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Description
FIELD OF THE INVENTION

[0001] The invention relates to a catheter with optical
sensing, for example for measuring a passageway.

BACKGROUND OF THE INVENTION

[0002] A catheter camera for example comprises a ra-
dial imaging system in which a reflecting cone redirects
light received (mainly) radially inwardly towards an es-
sentially axial direction, for collection by an axially aligned
camera. The received light is originally generated by a
lighting system that projects a structured light pattern
(e.g. a ring pattern) to the inside walls of the cavity in
which the catheter is situated. A processor calculates the
cross section of a passageway in which the catheter is
located, for example by triangulation based on the image
from the camera. An example of the use of such a cath-
eter camera is for analysis of the upper airway, for de-
termining the causes of obstructive sleep apnea.
[0003] Obstructive sleep apnea (OSA) is the most
common kind of sleep apnea, affecting up to one in ten
adults, and is characterized by the occurrence of pauses
in breathing, orinstances of shallow or infrequent breath-
ing, during sleep. It is caused by blockage or obstruction
of the oral cavity or upper airway, often due to loss of
muscular tone during sleep. The incidence of OSA is of-
ten correlated with the onset of old age, obesity, or abuse
of drugs or alcohol.

[0004] Arange of therapies exist for treatment of OSA,
the most common of which is positive airway pressure
(PAP), in which a ventilator is used to deliver a stream
of air through the airway at an elevated pressure, in order
to hold open the airway. PAP is needed in more severe
cases, where patients exhibit an apnea hypopnea index
(AHI) > 30. OSA patients may also suffer from daytime
sleepiness and require therapy to prevent the develop-
ment of comorbidities over the longer term. Mild-moder-
ate OSA patients often have more difficulty adhering to
PAP therapy because the disease burden is not as strong
as in severe patients, and are therefore reluctant to sub-
mit to so invasive a therapy. In these cases, various al-
ternative treatments exist, such as positional therapy,
mandibular advancement (oral appliances), upper air-
way surgery and implantable devices.

[0005] Ineach of these therapies, however, it is impor-
tant to understand which part(s) of the upper airway in
particular is (are) causing obstruction, such that the ther-
apy can be directed most effectively. This explains the
interest in dynamic examinations of the upper airway
preferably during natural sleep. One approach is to per-
form an examination of the airway non-invasively using
acoustic reflectometry techniques. In such techniques,
acoustic waves are propagated along the airway of the
patient, by an emitter, via the mouth or nose, and reflec-
tions are listened for using a microphone adjacent to the
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emitter. It is possible, through algorithmic analysis of the
detected reflections (see for example: Hoffstein, V., and
J. J. Fredberg. "The acoustic reflection technique for non-
invasive assessment of upper airway area." European
Respiratory Journal 4.5 (1991): 602-611.), to determine
an estimate of the cross-sectional area of the examined
airway as a function of distance from the emitter. From
this, narrowing of the airway at particular locations can
be identified, and the specific positions therefore of air-
way obstructions ascertained.

[0006] Reflectometry techniques however suffer the
disadvantage that the accuracy of cross-sectional area
estimations declines with distance from the emitter. This
is compounded by acoustic leakage and also patient
movements during the measurement process, which
both act to further compromise the accuracy of the ob-
tained results. Furthermore, since the first obstruction
encountered by a wave propagating along the airway
causes reflection of much of the wave’s initial intensity,
reflections from subsequent portions of the airway are
typically too weak in intensity to derive any accurate
measurements. Hence it is typically only possible to ac-
curately determine the location of the upper-most airway
obstruction using these techniques. Finally the noise,
size and the acoustic seal needed make the technique
unfeasible for the examination of patients during natural
sleep.

[0007] It is known instead to use endoscopic proce-
dures, in particular procedures for inspecting or investi-
gating the patency of the human upper airway. Using a
standard flexible endoscope for airway examination, spe-
cific sites in the upper airway can be inspected for some
time to see whether temporary obstructions occur. This
however requires the endoscope to be moved from one
spot to the other during an examination while the patient
is asleep which is time-consuming and inconvenient for
both the patient and the physician. For this reason en-
doscopic examination during natural sleep did not be-
come part of common practice. An alternative version
called Drug-Induced Sleep Endoscopy (DISE), which
has become the standard care approach in some coun-
tries, involves bringing the patient to artificial sleep by
means of sedative drugs. This is believed to cause col-
lapses at sites that also participate in real sleep apneas
and hypopneas. Also the sedation relieves the discomfort
of endoscope travel. Acceptance of DISE remains limit-
ed, however, because the link between collapses in a
sedated state and collapses during natural sleep remain
unclear and may depend strongly on the depth of seda-
tion and because of the costs and risks involved with
sedation in general.

[0008] To inspect the upper airway at some discrete
critical sites, it is also possible to use a catheter with
multiple sensors; once the catheter has been inserted it
can remain in the same position during a longer period
without additional discomfort for the patient.

[0009] Imagesensorscanbe usedtoobtainameasure
of radial distance, for example ifthe image sensoris com-
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bined with an illumination element that projects a struc-
tured illumination pattern (e.g. a ring) on the inside of the
airway, the captured image sensor information in respect
of the ring image can be analyzed to derive distance in-
formation (e.g. by triangulation), and thereby enable the
shape of the internal airway passage to be derived.
[0010] For example, an endoscope or catheter may
have one or more light generating means capable of pro-
ducing an outwardly directed ring (or radial plane) of light,
such that when inserted into a tube-like airway, cross
sectional contours of the airway may be illuminated for
inspection by a camera.

