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SPATIAL POSITIONING SURGICAL DEVICE

FIELD OF THE INVENTION
The present invention relates to a device, system and method adapted to detect

and provide spatial orientation and position of a surgical instrument in tissue.

BACKGROUND OF THE INVENTION

The invention aims to address the challenge of e.g. needle tip tracking during a
deep percutaneous insertion. Such operation is often requested in healthcare such
as deep vein/artery intervention, deep brain stimulation (electrodes insertion) and
biopsy. Conventionally, the location and orientation of the needle tip is estimated
empirically by the operator, and thus, it is hard to guarantee hitting a targeted
region especially in a deep tissue region. In addition, significant deflection of
needle and tissue rupture occurs during the insertion, making the tracking task

even more difficult.

Hence, an improved method and a system would be advantageous.

OBJECT OF THE INVENTION

It is a further object of the present invention to provide an alternative to the prior

art.

In particular, it may be seen as an object of the present invention to provide a
method and system that solves the above mentioned problems of the prior art
with providing spatial information relating to percutaneous insertion of surgical
instruments into tissue and further to provide information relating to adjacent
tissue structures and a verification method related to the surgical instrument

entering a specific target region of said tissue, such as verification that a blood

vessel has been punctured.



WO 2024/200545 PCT/EP2024/058305

10

15

20

25

30

35

SUMMARY OF THE INVENTION

Thus, the above-described object and several other objects are intended to be
obtained in a first aspect of the invention by providing a computer implemented
method of determining the spatial position and orientation of a surgical
instrument, such as a cannula or catheter, when the surgical instrument is
positioned within tissue of a subject, the computer implemented method
comprising:

-emitting light from a portion of the surgical instrument at least when said portion
is positioned within tissue,

-providing a light detection device outside of said tissue,

-detecting light scatter from within the tissue, with the light detection device,
-providing an algorithm adapted to determine the spatial position and orientation
of the instrument relative to a reference point, based on the light scattered from
within the tissue,

-providing the position and orientation of the surgical instrument to a user.

The invention is particularly, but not exclusively, advantageous for obtaining
spatial information relating to the inserting of a surgical instrument, such as a

cannula, percutaneously of a patient.

In an alternative embodiment, the present invention relates to a computer
implemented method of determining the spatial position and orientation of a
surgical instrument within tissue, the computer implemented method comprising:
-emitting light from a portion of the surgical instrument,

-providing a light detection device outside of said tissue,

-detecting light scatter from within the tissue, with the light detection device,
-providing an algorithm adapted to determine the spatial position and orientation
of the instrument, relative to a reference point, into said tissue, based on the light
scattered from within the tissue,

-providing the position and orientation of the surgical instrument to a user.

It is to be understood, that the computer implemented method according to the
invention does not construe surgical steps, such as performing any control or

movements to the surgical instrument, but provides spatial information as to the
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position and orientation of said surgical instrument to a user; and furthermore
may provide a signal when detecting a change of light scatter related to a change

in tissue type at or near the surgical instrument.

In particular, the invention provides an advantageous method for providing a
physician information, to faster, easier and with less inconvenience to a patient to
insert e.g. a needle or cannula into a vein or an artery of a patient. Thus, in some
embodiments, the surgical instrument is comprised of an outer cannular, and an
inner needle, and wherein the inner needle is adapted with light emitting means.
In these embodiments, when a desired target is reached, the inner needle is
removed while the outer cannula is kept in place at said target, and a secondary

surgical device can be positioned within said outer cannula.

In yet other embodiments, the surgical instrument is comprised of a first and at
least a second lumen, and wherein one lumen is suitable for emitting light and the
at least second lumen is suitable for e.g. the insertion of a peripheral device, such

as a cannula, needle or other relevant device.

The invention is further advantageous for providing a method of aiding a physician
in reaching e.g. a certain part of percutaneous tissue for e.qg. tissue biopsy
extraction or e.qg. deep vessel insertion. It should be noted that the present
invention is not limited to entry points of the skin of a patient, but would also be
advantageous for guiding a surgical instrument into tissue through e.g. the oral,
nasal cavity, vaginal cavity or rectal cavity, wherein the surgical instrument

penetrates the tissue from e.g. the oral cavity.

It is to be understood, that guiding is to be construed as continuously providing

spatial information relating to the surgical instrument, to the user.

In yet other embodiments, the invention may be advantageous for aiding dentists,
ophthalmologist and veterinarians, where surgical instruments may be inserted

into tissue of a patient.
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Even further, the invention may be advantageous for aiding a physician or nurse
in reaching a vein of very young patients, such as an infant or small child, to

reduce pain or discomfort to said young patient.

In the context of the present invention, spatial position and orientation is to be
understood, as the use of information provided to a user relating to the part of the
surgical instrument which is not in view of the user due to said instrument being

inserted into and beyond a tissue surface, such as the skin of a patient.

It is further to be understood that the surgical instrument may comprise one or
more lumens and wherein, in some embodiments, at least one of said lumens can
be used for e.g. technical features of the invention, such as for containing a light
source, optical fibre, processing means or other relevant parts of the invention as
disclosed; and wherein at least one other of said one or more lumens may be
used for e.g. extraction of or injection of a substance. In some embodiments, a
lumen of the instrument may be suitable for the injection or extraction of a fluid.
In other embodiments, a lumen of the instrument may be suitable for the
insertion or extraction of a solid or semi-solid member, such as for extraction of a
biopsy or insertion of an implant. In yet other embodiments, a lumen of the
instrument may be used as a catheter for insertion into a tissue or a lumen of the

patient.

In a preferred embodiment, the light emission is directed from a tip end of the
surgical instrument, such as in a conical or fan-like direction from said tip end,
towards tissue substantially in front of an insertion direction of said tip end. In
other embodiments, the light is emitted e.g. 90°, 180° or 360° around a
periphery of the surgical instrument. In yet other embodiments, a plurality of light
emitting devices is adapted to the instrument, to enable the detection of light
both around a periphery of and directly in front of said instrument. It is to be
understood that light emitted from each of the plurality of light emission sources

may be distinct or similar.

In an example, some of the light emitted, is emitted at a first wavelength or with

a temporal pattern and/or spatial pattern, and light emitted from e.g. second
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with differing temporal patterns or spatial patterns.

In an advantageous embodiment of the invention, the spatial pattern provided
from one or more light sources may be a tailored output phase profile adapted to
create astigmatic light beams. This embodiment is particularly advantageous for

detecting the light scatter within tissue.

In another advantageous embodiment, the spatial pattern provided from one or
more light sources may be higher order guided modes. In some embodiments, the
light provided at the surgical instrument is a lens, in other embodiments, the light

is provided from an optic fiber.

In yet another advantageous embodiment, the spatial pattern provided from one
or more light sources may be higher order guided modes from an optical fiber

such as doughnut beams.

In yet another advantageous embodiment, the spatial pattern provided from one

or more light sources may be non-diffracting Bessel beams.

The above embodiments may be combined, and provides the advantage of
enabling better detection of the position, orientation and puncture detection of the
surgical instrument, based on light scattered, wherein the one or more lights

sources is adapted with a spatial pattern.

Thus, from the above, it is to be understood, that the surgical instrument may be
adapted with a plurality of light sources, and wherein one or more may be

adapted with a lens and one or more may be adapted with a temporal pattern.

The above embodiments are particularly advantageous , as using at least two, or
a plurality of light beams with different focus points in the tissue, can be
discriminated by modulating each beam with a distinct modulation frequency, thus

the origin of the beam is known by proper demodulation.
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In some embodiments, the light emitted may be a combination of one or more
white light, spectrums of light, polarized light, coherent light, temporally
patterned light and/or lights emitted at different wavelengths.

In the context of the present invention, light detection is to be understood as a
means of detecting light, such as a photo-sensor, photodiode(s), Complementary
metal-oxide-semiconductor (CMOS), charge-coupled devices (CCD’s) or a

camera, photo-voltaic sensor (array) or other suitable device.

In the context of the present invention, light scatter is to be understood as the
physical phenomenon that occurs when light interacts with turbid materials or
particles in biological tissues, causing it to be absorbed, depolarized, change
direction and scatter in multiple directions. The present invention is adapted to
utilize said light scatter, when detected, to define the spatial position and
orientation of the surgical instrument, based on algorithms or mathematical
models adapted to calculate the spatial information based on said detected light

and/or light scatter.

In the context of the present invention, entry point is to be understood as the
point at which the surgical instrument is entering the tissue of the subject,
through the skin, i.e. an analogue spatial reference which is visible to the

physician during the procedure.

In the context of the present invention, spatial information relates to e.g. a
longitudinal axis of the surgical instrument, in an x-y-z plane within said tissue,
and the position of a tip-end or other relevant spatial information relevant to a

user during a procedure.

In the context of the present invention, reference point is to be understood as a
defined and static spatial coordinate relative to the point at which light is emitted
from the surgical instrument. In some embodiments, the reference point is the

light detection device.

In a preferred embodiment of the invention the algorithm is a machine learning

algorithm, the method further comprising:
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-providing said machine learning algorithm with a training set adapted to train the
machine learning algorithm to determining the position and orientation of the
surgical instrument emitting light within a tissue, the training set being based on
predetermined spatial positions, orientations and light scatter patterns of light
emitted from tissue.

This embodiment is particularly advantageous for providing a method, wherein the
algorithm is enabled to be trained on verified training sets, ensuring a more

precise determination of spatial position of the surgical instrument.

The learning algorithm may be selected from one or more of a convolutional
neural network or fundamental image processing in combination with multi-layer

perceptron (MLP).

In other embodiments, the algorithm may be another type of Artificial Intelligence

algorithm.

Artificial Intelligence (AI) refers to the theory and development of computer
systems capable of performing tasks that historically required human intelligence.
These tasks include recognizing speech, making decisions, and identifying

patterns. Al is an umbrella term that encompasses a wide variety of technologies.

One such technology under Al is Machine Learning, which uses algorithms trained
on data sets to create models that enable machines, such as the present
invention, to perform tasks without explicit instructions. In particular, these tasks

include categorizing images and analyzing data.

A specific type of machine learning model is a Neural Network. These models
make decisions in @ manner similar to the human brain, using processes that
mimic the way biological neurons work together to identify phenomena, weigh
options, and arrive at conclusions. Every neural network consists of layers of
nodes, or artificial neurons—an input layer, one or more hidden layers, and an
output layer. Each node connects to others, and has its own associated weight
and threshold.
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A specialized type of neural network is a Convolutional Neural Network (CNN).
CNNs excel in processing structured grid data, such as images. They are
composed of one or more convolutional layers, often followed by pooling layers,
then one or more fully connected layers. With respect to the present invention,
the convolutional layer uses a set of learnable filters, which are small spatially but
extend through the full depth of the input volume. Their application to the input
results in activation maps that give the responses of that filter at different spatial
positions. CNNs are specifically designed for tasks like image recognition, which
makes them a specialized tool within the machine learning toolkit, and particularly

advantageous within the present invention.

