MULTI-WAVELENGTH LASER SYSTEM FOR THERMAL ABLATION IN
NEUROSURGERY

CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present disclosure claims priority to Chinese patent application No.
202110719847.5 titled "MULTI-WAVELENGTH MULTI-CHANNEL LASER SYSTEM
FOR THERMAL ABLATION IN NEUROSURGERY" filed on June 28, 2021.

TECHNICAL FIELD
[0002] The present disclosure belongs to the field of laser therapy, and particularly relates to

a multi-wavelength multi-channel laser system for thermal ablation in neurosurgery.

BACKGROUND OF THE INVENTION

[0003] The laser medical technology involves irradiating a laser from a laser device onto a
tissue to be treated through a medical optical fiber, and performing lithotripsy or heat
coagulation, vaporization or cutting treatment of soft tissues through a thermal effect or shock
waves caused by the laser. The laser medical technology is widely applied due to short operation
time and relatively small wounds in cell thermal damage, lithotripsy and soft tissue cutting
treatment. The MRI-guided laser interstitial thermal therapy (LITT) ("laser thermal therapy" or
LITT hereinafter), which has gained attention of medical workers at home and abroad in recent
years, makes use of the laser thermal effect principle. This kind of LITT is a percutaneous
minimally invasive surgery guided by stereotactic magnetic resonance imaging, in which the
laser is transmitted through an optical fiber and acts on a target, so as to selectively ablate
diseased tissues. In other words, the optical energy is transmitted to a focal tissue through the
optical fiber during the surgery for accurate irradiation and photothermal conversion, so that
the focal tissue is thermally coagulated and denatured due to an increased temperature in the
focal region, and thereby the treatment purpose is achieved.

[0004] Compared with the traditional craniotomy, LITT is considered as a less invasive
technique which has shown encouraging results in the treatment of gliomas, brain metastases,
radionecrosis and epilepsy, and provides a safer alternative to those patients for whom the lesion

cannot be surgically removed, who are not candidates for surgery, or for whom other standard
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treatment regimens are ineffective. However, this LITT technique has its specific indications,
and is only applicable to relatively small and regular lesions for now. In other words, use of this
LITT technique is limited by a size and a shape of the lesion to some extent. For example, a
brain tumor with a diameter less than 3cm can be subjected to a single treatment; whereas for a
focus with a diameter of 3cm or more, ablation of the entire brain tumor through a plurality of
tracks is required.

[0005] Such limitations are caused by the fact that in the existing LITT devices or systems,
most laser ablation devices include only a laser device capable of emitting lasers of a single
wavelength, and an optical fiber matched with the laser device. In other words, the existing
LITT device can only emit lasers of a specific wavelength and have a single light source, and
can only perform single-channel ablation. When a focus with a diameter of 3cm or more or with
an irregular shape is treated, the optical fiber needs to be repeatedly plugged and pulled to
achieve multi-track ablation of the whole focus. For example, to ablate a focus with a diameter
of 3cm or more or with an irregular shape, two ablation tracks are planned in the preoperative
planning stage, and when the tissue is ablated with the existing single-wavelength single-
channel LITT device, treatment steps including skull perforation, optical fiber puncture, laser
ablation and the like need to be performed according to a first ablation track. However, when
the ablation is performed along a second ablation track, the operation has to be interrupted to
wait for a medical worker to enter the magnetic resonance room or push the patient back to the
operating room, to insert an ablation optical fiber into the head of the patient according to the
new ablation track, and then a second ablation action is performed. Such actions of interrupting
the operation and repeatedly entering the sterile operation environment will undoubtedly
increase the operation time and the infection risk of the patient, and should be avoided as much
as possible during the surgery. In addition, since the ablation range of the single-wavelength
laser is relatively fixed, the ablation of a relatively large focus in a multi-track and multi-
ablation mode will inevitably and highly depend on the accuracy of each optical fiber puncture
position. Any slight deviation of the optical fiber puncture position is very likely to cause
incomplete ablation, and even unnecessary additional remedial puncture and ablation steps.
Therefore, the single-wavelength single-channel LITT device has great limitations on selection
of the focus and low flexibility in the surgical planning, and depends too much on the accuracy

of optical fiber puncture in ablation planning of a large focus, thereby greatly limiting
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development and popularization of the LITT technique.

[0006] In order to solve the above problems, we have developed a multi-wavelength multi-
channel LITT device or system which can treat multiple regular focal tissues at one time by
means of different heat loss and ablation ranges of tissues at different wavelengths. However,
due to the limitations of various practical technical conditions, multi-wavelength laser devices
are rarely found. There is no high-power multi-wavelength laser treatment instrument available
from the manufacturer that can adapt to the requirements of medical applications, especially
medical laser applications.

[0007] Therefore, it is desirable to provide a new technical solution for the above problems.

SUMMARY OF THE INVENTION
[0008] An object of the present disclosure is to provide a multi-wavelength multi-channel
laser system for thermal ablation in neurosurgery suitable for a focal tissue, which includes at
least two ablation optical fiber catheters, where each optical fiber catheter is connected to a
corresponding laser generator, and each laser generator can emit lasers of the same wavelength
or different wavelengths. In this manner, the present disclosure allows for use of both a multi-
wavelength multi-channel treatment plan and a high-power single-wavelength single-channel
treatment plan for precise conformal ablation on regular or irregular tumors, thereby greatly
increasing the application range and use flexibility of LITT.
[0009] The technical means adopted by the present disclosure are described below.
[0010] The multi-wavelength multi-channel laser system of the present disclosure includes:
(D A magnetic resonance guidance unit: this unit includes an MRI device and an MRI control
center. The MRI control center is configured to perform processing including at least one of:
data acquisition, data processing, image reconstruction, image display, or image storage.
[0011] @) A laser ablation unit: this unit is connected to the magnetic resonance guidance unit
and includes a control host. The control host is configured to complete, according to digital
image information of a patient, at least one of: profiling, 3D modeling, or generating a surgical
plan of the patient. The control host is configured to fuse the digital image information through
an MRI temperature imaging technique to generate a real-time temperature image, and display
the real-time temperature image on a human-computer interaction module. The laser ablation

unit further includes a laser module connected to the control host and provided with N laser
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devices. The control host is configured to synchronously or asynchronously regulate laser
operation parameters of some or all of the N laser devices according to the surgical plan and
the real-time temperature image.