[0011] One known means of providing such a light pat-
tern is to direct collimated laser light from an optical fiber
toward a deflecting cone whose angle is such as to deflect
the incident light radially, for example at 90 degrees, from
its surface in all directions around it. The effectis to create
a’ring’ pattern of light projecting outwards from the cone,
which may then be used to illuminate a circumferential
section of an airway. In particular, there are two variations
of this concept. In a first, the cone has a reflective outer
surface, and is arranged with its tip facing in the direction
of the oncoming light, such that light is reflected directly
out from its surface. In a second, the cone is arranged
with its base facing toward the oncoming light and the
pitch arranged such that light incident from the optical
fiber on the internal walls of the cone is reflected by total
internal reflection in the direction of the opposing wall,
through which it is transmitted, deflecting due to refrac-
tion as it does so into a path which is at 90 degrees to
the initial incident light.

[0012] Thereflected lightisthen captured by acamera.
This may be achieved by positioning the camera with the
inner wall being examined within the field of view, or else
another reflecting cone may be used to redirect the re-
flected light back to an almost axial direction for capture
by an axially aligned camera.

[0013] It is possible to create multiple ring patterns of
light, at a series of spaced points along the airway. This
can for example be achieved by means of providing mul-
tiple illumination units along the catheter, each with its
own laser, optical fiber (optionally a GRIN lens) and cone.
[0014] When a catheter is deployed, gravity, the stiff-
ness of the catheter material and the shape of airway will
usually cause a catheter to stick closely to the anterior
or the posterior airway wall at different depths of the air-
way.

[0015] This position of the catheter minimizes the dis-
tance between the sensor and the closest airway wall
but maximizes the distance to the opposite airway wall.
This typically leads to problems, in particular problems
relating to the light intensity and the sensor range.
[0016] Thelightintensity thatis reflected back towards
the sensor decreases with the distance to the airway ap-
proximately as an inverse function with distance cubed.
This is because the intensity of a ring light pattern is in-
versely proportional to distance (since it decreases in
proportion with the circumference of the ring) while the
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light scattered back from the airway wall is diffusely scat-
tered into all directions (approximately following Lam-
bert’s cosine law)leading to an intensity dependency pro-
portional to the inverse of distance squared. For small
distances between the sensor and the airway wall, the
lightintensity is very high, leading to blooming in the cam-
era blurring the ring position. For large distances, the
intensity is very low, making the ring difficult to see among
the camera noise. The position of the catheter close to
one airway wall thus maximizes the changes in wall dis-
tance, and therefore the light intensity differences.
[0017] Figure 3 shows in the left image a catheter 40
in cross section within the airway 42 and located to one
side of the airway rather than in the middle. The right
image shows a captured image in which there is blooming
44 at one part of the image and the image is dark in other
parts of the image 55 so that the airway wall shape cannot
be seen. The blooming also obscures the image of the
airway wall shape. To capture a high quality image in
such a situation, a camera with a high dynamic range
(which is expensive) is needed to record the light pattern
at all angles.

[0018] In addition the light dose that the airway closest
to the sensor receives is unnecessarily high. This might
cause unwanted side effects and compromise the safety
of the patient by causing tissue damage. It is good prac-
tice to always minimize the radiation dose as much as
possible.

[0019] With regard to the sensor range, it is difficult to
optimize the optics part of a sensor to detect an airway
wall both at very large distances and at very close dis-
tances. This is because a small camera typically has a
very limited number of pixels. It is easy to optimize the
sensor optics for short or for long airway wall distances
but not for both.

[0020] There is therefore a need for a design which
enables the imaging system to be able to tolerate non-
central placement within the passageway being imaged,
but without requiring highly complex imaging equipment.

SUMMARY OF THE INVENTION

[0021] The invention is defined by the catheter of in-
dependent claim 1. Preferred embodiments are defined
by the dependent claims. Any example or embodiment
which does not fall under the scope of the independent
claim is not part of the invention.

[0022] By ensuring that the position of the catheter is
known within the passageway, the optical system can
then be designed so that the light received by the image
sensor has areduced intensity when blooming would oth-
erwise occur. In this way, a higher quality image may be
obtained without needing to increase the complexity of
the image sensor. The position of the catheter is prefer-
ably known in that at a particular position along the length
of the catheter, the position of the catheter cross section
within the overall cross section of the passageway is ap-
proximately known, and also the angular orientation of
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the catheter is approximately known at that position.
Thus, the catheter preferably has a known orientation
relative to the closest passageway wall, i.e. a known ori-
entation relative to the anterior-posterior plane. There is
an asymmetric optical design adapted to the expected
shape of the passageway and the expected orientation
ofthe sensor with respectto the closest passageway wall.
[0023] The envelope shape of the light output intensity
distribution around the catheter is the general shape
around the catheter when following a light output intensity
with a constant value. For example, for radial directions
where the light output intensity is lower or there is more
attenuation, the envelope shape will be nearer to the
catheter. The general ring shape of illumination around
the catheter is thus non-circular. The light output intensity
may be a continuous ring or it maybe discontinuous and
then formed as a set of discrete points around a ring. In
the latter case, it is this general ring shape which defines
the envelope shape.

