IRREVERSIBLE PERFORATION SYSTEM FOR USE

IN CARDIAC VESSELS

BACKGROUND OF THE INVENTION

Technical Field

The present invention relates to the technical field of vascular perforation, and in
particular, to an irreversible perforation system for use in cardiac vessels.

Description of Related Art

The cardiovascular system consists of the heart and blood vessels that include arteries,
veins and capillaries. In the existing medical field, the therapeutic application of pulsed
electric fields during vascular perforation and ablation has become increasingly widespread.
The pulsed electric field-based ablation technique is an ablation mode in which a
high-voltage electric pulse is applied to the lipid bilayer of a cell membrane over a short
period to form a transmembrane potential and thus produce unstable electric potential, which
forms irreversible electroporation in the cell membrane and creates nanopores, leading to
changes in membrane permeability, disrupted homeostasis of the intercellular environment,
and finally cell apoptosis. The pulsed electric field-based ablation is used to damage the
vestibular atrial muscles of the pulmonary veins to prevent potentials from being transmitted
from the pulmonary veins, thereby achieving the final purpose of treating atrial fibrillation.

In the prior art, the determination of a perforation position during vascular perforation
treatment is generally based on the judgment on a vessel image, which may lead to a
deviation in perforation position during actual operation. Therefore, there is a lack of a
method for linking the position of a perforation device with a position of perforation to be

performed to solve the problem described above.



SUMMARY OF THE INVENTION

In view of the defects existing in the prior art, an object of the present invention is to
provide an irreversible perforation system for use in cardiac vessels, which can establish a
model based on vessel images and link the motion position of a high-voltage electric pulse
perforation unit with a perforation position, in order to solve the existing problem of low
accuracy in vascular perforation position determination.

To achieve the object above, the present is implemented by means of a technical solution
as follows: an irreversible perforation system for use in cardiac vessels, including a blood
vessel image acquisition module, a blood vessel position model construction module, a
perforation position determination module and a perforation module, wherein the blood
vessel image acquisition module is configured to acquire cardiac vessel images of a patient;
the blood vessel position model construction module is configured to set a three-dimensional
cardiac vessel model based on the cardiac vessel images, and mark a perforation position in
the three-dimensional cardiac vessel model;

the perforation position determination module is configured to link a motion position of
the high-voltage electric pulse perforation unit with the perforation position; and the
perforation module is configured to perform a perforation operation at the perforation
position based on the identified and determined position.

Further, the perforation module comprises the high-voltage electric pulse perforation
unit, which is configured to output high-voltage electric pulses.

Further, the blood vessel image acquisition module is configured with a blood vessel
image acquisition strategy, which comprises: arranging three infrared cameras, which are
arranged in a circular array, with an included angle of 120 degrees between every two
adjacent infrared cameras;

marking the three infrared cameras as a first infrared camera, a second infrared camera



and a third infrared camera, respectively;

setting a cardiac vessel image acquired by the first infrared camera as a first vessel
image; setting a cardiac vessel image acquired by the second infrared camera as a second
vessel image; and setting a cardiac vessel image acquired by the third infrared camera as a
third vessel image.

Further, the blood vessel position model construction module is configured with a blood
vessel diameter calculation strategy, which comprises: extracting three-dimensional features
from the first vessel image, the second vessel image and the third vessel image;

correlating vessel starting points and vessel end points in the first vessel image, the
second vessel image and the third vessel image;

acquiring a vessel starting point and a vessel end point from the first vessel image, and
setting the vessel starting point and the vessel end point as a first vessel starting point and a
first vessel end point, respectively; acquiring a contour plot from the first vessel image;
setting edges, where the first vessel starting point and the first vessel end point in the first
vessel image are located, as wide edges, and setting contour lines between the two wide
edges as vessel boundaries; marking a midpoint of the first vessel starting point and a
midpoint of the first vessel end point in the first vessel image, setting the midpoints as a first
starting midpoint and a first cutoff midpoint, respectively, and selecting a plurality of first
reference points from the first vessel image, with the plurality of first reference points having
the same distance from the vessel boundaries on both sides; acquiring sums of the distances
of the plurality of first reference points from the vessel boundaries on both sides, respectively,
and setting the sums as first reference vessel diameters, respectively; and marking the
plurality of first reference points in a direction from the first vessel starting point towards the
first vessel end point, respectively.