[0012] () An optical fiber catheter unit: this unit is connected to the laser ablation unit and

has M optical fiber catheters for ablation.

[0013] Further, N is greater than or equal to 2.

[0014] Further, M is greater than or equal to 1.

[0015] Further, N is greater than or equal to 2, and when M is equal to N, the optical fiber
catheters are connected to the laser devices in one-to-one correspondence to form N ablation
channels; and/or the laser module is provided with N laser devices, where N is at least 2; the
optical fiber catheter unit is provided with M optical fiber catheters, where M is at least 1; and
the N laser devices are connected to each optical fiber catheter, respectively; and/or the laser
module is provided with N laser devices, where N is at least 1; the optical fiber catheter unit is
provided with M optical fiber catheters, where M is at least 2; and the M optical fiber catheters
are connected to each laser device, respectively.

[0016] Further, each laser device is configured to emit lasers of at least one wavelength;
and/or the N laser devices all emit lasers of the same wavelength; and/or one part of the N laser
devices emit lasers of a first wavelength, and the other part of the N laser devices emits lasers
of a second wavelength different from the first wavelength.

[0017] Further, when N is equal to 2, the laser module includes a first laser device and a
second laser device; and the control host is configured to synchronously or asynchronously
regulate laser operation parameters of the first laser device and the second laser device
according to the surgical plan and the real-time temperature image. Meanwhile, the optical fiber
catheter unit includes a first optical fiber catheter (“FOFC”) and a second optical fiber catheter
(“SOFC”); and the first optical fiber catheter is connected to the first laser device, and the
second optical fiber catheter is connected to the second laser device.

[0018] Further, at least one of the first optical fiber catheter or the second optical fiber catheter
is provided with a temperature measuring optical fiber configured to detect real-time
temperatures of the optical fiber catheter unit where the temperature measuring optical fiber is
located and a surrounding tissue of the optical fiber catheter unit; the temperature measuring

optical fiber is connected to an optical fiber temperature measuring module in the laser ablation
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unit; and the optical fiber temperature measuring module is connected to a temperature
correction module in the control host for temperature correction.

[0019] Further, the temperature correction module is configured to complete processing
including at least: taking a real-time temperature value of the tissue acquired by the optical fiber
temperature measuring module in real time as a reference temperature measurement value of
the magnetic resonance guidance unit, and feeding back a corrected temperature image to the
control host. The corrected temperature image is generated by the magnetic resonance guidance
unit based on the reference temperature measurement value; and the corrected temperature
image fed back to the control host is used to replace the real-time temperature image.

[0020] Further, the control host is configured to perform real-time regulation on the laser
module according to the corrected temperature image.

[0021] Further, the first laser device generates lasers of a first wavelength, and the second
laser device generates lasers of a second wavelength; the first wavelength and the second
wavelength are the same or different; and the laser module has the first laser device that
generates the laser of the first wavelength, and the second laser device that generates the laser
of the second wavelength.

[0022] Further, the first wavelength is 980nm, and the second wavelength is 1064nm.

[0023] Further, the laser operation parameters include at least one of: a laser output power,
laser light emitting time, or a laser light emitting mode.

[0024] Further, the laser module is further configured with a cooling module connected to the
control host and the optical fiber catheter unit; and the control host is configured to control
operation of the cooling module such that the cooling module cools the optical fiber catheter
unit and a surrounding tissue of the optical fiber catheter unit by driving and controlling flow
of a cooling medium.

[0025] Further, the optical fiber catheter unit has the first optical fiber catheter and the second
optical fiber catheter of the same structure; where the first optical fiber catheter includes an
optical fiber, a cooling inner tube and a cooling outer tube.

[0026] Further, the laser ablation unit includes a control host, a human-computer interaction
module, a laser module, a cooling module, a power module, an optical fiber temperature
measuring module, and an effect evaluation module.

[0027] Further, the power module has at least one UPS device and at least one power
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distribution control board; where an electric energy input end of the laser ablation unit is
connected to a power line; and the power line has one end connected to a commercial power
end and the other end connected to the electric energy input end of the UPS device.
[0028] Further, the power distribution control board includes a plurality of connection
terminals, a built-in independent switching power supply, and a latching relay; the latching
relay is electrically connected to a PCS-1 channel that is configured to be electrically connected
to an emergency stop switch and a key switch; and The power distribution control board further
includes a PCS-2 channel connected to the cooling module.
[0029] Further, the effect evaluation module is configured to make real-time intraoperative
estimates of a tissue ablation condition using an Arrhenius model or a CEM43 model; and

the control host is configured to generate in real time, according to ablation progress
fed back by the effect evaluation module, a regulation instruction including at least one of: a
laser output power, light emitting time, a light emitting mode, or a coolant flow rate.
[0030] Further, the human-computer interaction module includes a first touch screen, a second
touch screen, a third touch screen, an emergency stop switch, a foot pedal controller, a physical
button, and an indicator light.
[0031] Further, the first touch screen and the second touch screen are connected to an
industrial personal computer of the control host, while the third touch screen is connected to a
motherboard of the control host. In addition, the first touch screen includes an MRI real-time
temperature monitoring interface and an ablation area evaluation interface; the second touch
screen includes a first laser device parameter interface, a second laser device parameter
interface, and a cooling module parameter interface; and the third touch screen and the second
touch screen display the same or different interface contents.
[0032] Further, the control host is configured to monitor safe operation parameters of the laser
module, the optical fiber temperature measuring module and the cooling module in real time;
and when an operation parameter exceeds a safe operation threshold value, the control host is
configured to control the laser module and/or the cooling module to stop emitting light.
[0033] Further, the multi-wavelength multi-channel laser system further includes: software,
where the software performs functions including at least one of: surgical plan generation, where
the surgical plan contains information corresponding to each of the N laser devices, where the