In a preferred embodiment of the invention, the method further comprises
detecting a first tissue based on the light scatter and detecting a second tissue
based on a change in the light scatter; providing the user with information that a
second tissue has been detected. This embodiment is particularly advantageous
for providing the user with information related to whether the tissue structure has
changed, thus providing a verification that e.g. a venous tissue has been reached
by the user. Thus, the embodiment may be able to verify e.g. a puncture of a vein

or artery performed by the user, based on a change in light scatter.

In another preferred embodiment of the invention, the method further comprises:
-providing light scatter information relating to tissue structures, such as blood
vessels, nerves or bone, adjacent to the light emitted from the surgical instrument
and providing the user with spatial tissue structure information relative to a

current position of the surgical instrument.

In the context of the present invention, tissue structure information is to be
understood as the change in scatter pattern and absorption of light between
different densities and other properties of different tissues, which in turn can be
utilized by the invention to provide further information to the user. As an
example, the invention is enabled to distinguish between muscle and a tumor

based on detected light scatter and provide said information to the user.

In yet another preferred embodiment of the invention, the method further

comprises:



WO 2024/200545 PCT/EP2024/058305

10

15

20

25

30

35

9

-providing verification to the user relating to the surgical instrument entering a
tissue structure, such as a blood vessel, within the tissue, based on the detected

light scatter from within said tissue structure.

It is to be understood, that the computer implemented method does not involve
the surgical step of moving the surgical instrument within tissue, but to convey

spatial information relating to the surgical instrument to a user.

This embodiment is particularly advantageous for providing a verification of e.g. a
tip of the surgical instrument having reached a target, such as a blood vessel. It is
to be understood that the target may be any relevant physiological target, such as

a tumor, blood vessel, a specific region or other.

It is to be understood that as the surgical instrument, such as a needle tip,
punctures and enters specific tissues such as blood vessels, a high amount of
emitted light at specific wavelengths is suddenly absorbed by the tissue, causing a
sudden change of scattering pattern detected by the light detection device. The
absorption rates of different tissues are different. When a light source of 900 nm
is used, the absorption coefficients of HbO2, Hb, skin, subcutaneous tissues and
muscles are 6, 5, 0.8, 1.07 and 0.32 respectively (unit: cm-1). This indicates a
significant decrease of intensity of the scattering image which can be detected
when the needle tip punctures the blood vessel, thus enabling for verification to a

user reaching a specific target such as said blood vessel.

In an advantageous embodiment of the invention, the method further comprises
mapping tissue structures adjacent to the instrument, based on the light scatter

and providing a spatial overview of the tissue to the user.

In the context of the present invention, adjacent is to be understood as e.g.
mapping tissue between 1 and 10 cm from the point at which light is emitted from
the surgical instrument. Further, in some embodiments, the invention is enabled
to map further in one spatial direction than in another spatial direction. In a
preferred embodiment, the mapping can be performed distally from a longitudinal
axis of the surgical instrument from between 0.1 to 20 cm from a tip end of the

surgical instrument.
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In a preferred embodiment of the invention, the method further comprises:
-receiving an input from the user relating to a selected target within the
tissue,

-guiding the user to translate the surgical device to said target based on
detected light scatter,

and when the surgical instrument is positioned at or within said target,
-verifying the position of the surgical instrument at or within said target to

the user.

It is to be understood, that the computer implemented method does not involve
the surgical step of moving the surgical instrument within tissue, but to convey

spatial information relating to the surgical instrument to a user.

In another preferred embodiment of the invention, the method further comprises:
-receiving an input from the user relating to a selected target within the
tissue,

-providing a current position and orientation of the surgical instrument to
the user;

and when the surgical instrument is positioned at or within said target,
-verifying the position of the surgical instrument at or within said target to

the user.

It is to be understood, that the computer implemented method does not involve
surgical steps, such as moving a surgical instrument, but to continuously provide
spatial information relating to the surgical instrument, to a user, such as a

medical professional.

This embodiment is particularly advantageous for aiding a physician in e.g.
reaching a blood vessel fast, reducing the discomfort applied to a patient during
the procedure.

The above is known as verification or detection of puncture.

Two methods can be used for the puncture detection.
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The first method is based on single image input and the second method is based
on image sequences.

For the first method, a neural network such as convolutional Neural Network
(CNN) or ResNet is used and trained, to identify a puncture event directly based

5 on the acquired image.

The second method uses a time sequence of images or a video clip as input for
the Neural Network in order to determine whether the surgical instrument tip
enters a different material, i.e. tissue. To achieve this goal, the Network

10 architecture may be a CNN+LSTM or 3D CNN.

In an embodiment of the invention, the method further comprises applying a
graphics processing units (GPU’s) to train and perform the machine learning
algorithm.

15
The GPUs may be used for training and performing the machine learning
algorithm. The parallel processing capabilities of GPUs accelerate the training of
neural networks. Further, the processing time can be reduced to sub-millisecond
when the algorithm is performed on a computer comprising graphical processing

20 units (GPUs). This observation suggests that the proposed system is sufficiently
fast for real-time tracking of the needle tip, even when implemented on a portable
setup.
In a second aspect, the invention relates to a spatial positioning and orientation
system for a surgical instrument, the system comprising:

25 -a light detection device arranged outside the tissue,
-a user interface in data communication with the light detection device,
-an instrument adapted to emit light from a portion of said instrument within
tissue, when said portion of the instrument is positioned within tissue,
-a processor adapted to execute an algorithm, said algorithm determining a

30 spatial position and orientation of the surgical instrument within the tissue, based
on light scattered from within the tissue and detected by the light detection
device, wherein the system is configured to provide the spatial position and
orientation of the surgical instrument to a user through the user interface, while
said user operates the surgical instrument within tissue of a subject.

35



WO 2024/200545 PCT/EP2024/058305

10

15

20

25

30

35

12

In a preferred embodiment of the invention, the light detection device is a camera
positioned at least above an entry point of the tissue, the entry point being the
point of entry of the surgical device into the tissue of the subject, the system
further comprising a distance measuring device adapted to measure a distance
between the entry point and said camera, the device adapted to calibrate the
measured light scatter from the tissue to the camera. It is to be understood that
at least above is to be understood as e.g. between 5 to 100 cm from said entry

point.

In another preferred embodiment of the invention the light detection device is a
sensory array, preferably a patch with an array of sensors, adapted to be adhered
to skin of a subject, near an entry point, into tissue of said subject, the sensory
array comprising photo-sensors adapted to detect light scatter from within said
tissue. It is to be understood that near is to be understood as e.g. between 1 to
50 cm from the entry point, depending on where the surgical instrument is to be
inserted into the tissue. This embodiment is particularly advantageous, as the use
of a photo sensitive / photo detector patch/array compared to a traditional photon
counting sensor (CCD or CMOS) allows faster sampling rates kHz-MHz, thus
amplitude modulation of the light signal is possible, allowing for lock-in
amplification, improving signal to noise ratio.

In yet another preferred embodiment of the invention, the surgical instrument
comprises one or more light sources, such as an LED or an array or LED’s, the

light source(s) positioned at or near a distal tip of the surgical instrument.

In an advantageous embodiment of the invention, the surgical instrument is
adapted with a lumen comprising one or more optical fibres adapted to emit light

at or near a distal tip of the surgical instrument.

In some embodiments, the surgical instrument comprises a second lumen adapted
for physiological purpose, such as for injecting or extracting matter to/from the

patient.

In a preferred embodiment of the invention, the system comprises a plurality of
light sources which is adapted to emit light at different wavelengths and/or or at

different temporal intervals, to generate a specific pattern of light emitted.
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In some embodiments, the light sources are adapted e.g. at a tip-end of the

surgical instrument.

5 In yet other embodiments, the light sources are provided at various locations

along a length and periphery of the surgical instrument.

It is further to be understood that at least some of said light sources are
positioned at length of said surgical instrument, which is within the patient’s

10 tissue during normal operation of the surgical instrument.

In another preferred embodiment of the invention, the system is a decision
support system and wherein the system is adapted to guide the user to reach a
target of the tissue with the surgical instrument, said target being specified by

15 said user through the user interface.

In yet another preferred embodiment of the invention, the user interface
comprises visible or audible output adapted to guide the user to operate the
surgical instrument within tissue.

20
This embodiment may be particularly advantageous for teaching purposes,
wherein decision support provided through auditory or visual stimulus may
increase the proficiency of a user, in turn reducing distress and discomfort to
patients.

25
In yet another advantageous embodiment of the invention, the surgical
instrument is adapted as a bioimpedance sensor, to provide further information

relating to tissue of the subject.

30 Electrical bioimpedance (EBI) method has been demonstrated with high sensitivity
in venipuncture detection. The electrical bioimpedance can be measured based on
one electrode configuration or multiple electrodes configurations. An external
ground electrode may also be required to be attached to the body. The measured
impedance value can indicate the likelihood of blood contact at the needle tip,

35 since blood is more conductive compared to skin and fat.
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The venipuncture can be detected through combining two sensing modalities, the
proposed optical method and EBI. The sensor fusion methods can be one of the
following, but not limited to, Bayesian fusion, covariance intersection, fuzzy logic

or decision tree.

In an embodiment of the invention, if the surgical instrument is expected to be
placed in an artery or a vein, then an electrical bioimpedance measurement verify

that the instrument is placed in an artery or a vein.

If the instrument is expected to be placed in an artery or a vein due to the
method of determining a spatial position and orientation of the surgical
instrument, then by measuring the electrical bioimpedance, it can be verified that
the instrument indeed is placed in an artery or a vein as the electrical
bioimpedance can determine the kind of tissue the instrument is in.

Thus, it is to be understood, that the combination of multiple sensor modalities,
such as optical and bioimpedance sensors, can be used by the algorithms to
detect both a spatial position and orientation of the surgical instrument as well as
verifying whether the surgical instrument is positioned within an artery or vein; or

other tissue where electrical conductivity can be used to determine tissue type.

In a preferred embodiment of the invention, the user interface is a peripheral
device, such as a tablet or a computer wherein the peripheral device is adapted to

receive data wirelessly from the spatial positioning and orientation system.

In another preferred embodiment of the invention, the surgical instrument is
adapted with a lens, said lens adapted to focus the light emitted from the surgical

instrument.