Further, the blood vessel diameter calculation strategy further comprises: selecting



second reference points from the second vessel image following a mode of selecting the first
reference points from the first vessel image, acquiring sums of distances of the plurality of
second reference points from the vessel boundaries on both sides, respectively, and setting the
sums as second reference vessel diameters, respectively; and

selecting third reference points from the third vessel image following the mode of
selecting the first reference points from the first vessel image, acquiring sums of distances of
the plurality of third reference points from the vessel boundaries on both sides, respectively,
and setting the sums as third reference vessel diameters, respectively.

Further, the blood vessel diameter calculation strategy further comprises: substituting
the first, second and third reference vessel diameters of the corresponding first, second and
third reference points into a diameter calculation equation to calculate reference diameter
values; combining the plurality of first reference points, the plurality of second reference
points and the plurality of third reference points into a set of reference points based on
corresponding positions, setting the set of reference points as combined reference points, and
setting the reference diameter values as combined diameters.

R1+R2+R3
Further, the diameter calculation equation is configured as:Rcz=f, with

Rcz indicating a reference diameter value, R1 indicating a first reference vessel diameter, R2
indicating a second reference vessel diameter, and R3 indicating a third reference vessel
diameter.

Further, the blood vessel position model construction module is further configured with
a blood vessel position model construction strategy, which comprises: establishing a
three-dimensional rectangular coordinate system, acquiring coordinates of the first starting
midpoint and coordinates of the first cutoff midpoint, respectively, and determining
coordinates of the plurality of combined reference points based on the coordinates of the first

starting midpoint and the coordinates of the first cutoff midpoint;



acquiring the combined diameters of the combined reference points, and setting a
direction from the first starting midpoint towards the first cutoff midpoint, as a reference
direction;

constructing basic reference circles based on the combined diameters by taking the
combined reference points as circle centers, and drawing a line, which is set as a
perpendicular line of reference circle, between each combined reference point and a previous
combined reference point in a direction opposite to the reference direction, while keeping the
constructed basic reference circle perpendicular to the perpendicular line of reference circle;

connecting circumferences of the basic reference circles of all the combined reference
points to construct a basic cardiac vessel model; and

marking a perforation position correspondingly on the basic cardiac vessel model to
acquire coordinates of the perforation position.

Further, the perforation position determination module is configured with a perforation
position determination strategy, which comprises: linking the basic cardiac vessel model with
motion position information of the high-voltage electric pulse perforation unit to allow the
motion position of the high-voltage electric pulse perforation unit to correspond to the basic
cardiac vessel model; and

acquiring motion coordinates of the high-voltage electric pulse perforation unit in real
time, and comparing the motion coordinates with the coordinates of the perforation position
for calibration.

Further, the perforation module is provided with a perforation strategy, which comprises:
outputting high-voltage electric pulse s via the high-voltage electric pulse perforation unit
when the motion coordinates of the high-voltage electric pulse perforation unit match the
coordinates of the perforation position.

The present invention has the following beneficial effects: according to the present



invention, the cardiac vessel images of a patient can be acquired by means of the blood vessel
image acquisition module; then, by means of the blood vessel position model construction
module, the three-dimensional cardiac vessel model can be set based on the cardiac vessel
images, and the perforation position can be marked in the three-dimensional cardiac vessel
model; then, the perforation position determination module is configured to link the motion
position of the high-voltage electric pulse perforation unit with the perforation position; and
finally, the perforation module is configured to perform the perforation operation at the
perforation position based on the identified and determined position, and in the perforation
module, the high-voltage electric pulses can be output by means of the high-voltage electric
pulse perforation unit, such that the high-voltage electric pulse perforation unit can be
directed at the perforation position, thereby improving the accuracy in perforation.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Other features, objects and advantages of the present invention will become obvious by
reading the detailed description of non-limiting embodiments that is made with reference to
the following accompanying drawings:

FIG. 1 shows a block diagram of the principle of the present invention; and

FIG. 2 shows a schematic diagram of the construction of a basic reference circle
according to the present invention.
DETAILED DESCRIPTION OF THE INVENTION

For a better understanding of the implemented technical means, inventive features, and
achieved objects and effects of the present invention, the present invention will be further
illustrated below in combination with specific embodiments.