information includes at least one of: a planned ablation area or volume, a laser power, light
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emitting time or a light emitting mode used for achieving a preset ablation result, the number
of desired ablation channels, or a cooling flow rate;
real-time control, including under the guidance of the magnetic resonance guidance
unit and according to the surgical plan and the corrected temperature image corresponding to
each of the N laser devices, regulating operation parameters of each laser device in an operating
state and the cooling module in real time, and performing ablation monitoring in real time; or
comparison and analysis, including comparing information in the surgical plan
corresponding to each laser device with post-operative information of the laser device, and
generating ablation result information according to a comparison result and displaying the
ablation result information on the human-computer interaction module; where the compared
contents include: a planned ablation area or volume, and an actual post-operative ablation area
or volume; and the ablation result information includes at least one of: an ablation area
percentage, an ablation volume percentage, an ablation area percentage, or a comparison
diagram of before and after ablation.
[0034] Compared with the existing art, the present disclosure achieves the following
beneficial effects by means of ingenious structural designs:
[0035] (1) The present disclosure is suitable for precise conformal ablation on regular or
irregular tumors, and not limited by the diameter and shape of focuses, has a higher utilization
rate and a wider application range, and enables simultaneous performance of a plurality of
ablation operations.
[0036] (2) The surgical plan is highly flexible, enabling both a multi-wavelength multi-
channel ablation scheme and a high-power single-wavelength single-channel ablation scheme;
and different ablation schemes may be combined into various working modes, thereby
achieving random combinations of different laser channels.
[0037] (3) The present disclosure can implement simultaneous treatment of a plurality of
targets through multi-channel output aiming at different characteristics of the focus; and the
multiple channels may have synchronous or asynchronous working modes. Furthermore, the
output wavelength can be selected at will, which may include a single wavelength, or two
wavelengths output in an alternative or simultaneous manner.
[0038] (4) The unique cooling system can be directly adapted to a normal saline bottle, and a

heating device and a backflow detection means are provided to tell whether the cooling system
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is in normal operation.

[0039] (5) The present disclosure includes a multiple control system that can control the laser
module and the cooling module by intraoperative software on the second touch screen or a
lower computer system on the third touch screen, so that the system is more stable. Meanwhile,
a keyboard, a mouse and physical operation buttons are provided so that the risk of a failed
touch screen is avoided.

[0040] (6) The optical fiber catheter system includes an optical fiber catheter assembly for
ablation and an optical fiber catheter fixing assembly, thereby achieving accurate guiding and
positioning. The integrated control host system can perform preoperative planning and
intraoperative control.

[0041] (7) The material property of the temperature measuring optical fiber of the present
disclosure meets the requirement of nuclear magnetism compatibility, and the temperature
measuring optical fiber can measure temperatures more precisely and stably compared with the

existing temperature detector, such as a thermocouple.

BRIEF DESCRIPTION OF THE DRAWINGS
[0042] FIG. 1 is a framework diagram of a multi-wavelength multi-channel laser system
structure according to the present disclosure.
[0043] FIG. 2 is a framework diagram of a first example of a multi-wavelength multi-channel
laser system structure according to the present disclosure.
[0044] FIG. 3 is a framework diagram of a second example of a multi-wavelength multi-
channel laser system structure according to the present disclosure.
[0045] FIG. 4 is a framework diagram of a third example of a multi-wavelength multi-channel
laser system structure according to the present disclosure.
[0046] FIG. 5 is a schematic diagram showing connection between a control host and a
human-computer interaction module.
[0047] FIG. 6 is a schematic structural diagram of a cooling module.
[0048] FIG. 7 is a schematic diagram showing connection between a laser module, a cooling
module and an optical fiber catheter.
[0049] FIG. 8 is a schematic diagram of a multi-wavelength multi-channel laser system of the

present disclosure.
-8-



[0050] FIG. 9 is a schematic diagram showing power distribution of a power module in a laser
ablation unit.
[0051] FIGs. 10A to 10H are schematic diagrams showing correspondence between laser
modules and optical fiber catheters.
[0052] FIGs. 11A to 11C are schematic diagrams of a ring optical fiber, a side-emitting optical
fiber and a dispersion optical fiber.
[0053] List of reference numerals:
magnetic resonance guidance unit 100
MRI device 101
MRI control center 102
laser ablation unit 200
control host 201
temperature correction module 2011
industrial personal computer 2012
host 2013
laser module 202
first laser device 2021
second laser device 2022
first cooling module 2023
second cooling module 2024
human-computer interaction module 203
first touch screen 2031
second touch screen 2032
third touch screen 2033
emergency stop switch 2034
foot pedal controller 2035
physical button 2036
indicator light 2037
power module 204
key switch 205

optical fiber temperature measuring module 206

9-



effect evaluation module 207
optical fiber catheter unit 300
first optical fiber catheter (“FOFC”) 301
second optical fiber catheter (“SOFC”) 302
optical fiber 1
inner tube 2
outer tube 3
coolant inlet 4
coolant outlet 5
backflow cavity 6
fastening assembly 7
temperature measuring optical fiber 8
light emitting part 9
coolant tank 10
heater 101
temperature sensor 102
level sensor 103
peristaltic pump 20
water inlet pipe 30
water return pipe 40
waste tank 50

flow sensor 501.

DETAIL DESCRIPTION OF THE INVENTION
[0054] The present disclosure provides a multi-wavelength multi-channel laser system for
thermal ablation in neurosurgery, which can enable simultaneous treatment at multiple sites of
a focus and adopt different laser parameters for different sites. This multi-wavelength and multi-
channel thermal ablation laser system addresses limitations on the size and shape of the tumor
in the existing art, and truly implement precise conformal ablation on any regular or irregular
tumor. Meanwhile, the multi-wavelength multi-channel laser system also provides an optical

fiber temperature measuring module, which can monitor a temperature of a tissue in real time,
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and thereby fill up temperature measurement blanks caused by scanning intervals of the MRI
device. The optical fiber temperature measuring module can implement rapid and accurate
temperature measurement so that the multi-wavelength multi-channel laser system can perform
accurate temperature measurement and ablation on the tissue even without a cooling module.
[0055] The present disclosure will now be described in detail with reference to the drawings
and specific embodiments, where the exemplary embodiments and descriptions are merely
intended to illustrate the present disclosure, but not to limit the present disclosure. In addition,
in order to better explain the present disclosure, the proximal end in the present disclosure refers
to an end of the optical fiber light emitting part close to the focal tissue, while an end of the
optical fiber light emitting part away from the focal tissue is referred to as a distal end.