[0024] The light transmission function (to the optical
sensor) is the amount of light transmission as a function
of radial position. Thus, a non-circular light transmission
function means the transmission is non-uniform around
the circumference.

[0025] There are various ways to arrange that the cath-
eter position is predetermined and therefore known in
advance. It means that there is no need for feedback
control of the envelope shape of the light intensity distri-
bution or the transmission function. Instead, the catheter
is designed to adopt a particular path (of position and
orientation) within the passageway which is known in ad-
vance and the optical system (light source and image
sensor and all optics between) is designed taking into
account that known path.

[0026] In all examples, the catheter has a non-circular
outer shape in cross section across the catheter length.
This non circular shape means the catheter will have a
preference to bending in certain directions. The non-cir-
cular shape is thus designed so that the inserted catheter
follows a known path within a passageway which is itself
of known general shape.

[0027] By way of example, the radius of curvature of
the catheter outer shape, in cross section across the cath-
eter length, may be greater at one angular position
around the catheter compared to an opposite angular
position around the catheter. The radius of curvature is
designed to be greater at angular positions around the
catheter where the catheter is to be in contact with the
passageway wall. This gives rise to a generally squashed
shape, i.e. wide and flat, with the flat parts against the
passageway wall. A wide flat shape will bend preferen-
tially around an axis parallel to the width direction.
[0028] The catheter may have a flat edge in its outer
shape, in cross section across the catheter length, where
the catheter is to be in contact with the passageway wall.
The flat edge will preferentially stick to the airway wall,
while the rounder parts are less likely to stick to the airway
wall.
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[0029] In all cases, the outer shape or angular orien-
tation of the outer shape may vary along the catheter
length. This means the catheter may be designed to fol-
low a more complex path rather than simply bending
around one curve. At different points along the length of
the catheter, the catheter may make contact with a com-
plex passageway at different angular positions. The an-
gular orientation of the catheter shape or else the shape
itself is thus varied to enable the flatter regions to be
against the passageway wall.

[0030] Inasecond example, the bending properties of
the catheter vary along the length of the catheter. This
provides another way to control the way the catheter is
steered into a known shape and location within the pas-
sageway. The catheter stiffness to bending in particular
directions may for example vary along the length of the
catheter.

[0031] These two approaches may be combined so
that both shape and stiffness parameters are variables
which together enable the catheter to adopt a desired
shape when guided by the passageway, itself of gener-
ally known shape.

[0032] The light output has a different intensity at dif-
ferent radial directions and/or the catheter comprises a
light transmission arrangement which gives rise to differ-
ent transmission of the light output to the image sensor
for different radial directions. These provide various op-
tions for controlling the light intensity reaching the image
sensor from different directions. The intensity may be
controlled at the light source (for example if different light
source elements are responsible for light in different ra-
dial directions), or else the light intensity may be control-
led as a function of radial direction before it is directed
to the interior wall (for example by using an attenuation
arrangement) or else the light intensity may be controlled
as a function of radial direction when it is finally directed
to the image sensor (for example by directing light to the
image sensor differently for different directions from
which the light is received from the interior wall). Control-
ling the light intensity involves changing the light trans-
mission, whether by using attenuation or redirection of
light away from the image sensor.

[0033] Thelighttransmission may be controlled by var-
ying an attenuation of an otherwise constant light source
intensity.

[0034] The light output intensity may be least where
the catheter is to be closest to the passageway wall. In
this way, the output intensity is reduced where needed
to avoid blooming, and it may be increased where there
is a large distance to the passageway wall.

[0035] Ifalightattenuation arrangementis used, it may
comprise electrical cables or optical fibers. In this way,
existing components of the overall system may be used
to provide a desired light blocking function, by designing
their locations. This avoids the need for additional com-
ponents. However, a dedicated light attenuation arrange-
ment may of course be provided.

[0036] The light attenuation (as a function of radial po-
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sition) may take place before the pattern is projected to
the inner wall of the passageway or it may take place
after reflection by the inner wall. The attenuation may
involve absorption, or it may involve steering the light
towards or away from specific directions. For example
attenuation or reduced transmission insofar as the image
sensor is concerned may be achieved be directing light
away from the image sensor.

[0037] The terms "attenuation" and "transmission"
should be understood accordingly.

[0038] The light source arrangement may comprise a
light source inside the catheter, and optionally a collima-
tor to collimate the light from the light source. The light
source may direct light radially outwardly, or else it may
direct light axially and a reflector may then be provided
for redirecting the emitted light to form a ring of generally
radially directed light around the catheter length.
[0039] Alternatively, the light source arrangement may
comprise:

a light source outside the catheter;

an optical fiber which is adapted to transmit the light
output from outside the catheter to the inside of the
catheter and to emit the light in a direction centered
parallel to the catheter elongate axis;

optionally a collimator to collimate light from the op-
tical fiber; and

a reflector for redirecting the emitted light to form a
ring of generally radially directed light around the
catheter length.

[0040] This provides a compact design in which axially
directed light is converted to radial light by a reflector,
such as a reflecting cone.

[0041] The light source preferably comprises a laser
or an LED.

[0042] Thereflector may be non-axisymmetric thereby
creating a non-uniform light intensity with respect to radial
direction. In this way, a non-uniform radial light pattern
is implemented by the reflector without requiring complex
optical alterations to the light output.