In yet another preferred embodiment, the surgical instrument is adapted with a
collimator, said collimator adapted to collimate the light emitted from the surgical
instrument. In some embodiments, the surgical instrument is adapted with a lens

and a collimator, to provide a specific light beam profile.



WO 2024/200545 PCT/EP2024/058305

10

15

20

25

30

35

15

In an embodiment the processor applies graphics processing units (GPU’s) to train

and perform a machine learning algorithm.

The processing time can be reduced to sub-millisecond when the algorithm is
performed on a computer comprising graphical processing units (GPUs),
suggesting that the method is sufficiently fast for real-time tracking of the needle

tip, even when implemented on a portable setup.

In a preferred embodiment the sensory array comprises at least 8x8 sensors,

preferably at least 16x16 sensors, even more preferred at least 32x32 sensors.

In another preferred embodiment, the sensory array comprises between 32x32

and 128x128 sensors.

In yet other embodiments, the sensory array comprises between 16x16 and

512x512 sensors or such as between 32x32 and 256x256 sensors.

In a third aspect, the invention relates to a surgical instrument, preferably a
cannula, comprising:
-a light source at or near a distal tip of the instrument,
-a light detection device at a proximal location of the instrument,
-a processor adapted to receive and process a signal received from the
light detection device,
-a wireless transmitter adapted to transmit processed data from the
processor to an associated peripheral device, such as a computer, and
-optionally an energy storage device, such as a battery,
wherein the surgical instrument is configured to detect light scatter from
within tissue, when at least the distal tip of the surgical device is inserted
into said tissue and provide information relating to tissue structures
adjacent to the light source, to a user through said associated peripheral

device.

This aspect of the invention is particularly, but not exclusively, advantageous in
that the surgical instrument may comprise all the technical features in a single,

hand-held instrument.
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In a preferred embodiment of the invention, the surgical instrument is

substantially sealed, enabling for easy sanitation between use.

In a fourth aspect, the invention relates to use of a system or device according to
the second or third aspect of the invention for injecting a substance or obtaining a

biological sample from a patient.

In a fifth aspect, the invention relates to a method of training an algorithm to
determine the spatial position and orientation of the surgical instrument according
to the system of the second aspect or the surgical instrument of the third aspect
of the invention, the training method comprising:

-providing the algorithm with a training set adapted to train the algorithm to
determine the position and orientation of the surgical instrument emitting light
within a tissue, the training set being based on predetermined spatial positions,

orientations and light scatter patterns of light emitted from tissue.

In a preferred embodiment, the training set comprises at least a first set of
images obtained from outside of the tissue, and a data set comprising a measured

position and orientation of the surgical instrument within the tissue.

In another preferred embodiment, algorithm is further trained to detect the
transition of position of the surgical instrument, from a first tissue to a second

tissue.

In yet another preferred embodiment, the training set further comprises images
obtained from outside of the tissue, wherein the surgical instrument emits light
within the first tissue, and images wherein the surgical instrument emits light

within the second tissue, training the algorithm to detect a change in tissue.

In an advantageous embodiment, the algorithm is selected from one or more of a
convolutional neural network or fundamental image processing in combination

with multi-layer perceptron.
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The first, second, third, fourth and fifth aspect of the present invention may each
be combined with any of the other aspects. These and other aspects of the
invention will be apparent from and elucidated with reference to the embodiments

described hereinafter.

BRIEF DESCRIPTION OF THE FIGURES

The method and system according to the invention will now be described in more
detail with regard to the accompanying figures. The figures show one way of
implementing the present invention and is not to be construed as being limiting to

other possible embodiments falling within the scope of the attached claim set.

Fig. 1 shows an illustration of the system and method according to an
embodiment of the invention.

Fig. 2 shows an illustration of the system and method according to another
embodiment of the invention.

Fig. 3 shows another illustration of the system and method according to an
embodiment of the invention.

Fig. 4 shows an illustration of the surgical instrument, according to an
embodiment of the invention.

Fig. 5 shows an illustration of the system and method according to yet another
embodiment of the invention.

Fig. 6 shows another illustration of the system and method according to yet
another embodiment of the invention.

Fig. 7A and Fig. 7B show a chart of a proof-of-concept simulation study.

Fig. 8A to 8E show the scattering pattern detected by a light detection device,
from a tissue surface.

Fig. 9 shows an illustration of the surgical instrument SI, according to another
embodiment of the invention.

Fig. 10 shows a flow-chart of a method according to an embodiment of the
invention.

Fig. 11 shows a simplified model that treats the skin and adipose tissues together
as a homogeneous material.

Fig. 12 shows a visual representation of the model architecture.

Fig. 13 shows L2 norm errors in different insertion depths Z*
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Fig. 14 shows that the error in the near-surface area is not higher than that in the
subsurface region.

Fig. 15 shows examples of imaging from two different depths for both the bacon
and fresh pork phantoms.

Fig. 16 shows a graph, the graph representing a performance study perform in
relation to different image resolutions.

Fig. 17 shows a confusion matrix, related to a study of puncture detection

accuracy by use of the algorithm according to an embodiment of the invention.

DETAILED DESCRIPTION OF AN EMBODIMENT

Fig. 1 shows an illustration of the system 1 and method according to an
embodiment of the invention. Fig. 1 shows an arm of a subject SUB, with a
surgical instrument SI inserted into tissue of the subject SUB. The surgical
instrument SI is adapted with light emission means at a tip end, providing a light
from within the tissue of the subject SUB, the light illustrated by light scatter LSC
detected by the light detection device LDD. In particular, in Fig. 1, the light
detection device LDD is depicted as a camera, but may be another suitable photo
sensor adapted to detect light scatter LS. In this embodiment, the distance d,
between the light detection device LDD and the entry point EP of the surgical
instrument SI is known, either by measuring the distance manually or by
providing a distance measurement device (not shown) enabled to provide the
distance to the system 1. In other embodiments, the distance d1 is measured
perpendicular from the surface of the tissue to the light detection device or a

distance measurement device.

Fig. 2 shows an illustration of the system 1 and method according to another
embodiment of the invention. Fig. 2 shows an arm of a subject SUB, with a
surgical instrument SI inserted into tissue of the subject SUB. The surgical
instrument SI is in optical connection to a light source LS, to provide a light from
within the tissue of the subject SUB, the light illustrated by light scatter LSC
detected by the light detection device LDD. In particular, in Fig. 2, the light
detection device LDD is depicted as a camera, but may be another suitable photo
sensor adapted to detect light scatter LS. In this embodiment, the distance d,

between the light detection device LDD and the entry point EP of the surgical
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instrument SI is known, either by measuring the distance manually or by

providing a distance measurement device (not shown) enabled to provide the
distance to the system 1. In other embodiments, the distance d1 is measured
perpendicular from the surface of the tissue to the light detection device or a

distance measurement device.

Fig. 3 shows another illustration of the system 1 and method according to an
embodiment of the invention. Fig. 3 shows tissue TIS represented by a 3D
segment, with a surgical instrument SI inserted into the tissue TIS. The horizontal
upper surface of the tissue TIS represents an outer layer of tissue, from which the
light detection device LDD can measure light scatter LSC. The surgical instrument
SI is adapted to emit light from within the tissue TIS, the light illustrated by light
scatter LSC detected by the light detection device LDD. In this embodiment, the
distance d, between the light detection device LDD and the entry point EP of the
surgical instrument SI is known, either by measuring the distance manually or by
providing a distance measurement device (not shown) enabled to provide the
distance to the system 1. The light detection device LDD obtains an image IMG of
the light scatter, in which an algorithm of the system 1 is adapted to convert the
detected light scatter LSC into X, Y and Z coordinates of the tip end P of the
surgical instrument SI within the tissue, relative to the entry point EP; and the
spatial orientation of the longitudinal axis L_A of the surgical instrument SI. In
other embodiments, the distance d1 is measured perpendicular from the surface

of the tissue to the light detection device or a distance measurement device.

Fig. 4 shows an illustration of the surgical instrument SI, according to an
embodiment of the invention. Fig. 4 shows the tip end TE of the surgical
instrument SI, the surgical instrument comprising a plurality of lumens LU within
the outer periphery OP of the surgical instrument SI. It is to be understood that
one or more of the plurality of lumens LU may contain at least one light source or
a plurality of light sources and/or optic fibres, the optic fibres adapted to emit

light from a light source (not shown) in optic connection with said optical fibres.

Further, the light source at the needle tip may be programmable by light

transferred through a multi-core optic fiber. Through controlling the
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on/off/intensity of the lighting of each core, the scattering pattern can be different

and used for further tracking/detection purposes.

Even further, the proposed invention may be combined with other sensing
methods via sensor fusion for a detection task. For instance, the needle tube itself
can be used as an electrode for electrical bioimpedance sensing. The measured
bioimpedance signal can be fused with the optical method in a tissue detection
task.

Fig. 5 shows an illustration of the system 1 and method according to yet another
embodiment of the invention. Fig. 5 shows a light detection device LDD,
positioned on the skin of a subject SUB. In this particular embodiment, the light
detection device LDD is a patch adhered to the skin, the patch comprising an
array or matrix of photo sensors as shown by the white rectangles of the light
detection device LDD. The light detection device LDD is adapted to detect light
scatter from within tissue of the subject SUB, and wherein the light is emitted

from a light source LS in optical connection with the surgical instrument SI.

Further, the embodiment according to Fig. 5 may be used for generating a closed-
loop control in a robotic system. Such robotic system can achieve automatic
needle insertion to a pre-defined spatial location, based on spatial information

provided by the system and method.

It is to be understood that the level of melanin of epidermis may affect the
accuracy of the proposed method. This obstacle may be solved by e.g. capturing
the skin colour of the specific subject, at the beginning of the procedure and input

this value to the algorithm.

Fig. 6 shows another illustration of the system 1 and method according to yet
another embodiment of the invention. Fig. 5 shows the surgical instrument SI
being inserted into a blood vessel BV within tissue TIS. The surgical instrument SI
is optically connected to a first and second light source LS, LS*, each of the light
sources LS, LS* emitting light at different wavelengths WL, WL*, such as at 680
nm and 850 nm respectively. The first and second light sources LS, LS* is

operated by a switch SW. The first and second light sources LS, LS* is connected
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to the surgical instrument SI through an optical combiner, so as to enable for both
light sources LS, LS* to emit light through a single optical fibre (not shown) of the
surgical instrument SI. In other embodiment, each of the first and second light
source LS, LS* may be individually connected to respective optical fibres of the
surgical instrument. In yet other embodiments, a single light source may be
adapted to emit light at different wavelengths. Light scattered from the blood
vessel and tissue is detected by the light detection device LDD, generating first
and second images IMG, IMG#*, showing a more intense light scatter in the first
image IMG, relative to the light scatter of the second image IMG*, as light scatter
using a first wavelength WL, such as 680 nm scatters more in blood, than when

using a second wavelength WL*, such as 850 nm.