[0056] Referring to FIGs. 1 and 8, framework diagrams of a multi-wavelength multi-channel
laser system structure according to the present disclosure are shown. The present disclosure
provides a multi-wavelength multi-channel laser system for thermal ablation in neurosurgery,
which mainly includes a magnetic resonance guidance unit 100, a laser ablation unit 200, and
an optical fiber catheter unit 300.

[0057] [Magnetic resonance guidance unit 100]: the magnetic resonance guidance unit 100 is
provided with an MRI device 101 and an MRI control center 102, and the MRI device 101 is
connected to the MRI control center 102. The MRI device 101 is configured to monitor medical
information of a patient and a tissue of the patient, and transmit the medical information to the
MRI control center 102. The MRI control center 102 is configured to perform processing
including at least one of: data acquisition, data processing, image reconstruction, image display,
or image storage.

[0058] [Laser ablation unit 200]: the laser ablation unit 200 is connected to the magnetic
resonance guidance unit 100, and includes a control host 201. The control host 201 is configured
to complete, according to digital image information of a patient, at least one of: profiling, 3D
modeling, or generating a surgical plan of the patient. The control host 201 is configured to fuse
the digital image information through an MRI temperature imaging technique to generate a real-
time temperature image, and display the real-time temperature image on a human-computer
interaction module 203. The digital image information includes, but is not limited to, a CT
image, or a magnetic resonance image. The laser ablation unit 200 further includes a laser

module 202 connected to the control host 201 and provided with N laser devices. The control
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host 201 is configured to synchronously or asynchronously regulate laser operation parameters
of the N laser devices according to the surgical plan and the real-time temperature image.
[0059] [Optical fiber catheter unit 300]: the optical fiber catheter unit 300 is connected to the
laser ablation unit 200 and has N optical fiber catheters for ablation. The optical fiber catheters
are connected to the laser devices in one-to -one correspondence to form N ablation channels.
[0060] Further, in a preferred embodiment of the present disclosure, N is greater than or equal
to 2.

[0061] When N is equal to 2, the laser module 202 includes a first laser device 2021 and a
second laser device 2022. The control host 201 is configured to synchronously or
asynchronously regulate laser operation parameters of the first laser device 2021 and the second
laser device 2022 according to the surgical plan and the real-time temperature image.
Meanwhile, the optical fiber catheter unit 300 includes a first optical fiber catheter 301 and a
second optical fiber catheter 302. The first optical fiber catheter 301 is connected to the first
laser device 2021, and the second optical fiber catheter 302 is connected to the second laser
device 2022.

[0062] The laser operation parameters include at least one of: a laser output power or light
emitting time or light emitting mode, or any combination of the three.

[0063] Further, a core point of the laser ablation unit 200 is that the first laser device 2021
generates lasers of a first wavelength, and the second laser device 2022 generates lasers of a
second wavelength. The first wavelength and the second wavelength are the same or different.
[0064] Preferably, the first wavelength is 980nm, and the second wavelength is 1064nm.
[0065] In summary, the multi-wavelength multi-channel laser system has a multi-wavelength
laser module capable of synchronously or asynchronously emitting lasers of 980nm and
1064nm, while correspondingly, a first optical fiber catheter and a second optical fiber catheter
matched with the laser module are provide to transmit optical energy and ablation. On this basis,
the multi-wavelength multi-channel laser system for thermal ablation in neurosurgery of the
present disclosure implements accurate ablation on any tumor by means of the multi-
wavelength multi-ablation channel solution, avoids the problem of repeatedly re-plugging the
optical fiber for relatively large or irregularly-shaped tumors in the existing art, improves
practicability of the device, and provides flexible and varied ablation schemes for medical

workers.
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[0066] Based on the above basic implementation, in another preferred embodiment of the
present disclosure, the multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery includes a magnetic resonance guidance unit 100, a laser ablation unit 200, and
an optical fiber catheter unit 300. The magnetic resonance guidance unit 100 includes an MRI
device 101 and an MRI control center 102. The MRI control center 102 is configured to perform
processing including at least one of: data acquisition, data processing, image reconstruction,
image display, or image storage.

[0067] The laser ablation unit 200 is connected to the magnetic resonance guidance unit 100
and includes a control host 201. The control host 201 is configured to complete, according to
digital image information of a patient, at least one of: profiling, 3D modeling, or generating a
surgical plan of the patient. The control host 201 is configured to fuse the digital image
information through an MRI temperature imaging technique to generate a real-time temperature
image, and display the real-time temperature image on a human-computer interaction module
203. The laser ablation unit 200 further includes a laser module 202 connected to the control
host 201 and provided with N laser devices. The control host 201 is configured to synchronously
or asynchronously regulate laser operation parameters of some or all of the N laser devices
according to the surgical plan and the real-time temperature image.

[0068] The optical fiber catheter unit 300 is connected to the laser ablation unit 200 and has
M optical fiber catheters for ablation. Further, N is greater than or equal to 2, and/or M is greater
than or equal to 1.

[0069] In order to achieve the purpose of ablating a relatively large focal tissue at one time or
completing multi-point ablation in a focal region at one time, in this preferred embodiment, a
multi-channel ablation method is further provided. The flexible selectivity of various ablation
channels in the number of the latter generated ablation channels is achieved based on a
correspondence connection relationship between the laser module 202 and the optical fiber
catheter unit 300, including but not limited to a case where the laser module 202 and the optical
fiber catheter unit 300 are connected in one-to -one correspondence, that is, a one-to -one
connection form; or a case where a plurality of laser modules 202 are connected to one optical
fiber catheter unit 300, that is, a more-to -one connection form; or a case where one laser module
202 is connected to a plurality of optical fiber catheter units 300, that is, a one-to -many

connection form; or a case where a plurality of laser modules 202 are connected to a plurality
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of optical fiber catheter units 300, that is, a many-to -many connection form. Apparently,
various flexible variations based on the above correspondence connection relationship may also
be included, or variations of the correspondence relationship based on the number of laser
devices in the laser module 202 and the number of optical fiber catheters in the optical fiber
catheter unit 300 may be included, which are also within the protection scope of the present
disclosure. Only some specific ones of the numerous correspondence connection relationships
are described below.

[0070] 1. A first form of the correspondence connection relationship.