[0043] The catheter may further comprise a second
reflector for redirecting the radial light after reflection by
the interior wall toward the image sensor. The second
reflector may then be non-axisymmetric thereby creating
a non-uniform camera sensitivity with respect to radial
direction. Thus, the image sensor reflector is then used
to implement the attenuation as a function of radial di-
rection.

[0044] The catheter may be for use in determining the
presence and location of obstructions in an upper airway,
the catheter comprising a plurality of radial imaging sys-
tems along the length of the catheter. In this way, each
radial imaging system is optimized for a particular one of
the locations at which airway obstructions can be ascer-
tained.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0045] Examples ofthe invention will now be described
in detail with reference to the accompanying drawings,
in which:

Figure 1 shows a schematic illustration of a length
section of an example catheter disposed inside an
airway;

Figure 2 shows a schematic illustration of an exam-
ple catheter inserted into a patient’s nasal cavity and
upper airway;

Figure 3 shows a problem which arises due to non-
central catheter positioning;

Figure 4 shows how the catheter shape caninfluence
the bending performance;

Figure 5 shows a catheter with non-circular outer
shape within a passageway;

Figure 6 shows how attenuation may be used to alter
a radial light pattern;

Figure 7 shows how different orientations may be
appropriate at different positions along the length of
the catheter; and

Figure 8 shows a catheter design.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0046] The invention provides a catheter having an im-
age sensing system for imaging the interior wall of a pas-
sageway in which the catheter is to be located. The cath-
eter has a radial imaging system comprising a light
source arrangement for generating a light output radially
around the catheter and an image sensor for receiving
the generally radial light after the light has been scattered
back by the interior wall. The catheter is positioned within
the passageway with a known position and orientation,
for example a known angle with respect to the anterior-
posterior plane along the length of the catheter, so that
itis known where along the catheter length, and at which
angular position around the catheter, it will be closest to
the passageway wall. The light output has a different in-
tensity at different radial directions and/or the catheter
comprises a light attenuation arrangement which gives
rise to different attenuation of the light output at different
radial directions. These provide alternative measures to
reduce the light received by the image sensor, thereby
to prevent blooming in the captured image.

[0047] The invention may for example be used for im-
aging with a conduit. This may have non-medical appli-
cations for imaging non-living objects such as pipes,
channels and tunnels as well as for medical imaging ap-
plications such as forimaging airway passages, intestinal
passageway or capillaries or arteries.

[0048] By way of illustration, Figure 1 schematically
depicts an example catheter 12 of known basic configu-
ration, arranged within a stretch of an upper airway 14.
Along the length of the airway are indicated four anatom-
ical regions or features, labeled 18, 20, 22, and 24, these,
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by way of non-limiting example, representing the soft pal-
ate (velum), the oropharynx, the tongue base and the
epiglottis respectively. Disposed within the airway 14 is
the catheter 12, which comprises a series of optical sen-
sors S1 to S5. They each comprise a laser light source
for generating light generally axially, a first reflector for
redirecting the light to include at least a component in
the radial direction, a second reflector for redirecting re-
flected light from the side wall of the duct being investi-
gated towards an image sensor for capturing an image
of side wall of the duct being investigated. Figure 1 shows
schematically a space and therefore a radial distance
between the catheter and the airway 14.

[0049] The optical arrangement is represented sche-
matically in Figure 1 as a single triangle.

[0050] For illustration, Figure 2 schematically shows
the catheter 12 disposed in the upper airway of a patient
34, having been inserted via the nostril 36 of the patient.
The distal end of the sensor is anchored in the esopha-
gus. The approximate positions of the four anatomical
regions of Figure 1 (velum 18, oropharynx 20, tongue
base 22, and epiglottis 24) are indicated along the airway
14 of the patient 34.

[0051] This invention relates in particular to the issue
of a non-central position of the catheter within the pas-
sageway and the effect this has on the radial light inten-
sity captured by the imaging sensor.

[0052] The light source arrangement generates a ra-
dial ring of light emitting radially outwardly from the cath-
eter to illuminate a ring shaped section of the wall of the
upper airway 14. The ring may be continuous, but it may
instead be formed as a set of discrete points generally
following an annular path.

[0053] The radial projection may be entirely radial, i.e.
at 90 degrees to the catheter axis, but it may be inclined
at an acute angle to this perfectly radial direction. For
compactness, for example to fit the optical system within
a catheter, the light is routed axially along the catheter,
and a reflection arrangement redirects the light to form
the radial pattern.

[0054] As explained above, the distance between the
catheter and airway wall influences the light intensity of
the received light.

[0055] A first aspect of the invention involves ensuring
the catheter has a known position within the passageway
being imaged. One way to control this is to have control
over the path followed by the catheter when it is inserted
into the passageway.

[0056] Figure 4 shows how the catheter shape can in-
fluence the bending performance, which can then be
used to control the shape and position adopted by the
catheter. A circular cross section is shown as 50, and a
cross section which is fattened is shown as 52. The outer
shape 52 is non-circular in cross section across the cath-
eter length. This non circular shape means the catheter
will have a preference to bending in certain directions. In
particular, it will preferentially bend around an axis 54
parallel to the width direction. In this way, the inserted
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catheter can be designed to follow a particular path to
match the shape of a passageway which isitself of known
general shape.

[0057] The radius of curvature of the catheter outer
shape at the bottom is greater (i.e. there is a more gentle
curve) than at the sides. This flatter bottom is where the
catheter is to be in contact with the passageway wall.
The outer shape is thus generally squashed. It may be
an asymmetrical shape (i.e. with rotational order of sym-
metry equal to 1) but it may still have some symmetry,
for example an ellipse which has a rotational order of
symmetry of 2. The flatter bottom may be a completely
flat edge

[0058] The catheter thus has a smaller diameter in the
height direction than in the width direction.