Referring to FIG. 1, an irreversible perforation system for use in cardiac vessels is
shown. The perforation system includes a blood vessel image acquisition module, a blood

vessel position model construction module, a perforation position determination module and



a perforation module. The blood vessel image acquisition module is configured to acquire
cardiac vessel images of a patient. The blood vessel image acquisition module is configured
with a blood vessel image acquisition strategy, which includes: arranging three infrared
cameras, which are arranged in a circular array, with an included angle of 120 degrees
between every two adjacent infrared cameras; marking the three infrared cameras as a first
infrared camera, a second infrared camera and a third infrared camera, respectively; setting a
cardiac vessel image acquired by the first infrared camera as a first vessel image; setting a
cardiac vessel image acquired by the second infrared camera as a second vessel image; and
setting a cardiac vessel image acquired by the third infrared camera as a third vessel image.
By arranging the infrared cameras at three angles, more accurate corresponding images can
be acquired, based on which the data processing throughput for image recognition and
analysis can be reduced while the possibility of data application can be guaranteed.

The blood vessel position model construction module is configured to set a
three-dimensional cardiac vessel model based on the cardiac vessel images, and mark a
perforation position in the three-dimensional cardiac vessel model. The blood vessel position
model construction module is configured with a blood vessel diameter calculation strategy,
which includes: extracting three-dimensional features from the first vessel image, the second
vessel image and the third vessel image;

correlating vessel starting points and vessel end points in the first vessel image, the
second vessel image and the third vessel image;

acquiring a vessel starting point and a vessel end point from the first vessel image, and
setting the vessel starting point and the vessel end point as a first vessel starting point and a
first vessel end point, respectively; acquiring a contour plot from the first vessel image;
setting edges, where the first vessel starting point and the first vessel end point in the first

vessel image are located, as wide edges, and setting contour lines between the two wide



edges as vessel boundaries; marking a midpoint of the first vessel starting point and a
midpoint of the first vessel end point in the first vessel image, setting the midpoints as a first
starting midpoint and a first cutoff midpoint, respectively, and selecting a plurality of first
reference points from the first vessel image, with the plurality of first reference points having
the same distance from the vessel boundaries on both sides; acquiring sums of the distances
of the plurality of first reference points from the vessel boundaries on both sides, respectively,
and setting the sums as first reference vessel diameters, respectively; and marking the
plurality of first reference points in a direction from the first vessel starting point towards the
first vessel end point, respectively;

selecting second reference points from the second vessel image following a mode of
selecting the first reference points from the first vessel image, acquiring sums of distances of
the plurality of second reference points from the vessel boundaries on both sides, respectively,
and setting the sums as second reference vessel diameters, respectively;

selecting third reference points from the third vessel image following the mode of
selecting the first reference points from the first vessel image, acquiring sums of distances of
the plurality of third reference points from the vessel boundaries on both sides, respectively,
and setting the sums as third reference vessel diameters, respectively; and

substituting the first, second and third reference vessel diameters of the corresponding
first, second and third reference points into a diameter calculation equation to calculate
reference diameter values; combining the plurality of first reference points, the plurality of
second reference points and the plurality of third reference points into a set of reference
points based on corresponding positions, setting the set of reference points as combined
reference points, and setting the reference diameter values as combined diameters. The

Rcz:Rl+R2+R3

diameter calculation equation is configured as: 3 , with Rcz indicating a

reference diameter value, R1 indicating a first reference vessel diameter, R2 indicating a



second reference vessel diameter, and R3 indicating a third reference vessel diameter. In
extreme cases, a corresponding vessel model may be established by means of a vessel image
from one infrared camera, which, however, may lead to data extremalization due to the use of
only one infrared camera. At a vessel turn, the vessel shown in a vessel image taken from one
angle may have a slightly smaller diameter. By acquiring the images from three angles and
calculating average values, the error in determining the vessel diameter can be reduced.
Referring to FIG. 2, the blood vessel position model construction module is further
configured with a blood vessel position model construction strategy, which includes:
establishing a three-dimensional rectangular coordinate system, acquiring coordinates of the
first starting midpoint and coordinates of the first cutoff midpoint, respectively, and
determining coordinates of the plurality of combined reference points based on the
coordinates of the first starting midpoint and the coordinates of the first cutoff midpoint;
acquiring the combined diameters of the combined reference points, and setting a direction
from the first starting midpoint towards the first cutoff midpoint, as a reference direction;
constructing basic reference circles based on the combined diameters by taking the combined
reference points as circle centers, and drawing a line, which is set as a perpendicular line of
reference circle, between each combined reference point and a previous combined reference
point in a direction opposite to the reference direction, while keeping the constructed basic
reference circle perpendicular to the perpendicular line of reference circle; connecting
circumferences of the basic reference circles of all the combined reference points to construct
a basic cardiac vessel model; and marking a perforation position correspondingly on the basic
cardiac vessel model to acquire coordinates of the perforation position. The unit area of the
coordinates is set according to the area of a region perforated each time, and preferably, is
kept the same as each unit perforation area of the high-voltage electric pulse perforation unit.