Further, the proposed invention can be used for tissue identification through
applying a lighting spectrum. An example is shown in Fig. 6, in which a switch SW
controls two lighting sources LS, LS* of 660 nm and 850 nm respectively, to
generate the scatter image. Since the absorption rates of different tissues are
different, the generated scatter images by two sources can be compared.
Specifically, the differential of scatter image between two sources can be used as
input of a machine learning algorithm. As an example, HbR absorbs more light of
660 nm than HbO2, while their absorption rates are similar for light sources of
850 nm. Therefore, if little change of the scatter image in terms of intensity and
size is found between two lighting sources, the needle may be determined to have
punctured into a vein. If the scatter image is bigger with a 660nm source
compared to that with an 850nm source, it is more likely to have punctured an

artery.

Fig. 7A and Fig. 7B show a chart according to a proof-of-concept simulation study.
According to Fig. 7 A and Fig. 7B, the invention can be used for indicating the
excitation of non-homogeneous anatomic features near the emitted light, such as
emitted from a needle bevel NB. A simulation study is conducted as a proof of
concept. Finite Element methods are used to simulate the scatting pattern. The
left subfigures of Fig. 7A and Fig. 7B are the setup and physical elements of the
study, showing depth from a tissue surface TS in mm in both x and y spatial
direction where vy is depth; and the right subfigures of Fig. 7A and Fig. 7B are the

radiation intensity on the surface, as measured from the light detection device.
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The simulation is simplified as a 2D model and light is emitted from the needle
bevel NB.

According to the simulation results, when there is a hon-homogeneous structure,
such as a blood vessel BV as shown in Fig. 7B, above the needle bevel NB, it
would cause the scattering pattern, i.e. intensity distribution to change, as seen

on the line graph on the right side of Fig. 7B.

Fig. 8A to 8E show the scattering pattern detected by the light detection device,
from a tissue surface TS, of, shape and intensity distribution, as it varies through
8A to 8E, from a change in depth and orientation of a beveled needle tip inside a
phantom, the needle tip emitting light. The scatter image in different locations
and angles: (A) z=15mm, 6=0, ¢=45; (B) z=10mm, 6=0, ¢=45; (C) z=15mm,
6=0, =60; (D) z=10mm, 6=90, ¢=45; (E) z=10mm, 8=-90, ¢=45.

It is to be understood that at least two methods can be implemented for
estimating the needle tip position given the scattering image. Nevertheless, many
other machine learning approaches such as Bayesian Neural Network or Fuzzy

network may be applicable.

Method 1: fundamental image processing + multi-layer perceptron (MLP)

The illumination from the needle tip generates a scattering image on the tissue
surface, which is captured by an external imaging sensor. The image is firstly
processed through threshholding or multiple threshholding and provides a series
of binary images. From the binary images, information of the black circle can be
retrieved including centre position (x,y), size S, moment Mx and My. Then, a
dataset can be generated with [x, y, S, Mx, My] as input; and the needle tip
spatial position [X, Y, Z, Ox, Oy, Oz] as output is generated. It is to be
understood that the output is a vector after normalization, and a Sigmoid function
is used as the activation function of the output layer. An MLP neural network can

be trained for the above regression.

Method 2: Convolution neural network (CNN)
CNN is generally capable of extracting image features owing to the integrated

convolution layer. The input is the grey scale image from the imaging sensor and
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the output is the tip spatial position. The basic CNN architecture passes the input
grey scale image to a convolution layer and a pooling layer for feature extraction.
The outputs from the pooling layer link to a fully connected network for

determining the final output.

Fig. 9 shows an illustration of the surgical instrument SI, according to another
embodiment of the invention. Fig. 9A shows a trimetric view of the tip end TE of
the surgical instrument SI. Fig. 9B shows a cross section of the surgical
instrument SI comprising two lumens, wherein the first lumen LU1 is adapted for
surgical operations, such as for injecting or extracting a fluid. The second lumen
LU2 is adapted with a light emission device LED, in this embodiment an optic
fibre. Fig. 9C shows a cross section of the surgical instrument SI comprising two
lumens, wherein the first lumen LU1 is adapted for surgical operations, such as for
injecting or extracting a fluid. The second lumen LU2 is adapted with a light
emission device LED, in this embodiment an optic fibre, and wherein a lens has
been adapted within the second lumen to focus the light emitted from the optic
fibre.

Fig. 10 is a flow-chart of a method according to an embodiment of the invention,
the method comprising the following steps:

S1-providing a computer system in data communication with a light detection
device, and when a surgical instrument adapted with a light emission device or
light emission means is positioned within tissue:

S2-emitting light from a portion of the surgical instrument at least when said
portion is positioned within tissue,

S3-providing the light detection device outside of said tissue,

S4-detecting light scatter from within the tissue, with the light detection device,
S5-providing an algorithm on said computer system adapted to determine the
spatial position and orientation of the instrument, relative to a reference point or
reference coordinate, into said tissue, based on the light scattered from within the
tissue,

S6-providing the position and orientation of the surgical instrument to a user.

Deep needle insertion is a medical procedure that allows medical professionals

inserting a needle from the skin and reach targets located beneath the surface,



WO 2024/200545 PCT/EP2024/058305

10

15

20

25

30

24

such as tumors, nerves, or blood vessels. It plays a crucial role in enabling precise
and targeted medical interventions such as administering medication, obtaining
samples, or carrying out therapeutic procedures. Therefore, deep needle insertion
is widely utilized across a diverse range of medical disciplines, including deep
vessel interventions, biopsies, brachytherapy, interventional radiology,

anaesthesia, and pain management.

Despite its wide applications, deep needle insertion presents inherent challenges
and requires both expertise and technological support. One of the main difficulties
encountered in this procedure is the deformation of soft tis-sue during insertion.
As the needle penetrates the body, the surrounding tissues tend to move, making
it challenging to precisely reach the intended target. Moreover, once the needle
tip is within the tissue, its visibility becomes obscured, complicating the accurate
tracking of its exact location. This lack of visibility becomes particularly
problematic when encountering resistant tissues, as it frequently results in needle

deflection, further impeding the ability to precisely locate the needle.

Frequently, healthcare professionals rely on imaging techniques to guide needle
insertion, with ultrasound (US) and fluoroscopy being commonly used modalities.
These imaging technologies provide real-time visualization of the needle and
surrounding anatomical structures, aiding in the precise localization of the target,
and facilitating adjustments to the insertion direction. However, the effectiveness
of using this technique heavily depends on the practitioner’s experience and
necessitates extensive training to ensure proficiency. Advancements in robotics
for needle deep insertion have been explored in the literature. A typical
exploitation of robotic and artificial intelligence (AI) technology is through the
extraction and detection of the needle tip from US images. Nevertheless, given
the inherent noise in US imaging, the utilization of complex image processing

algorithms and substantial computing power is required.

In addition to the previously described image-guided needle insertion method,
needle guidance technology can also incorporate embedded sensors, particularly
for the task of needle tip tracking (NTT). Previous studies have explored the use

of concentric electrode needle for electrical bioimpedance sensing. But the
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functionality of this technology is to detect the type of tissue in contact with the

needle, rather than to provide the spatial position of the needle tip.

Alternatively, other studies have utilized electromagnetic (EM) sensors embedded
in needle tips to enable tracking within a generated magnetic field. Research
indicates that in favourable environments, an average accuracy of 1 mm can be
achieved. However, the use of EM sensors presents several challenges. Firstly,
calibration is required for seamless integration into the workflow. Secondly, the
tracking accuracy is contingent on the absence of metal and magnetic fields in the

environment. Lastly, the implementation of EM sensors can be relatively costly.

Alternatively, the NTT can be achieved by leveraging the accurate model of the
needle deflection. Shape sensing techniques, such as strain gauges and Fiber
Bragg Gratings (FBG), can be attached along the needle shaft to retrieve
information on the needle’s deflection. However, the FBG technology, while
offering accurate needle shape reconstruction in real-time, is sensitive to
temperature variations and can be relatively expensive to implement.

The objective is to present a novel sensing method for tracking the position of a
needle tip accurately and in real time. The proposed method incorporates an
optical fiber within the lumen of the needle to emit light at the needle tip. By
capturing the light scattering imaging on the tissue surface, an Al-empowered
image processing algorithm is employed to analyse the images and estimates the
spatial position of the needle tip. The primary focus of this research is to utilize
this technique for guiding needle insertion into deep vessels in the groin region,
with the ultimate aim of enhancing patient care through improved effectiveness
and efficiency. To the best of the authors’ knowledge, the proposed NTT approach
presents a pioneering advancement, and holds significant potential for extension

to various other applications such as vessel puncture detection.

It is to be understood, that guiding is to be construed as providing spatial

information to a user in relation to the surgical instrument.

The invention may be rephrased to a method for aiding surgical tools, such as

needles, insertion to a non-homogeneous tissue area inside the body or organ.



WO 2024/200545 PCT/EP2024/058305

10

15

20

25

30

35

26

The target tissue area may be in an irregular shape (tumor), but also can be in a

tubular structure (vessels).

Despite training, achieving precise needle insertion to target a tumor situated
deep within the body remains a challenge. Nevertheless, this procedure is
frequently required for biopsy or treatment purposes. Typically, cancer treatments
may require interventions with radioactive seed placement, Photodynamic

Therapy (PDT) and target drug delivery.

It may also be interesting to introduce light to area near the tumor for PDT. PDT is
a treatment that uses special drugs, sometimes called photosensitizing agents,
along with light to kill cancer cells. The drugs only work after they have been
activated by certain kinds of light. However, light cannot travel very far through
body tissues. This limits its application to treating large cancers or cancers that
have grown deeply into the skin or other organs. The invention can be applied for
introducing optic needle to the target area and providing lighting during this

treatment procedure.

During needle insertion, the needle bevel face can point downwards, or
specifically, towards the vessel, instead of facing upwards. With this trick, the
imaging is able to indicate the proximity of vessel, as well as increase the
sensitivity of puncture detection. This is because more light can be absorbed by

the blood right after the venipuncture with this trick.

As described, one of the primary applications for the proposed technology is to
facilitate the guidance of needle insertion into the femoral artery in the groin area.
The artery is ensconced within layers of adipose tissue and connective tissue
beneath the skin. The distance between the skin surface and the femoral artery in
the groin area is subject to variation, particularly in relation to the patient’s body
mass index (BMI). In individuals of normal weight for their height, the femoral
artery usually resides 2 to 3 cm below the skin. For those with obesity, the artery

can be positioned as deep as 4 cm.