[0059] The most flattened side (the bottom in the ex-
ample shown) is also particularly optimized to stick to the
passageway wall.

[0060] When the catheter bends or flexes around the
axis 54 the flat region will preferably orient itself towards
the passageway wall. The catheter is entered into the
passageway to support the correct alignment. In this way
it is possible to predict the part of the sensor that will be
closest to a passageway wall with a high degree of con-
fidence.

[0061] It is also possible to obtain a similar behavior,
without changing the geometric cross section of the cath-
eter, but by adapting the mechanical properties for dif-
ferent orientations. This could be done for example by
including stiff fibers in the catheter. In this way, the bend-
ing properties of the catheter vary along the length of the
catheter. This provides another way to control the way
the catheter is steered into a known shape and location
within the passageway. The catheter stiffness to bending
in particular directions may for example vary along the
length of the catheter.

[0062] These two approaches may be combined so
that both shape and stiffness parameters are variables
which together enable the catheter to adopt a desired
shape when guided by the passageway.

[0063] The approximate shape of the passageway, for
example the upper airway, at a given depth is known. By
controlling which side of the catheter is close to the air-
way, the light intensity can then be shaped according to
the expected distance to the airway.

[0064] The light intensity can then be increased in di-
rections where a large distance is expected to the airway
wall, and the intensity can be decreased in directions
where a small distance is expected.

[0065] Thus,inasecond aspect, once the catheter po-
sition is known, there is control of the light pattern and/or
the sensing optics to provide a non-rotationally symmet-
ric function. In particular, when the light output intensity
is controlled, the envelope shape of the light output in-
tensity distribution around the catheter is non-circular.
When the light intensity received by the image sensor is
controlled by varying the light transmission with angle,
the light transmission function is non-circular.The light
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dose and optical field of view around the sensor can then
be optimized taking account of the known positioning.
[0066] Figure 5 shows a catheter 52 with non-circular
outer shape within a passageway 42. The intensity of the
illumination pattern depends on the expected distance
from the catheter. The light intensity is thus controlled to
depend on the angular radial position around the cathe-
ter. For example, the intensity is highestin general region
60, lower in general region 62 and lowest in general re-
gion 64. The light intensity is not uniform in these regions,
and they are only shown as three distinct regions for the
purposes of explanation. In practice, there will be a func-
tion which relates the intensity to the angle around the
catheter.

[0067] An asymmetric light pattern can be easily real-
ized for example by adding different concentration of ab-
sorbers, or purposely misaligning the deflection cone
which generates the radial light pattern from the center
of the beam. In this way, the light pattern may be created
by manipulating the output of the light source or the way
it is reflected.

[0068] An alternative is to provide selective absorption
of the light after it has been reflected for redirection ra-
dially. A dedicated light attenuation arrangement may be
used for this purpose, but it may make use of existing
parts of the device.

[0069] Figure 6 shows a non-circular catheter outer
shape 52 (in cross section across the catheter length)
with a flat edge 70 to be closest to the passageway wall.
The catheter contains a camera and optical components
72 generally aligned along its central axis. There are var-
ious electrical cables or optical fibers 74 forming part of
the device, and these are arranged at the flat side 70 to
provide deliberate attenuation of the light from that area
of the catheter outer wall. In this way, existing compo-
nents of the overall system may be used to provide a
desired light blocking function, by suitable selection of
their locations. This avoids the need for additional com-
ponents.

[0070] The various measures explained above for cre-
ating asymmetry may be oriented differently at different
locations along the catheter length.

[0071] Like Figure 2, Figure 7 shows the catheter in
use in the upper airway of a patient. In the manner ex-
plained above, the catheter is adapted along its length
to match the orientation of the catheter to the airway wall.
[0072] Forexample,in Figure 7 the catheter might pre-
fer to stick close to the posterior walls at the level of the
oropharynx until the epiglottis (location 80a) and stick
close to the anterior airway wall at the velum level (loca-
tion 80b). Therefore the catheter has the orientations of
the flatter side change accordingly. Of course the other
parameters could be adapted along the length of the cath-
eteraccordingly, such as the ring intensity, the orientation
of cables or the catheter stiffness.

[0073] To provide an image sensor sensitivity which is
dependent on radial direction, it is not only possible to
adapt the intensity of the ring pattern according to the
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expected distance to the airway wall (as explained
above), butitis also possible to adapt the distance range
of the sensor. This can for example be implemented by
using a non-rotational symmetric light collection cone in
front of the camera, or by purposely misaligning the cam-
era and the cone.

[0074] The resolution of such a sensor is typically lim-
ited by the number of pixels available in a small camera
and by the field-of-view of the camera together with the
light reflection cone. By using non-symmetric optics in
front of the camera, the field of view of the camera chang-
es depending on the radial direction. That means also
that the pixels of the camera chip will be mapped differ-
ently depending on the radial direction. The asymmetry
may be before the radial illumination pattern is formed
(e.g. by design of the first reflector) or after it is formed
but before it reaches the image sensor (e.g. by design
of the second reflector) or both.

[0075] The invention may be applied to the catheter
shown in Figure 1.

