismus ver-
wendet werden, um die visuelle Inspektion einer ge-
winschten Stelle zur Gewinnung einer biologischen
Probe zu erméglichen.

Revendications

1.

Appareil d’'imagerie invasif comprenant :

a. un cathéter souple (30) avec une extrémité
proximale et une extrémité distale, ladite extré-
mité distale étant formée pour l'insertion dans
un vaisseau sanguin le long d’'un fil guide pour
atteindre ainsi des emplacements a distance
dans le systéme vasculaire ou les autres
organe ;

b. au moins une source d’éclairage (3) pour
éclairer une régionintermédiaire au-dela de I'ex-
trémité distale dudit cathéter ;

c. un ensemble optique positionné au niveau de
I'extrémité distale dudit cathéter comprenant un
capteur d'image (8) positionné de maniére non
perpendiculaire par rapport a I'axe longitudinal
dudit cathéter et un capteur d’éclairage (1) ; et
d. au moins un canal de travail (9) s’étendant de
I'extrémité proximale a I'extrémité distale dudit
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cathéter, pouvant étre utilisé pour passer de ma-
niére contrélée a travers du fluide jusqu’a ladite
extrémité distale du cathéter, caractérisé en ce
que :

le capteur d’éclairage est séparé du capteur
d’'image et est configuré pour mesurer la ré-
flexion de I'éclairage provenant de la source
d’éclairage, et I'appareil comprenant en
outre un appareil de traitement configuré
pour contrdler une quantité du fluide injecté
a travers le canal de travail selon un niveau
de transparence du sang dans le vaisseau
sanguin, mesuré par la réflexion de I'éclai-
rage sur le capteur d’éclairage.

Appareil selon la revendication 1, dans lequel ladite
source d’éclairage utilise au moins une longueur
d’onde prise dans une plage comprenant la lumiéere
visible, la lumiére infrarouge proche, et la lumiére
infrarouge.

Appareil selon la revendication 2, comprenant une
pluralité de sources d’éclairage et dans lequel les-
dites sources d’éclairage sont contrélées ensemble.

Appareil selon la revendication 2, comprenant une
pluralité de sources d’éclairage et dans lequel les-
dites sources d’éclairage sont contrélées séparé-
ment.

Appareil selon la revendication 1, dans lequel ladite
source d’éclairage utilise au moins une longueur
d’onde présélectionnée pour améliorer la visibilité a
travers le sang.

Appareil selon la revendication 1, dans lequel ladite
source d’éclairage est composée d’'une source
d’éclairage infrarouge pouvant étre positionnée a
I'extérieur du corps dudit patient.

Appareil selon la revendication 4, dans lequel ladite
source d’éclairage est contrdlable pour étre dirigée
directement sur un objetimagé a partir de la direction
dudit ensemble d’imagerie.

Appareil selon la revendication 1, dans lequel ladite
source d’éclairage est controlable pour étre dirigée
dans une direction d’'observation générale.

Appareil selon la revendication 1, dans lequel ledit
ensemble optique comprend des composants opti-
ques et un ensemble d’imagerie.

Appareil selon la revendication 9, dans lequel ledit
ensemble d’imagerie comprend ledit capteur d’'ima-
ge et ledit capteur d’éclairage.
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22,

27

Appareil selon larevendication 9, dans lequel lesdits
composants optiques comprennent une lentille avec
deux plans optiques, un obturateur et un déflecteur
de lumiére.

Appareil selon la revendication 11, dans lequel ledit
déflecteur de lumiere est 'un parmi un prisme et un
miroir avec une surface réfléchissante.

Appareil selon la revendication 10, dans lequel ledit
capteur d’'image et ledit capteur d’éclairage peuvent
fonctionner pour détecter au moins une longueur
d’onde prise dans une plage allant de la lumiére vi-
sible a la lumiére infrarouge pour correspondre a la-
dite source d’éclairage.

Appareil selon la revendication 10, dans lequel un
filtre polarisé peut étre positionné avant au moins
I'un parmi un élément d’un groupe comprenant ledit
capteur d’éclairage, ledit capteur d'image, lesdites
sources d’éclairage et ladite lentille, et dans lequel
ladite direction de polarisation du filtre polarisé est
contrélable pour améliorer la qualité d'image.

Appareil selon la revendication 1, comprenant une
commande centrale et une unité d’affichage pouvant
étre connectées a I'extrémité proximale dudit cathé-
ter depuis I'extérieur du corps du patient.

Appareil selon la revendication 1, dans lequel ledit
canal de travail comprend un fil guide.