Fig. 11 shows a simplified model that treats the skin and adipose tissues together

as a homogeneous material, assuming a uniform optical property for both. Given
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that the bevel tip of the needle consistently points upward during insertion, once
the needle tip penetrates the tissue, the light emitted from it travels through the
tissue and generates a scattering image on the skin’s surface. Moreover, we

assume that the tissue surface is flat.

The Bouguer-Beer-Lambert law, an exponential function, governs the intensity of
the light as it travels through the tissue, causing it to attenuate. We further
denote the light intensity emitting from the needle tip as Io. In this case, the

intensity at point P1 can be calculated as follows:

I(P1) = (1 - Rr) Ioexp(-uds) (1)

where d; is the distance between the light source Po and P:1, RF and pt represent
the diffuse Fresnel reflectance and the attenuation coefficient of tissue

respectively.

In addition, the current system set the distance between the tissue surface and
the camera’s imaging plane, h, as a fixed value. According to Equation 1, the
generated scattering imaging on the tissue surface has a unique mapping to the
needle tip relative position inside the tissue. Since establishing the correlation
between the needle tip position and the produced scattering image is complex, an

Al based method is developed.

The system incorporates a custom-designed needle which is created by inserting
an optic fiber (M137L02, Thorlabs Inc., US) into the lumen of a 22G needle and
then securing the two components with glue. The Thorlabs 880 nm LED is selected
as the light source, because the near-infrared (NIR) spectrum has relatively lower
absorption rate in tissue compared to visible light, enabling the light to penetrate
thicker tissue. Additionally, the selected light source has a power output of about

0.6 mW, which provides sufficient intensity while maintaining safety.

The control and data acquisition system is based on a portable PC (NUC10i7),
which manages a micro-controller (Arduino UNQO) for toggling the light source on
and off. In addition, a camera (ASI178MM, ZWO Co. Ltd., China) is positioned 100
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mm above the tissue surface and interfaced with the PC to capture the scattering

image.

A TrakSTAR electromagnet (EM) tracking system (NDI Inc., Canada) is employed
to track the spatial position of the needle tip, serving as the ground-truth values
for supervised learning. The EM sensor system comprises two main components:
a coil and an EM sensor. The coil is securely fastened onto the platform, while the
EM sensor is affixed to the needle hub. Please note that the EM sensor is only
used for acquiring needle tip position to feed the network training, and is not

necessary for the actual deployment.

For data collection, the software system is constructed using the Robot Operation
System (ROS) framework, which operates on the NUC PC. Additionally, a system
with a Threadripper 5965WX CPU and an NVIDIA RTX 6000 Ada Generation GPU is
used for training the Al algorithm which is developed based on PyTorch with
PyTorch Lightning. After the AI model has been fully trained, it is tested on the
NUC PC to assess its efficacy and performance. We choose to implement the final

system on the NUC PC for consideration of system portability.

The calibration procedure comprises two essential steps.

Firstly, the intrinsic parameters of the camera should be acquired in order

to generate a distortion-free imaging. This is done by utilizing a chessboard
pattern to ensure accurate mapping between real-world coordinates and their
corresponding image coordinates. OpenCV lib is employed for calculating these

required camera parameters.

Secondly, a coordinate transformation is performed to establish a mapping
between the coordinate of the needle tip {N} in relation to the global coordinate
on the platform {G}. This task is accomplished through the EM sensor, whose

relative position in relation to the coil &3

EM can be obtained directly. A pivot calibration is done by manually controlling
the needle tip to the origin of {G} multiple times and at varying orientations. By
collecting a series of data, we can retrieve the relation between the EM sensor and

the needle tip, namely TE™. Subsequently, the needle tip is navigated to 9
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predefined points on the platform, arranged in 3 rows and 3 columns and spaced
30 mm apart. The center of these 9 points is the origin of {G}. The least square
method is used to fit the collected points, and we can calculate the transformation
matrix between the coil frame and the global frame as T£ ;. The parameter fitting
procedure also calculate the residual which corresponds to the Euclidean distance
reprojection error of 0.64 mm. With the above transformation matrix obtained,
the position of the needle tip in the global coordinate system can be calculated as

follows:

G _ G nCoil mEM
TN - T(.?m'l : TEJW ! Ti 2)

AI based Needle tip tracking

Data acquisition

To acquire the required data for training and validating the proposed system, a
software system is designed following the workflow illustrated in Fig. 11. This
system runs in a loop, and controls the activation and deactivation of the light
source during data acquisition process. Images are taken with the needle light on
(Imgon) continuously only interrupted by an ambient light image (Imgofr) taken
every 2 s with the needle light off. With the use of the newest ambient light
image, each illuminated image ambient light can be removed with Imgres = Imgon

- Imgofr. The residual image Imgres is then published to the ROS network.

During the data acquisition, the user presses a button on the keyboard and the
system automatically save the residual image (downscaled to 400x400) and the

current needle tip position with respect to the global coordinate.

Data normalization

In the context of neural networks receiving images as input, each image is divided
by the maximum pixel value to enhance convergence for the model. The images
are initially stored in a uint16 format, with a pixel value range spanning from 0 to

65535. Consequently, the images are normalized to a range of [0, 1].

Moreover, the 3D positional information corresponds to a spatial region within the

global coordinate system. To ensure consistent data representation, the positional
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data in the X and Y axes are further normalized to the range of [-1, 1], while the

Z-axis data is normalized to the range of [0, 1].

Quaternion processing
Quaternion is used in this invention to represent orientation of the needle tip. Due
to the unit norm constraint, the direct probabilistic modelling of quaternion
trajectories becomes intractable. For this, we use the method for converting
quaternion into Euclidean space. An auxiliary quaternion qo is introduced, and a 4-
D quaternion g1 can be transformed to a 3-D vector by calculating the logarithm
of orientation difference as follows:

C(ar) = log(q * q0) = arccosvH“T” ifu#0

B = e R = 000" if otherwise. 3)

where v and u represent the real and imagine part of qi1 respectively.
To recover the quaternion given the 3-D Euclidean representation (qz),

an exponential operation is conducted.

g2 = exp(C(g2)) * %o )
Where

cos (ICIl) +sin (lICl & ¢ £0
1+[00 O]T if otherwise.

exp(¢) = {
(5)

NTT algorithm architecture

The present invention utilizes a Convolutional Neural Network (CNN) model for
processing input images. The CNN architecture chosen for this purpose consists of
five convolutional blocks, each employing a varying number of filters: 8, 16, 32,
64, and 128. Each block comprises two convolutional layers that employ Rectified
Linear Unit (RelLU) activation function. Following the convolutional layers, a max
pooling layer is employed to down sample the feature map. As a result, the final
feature map dimensions are 128X4X4. To facilitate further processing, a fully

connected layer with 417 neurons, activated by RelU, is incorporated. The output
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layer of the model consists of two fully connected layers with linear activation,
which yield predictions for both needle position and orientation. A visual

representation of the model architecture can be seen in Fig. 12.

Experiments

Two experiments were designed to evaluate the proposed NTT system and
algorithm. The first experiment was based on a rubber phantom which is made of
homogeneous material. Specifically, we were dedicated to test and compare the
system performances with different exposure times. Furthermore, the second
experiment was carried out on a more realistic porcine phantom. By employing
this sequential approach, the experimental design aims to validate the proposed
method in guiding needle insertion during the femoral artery intravenous task.
Also, the test is conducted to evaluate the proposed method’s potential in other
medical applications that involve more intricate anatomical structures.

The evaluation metrics include positional accuracy, orientation accuracy and
processing time. The orientation accuracy is quantified by the absolute value ||{||

using Equation 3 with qo as the ground-truth value and q: as the predicted value.

Preliminary experiment on rubber phantom

The first experiment was conducted on a TrulV block phantom (Limbs

& Things Co., UK), which is made of homogeneous rubbery material. During the
experiment, the optic needle was manually inserted into the phantom in various
depths and orientations for generating datasets. Specifically, the data were
collected within a box with a length of 60 mm, a width of 40 mm and a depth of
45 mm. The insertion angle was kept with the needle bevel tip facing up towards
the camera. The pitch ¢ was between 30° and 70° with a yaw 6 from -45° to 45°.
The data collection process was conducted with even sampling across the defined

space.

In total, two datasets were generated, comprising images and the corresponding
spatial position of the needle tip in 6-DOFs. One dataset was captured with an
exposure time of 20 ms, while the other dataset utilized an exposure time of 100

ms with 511 samples each.
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The dataset was divided into three subsets using a 60/20/20 split, where 60% of
the data was allocated for training, 20% for validation, and the remaining 20% for

testing.

System evaluation based on porcine phantom

The second set of experiments involved the use of porcine tissue phantoms to
create a realistic evaluation environment. For this purpose, two types of phantoms
were obtained from the market: a piece of bacon and a piece of fresh pork slab.
The size of both phantoms were big enough for ensuring coverage of the camera’s
field of view. The bacon phantom featured a 2 mm thick layer of skin and a
substantial layer of fat, closely simulating the actual anatomical characteristics of
the human groin area. The total thickness of the bacon phantom was measured to
be 34.9+2.2 mm. As for the fresh pork phantom, a more complicated anatomic
structure was observed with intersecting layers of fat and muscle beneath the skin
surface. The overall thickness of the fresh pork phantom was found to be
47.8+3.2 mm. This complex anatomical structure allows us to assess the
capabilities of the proposed technology in handling more intricate medical

applications.

During the experiment, one of the phantom was placed on the platform, and then,
the camera height was adjusted to maintain a distance of 100 mm above the
tissue surface. Following this setup, a data collection procedure similar to the one
employed in the first experiment was conducted, but only 100 ms exposure time
was used. This was because a far better performance was received from the
experiments on the rubber phantom. During the data collection, the needle was
manually inserted into the tissue at various depths and angles, encompassing a
range identical to that of the first experiment. Care was taken to ensure a straight
needle shaft before proceeding with data recording, including both the scattering

image Imgres and the corresponding needle tip position.

In the second experiment, a dataset of 1367 samples on bacon and 1142 samples
on fresh was created. The data processing was the same as in the first
experiment. The data were divided into a 60/20/20 split for the training,
validation, and test dataset. The collected data from the second experiment were

utilized to train the proposed CNN-based model. The previously identified



WO 2024/200545 PCT/EP2024/058305

33

hyperparameters found effective for the phantom model were applied in this

training process.