[0071] Referring to FIG. 10A, the laser module 202 is provided with N laser devices, and the
optical fiber catheter unit 300 has M optical fiber catheters for ablation. Preferably, N is greater
than or equal to 2, and M is greater than or equal to 2. Further, when M is equal to N, the optical
fiber catheters are connected to the respective laser devices in one-to -one correspondence to
form N (or M) ablation channels.

[0072] Another variation is shown in FIG. 10B. As shown in FIG. 10B, the laser ablation unit
200 is provided with at least two laser modules 202, and each laser module 202 is provided with
at least one laser device. The optical fiber catheter unit 300 is provided with optical fiber
catheters of at least the same number as the laser devices. In other words, the optical fiber
catheter unit 300 is provided with at least two optical fiber catheters. Referring again to FIG.
10B, a first laser device in a first laser module 202 is connected to the first optical fiber catheter;
and a second laser device in a second laser module 202 is connected to the second optical fiber
catheter.

[0073] II. A second form of the correspondence connection relationship.

[0074] Referring to FIG. 10C, the laser module 202 is provided with N laser devices, where
N is at least 2; the optical fiber catheter unit 300 is provided with M optical fiber catheters,
where M is at least 1; and the N laser devices are connected to each optical fiber catheter,
respectively. Further, as shown in FIG. 10C, N is equal to 2 (including a first laser device and
a second laser device), and M is equal to 3 (including a first optical fiber catheter, a second
optical fiber catheter, and a third optical fiber catheter). In other words, the first laser device is
connected to the first optical fiber catheter, the second optical fiber catheter and the third optical
fiber catheter simultaneously or non-simultaneously; and the second laser device is connected

to the first optical fiber catheter, the second optical fiber catheter and the third optical fiber
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catheter simultaneously or non-simultaneously.

[0075] Another variation is shown in FIG. 10D: the laser ablation unit 200 is provided with
at least two laser modules 202, and each laser module 202 is provided with at least one laser
device. The optical fiber catheter unit 300 is provided with optical fiber catheters of at least the
same number as, or of a different number from, the laser devices. FIG. 10D shows a scheme in
which the optical fiber catheter unit 300 is provided with at least two optical fiber catheters.
Therefore, the correspondence connection relationship in this case is that a first laser device in
a first laser module 202 is connected to both the first optical fiber catheter and the second optical
fiber catheter; and a second laser device in a second laser module 202 is connected to both the
first optical fiber catheter and the second optical fiber catheter.

[0076] Furthermore, the correspondence connection relationship may be the connection mode
shown in FIG. 10E, in which the optical fiber catheter unit 300 is provided with two groups of
optical fiber catheters, each including a first optical fiber catheter, a second optical fiber
catheter, and a third optical fiber catheter. In other words, the first laser device in the first laser
module 202 is connected to the first optical fiber catheter, the second optical fiber catheter and
the third optical fiber catheter in a first group of optical fiber catheters simultaneously or non-
simultaneously; and the second laser device in the second laser module 202is connected to the
first optical fiber catheter, the second optical fiber catheter and the third optical fiber catheter
in a second group of optical fiber catheters simultaneously or non-simultaneously.

[0077] III. A third form of the correspondence connection relationship.

[0078] Referring to FIG. 10F, the laser module 202 is provided with N laser devices, where
N is at least 1; the optical fiber catheter unit 300 is provided with M optical fiber catheters,
where M is at least 2; and the M optical fiber catheters are connected to each laser device,
respectively. With continued reference to FIG. 10F, a first laser device is connected to a first
optical fiber catheter, and a second laser device is connected to the first optical fiber catheter.
[0079] Another form is as shown in FIG. 10G, in which the laser module is provided with a
first laser device, a second laser device, and a third laser device, while the optical fiber catheter
unit 300 is provided with a first optical fiber catheter and a second optical fiber catheter. The
correspondence relationship between the laser module and the optical fiber catheter unit is that:
the first laser device is connected to the first optical fiber catheter and the second optical fiber

catheter simultaneously or non-simultaneously; the second laser device is connected to the first
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optical fiber catheter and the second optical fiber catheter simultaneously or non-
simultaneously; and the third laser device is connected to the first optical fiber catheter and the
second optical fiber catheter simultaneously or non-simultaneously.

[0080] Another connection form is shown in FIG. 10H, in which: the laser ablation unit 200
is provided with at least two laser modules 202, and each laser module 202 is provided with at
least one laser device. The optical fiber catheter unit 300 is provided with optical fiber catheters
of at least the same number as, or of a different number from, the laser devices. In the scheme
shown in FIG. 10H, the optical fiber catheter unit 300 is provided with at least a first optical
fiber catheter and a second optical fiber catheter. Therefore, the correspondence connection
relationship in this case is that a first laser device in a first laser module 202 is connected to
both the first optical fiber catheter and the second optical fiber catheter; and a second laser
device in a second laser module 202 is connected to both the first optical fiber catheter and the
second optical fiber catheter.

[0081] On the basis of the above embodiments, the surgical plan of the present disclosure
contains information corresponding to each of the N laser devices, where the information
includes at least one of: a planned ablation area and/or volume, a laser power, laser light
emitting time or a light emitting mode used for achieving a preset ablation result, the number
of desired ablation channels (i.e., a selected connection mode between the laser module and the
optical fiber catheter), a coolant flow rate, or insertion path planning for an optical fiber
catheter. Compared with the existing art, this solution has more flexible selectivity and a wider
application range.

[0082] Tt is further preferred that each laser device emits lasers of at least one wavelength. In
other words, a laser device may be configured to emit lasers of one wavelength, or emit lasers
of two or more wavelengths in the same range or different ranges.

[0083] Preferably, N laser devices are provided, and each laser device may be configured to
emit lasers of only one wavelength; and/or one part of the N laser devices may be each set to
emit lasers of only a first wavelength, while the other part of the N laser devices may be each
set to emit lasers of a second wavelength different from the first wavelength.