Appareil selon la revendication 10, dans lequel ledit
capteur d'image est positionné de maniére sensible-
ment paralléle a I'axe longitudinal dudit cathéter.

Appareil selon la revendication 10, dans lequel ledit
capteur d’image estformé pour s’adapter aux dimen-
sions limitées dudit cathéter.

Appareil selon la revendication 10, dans lequel ledit
capteur d'image est un capteur de pixel a base de
CMOS ou CCD.

Appareil selon la revendication 10, dans lequel ledit
capteur d'image comprend une zone d’imagerie for-
mée selon une matrice de pixels rectangulaire.

Appareil selon larevendication 20, dans lequel ladite
matrice de pixels rectangulaire mesure 128 x 256
pixels.

Appareil selon la revendication 10, dans lequel ledit
capteur comprend des circuits électroniques de con-
trole de capteur positionnés au-dessous d’'un coté
court de ladite zone d’'imagerie, ladite zone d’ima-
gerie étant agencée comme une matrice de pixels
rectangulaire.
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Appareil selon la revendication 22, dans lequel des
plaques de I/O et d’alimentation pour lesdits circuits
électroniques sont placées le long d’au moins 'un
des cotés courts dudit capteur d’'imagerie.

Appareil selon la revendication 1, comprenant en
outre un organe de commande local positionné au
niveau de I'extrémité distale dudit cathéter pour coor-
donner le flux de données vers et dudit ensemble
optique et pour réaliser des commandes regues de
ladite commande centrale et de I'unité d’affichage.

Appareil selon la revendication 1, dans lequel ladite
unité d’affichage et de commande peut fonctionner
pour commander le temps et la quantité d’injection
dudit fluide.

Appareil selon la revendication 1, dans lequel une
structure transparente en forme de ballonnet est po-
sitionnée au niveau de ladite extrémité distale dudit
cathéter pour déplacer le sang a partir de 'empla-
cement situé autour de la téte du capteur optique,
permettant une visibilité claire.

Appareil selon la revendication 26, dans lequel ladite
structure en forme de ballonnet est rigide.

Appareil selon la revendication 26, dans lequel ladite
structure en forme de ballonnet est souple.

Appareil selon larevendication 28, dans lequel ladite
structure en forme de ballonnet est gonflée et dé-
gonflée a I'aide d’un liquide ou d’un gaz qui passe a
travers ledit canal de travail.

Appareil selon la revendication 1, dans lequel ledit
ensemble optique comprend deux capteurs d'image
pour obtenir une image stéréoscopique.

Appareil selon la revendication 1, dans lequel I'in-
jection dudit fluide est synchronisée avec le fonction-
nement dudit ensemble optique, synchronisant ledit
fonctionnement et ladite injection avec le cycle des
conditions physiologiques du patient.

Appareil selon la revendication 31, dans lequel 'une
desdites conditions physiologiques est le battement
du coeur appréciable a I'aide d’'un capteur de fré-
qguence cardiaque pouvant étre raccordé au corps
d’un patient depuis I'extérieur du corps dudit patient
ou pouvant étre inséré dans ledit vaisseau sanguin
par le biais dudit cathéter.

Appareil selon la revendication 32, dans lequel ledit
capteur de fréquence cardiaque comprend un plé-

thysmographe.

Appareil selon la revendication 32, dans lequel I'in-
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formation provenant dudit capteur de fréquence car-
diaque est transférée a ladite unité de commande
centrale permettant la synchronisation avec lesdites
conditions physiologiques.

Appareil selon la revendication 29, dans lequel ladite
structure en forme de ballonnet est détectée par
pression pour fournir la rétroaction en temps réel
lorsque ladite structure en forme de ballonnet heurte
un obstacle, tel qu’une paroi de vaisseau sanguin.

Appareil selon la revendication 1, dans lequel ledit
canal de travail peut étre utilisé pour le passage des
instruments thérapeutiques sur un site d’opération.

Appareil selon la revendication 1, dans lequel ledit
ensemble optique est utilisé conjointement avec un
dispositif de découpe au laser pour permettre la chi-
rurgie au laser.

Appareil selon la revendication 1, dans lequel ledit
dispositif de découpe au laser est utilisé pour obtenir
des échantillons biologiques de biopsie par découpe
et transfert par ledit canal de travail jusqu’a I'extré-
mité proximale dudit cathéter.

Appareil selon la revendication 38, dans lequel ledit
ensemble optique et ledit dispositif de découpe au
laser sont utilisés conjointement avec 'un parmi un
meécanisme d’aspiration et un mécanisme de nano-
pince pour permettre le contrdle visuel d’'un empla-
cement souhaité pour récupérer un échantillon bio-
logique.
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