[0076] The light source arrangement may comprise a
light source such as a laser, an optical fiber which trans-
mits the light output and emits the light in a direction cen-
tered parallel to the catheter elongate axis, and a first
reflector for redirecting the emitted light to form a ring of
generally radially directed light around the catheter
length. It might also comprise a collimating element,
which collimates the light from the fiber. This collimating
element may be combined with the first reflector. This
reflector may be designed to provide the asymmetric ring
by its alignment or shape. For example, the reflector may
be non-axisymmetric thereby creating a non-uniform light
intensity with respect to radial direction. In this way, a
non-uniform radial light pattern is implemented by the
reflector without requiring complex optical alterations to
the light output.

[0077] As mentioned above, an alternative is to imple-
ment the asymmetry using a second reflector which is
for directing the light received from the passageway wall
to the image sensor.

[0078] To illustrate the components mentioned above
more clearly, Figure 8 shows an illustrative example of
a catheter 91 incorporating a radial illumination system
as described above. The catheter 91 is encapsulated
within a transparent capillary, and received a light output
from a laser 92 which is outside the catheter, arranged
to propagate generated laser light in an axial direction
along an optical fiber 94. The laser is mounted at the end
of the optical fiber. The optical fiber has a collimator and
conical reflector 96 at its end 97.

[0079] The reflector 96 may in some examples be de-
signed to provide the required non-uniform light output
intensity with respect to the radial direction as explained
above.

[0080] The cross sectional shape of the catheter can-
not be seen in Figure 8. It may be non-circular as ex-
plained above.

[0081] The radialillumination system generates the ra-
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dial light output, and after reflection by the channel in
which the catheter is mounted (for example a patient air-
way 98), it is reflected by a cone reflector 100 towards
an image sensor 102.

[0082] The catheter may comprise multiple imaging
systemsinseries, whereas Figure 8 shows only one such
imaging system.

[0083] Figure 8 also shows an external light source,
whereas the light source may be inside the catheter. It
may also for example comprise a ring of lighting elements
which face outwardly (rather than axially), so that the
reflector 96 is not needed. In this case, different lighting
elements may have different intensity in order to vary the
intensity with angular position around the catheter.
[0084] The catheter may be for use in determining the
presence and location of obstructions in an upper airway,
the catheter comprising a plurality of radial imaging sys-
tems along the length of the catheter. In this way, each
radial imaging system is for a particular one of the loca-
tions at which airway obstructions can be ascertained.
[0085] As mentioned above, one application of partic-
ular interest is to improve the performance of an optical
catheter sensor for measuring the upper airway patency
in OSA patients during natural (or sedated) sleep; in this
application a laser plane is created in the sensor module
that is approximately perpendicular to the image sensor
and cone axis and in the associated cross section in the
upper airway a contour lights up. The sensor elements
are contained in a capillary.

[0086] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. The mere fact that cer-
tain measures are recited in mutually different dependent
claims does not indicate that a combination of these
measures cannot be used to advantage. Any reference
signs in the claims should not be construed as limiting
the scope.

Claims

1. A catheter having an image sensing system for im-
aging the interior wall of a passageway (42) in which
the catheter is to be located, comprising:

a radial imaging system comprising a light
source arrangement (91,94,96) for generating a
light output radially around the catheter and an
image sensor (102) for receiving the radial light
output after reflection by the interior wall,
wherein the catheter is adapted to be positioned
within the passageway with predetermined po-
sition and orientation within the passageway
along its length, and
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10.

the catheter has a non-circular outer shape (52)
in cross section across the catheter length, the
non-circular shape being such that the catheter
adopts a particular known path of position and
orientation within the passageway, and
wherein the light output has a different intensity
at different radial directions and/or the catheter
comprises a light transmission arrangement
which gives rise to different transmission of the
light output to the image sensor for different ra-
dial directions, such that an envelope shape of
the light output intensity distribution around the
catheter or a light transmission function of the
lighttransmission arrangement around the cath-
eter is non-circular and designed taking account
of the known positioning and orientation the
catheter adopts.

A catheter as claimed in claim 1, wherein the radius
of curvature of the catheter outer shape (52), in cross
section across the catheter length, is greater at one
angular position around the catheter compared to an
opposite angular position around the catheter.

A catheter as claimedin claim 2, wherein the catheter
has a flat edge in its outer shape, in cross section
across the catheter length, where the catheter is to
be in contact or in close proximity with the passage-
way wall.

A catheter as claimed in any preceding claim, where-
in the outer shape or angular orientation of the outer
shape varies along the catheter length.

A catheter as claimed in any preceding claim, where-
in the bending properties of the catheter vary along
the length of the catheter.

A catheter as claimedin claim 5, wherein the catheter
stiffness to bending in particular directions varies
along the length of the catheter.

A catheter as claimed in any preceding claim, where-
in the light output intensity is least where the catheter
is to be closest to the passageway wall.

A catheter as claimed in any preceding claim, where-
in the light transmission arrangement comprises
electrical cables or optical fibers (74) which provide
attenuation.

A catheter as claimed in any preceding claim, where-
in the light source arrangement comprises:

a light source inside the catheter and optionally a
collimator for collimating the light source output.

A catheter as claimed in any one of claims 1 to 8,
wherein the light source arrangement comprises:
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a light source outside the catheter;

an optical fiber which is adapted to transmit the
light output from the light source from outside
the catheter to inside the catheter and to emit
the light in a direction centered parallel to the
catheter elongate axis;

optionally a collimator for collimating the light
from the optical fiber; and

areflectorfor redirecting the emitted light to form
a ring of generally radially directed light around
the catheter length.