[0084] Further preferably, as shown in FIGs. 11A to 11C, the optical fiber in the optical fiber
catheter may include one of a ring optical fiber, a dispersion optical fiber or a side-emitting

optical fiber. The ring optical fiber is a laser transmission optical fiber with a light emitting
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mode of emitting along the whole circumference in the radial direction at a front end of the
optical fiber. The dispersion optical fiber is a laser transmission optical fiber with a light
emitting mode of emitting along the whole circumference in both radial and axial directions
over a predefined length at a front end of the optical fiber. The side-emitting optical fiber is a
laser transmission optical fiber with a light emitting mode of emitting from one side in the radial
direction at a front end of the optical fiber. A proximal end of the optical fiber (i.e., the end
close to the focal tissue) may be further configured as one of a beveled end, a semicircular end,
a spherical end, a conical end, or a chisel end.

[0085] Apparently, based on the design idea of the present disclosure, various forms of
embodiments can be obtained by further optimization, which will be further explained below
with reference to the accompanying drawings.

[0086] First embodiment: an optimization scheme for accurate temperature measurement
design.

[0087] Referring to FIG. 2, on the basis of the multi-wavelength multi-channel laser system
described above, the first embodiment is improved in that the multi-wavelength multi-channel
laser system has both the temperature measurement function of the magnetic resonance
guidance unit and the function of detecting a tissue temperature in real time, thereby achieving
dual-precise temperature measurement. Specifically, since the first optical fiber catheter 301
and the second optical fiber catheter 302 have the same structure, the first optical fiber catheter
301 is taken as an example here for illustration: the first optical fiber catheter 301 is provided
with a temperature measuring optical fiber (“TMOF”’) 8, which is connected to the first optical
fiber catheter 301 by a connection means including, but not limited to, adhesion, embedding
arrangement or the like. Preferably, a temperature detecting head of the temperature measuring
optical fiber 8 is close to a light emitting part 9 of the first optical fiber catheter 301, and a
plurality of temperature detecting heads may be arranged along a length direction of the first
optical fiber catheter 301.

[0088] The temperature measuring optical fiber 8 is configured to detect and acquire real-time
temperatures of the first optical fiber catheter 301 where the temperature measuring optical
fiber 8 is located and a surrounding tissue of the first optical fiber catheter 301, and transmit
data information of the real-time temperatures to the optical fiber temperature measuring

module 206. The temperature measuring optical fiber 8 is connected to an optical fiber
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temperature measuring module 206 in the laser ablation unit 200; and the optical fiber
temperature measuring module 206 is connected to a temperature correction module 2011 in
the control host 201. In other words, in the optical fiber temperature measuring module 206,
the acquired optical signal is fed back to an optical signal decoder in real time, and after signal
conversion, the temperature values are fed back to the temperature correction module 2011 in
the control host 201.

[0089] In the temperature correction module 2011, at least the following processing is
performed: D directly taking a real-time temperature value of the tissue acquired by the optical
fiber temperature measuring module 206 in real time as a reference temperature measurement
value of the magnetic resonance guidance unit 100; ) based on the reference temperature
measurement value, generating a corrected temperature image by the magnetic resonance
guidance unit 100; and @) feeding back image correction information to the control host 201
from the temperature correction module 201, where the image correction information includes
at least replacing the real-time temperature image with the corrected temperature image. The
control host 201 is configured to perform real-time regulation on the laser module 202
according to the corrected temperature image.

[0090] Further, in the first embodiment, the control host 201 is configured to synchronously
or asynchronously regulate laser operation parameters (including the laser output power, the
light emitting time, the light emitting mode and the like) of the first laser device 2021 and the
second laser device 2022 according to the surgical plan and the corrected temperature image.
[0091] Further, the temperature measuring optical fiber 8 may be further configured to feed
back a safety parameter condition of the system to the control host 201, and when the
temperature data measured by the temperature measuring optical fiber 8 exceeds a safety
threshold, the control host 201 emergently stops operation of the laser module.

[0092] Second embodiment: a first optimization scheme for system temperature control
design.

[0093] As shown in FIG. 3, in order to further improve the precision of conformal ablation,
on the basis of the first embodiment, the laser module 202 is further configured with a cooling
module connected to both the control host 201 and the optical fiber catheter unit 300. The
control host 201 controls operation of the cooling module; and the cooling module is configured

to cool the optical fiber catheter unit 300 and a surrounding tissue of the optical fiber catheter
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unit 300 by driving and controlling circulatory flow of a cooling medium. The optical fiber
catheter unit 300 has the first optical fiber catheter 301 and the second optical fiber catheter 302
of the same structure, and the first optical fiber catheter 301 is taken as an example for
illustration: the first optical fiber catheter 301 includes an optical fiber, a cooling inner tube and
a cooling outer tube. The optical fiber is connected to the first laser device 2021; and a
circulating inlet and outlet channel for the cooling medium formed by the optical fiber, the
cooling inner tube and the cooling outer tube is connected to a first cooling module.

[0094] The cooling module includes a first cooling module 2023 and a second cooling module
2024 of the same structure. The first cooling module 2023 is configured to cool the first optical
fiber catheter 301, and the second cooling module 2024 is configured to cool the second optical
fiber catheter 302. Referring also to FIG. 6, the first cooling module 2023 includes a coolant
tank 10, a peristaltic pump 20, a water inlet pipe 30, a water return pipe 40, and a waste tank
50. The coolant tank 10 is further provided with a heater 101, a temperature sensor 102, and a
level sensor 103, and the water return pipe 40 is further provided with a flow sensor 501.
Preferably, the first cooling module 2023 adopts a single-channel circulation system (with no
additional circulation pipeline between the waste tank 50 and the coolant tank 10), to prevent
circulating reflux contamination.

[0095] When the first cooling module 2023 is in operation, the heater 101 heats the coolant in
the coolant tank 10 to a suitable temperature, for example 37.2 ‘C. The temperature in the
coolant tank 10 is monitored and detected by the temperature sensor 102, and then the peristaltic
pump 20 is started to deliver the coolant into the first optical fiber catheter 301 to form a cooling
loop. Then, the coolant enters the waste tank 50 through the water return pipe 40 where a flow
sensor 501 is additionally provided. The flow sensor 501 is configured to confirm whether the
coolant is normally returned. In addition, the level sensor 103 may detect a level of the coolant
in the coolant tank 10, and send an alarm signal when the coolant is insufficient, to request
replacement or replenishment of the coolant. Preferably, the coolant preferably adopts a water
cooling mode, which have a more stable cold source, a better effect and a lower preparation
cost. The coolant tank 10 may be directly adapted to a conventional normal saline bottle without
any additional switching structure, and when the coolant is to be replaced, the normal saline
bottle can be simply placed in the coolant tank 10 and connected to a water delivery pipe.