Model training and hyperparameter tuning
5 In order to determine the optimal parameters for the model’s architecture and

training, a Bayesian hyperparameter tuning approach was employed with the
training and validation split from the rubber phantom. The ranges of the explored
parameter values can be found in Table 1. During the model’s training process, a
learning rate scheduler was employed if the hyperparameter was true. This

10 scheduler would reduce the current learning rate with a factor of 0.1 if the
validation loss of the model did not demonstrate improvement within a span of 30
epochs and terminates the training if no improvement is seen within 100 epochs.
The loss function used for the model training is a Mean Squared Error (MSE) loss
with the position and orientation Loss = MSEp(p, p) + a - MSEO(o, 0), where p and

15 o is the ground-truth position and orientation vectors p = [x y z], 0 = [0x Oy O], P
and & the model prediction for the position and orientation and a being the loss

weight for the orientation. The Bayesian hyperparameter tuning used the best

validation loss score for the parameter search.

Table 1: Parameter ranges for hyperparameter tuning

Parameter Range
Optimizer Adam, AdamW, 5GD

Batch Size 4 64

Conv Blocks (CB) 1 5

CB initial filter 4 16

Fully Connected layers 1 4
Fully Connected Layer Size | 10 512
Use learning rate schedule | Yes No
Loss weight orientation 0.0, 1.0
Learning Rate 1le-9 le-1

20
The following parameter settings were selected from 668 runs: the AdamW

optimizer, with a batch size 32. The initial filter count for the convolutional blocks
was set to 8 with 5 blocks, while the fully connected layer had a size of 517
neurons with one layer. The learning rate was set to 0.00013 with a learning rate

25 scheduler. The orientation component of the loss was weight with 1.174.
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Results based on the rubber phantom

Table 2 presents the computed position accuracy in the X, Y, and Z components,
as well as the L2 norm, based on the test set. For each component, the mean
error, standard deviation (STD) and 90 percentile (90%ile) are reported. To
mitigate the influence of random weight initialization, the models were trained

independently ten times, and the aggregated results were considered for analysis.

The results in Table 2 indicate that small differences of the position accuracy in
the X, Y, and Z component. Additionally, results using 100 ms exposure time are
found considerably better compared to the results using 20 ms exposure time.
Moreover, the L2 norm errors in different insertion depths Z* are plotted in Fig.
13. The insertion depth Z* is obtained by subtracting the needle tip’s Z value,
relative to the global coordinate, from the height of the phantom. Relatively

higher errors are observed from the first 5 mm of depth, while

Table 2: The mean error (mean), standard deviation (STD) and 90 percentile
(90%ile) in mm comparing the CNN output and ground-truth on the rubber

phantom with 20 and 100 ms exposure time based on the test set.

mean STD | 90th %ile

Exposure | 20 | 100 | 20 | 100 | 20 | 100
X 1.7 11126 1.0 3.5 | 2.7

Y 3.5 122813 |74 2.3

Z 150111191032 24

L2 471231361591 3.9

Table 3: The orientation error obtained from the rubber phantom experiment.

mean STD 90th %ile
Exposure | 20 100 20 100 | 20 | 100
I 024 020 0.14 | 0.11 | 05 0.4

The results from 5 to 40 mm are found relatively consistent. Also, higher

positional accuracy of the system with 100 ms exposure time is found compared

to that with 20 ms exposure time.
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The orientation accuracy, presented as ||C||, are presented in table 3. Results of
different exposure time, namely 20 ms and 100 ms, are shown together for

comparison.

Results based on porcine phantoms

The positional tracking error based on the bacon and fresh porcine phantoms are
summarized in Table 4. Specifically, the errors in the X, Y, and Z directions, as
well as their corresponding L2 norm are presented. The observed errors in the X,
Y, and Z component exhibits similarities: approximately 1.0 mm for the bacon
phantom and 1.6 mm for the fresh pork phantom. In fact, the tracking accuracy
(L2 norm) is higher for the bacon phantom compared to the fresh pork phantom,

with values of 2.0£1.2 mm and 3.2+£3.1 mm respectively.

The L2 norm accuracy in different insertion depths Z* are shown in Figure 8. The
errors observed in the results obtained from the bacon phantom are relatively
smaller when compared to those from the fresh pork phantom. This is coherent to
the results reported in Table 4. In addition, the results collected from the bacon
phantom demonstrate consistency across different insertion depths. In contrast,
an increasing trend is evident in the results acquired from the fresh pork
phantom. In addition, the needle tip orientation tracking errors are provided in
Table 5. Slightly higher accuracy in tip orientation estimation is found on the
bacon phantom (0.16%0.1) compared to the fresh pork phantom (0.19+0.1).

Processing time

The proposed system and the CNN based tracking algorithm was implemented
and tested on a portable PC, NUC (Intel i7 CPU). In addition to the camera’s
frame rate, the processing time was found to be 20.2+0.8 ms. Notably, the
processing time can be further reduced to sub-millisecond when the same
algorithm was tested on a computer with graphical processing units (GPUs). This
observation suggests that the proposed system is sufficiently fast for real-time

tracking of the needle tip, even when implemented on a portable setup.
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Discussion
Through a comparison of the results obtained from the rubber phantom, it is

evident that the positional error with a 20 ms exposure time (4.7£3.6 mm)

Table 4: The mean error (mean), standard deviation (STD) and 90 percentile
(90%ile) in mm comparing the CNN output and ground-truth on both the bacon

phantom (Bacon) and the fresh pork phantom (Fresh) based on the test set.

mean STD 90th %ile
Phantom | Bacon | Fresh | Bacon | Fresh | Bacon | Fresh
X 0.9 1.5 0.8 2.0 2.0 3.1
Y 1.0 1.6 0.8 2.4 2.0 3.2
Z 1.2 1.6 1.0 1.4 2.5 3.4
L2 2.0 3.2 1.2 3.1 3.6 5.4

Table 5: Orientation error of needle tip tracking results on the bacon phantom

(Bacon) and the fresh pork phantom (Fresh).

mean STD 90th %ile
Phantom | Bacon | Fresh | Bacon | Fresh | Bacon | Fresh
1< 0.16 0.19 0.10 0.10 0.3 0.3

is higher than that with a 100 ms exposure time (2.3+£1.5 mm). These findings
highlight the significance of exposure time as a key factor in generating adequate
intensity on the tissue surface, particularly when the needle is inserted to depths
of up to 40 mm. Nevertheless, an alternative approach to enhance lighting

intensity can be through increasing the power of the light source.

Based on the results obtained from the porcine experiment, the L2 norm errors
derived from the bacon phantom remained within 3.6 mm, whereas the errors
from the fresh pork phantom are generally higher, mostly within 5.4 mm. In fact,
the bacon phantom more closely resembles the anatomy of the human groin area,
where mostly consists of fat. Therefore, the achievement of a 3.6 mm error
demonstrates the efficacy of the proposed technology, considering that the radius
of the femoral artery typically ranges from 4 to 5 mm. Also, the proposed method
is considered sufficient for this application since only the tracking accuracy in X

and Y direction are more critical to target the needle to the artery.
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The results obtained from the fresh pork phantom exhibit reasonable performance
up to an insertion depth of 30 mm. However, the errors noticeably escalate from
Z* = 30 mm to 40 mm, as shown in Figure 8. This occurrence can be attributed to
the significant reduction in light intensity captured by the camera. In Fig. 15,
examples of imaging from two different depths (10 mm and 30 mm) for both the
bacon and fresh pork phantoms are provided. It is evident that the lighting
intensity for the fresh pork phantom at Z* = 30 mm becomes hard to discern,
whereas the lighting from the needle tip at the same depth remains
distinguishable for the bacon phantom. This can be interpreted due to the higher
concentration of muscle in the fresh pork phantom, which absorbs a greater
amount of light (near-infrared), affecting the intensity of the captured images.
Given the tracking error within 5.4 mm, the proposed system is still demonstrated
to be able for easy extension to various medical applications with more complex

anatomical features.

Furthermore, we can see that a slightly higher error is observed for Z* <= 5mm
in the results obtained from the rubber phantom (Fig. 13). This discrepancy is
suspected to be caused by the insufficient number of samples collected near the
surface of the phantom. To avoid this, an additional 100 samples were collected
from the near-surface Z* <= 10mm during the experiments conducted on the
bacon and the fresh pork phantoms. Consequently, it is found that the error in the
near-surface area is not higher than that in the subsurface region, as shown in
Fig. 14.

It is also interesting to see that the darkened skin of the bacon phantom

surprisingly does not excessively hinder the passage of light. As a result, the
camera is still able to capture high-intensity images even at greater insertion
depths. This finding is encouraging as it suggests that the system possesses

robust potential for use across different skin tones.

In this invention, the accuracy of needle orientation tracking is measured by the
|1C]] value, which ranges from 0 to n, with smaller values indicating higher
accuracy. The results demonstrate that the orientation accuracy achieved is

commendable. While it may not be critical for this specific application, the ability
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to track needle orientation holds significant importance in other medical

applications, such as needle steering.

The power of the light source has not been optimized. For safety considerations,
an ultra-low power light source (0.6 mW) is chosen. However, it is possible to
utilize a relatively higher power light source. In this case, it would be feasible to
reduce the exposure time of the camera while maintaining a comparable level of
imaging quality. Secondly, despite our efforts to ensure a straight needle shaft
during data collection, small manual errors may still involve, affecting the
consistency of the transformation matrix between the needle tip and the EM
sensor. While these errors are challenging to completely eliminate, multiple
measures were taken to minimize their impact. Additionally, the above positional
accuracy in each case must be assessed in relation to the system’s calibration.
Namely, the Euclidean distance reprojection error, 0.64 mm, should be taken into
account when evaluating the system’s performance. Also, to use this method in
practise, virtual reality technique can be integrated in the future for guiding the

whole insertion process.

It is to be understood, that guiding is to be construed as the provision of spatial

information relating to the surgical instrument.

This invention presents a cutting-edge technology aiming to achieve precise and
efficient needle tip tracking during the insertion to a deep subsurface location. The
system is developed through combining optical imaging and Al-based algorithms.
Experimental evaluations conducted on rubber and porcine tissue phantoms
validate the system’s capability for accurate and real-time tracking of the needle
tip during the insertion procedure. In addition, the results highlight the potential
of the system to enhance the safety and efficiency of femoral artery insertion

procedures, and demonstrate its versatility for different medical applications.

Fig. 16 shows a graph, the graph representing a performance study perform in
relation to different image resolutions.