The coordinates of the perforation position represent the overall coordinates of the perforated



region, and the perforated region is divided into a plurality of coordinate points by each unit
perforation area of the high-voltage electric pulse perforation unit.

The perforation position determination module is configured to link a motion position of
a high-voltage electric pulse perforation unit with the perforation position. The perforation
position determination module is configured with a perforation position determination
strategy, which includes: linking the basic cardiac vessel model with motion position
information of the high-voltage electric pulse perforation unit to allow the motion position of
the high-voltage electric pulse perforation unit to correspond to the basic cardiac vessel
model; and acquiring motion coordinates of the high-voltage electric pulse perforation unit in
real time, and comparing the motion coordinates with the coordinates of the perforation
position for calibration.

The perforation module includes the high-voltage electric pulse perforation unit, which
is configured to output high-voltage electric pulses. The perforation module is configured to
perform a perforation operation at the perforation position based on an identified and
determined position. The perforation module is provided with a perforation strategy, which
includes: outputting high-voltage electric pulses via the high-voltage electric pulse
perforation unit when the motion coordinates of the high-voltage electric pulse perforation
unit match the coordinates of the perforation position.

The working principle is as follows: the cardiac vessel images of a patient can be
acquired at first by means of the blood vessel image acquisition module; then, by means of
the blood vessel position model construction module, the three-dimensional cardiac vessel
model can be set based on the cardiac vessel images, and the perforation position can be
marked in the three-dimensional cardiac vessel model; then, the perforation position
determination module is configured to link the motion position of the high-voltage electric

pulse perforation unit with the perforation position; and finally, the perforation module is
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configured to perform the perforation operation at the perforation position based on the
identified and determined position, and in the perforation module, the high-voltage electric
pulses can be output by means of the high-voltage electric pulse perforation unit, such that
the high-voltage electric pulse perforation unit can be directed at the perforation position,
thereby improving the accuracy in perforation.

Finally, it should be noted that the embodiments described above are only specific
implementations of the present invention for the purpose of illustrating, rather than limiting,
the technical solutions of the present invention, and the protection scope of the present
invention is not limited thereto. Although the present invention is illustrated in detail with
reference to the foregoing embodiments, those of ordinary skill in the art should appreciate
that, within the technical scope disclosed in the present invention, any person skilled in and
familiar with the technical field can still make modifications or readily conceivable variations
to the technical solutions described in the foregoing embodiments, or make equivalent
substitutions to some technical features therein. These modifications, variations or
substitutions will not make the essence of corresponding technical solutions depart from the
spirit and scope of the technical solutions in the embodiments of the present disclosure, and
should fall within the protection scope of the present invention. Therefore, the protection

scope of the present invention should be subjected to the protection scope of the claims.
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What is claimed is:

1. An irreversible perforation system for use in cardiac vessels, comprising a blood
vessel image acquisition module, a blood vessel position model construction module, a
perforation position determination module and a perforation module, wherein the blood
vessel image acquisition module is configured to acquire cardiac vessel images of a patient;
the blood vessel position model construction module is configured to set a three-dimensional
cardiac vessel model based on the cardiac vessel images, and mark a perforation position in
the three-dimensional cardiac vessel model;

the perforation position determination module is configured to link a motion position of
a high-voltage electric pulse perforation unit with the perforation position; and the perforation
module is configured to perform a perforation operation at the perforation position based on
an identified and determined position.

2. The irreversible perforation system for use in cardiac vessels according to claim 1,
wherein the perforation module comprises the high-voltage electric pulse perforation unit,
which is configured to output high-voltage electric pulses.

3. The irreversible perforation system for use in cardiac vessels according to claim 2,
wherein the blood vessel image acquisition module is configured with a blood vessel image
acquisition strategy, which comprises: arranging three infrared cameras, which are arranged
in a circular array, with an included angle of 120 degrees between every two adjacent infrared
cameras;

marking the three infrared cameras as a first infrared camera, a second infrared camera
and a third infrared camera, respectively;

setting a cardiac vessel image acquired by the first infrared camera as a first vessel

image; setting a cardiac vessel image acquired by the second infrared camera as a second
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vessel image; and setting a cardiac vessel image acquired by the third infrared camera as a
third vessel image.