[0096] Referring also to FIG. 7, the first optical fiber catheter 301 may generally have a
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structure as follows: the first optical fiber catheter 301 includes an optical fiber 1, a cooling
inner tube 2, and a cooling outer tube 3. The optical fiber 1 is located in the cooling inner tube
2, and an axial clearance between an outer wall of the optical fiber 1 and an inner wall of the
cooling inner tube 2 forms a first circulation channel. The cooling inner tube 2 is disposed
within the cooling outer tube 3, and an axial clearance between an inner wall of the cooling
outer tube 3 and an outer wall of the cooling inner tube 2forms a second circulation channel. A
proximal end of the first circulation channel and a proximal end of the second circulation
channel are communicated at a proximal end of the cooling outer tube 3 to form a backflow
cavity 6. A distal end of the first circulation channel is in communication with the water inlet
pipe 30, and a distal end of the second circulation channel is in communication with the water
return pipe 40.

[0097] Referring again to FIG. 7, the first optical fiber catheter 301 further includes a
fastening assembly 7 configured to fasten and connect the optical fiber 1, the inner tube 2, and
the outer tube 3, and meanwhile, the fastening assembly 7 has a coolant inlet 4 in
communication with the first circulation channel, and a coolant outlet 5 in communication with
the second circulation channel. The coolant inlet 4 is in communication with the water inlet
pipe 30, and the coolant outlet 5 is in communication with the water return pipe 40.

[0098] The optical fiber catheter and the fastening assembly belong to existing art, and thus
the specific structural characteristics thereof will not be described in detail here.

[0099] In the second embodiment, the control host 201 acquires and processes feedback
information of various modules in the multi-wavelength multi-channel laser system during a
surgical procedure, and outputs signals to the modules, while controlling all the functional
modules to work together in a coordinated manner. In this manner, real-time temperature
detection, ablation condition evaluation, and human-computer interaction can be completed,
and automatic adjustment of the laser power and the efficiency of the cooling module can be
implemented. For example, the control host 201 may regulate operation parameters, such as a
laser output power, laser output time, a light emitting mode, and a coolant flow rate in real time
according to the ablation condition.

[00100] Further, the control host 201 may monitor operation parameters of the laser module
202, the optical fiber temperature measuring module 206, and the cooling module in real time;

and when an operation parameter exceeds a safe operation threshold value, the control host 201
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is configured to stop the laser module 202 and/or the cooling module.

[00101] Third embodiment: a second optimization scheme for system temperature control
design.

[00102] Referring to FIG. 4, the third embodiment differs from the second embodiment merely
in that the first optical fiber catheter 301 and the second optical fiber catheter 302 share one
cooling module, and the sharing form or manner may be obtained by those skilled in the art
according to the existing art, and therefore is not described in detail here.

[00103] Fourth embodiment: a design scheme for overall optimization of the multi-wavelength
multi-channel system.

[00104] Referring again to FIG. 3, the fourth embodiment is an optimization based on the first
embodiment, the second embodiment or the third embodiment, and therefore only the
differences and improvements will be described in detail herein.

[00105] The laser ablation unit 200 of the present disclosure mainly includes: a control host
201, a human-computer interaction module 203, a laser module 202, a cooling module, a power
module 204, an optical fiber temperature measuring module 206, and an effect evaluation
module 207.

[00106] (1) The control host 201 is configured to receive a signal and output a control signal,
and monitor ablation progress in real time. Therefore, the functions and actions of the control
host 201 are mainly embodied in the preoperative and intraoperative stages.

[00107] In the preoperative stage: in cooperation with preoperative software, the control host
201 is configured to complete profiling, multi-modal 3D modeling, marking focus and
neurovascular locations, planning an appropriate surgical path, and generating a surgical plan
for a patient according to medical image information of the patient. The surgical plan contains
insertion path planning for an optical fiber catheter, estimated conditions of a region to be
ablated, the used laser power, light emitting time, light emitting mode, number of desired
ablation channels, and the like.

[00108] In the intraoperative stage: the control host 201 can process digital image information
transmitted from the MRI control center 102 in time, generate a real-time temperature image of
a focus area through an MRI temperature imaging technique and a multi-modal fusion
technique, and display the real-time temperature image on a human-computer interaction

module 203. In the intraoperative stage, the control host 201 may monitor ablation conditions
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of the focus area in real time according to the surgical plan and the real-time temperature image,
and regulate the laser output power, laser output time, light emitting mode, and the like of the
first laser device 2021 and the second laser device 2022 synchronously or asynchronously
according to the ablation data displayed on the human-computer interaction module 203.
[00109] (2) The human-computer interaction module 203 is connected to the control host 201,
and configured to receive input of the laser ablation operation parameters and display real-time
information. Referring also to FIG. 5, the human-computer interaction module 203 is used with
the control host, and displays in cooperation with a plurality of touch screens, physical buttons
and working indicator lights. Meanwhile, a plurality of input modes, such as a touch screen, a
mouse, a keyboard, a solid knob and the like, are provided. In this manner, when one part fails,
the other part can be used instead for controlling, thereby increasing the stability and safety of
the multi-wavelength multi-channel laser system. Specifically, the human-computer interaction
module 203 includes a first touch screen 2031, a second touch screen 2032, a third touch screen
2033, an emergency stop switch 2034, a foot pedal controller 2035, a physical button 2036, and
an indicator light 2037. The first touch screen 2031 and the second touch screen 2032 are each
connected to an industrial personal computer 2012 of the control host 201, while the third touch
screen 2033 is connected to a motherboard 2013 of the control host 201.