A study was conducted on the impact of image resolution on the performance of a
Convolutional Neural Network (CNN) for needle tracking. In this study, the

researchers compared the performance of the CNN using original images with



WO 2024/200545 PCT/EP2024/058305

10

15

20

25

30

35

39

those resized to different dimensions. The original images were of size 400x400
pixels, while the resized versions were 8, 16, 32, and 64 pixels. The performance
is evaluated as the error in mm between the needle tracking sensor (ground
truth) and the model estimate for the 3 coordinates x,y,z. Two sets of samples
were utilized in the study: one for training, consisting of nearly 800 images, and

another for testing, comprising over 200 images.

The results are shown in the following figure, with performance, as difference in
mm compared between true measured and determined by the CNN, shown on y-
axis; and resolution in pixels shown on the x-axis. The performance improves
from 8x8 pixels to 32x32 pixels. Beyond this point, however, additional
information does not yield further improvement in model performance, leading to
a plateau effect.

From this study, the inventors were able to determine that an optimal array of

sensors for a patch is between 32x32 and 128x128 sensors.

Fig. 17 shows a confusion matrix CONF MAT., related to puncture detection
accuracy, based on a study performed on tissue (fat from a pig) and fake blood
respectively, using the algorithm according to the invention, to detect a change
between a first and second tissue. T. indicates true value and PRED. indicates

predicted by the algorithm.

The algorithm performed with the following accuracy:
Recall: 72%

Specificity: 98%

Fl-score: 88%

Precision: 79%

Accuracy: 93%

Thus, the inventors has demonstrated that the algorithm provides a high accuracy

in determining a change in tissue, from at least between fat and blood.

It is to be understood, that a confusion matrix, is a tool for evaluating the
performance of a machine learning model, especially in classification tasks.
True Positives (TP):
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These occur when the model accurately predicts a positive data point.
For instance, if our model correctly identifies a relevant event (where “positive”
represents the occurrence of the event), it's a true positive.
True Negatives (TN):
5 These occur when the model accurately predicts a negative data point.
For example, if the model correctly classifies a non-event scenario (where
“negative” represents the absence of the event), it's a true negative.
False Positives (FP):
These occur when the model predicts a positive data point incorrectly.
10 Imagine the model incorrectly labeling a non-event scenario as an event; that’s a
false positive.
False Negatives (FN):
These occur when the model mispredicts a negative data point.
For instance, if the model fails to identify an actual event, it's a false negative.
15

The above calculations have been performed in the following manner:

Precision (also called positive predictive value):

Precision measures the proportion of true positive predictions out of all positive
20 predictions made by the model.

It answers the question: “Of all the positive predictions, how many were actually

correct?”

Precision = TP / (TP + FP)

25 Recall (also called sensitivity or true positive rate):
Recall measures the proportion of true positive predictions out of all actual
positive instances.
It answers the question: “Of all the actual positive instances, how many did the
model correctly predict?”

30 Recall = TP/ (TP + FN)

F1 Score:

The F1 score is the harmonic mean of precision and recall.

It balances precision and recall, especially when one of them is significantly higher
35 than the other.



WO 2024/200545 PCT/EP2024/058305

41

F1 Score = 2 * (Precision * Recall) / (Precision + Recall)

Further, the researchers performed a study for arterial and venous identification:
Two kinds of fake blood (arterial and venous) were tested at two wavelengths,

5 660nm and 850nm, which were emitted from the surgical instrument.

The study found, that when using 660 nm as lighting source, the system was able

to achieve 90% accuracy in classifying artery and vein.

10 When 850 nm light source was used, 81% accuracy for this classification was

achieved.

In short, the invention relates to a system and method for providing the depth
and orientation of a surgical instrument inserted into biological tissue. The system
15 comprises a surgical instrument adapted to emit light into the biological tissue and
a light detection device outside said tissue, and wherein an algorithm is adapted
to provide said depth and orientation information, based on light scatter detected
by the light detection device; and a peripheral user interface adapted to receive
and display said information to a user if the surgical instrument, such as a health
20 care person. In particular, the invention is advantageous for aiding e.g. a nurse in
reaching a small blood vessel of e.g. an infant or small child with a cannula.
Further, the invention is advantageous for training health care personnel to
improve their needle insertion technique, such as with a training phantom and
provide decision support during needle insertion.
25
Although the present invention has been described in connection with the
specified embodiments, it should not be construed as being in any way limited to
the presented examples. The scope of the present invention is set out by the
accompanying claim set. In the context of the claims, the terms “comprising” or
30 “comprises” do not exclude other possible elements or steps. Also, the mentioning
of references such as “a” or “an” etc. should not be construed as excluding a
plurality. The use of reference signs in the claims with respect to elements
indicated in the figures shall also not be construed as limiting the scope of the
invention. Furthermore, individual features mentioned in different claims, may

35 possibly be advantageously combined, and the mentioning of these features in
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different claims does not exclude that a combination of features is not possible

and advantageous.

In exemplary embodiments E1-E20 the invention may relate to:

E1l. A computer implemented method of determining the spatial position and
orientation of a surgical instrument, such as a cannula or catheter, when the
surgical instrument is positioned within tissue of a subject, the computer
implemented method comprising:

-emitting light from a portion of the surgical instrument at least when said portion
is positioned within tissue,

-providing a light detection device outside of said tissue,

-detecting light scatter from within the tissue, with the light detection device,
-providing an algorithm adapted to determine the spatial position and orientation
of the instrument, relative to a reference point, into said tissue, based on the light
scattered from within the tissue,

-providing the position and orientation of the surgical instrument to a user.

E2. The computer implemented method according to embodiment 1, wherein the
algorithm is a machine learning algorithm, the method further comprising:
-providing said machine learning algorithm with a training set adapted to train the
machine learning algorithm to determining the position and orientation of the
surgical instrument emitting light within a tissue, the training set being based on
predetermined spatial positions, orientations and light scatter patterns of light

emitted from tissue.

E3. The computer implemented method according to embodiment 1 or
embodiment 2, the method further comprising:

-providing light scatter information relating to tissue structures, such as blood
vessels, nerves or bone, adjacent to the light emitted from the surgical instrument
and providing the user with spatial tissue structure information relative to a

current position of the surgical instrument.

E4. The computer implemented method according to any of the preceding

embodiments, the method further comprising:
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-providing verification to the user relating to the surgical instrument entering a
tissue structure, such as a blood vessel, within the tissue, based on the detected

light scatter from within said tissue structure.

E5. The computer implemented method according to any of the preceding
embodiments, the method further comprising mapping tissue structures adjacent
to the instrument, based on the light scatter and providing a spatial overview of

the tissue to the user.

E6. The computer implemented method according to any of the preceding
embodiments further comprising:
-receiving an input from the user relating to a selected target within the
tissue,
-guiding the user to translate the surgical device to said target based on
detected light scatter,
and when the surgical instrument is positioned at or within said target,
-verifying the position of the surgical instrument at or within said target to

the user.

E7. The computer implemented method according to any of the preceding
embodiments, the method further comprising applying graphics processing units

(GPU’s) to train and perform the machine learning algorithm.

E8. A spatial positioning and orientation system for a surgical instrument, the
system comprising:

-a light detection device arranged outside the tissue,

-a user interface in data communication with the light detection device,

-an instrument adapted to emit light from a portion of said instrument within
tissue, when said portion of the instrument is positioned within tissue,

-a processor adapted to execute an algorithm, said algorithm determining a
spatial position and orientation of the surgical instrument within the tissue, based
on light scattered from within the tissue and detected by the light detection
device, wherein the system is configured to provide the spatial position and
orientation of the surgical instrument to a user through the user interface, while

said user operates the surgical instrument within tissue of a subject.



WO 2024/200545 PCT/EP2024/058305

10

15

20

25

30

35

44

E9. The system according to embodiment E8, wherein the light detection device is
a camera positioned at least above an entry point of the tissue, the entry point
being the point of entry of the surgical device into the tissue of the subject, the
system further comprising a distance measuring device adapted to measure a
distance between an outer surface of the tissue and said camera, the device

adapted to calibrate the measured light scatter from the tissue to the camera.

E10. The system according to embodiment E8, wherein the light detection device
is a sensory array, preferably a patch with an array of sensors, adapted to be
adhered to skin of a subject adjacent to an entry point into tissue of said subject,
the sensory array comprising photo-sensors adapted to detect light scatter from

within said tissue.

E11. The system according to any of embodiments E8, E9 or E10, the surgical
instrument comprising one or more light sources, such as an LED or an array of
LED’s, the light source(s) positioned at or near a distal tip of the surgical

instrument.

E12. The system according to any of embodiments E8, E9 or E10, the surgical
instrument being adapted with a lumen comprising one or more optical fibres

adapted to emit light at or near a distal tip of the surgical instrument.

E13. The system according to any of embodiments E11 or E12, wherein a plurality
of light sources is adapted to emit light at different wavelengths and/or or at

different temporal intervals, to generate a specific pattern of light emitted.

E14. The system according to any of embodiments E8 to E13, the system being a
decision support system and wherein the system is adapted to guide the user to
reach a target of the tissue with the surgical instrument, said target being

specified by said user through the user interface.

E15. The system according to any of embodiments E8 to E14, the user interface
comprising visible or audible output adapted to guide the user to operate the

surgical instrument within tissue.



WO 2024/200545 PCT/EP2024/058305

10

15

20

25

30

45

E16. The system according to any of embodiments E8 to E15, wherein the
processor applies graphics processing units (GPU’s) to train and perform a

machine learning algorithm.

E17. The system according to any of embodiments E8 to E16 further comprising a

bioimpedance sensor adapted to measure changes in electrical conductivity.

E18. A surgical instrument, preferably cannula, comprising:
-a light source at or near a distal tip of the instrument,
-a light detection device at a proximal location of the instrument,
-a processor adapted to receive and process a signal received from the
light detection device,
-a wireless transmitter adapted to transmit processed data from the
processor to an associated peripheral device, such as a computer, and
-optionally an energy storage device, such as a battery,
wherein the surgical instrument is configured to detect light scatter from
within tissue, when at least the distal tip of the surgical device is inserted
into said tissue and provide information relating to tissue structures
adjacent to the light source, to a user through said associated peripheral

device.

E19. The surgical instrument according to E18, further comprising a bioimpedance

sensor adapted to measure changes in electrical conductivity.

E20. The surgical instrument according to E19, wherein the bioimpedance sensor

is integrated into or near the distal tip of the instrument.

E21. The computer implemented method according to any of embodiments E1 to
E7 further comprising:
-receiving an input from the user relating to a selected target within the
tissue,
-providing a current position and orientation of the surgical instrument to

the user;
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and when the surgical instrument has been positioned at or within said
target,
-verifying the position of the surgical instrument at or within said target to

the user.