4. The irreversible perforation system for use in cardiac vessels according to claim 3,
wherein the blood vessel position model construction module is configured with a blood
vessel diameter calculation strategy, which comprises: extracting three-dimensional features
from the first vessel image, the second vessel image and the third vessel image;

correlating vessel starting points and vessel end points in the first vessel image, the
second vessel image and the third vessel image;

acquiring a vessel starting point and a vessel end point from the first vessel image, and
setting the vessel starting point and the vessel end point as a first vessel starting point and a
first vessel end point, respectively; acquiring a contour plot from the first vessel image;
setting edges, where the first vessel starting point and the first vessel end point in the first
vessel image are located, as wide edges, and setting contour lines between the two wide
edges as vessel boundaries; marking a midpoint of the first vessel starting point and a
midpoint of the first vessel end point in the first vessel image, setting the midpoints as a first
starting midpoint and a first cutoff midpoint, respectively, and selecting a plurality of first
reference points from the first vessel image, with the plurality of first reference points having
the same distance from the vessel boundaries on both sides; acquiring sums of the distances
of the plurality of first reference points from the vessel boundaries on both sides, respectively,
and setting the sums as first reference vessel diameters, respectively; and marking the
plurality of first reference points in a direction from the first vessel starting point towards the
first vessel end point, respectively.

5. The irreversible perforation system for use in cardiac vessels according to claim 4,
wherein the blood vessel diameter calculation strategy further comprises: selecting second

reference points from the second vessel image following a mode of selecting the first
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reference points from the first vessel image, acquiring sums of distances of the plurality of
second reference points from the vessel boundaries on both sides, respectively, and setting the
sums as second reference vessel diameters, respectively; and

selecting third reference points from the third vessel image following the mode of
selecting the first reference points from the first vessel image, acquiring sums of distances of
the plurality of third reference points from the vessel boundaries on both sides, respectively,
and setting the sums as third reference vessel diameters, respectively.

6. The irreversible perforation system for use in cardiac vessels according to claim 5,
wherein the blood vessel diameter calculation strategy further comprises: substituting the first,
second and third reference vessel diameters of the corresponding first, second and third
reference points into a diameter calculation equation to calculate reference diameter values;
combining the plurality of first reference points, the plurality of second reference points and
the plurality of third reference points into a set of reference points based on corresponding
positions, setting the set of reference points as combined reference points, and setting the
reference diameter values as combined diameters.

7. The irreversible perforation system for use in cardiac vessels according to claim 6,

R1+R2+R3
wherein the diameter calculation equation is configured as: Rcz :f’ with Rez

indicating a reference diameter value, R1 indicating a first reference vessel diameter, R2
indicating a second reference vessel diameter, and R3 indicating a third reference vessel
diameter.

8. The irreversible perforation system for use in cardiac vessels according to claim 7,
wherein the blood vessel position model construction module is further configured with a
blood vessel position model construction strategy, which comprises: establishing a
three-dimensional rectangular coordinate system, acquiring coordinates of the first starting

midpoint and coordinates of the first cutoff midpoint, respectively, and determining
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coordinates of the plurality of combined reference points based on the coordinates of the first
starting midpoint and the coordinates of the first cutoff midpoint;

acquiring the combined diameters of the combined reference points, and setting a
direction from the first starting midpoint towards the first cutoff midpoint, as a reference
direction;

constructing basic reference circles based on the combined diameters by taking the
combined reference points as circle centers, and drawing a line, which is set as a
perpendicular line of reference circle, between each combined reference point and a previous
combined reference point in a direction opposite to the reference direction, while keeping the
constructed basic reference circle perpendicular to the perpendicular line of reference circle;

connecting circumferences of the basic reference circles of all the combined reference
points to construct a basic cardiac vessel model; and

marking a perforation position correspondingly on the basic cardiac vessel model to
acquire coordinates of the perforation position.

9. The irreversible perforation system for use in cardiac vessels according to claim 8§,
wherein the perforation position determination module is configured with a perforation
position determination strategy, which comprises: linking the basic cardiac vessel model with
motion position information of the high-voltage electric pulse perforation unit to allow the
motion position of the high-voltage electric pulse perforation unit to correspond to the basic
cardiac vessel model; and

acquiring motion coordinates of the high-voltage electric pulse perforation unit in real
time, and comparing the motion coordinates with the coordinates of the perforation position
for calibration.

10. The irreversible perforation system for use in cardiac vessels according to claim 9,

wherein the perforation module is provided with a perforation strategy, which comprises:
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outputting high-voltage electric pulses via the high-voltage electric pulse perforation unit
when the motion coordinates of the high-voltage electric pulse perforation unit match the

coordinates of the perforation position.
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