A catheter as claimed in claim 10, wherein the re-
flector is non-axisymmetric thereby creating a non-
uniform light intensity with respect to radial direction.

A catheter as claimed in claim 9, 10 or 11, further
comprising a second reflector for redirecting the ra-
dial light after reflection by the interior wall toward
the image sensor.

A catheter as claimed in claim 12, wherein the sec-
ond reflector is non-axisymmetric thereby creating a
non-axisymmetric field-of view of the sensor with re-
spect to radial direction.

A catheter as claimed in any preceding claim for use
in determining the presence and location of obstruc-
tions in an upper airway, the catheter comprising a
plurality of radial imaging systems along the length
of the catheter.

Patentanspriiche

1.

Katheter mit einem Bilderfassungssystem zum Ab-
bilden der Innenwand eines Durchgangs (42), in den
der Katheter positioniert werden soll, umfassend:

ein Radialbildgebungssystem, umfassend eine
Lichtquellenanordnung (91,94,96) zum Erzeu-
gen einer Lichtausgabe radial um den Katheter
herum, und einen Bildsensor (102) zum Emp-
fangen der radialen Lichtausgabe nach Reflexi-
on von der Innenwand,

wobei der Katheter angepasstist, um mit vorher
festgelegter Position und Orientierung innerhalb
des Durchgangs entlang seiner Lange innerhalb
des Durchgangs positioniert zu werden, und der
Katheter im Querschnitt durch die Katheterlan-
ge eine nicht-kreisformige auflere Form (52)
aufweist, die nicht-kreisformige Form derart ist,
dass der Katheter einen bestimmten bekannten
Weg der Position und Orientierung innerhalb
des Durchgangs annimmt, und

wobei die Lichtausgabe in unterschiedlichen ra-
dialen Richtungen eine unterschiedliche Inten-
sitat aufweist und/oder der Katheter eine Licht-

10

15

20

25

30

35

40

45

50

55

10.

transmissionsanordnung umfasst, die fur unter-
schiedliche radiale Richtungen unterschiedliche
Transmission der Lichtausgabe zu dem Bildsen-
sor verursacht, sodass eine Hillenform der
Lichtausgabenintensitatsverteilung um den Ka-
theter herum oder eine Lichttransmissionsfunk-
tion der Lichttransmissionsanordnung um den
Katheter herum nicht kreisformig und unter Be-
ricksichtigen der bekannten Positionierung und
Orientierung entworfen ist, die der Katheter an-
nimmt.

Katheter nach Anspruch 1, wobei der Krimmungs-
radius der dufleren Form (52) des Katheters im
Querschnitt durch die Katheterlange an einer Win-
kelposition um den Katheter herum verglichen mit
einer gegeniberliegenden Winkelposition um den
Katheter herum gréRer ist.

Katheter nach Anspruch 2, wobei der Katheter einen
flachen Rand in seiner dauReren Form, im Quer-
schnitt durch die Katheterlange, aufweist, wo der Ka-
theter mit der Durchgangswand in Kontakt oder in
nachster Nahe sein soll.

Katheter nach einem vorstehenden Anspruch, wobei
die duRBere Form oder Winkelorientierung der dulRe-
ren Form entlang der Katheterlange variiert.

Katheter nach einem vorstehenden Anspruch, wobei
die Biegeeigenschaften des Katheters entlang der
Lange des Katheters variieren.

Katheter nach Anspruch 5, wobei die Katheterstei-
figkeit gegenliber Biegen in bestimmten Richtungen
entlang der Lange des Katheters variiert.

Katheter nach einem vorstehenden Anspruch, wobei
die Lichtausgabenintensitat am geringsten ist, wo
der Katheter am nachsten zu der Durchgangswand
sein soll.

Katheter nach einem vorstehenden Anspruch, wobei
die Lichttransmissionsanordnung elektrische Kabel
oder optische Fasern (74) umfasst, die Dampfung
bereitstellen.

Katheter nach einem vorstehenden Anspruch, wobei
die Lichtquellenanordnung umfasst:

eine Lichtquelle im Inneren des Katheters und wahl-
weise einen Kollimator zum Kollimieren der Licht-
quellenausgabe.

Katheter nach einem der Anspriiche 1 bis 8, wobei
die Lichtquellenanordnung umfasst:

eine Lichtquelle aufRerhalb des Katheters;
eine optische Faser, die angepasst ist, um die
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Lichtausgabe vonder Lichtquelle von auf3erhalb
des Katheters ins Innere des Katheters zu tiber-
tragen und das Licht in eine Richtung zu emit-
tieren, die parallel zu der verlangerten Achse
des Katheters zentriert ist;

wahlweise einen Kollimatorzum Kollimieren des
Lichts von der optischen Faser; und

einen Reflektor zum Umleiten des emittierten
Lichts, um einen Ring von allgemein radial ge-
richtetem Licht um die Katheterlange herum zu
bilden.

Katheter nach Anspruch 10, wobei der Reflektor
nicht achsensymmetrisch ist, dadurch eine nicht ein-
heitliche Lichtintensitat beziiglich der Radialrichtung
erzeugt.

Katheter nach Anspruch 9, 10 oder 11, weiter um-
fassend einen zweiten Reflektor zum Umleiten des
radialen Lichts nach Reflexion durch die Innenwand
in Richtung des Bildsensors.