E22. The computer implemented method according to any of embodiments E1 or
E3 to E6, wherein the algorithm is selected from one or more of a convolutional
neural network or fundamental image processing in combination with multi-layer

perceptron.

E23. The computer implemented method according to E1, the method further
comprising
-detecting a first tissue based on the light scatter,
-detecting a second tissue based on a change in the light scatter,
-providing the user with information that a second tissue has been
detected.

E24. The system according to any of embodiments E10 to E17, wherein the
sensory array comprises at least 8x8 sensors, preferably at least 16x16 sensors,

even more preferred at least 32x32 sensors.

E25. The system according to any of embodiments E10 to E17, wherein the

sensory array comprises between 32x32 and 128x128 sensors.

E26. A method of training an algorithm to determine the spatial position and
orientation of the surgical instrument according to any of embodiments E18 to
E20, the training method comprising:

-providing the algorithm with a training set adapted to train the algorithm to
determine the position and orientation of the surgical instrument emitting light
within a tissue, the training set being based on predetermined spatial positions,

orientations and light scatter patterns of light emitted from tissue.

E27. The method of training an algorithm according to E26, wherein the training

set comprises at least a first set of images obtained from outside of the tissue,
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and a data set comprising a measured position and orientation of the surgical

instrument within the tissue.

E28. The method of training an algorithm according to any of embodiments E26 or
E27, wherein the algorithm is further trained to detect the transition of position of

the surgical instrument, from a first tissue to a second tissue.

E29. The method of training an algorithm according to any of embodiments E26 to
E28, wherein the training set further comprises images obtained from outside of
the tissue, wherein the surgical instrument emits light within the first tissue, and
images wherein the surgical instrument emits light within the second tissue,

training the algorithm to detect a change in tissue.

E30. The method of training an algorithm according to any of embodiments E26 to
E29, wherein the algorithm is selected from one or more of a convolutional neural
network or fundamental image processing in combination with multi-layer

perceptron.

E31. The surgical instrument according to any of embodiments E18 to E20,
wherein the light source is an optic fiber provided through a lumen of said surgical

instrument.

E32. The surgical instrument according to any of embodiments E18 to E20 or E31,

wherein the light source is adapted with a lens.

E33. The computer implemented method according to any of the embodiments E1

to E7 or E21 to E23, wherein the emitted light is adapted with a spatial pattern.

E34. The computer implemented method according to any of the embodiments E1

to E7 or E21 to E23, wherein the emitted light is adapted with a temporal pattern.

E35. The computer implemented method according to any of the embodiments E1
to E7 or E21 to E23, wherein the emitted light is adapted with a spatial pattern

and temporal pattern.
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E36. The computer implemented method according to any of the embodiments E1
to E7 or E21 to E23 or E33 to E35 further comprising

-emitting light from at least a second portion of the surgical instrument and
wherein at least one of the emitted lights are adapted with a temporal or spatial

pattern.
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CLAIMS

1. A computer implemented method of determining the spatial position and
orientation of a surgical instrument, such as a cannula or catheter, when the
surgical instrument, prior to the method, is positioned within tissue of a subject,
the computer implemented method comprising:

-emitting light from a portion of the surgical instrument at least when said portion
is positioned within tissue,

-providing a light detection device outside of said tissue,

-detecting light scatter from within the tissue, with the light detection device,
-providing an algorithm adapted to determine the spatial position and orientation
of the instrument, relative to a reference point, into said tissue, based on the light
scattered from within the tissue,

-providing the position and orientation of the surgical instrument to a user.

2. The computer implemented method according to claim 1, wherein the algorithm
is @ machine learning algorithm, the method further comprising:

-providing said machine learning algorithm with a training set adapted to train the
machine learning algorithm to determining the position and orientation of the
surgical instrument emitting light within a tissue, the training set being based on
predetermined spatial positions, orientations and light scatter patterns of light

emitted from tissue.

3. The computer implemented method according to claim 1 or claim 2, the
method further comprising:

-providing light scatter information relating to tissue structures, such as blood
vessels, nerves or bone, adjacent to the light emitted from the surgical instrument
and providing the user with spatial tissue structure information relative to a

current position of the surgical instrument.

4. The computer implemented method according to any of the preceding claims,
the method further comprising:

-providing verification to the user relating to the surgical instrument having
entered a tissue structure, such as a blood vessel, within the tissue, based on the

detected light scatter from within said tissue structure.
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5. The computer implemented method according to any of the preceding claims,
the method further comprising mapping tissue structures adjacent to the
instrument, based on the light scatter and providing a spatial overview of the

tissue to the user.

6. The computer implemented method according to any of the preceding claims
further comprising:
-receiving an input from the user relating to a selected target within the
tissue,
-providing a current position and orientation of the surgical instrument to
the user;
and when the surgical instrument has been positioned at or within said
target,
-verifying the position of the surgical instrument at or within said target to

the user.

7. The computer implemented method according to any of claims 1 or 3 to 6,
wherein the algorithm is selected from one or more of a convolutional neural
network or fundamental image processing in combination with multi-layer

perceptron.

8. The computer implemented method according to claim 1, the method further
comprising
-detecting a first tissue based on the light scatter,
-detecting a second tissue based on a change in the light scatter,
-providing the user with information that a second tissue has been

detected.

9. The computer implemented method according to any of the preceding claims,

wherein the emitted light is adapted with a spatial pattern.

10. The computer implemented method according to any of the preceding claims,

wherein the emitted light is adapted with a temporal pattern.
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11. The computer implemented method according to any of the preceding claims,

wherein the emitted light is adapted with a spatial pattern and temporal pattern.

12. The computer implemented method according to any of the preceding claims
further comprising

-emitting light from at least a second portion of the surgical instrument and
wherein at least one of the emitted lights are adapted with a temporal or spatial

pattern.

13. A spatial positioning and orientation system for a surgical instrument, the
system comprising:

-a light detection device arranged outside the tissue,

-a user interface in data communication with the light detection device,

-an instrument adapted to emit light from a portion of said instrument within
tissue, when said portion of the instrument is positioned within tissue,

-a processor adapted to execute an algorithm, said algorithm determining a
spatial position and orientation of the surgical instrument within the tissue, based
on light scattered from within the tissue and detected by the light detection
device, wherein the system is configured to provide the spatial position and
orientation of the surgical instrument to a user through the user interface, while

said user operates the surgical instrument within tissue of a subject.

14. The system according to claim 3, wherein the light detection device is a
camera positioned at least above an entry point of the tissue, the entry point
being the point of entry of the surgical device into the tissue of the subject, the
system further comprising a distance measuring device adapted to measure a
distance between an outer surface of the tissue and said camera, the device

adapted to calibrate the measured light scatter from the tissue to the camera.

15. The system according to claim 13, wherein the light detection device is a
sensory array, preferably a patch with an array of sensors, adapted to be adhered
to skin of a subject adjacent to an entry point into tissue of said subject, the
sensory array comprising photo-sensors adapted to detect light scatter from

within said tissue.
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16. The system according to any of claims 13, 14 or 15, the surgical instrument
comprising one or more light sources, such as an LED or an array of LED’s, the

light source(s) positioned at or near a distal tip of the surgical instrument.

17. The system according to any of claims 13, 14 or 15, the surgical instrument
being adapted with a lumen comprising one or more optical fibres adapted to emit

light at or near a distal tip of the surgical instrument.

18. The system according to any of claims 16 or 17, wherein a plurality of light
sources is adapted to emit light at different wavelengths and/or or at different

temporal intervals, to generate a specific pattern of light emitted.

19. The system according to any of claims 13 to 18, the system being a decision
support system and wherein the system is adapted to guide the user to reach a
target of the tissue with the surgical instrument, said target being specified by

said user through the user interface.

20. The system according to any of claims 13 to 19, the user interface comprising
visible or audible output adapted to guide the user to operate the surgical

instrument within tissue.

21. The system according to any of claims 15 to 20, wherein the sensory array
comprises at least 8x8 sensors, preferably at least 16x16 sensors, even more

preferred at least 32x32 sensors.

22. The system according to any of claims 15 to 20, wherein the sensory array

comprises between 32x32 and 128x128 sensors.

23. A surgical instrument, preferably cannula, comprising:
-a light source at or near a distal tip of the instrument,
-a light detection device at a proximal location of the instrument,
-a processor adapted to receive and process a signal received from the
light detection device,
-a wireless transmitter adapted to transmit processed data from the

processor to an associated peripheral device, such as a computer, and
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-optionally an energy storage device, such as a battery,

wherein the surgical instrument is configured to detect light scatter from
within tissue, when at least the distal tip of the surgical device is inserted
into said tissue and provide information relating to tissue structures
adjacent to the light source, to a user through said associated peripheral

device.

24. The surgical instrument according to claim 23, further comprising a

bioimpedance sensor adapted to measure changes in electrical conductivity.

25. The surgical instrument according to claim 24, wherein the bioimpedance

sensor is integrated into or near the distal tip of the instrument.

26. The surgical instrument according to any of claims 23 to 25, wherein the light

source is an optic fiber provided through a lumen of said surgical instrument.

27. The surgical instrument according to any of claims 23 to 26, wherein the light

source is adapted with a lens.

28. A method of training an algorithm to determine the spatial position and
orientation of the surgical instrument according to any of claims 23 to 27, the
training method comprising:

-providing the algorithm with a training set adapted to train the algorithm to
determine the position and orientation of the surgical instrument emitting light
within a tissue, the training set being based on predetermined spatial positions,

orientations and light scatter patterns of light emitted from tissue.

29. The method of training an algorithm according to claim 28, wherein the
training set comprises at least a first set of images obtained from outside of the
tissue, and a data set comprising a measured position and orientation of the

surgical instrument within the tissue.

30. The method of training an algorithm according to any of claims 28 or 29,
wherein the algorithm is further trained to detect the transition of position of the

surgical instrument, from a first tissue to a second tissue.
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31. The method of training an algorithm according to any of claims 28 to 30,
wherein the training set further comprises images obtained from outside of the
tissue, wherein the surgical instrument emits light within the first tissue, and

5 images wherein the surgical instrument emits light within the second tissue,

training the algorithm to detect a change in tissue.

32. The method of training an algorithm according to any of claims 28 to 31,
wherein the algorithm is selected from one or more of a convolutional neural
10 network or fundamental image processing in combination with multi-layer

perceptron.

33. The computer implemented method according to claim 1 or the system
according to claim 13 or the surgical instrument according to claim 23 or the
15 method of training according to claim 28, wherein the light is emitted at a

wavelength of between 600 and 900 nm, preferably between 660 and 850 nm.
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