Katheter nach Anspruch 12, wobei der zweite Re-
flektor nicht achsensymmetrisch ist, dadurch ein
nicht achsensymmetrisches Sichtfeld des Sensors
beziiglich der Radialrichtung erzeugt.

Katheter nach einem vorstehenden Anspruch zur
Verwendung beim Bestimmen der Anwesenheit und
der Stelle von Obstruktionen in einem oberen Luft-
weg, wobei der Katheter eine Vielzahl von Radial-
bildgebungssystemen entlang der Lange des Kathe-
ters umfasst.

Revendications

1.

Cathéter présentant un systéeme de détection d’'ima-
ge pour imager la paroi intérieure d’'un passage (42)
dans lequel le cathéter doit se trouver, comprenant :

un systéeme d’imagerie radiale comprenant un
agencement de source de lumiére (91, 94, 96)
destiné a générer une sortie lumineuse radiale-
ment autour du cathéter et un capteur d'image
(102) destiné a recevoir la sortie lumineuse ra-
diale apres réflexion par la paroi intérieure,
dans lequel le cathéter est adapté pour étre po-
sitionné a l'intérieur du passage avec une posi-
tion et une orientation prédéterminées a l'inté-
rieur du passage sur sa longueur, et le cathéter
présente une forme extérieure (52) non circulai-
re en coupe transversale sur la longueur du ca-
théter, la forme non circulaire étant telle que le
cathéter adopte un chemin de position et
d’orientation connu particulier a lintérieur du
passage, et

dans lequel la sortie lumineuse présente une
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intensité différente pour différentes directions
radiales et/ou le cathéter comprend un agence-
ment de transmission de lumiere qui donne lieu
a une transmission différente de la sortie lumi-
neuse au capteur d'image pour différentes di-
rections radiales, telle qu’une forme de type en-
veloppe de la distribution d’intensité de la sortie
lumineuse autour du cathéter ou une fonction
de transmission de lumiere de 'agencement de
transmission de lumiére autour du cathéter est
non circulaire et est congue pour prendre en
compte le positionnement et 'orientation con-
nus que le cathéter adopte.

Cathéter selon la revendication 1, dans lequel le
rayon de courbure de la forme extérieure (52) du
cathéter, en coupe transversale sur la longueur du
cathéter, est supérieur a une position angulaire
autour du cathéter comparativement a une position
angulaire opposée autour du cathéter.

Cathéter selon la revendication 2, dans lequel le ca-
théter présente un bord plat dans sa forme extérieu-
re, en coupe transversale sur la longueur du cathé-
ter, ou le cathéter doit étre en contact ou a proximité
immédiate de la paroi du passage.

Cathéter selon I'une quelconque des revendications
précédentes, dans lequel la forme extérieure ou
I'orientation angulaire de la forme extérieure varie
sur la longueur du cathéter.

Cathéter selon I'une quelconque des revendications
précédentes, dans lequel les propriétés de flexion
du cathéter varient sur la longueur du cathéter.

Cathéter selon la revendication 5, dans lequel la ri-
gidité du cathéter a la flexion dans des directions
particuliéres varie sur la longueur du cathéter.

Cathéter selon I'une quelconque des revendications
précédentes, dans lequel I'intensité de la sortie lu-
mineuse est la plus faible lorsque le cathéter doit
étre le plus proche de la paroi du passage.

Cathéter selon I'une quelconque des revendications
précédentes, dans lequel 'agencement de transmis-
sion de lumiére comprend des cables électriques ou
des fibres optiques (74) qui fournissent une atténua-
tion.

Cathéter selon I'une quelconque des revendications
précédentes, dans lequel 'agencement de source
de lumiére comprend :

une source de lumiére a l'intérieur du cathéter et
éventuellement un collimateur pour collimater la sor-
tie de la source de lumiére.
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Cathéter selon I'une quelconque des revendications
1a8,danslequell’agencementde source de lumiére
comprend :

une source de lumiére al'extérieur du cathéter ;
une fibre optique qui est adaptée pour transmet-
tre la sortie lumineuse de la source de lumiére
de I'extérieur du cathéter vers I'intérieur du ca-
théter et pour émettre la lumiére dans une di-
rection centrée parallele a I'axe allongé du
cathéter ;

éventuellement un collimateur pour collimater la
lumiére de la fibre optique ; et

un réflecteur pour rediriger la lumiére émise afin
de former un anneau de lumiére généralement
dirigée radialement autour de la longueur du ca-
théter.

Cathéter selon la revendication 10, dans lequel le
réflecteur est non axisymétrique, créant ainsi une
intensité de lumiére non uniforme par rapport a la
direction radiale.

Cathéter selon la revendication 9, 10 ou 11, com-
prenant en outre un second réflecteur pour rediriger
la lumiére radiale apres réflexion par la paroi inté-
rieure vers le capteur d’'image.

Cathéter selon la revendication 12, dans lequel le
second réflecteur est non axisymétrique, créantainsi
un champ de vision non axisymétrique du capteur
par rapport a la direction radiale.

Cathéter selon I'une quelconque des revendications
précédentes destiné a étre utilisé pour déterminer la
présence et de 'emplacement d’obstructions dans
une voie aérienne supérieure, le cathéter compre-
nant une pluralité de systemes d’'imagerie radiaux
sur la longueur du cathéter.
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