[00110] Further, the first touch screen 2031 includes an MRI real-time temperature monitoring
interface and an ablation area evaluation interface; the second touch screen 2032 includes a first
laser device parameter interface, a second laser device parameter interface, and a cooling
module parameter interface; and the third touch screen and the second touch screen display the
same or different interface contents. Because the motherboard 2013 has higher stability and
safety than the industrial personal computer 2012, when the second touch screen 2032 fails, the
ablation can be continued according to the display contents on the third touch screen 2033.
[00111] Further, the emergency stop switch 2034 is configured to stop the laser module, the
optical fiber catheter, the cooling module, and the like in emergency, but not the human-
computer interaction module 203. The foot pedal controller 2035 is configured to control laser
emission of the laser module 202, and the switching between lasers of different wavelengths
and the switching of the light emitting mode. The control host 201 is configured to monitor
operation parameters of the laser module 202, the optical fiber temperature measuring module

206, and the cooling module in real time; and when an operation parameter exceeds a safe
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operation threshold value, the control host 201 is configured to emergently stop the laser
module 202 and/or the cooling module.

[00112] (3) The laser module 202 is configured to emit a plurality of lasers of the same energy
or different energies. In this embodiment, the laser module 202 includes a first laser device
2021 and a second laser device 2022. The first laser device 2021 can generate lasers of a first
wavelength, and the second laser device 2022 can generate lasers of a second wavelength. The
first wavelength and the second wavelength may be the same or different. Preferably, in the
present disclosure, the first laser device 2021 is configured to generate lasers of a first
wavelength 980nm, and the second laser device 2022 is configured to generate lasers of a
second wavelength 1064nm. In an ablation surgery, the control host 201 is configured to
regulate the first laser device 2021 and the second laser device 2022 to emit laser
simultaneously, or regulate only one of the first laser device 2021 or the second laser device
2022 to emit lasers; or may send a regulation instruction that indicates the first laser device
2021 and the second laser device 2022 to emit light in a specified order according to the surgical
requirement. The regulation instruction may include a laser light emitting power, light emitting
time, a light emitting mode, synchronous light emitting, asynchronous light emitting, a light
emitting angle or the like.

[00113] Further, a semiconductor laser is used at the wavelength 980nm, and a semiconductor
laser or Nd:YAG laser is use at the wavelength 1064nm. The laser of the wavelength 980nm
and the laser of the wavelength 1064nm are both high-power lasers commonly used for ablation.
Compared with the laser of the wavelength 980nm, the laser of the wavelength 1064nm is more
penetrating, and therefore can be used for a larger volume of ablation. As can be seen, the multi-
wavelength multi-channel laser system of the present disclosure can generate multiple different
bands of lasers, which can be further matched with optical fiber catheters correspondingly
connected thereto to implement multi-channel light emitting ablation, and further implement
precise conformal ablation on a regular or irregular tumor. The multi-wavelength multi-channel
laser system of the present disclosure can be used without considering a diameter or shape
characteristics of the tumor and completely regardless of the size, shape or position, which,
compared with the existing art, can greatly increase the application range of LITT, and bring
about more flexible ablation schemes, and is worthy of being popularized in the field.

[00114] Apparently, the laser module 202 may be configured with only one laser device, but
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the laser device is configured to emit lasers of multiple wavelengths, where each wavelength is
matched with a corresponding optical fiber catheter, so that multi-wavelength light emission
and multi-channel ablation can be implemented. Alternatively, the laser module 202 may be
configured with at least two laser devices which can emit lasers of the same band. The
implementation of these improvements can be achieved according to the existing art, and will
not be described in detail herein.

[00115] (4) The cooling module is configured to cool the optical fiber catheter unit 300 and a
surrounding tissue of the optical fiber catheter unit 300 by driving and controlling circulatory
flow of a cooling medium. The specific implementation of the cooling module may refer to the
contents of the second embodiment of the present disclosure.

[00116] (5) The power module 204 is configured to provide stable power support for each of
the other modules. Referring to FIG. 9, a schematic diagram showing power distribution of a
power module in a laser ablation unit is shown. The power module 204 is configured to provide
power for each module in the laser ablation unit 200, for example, the control host 201, the
human-computer interaction module 203, the laser module 202, the optical fiber temperature
measuring module 206, the effect evaluation module 207, and the like. The power module 204
mainly includes at least one UPS device and at least one power distribution control board. An
electric energy input end of the laser ablation unit 200 is connected to a power line. The power
line has one end connected to a commercial power end and the other end connected to the UPS
device. In other words, an output end of the power line is connected to an electric energy input
end of the UPS device. The UPS device is in a charging state when the commercial power end
supplies power normally, and once the commercial power end or the power line breaks down
or is interrupted, the UPS device immediately outputs the stored electric energy to the laser
ablation unit 200 so that the power supply continuity and normal use of each module in the laser
ablation unit 200 are ensured. Preferably, the UPS device may maintain power supply for about
15min.

[00117] In addition, circuit connection wires of the modules in the laser ablation unit 200 are
all centralized on the power distribution control board. This has the advantages of reasonable
distribution of circuit management for the modules in the laser ablation unit 200, clear and
definite wiring, easy maintenance, and contribution to further reducing the occupied space of

the laser ablation unit 200. Furthermore, the power distribution control board is provided with
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a plurality of connection terminals, a built-in independent switching power supply, and a
latching relay. The connection terminals are respectively and electrically connected to at least
five electric energy output channels, including an SP1 channel, an SP2 channel, an SP3 channel,
an SP4 channel, and an SP5 channel. The SP1 channel, the SP2 channel, the SP3 channel, the
SP4 channel, and the SP5 channel may be electrically connected to the modules in the laser
ablation unit 200, respectively. For example, the SP1 channel is electrically connected to the
UPS device and serves as a total input of the entire board power supply, the SP2 channel is
connected to the first touch screen 2031, the SP3 channel is connected to the second touch
screen 2032, the SP4 channel is connected to the control host 201, and the SP5 channel is
connected to a 4-in-1 switching power supply.

[00118] More preferably, the 4-in-1 switching power supply is provided with at least four
electric energy output channels, including a Power-1 channel, a Power-2 channel, a Power-3
channel, and a Power-4 channel. The four electric energy output channels may output the same
direct-current power supply or different direct current power supplies, and the Power-1 channel,
the Power-2 channel, the Power-3 channel, and the Power-4 channel are operated independent
of one another without any interference, thereby guaranteeing the power utilization safety.
[00119] In a preferred embodiment of the present disclosure, the built-in independent switching
power supply is electrically connected to the latching relay. Preferably, the latching relay is
electrically connected to the SP5 channel. Meanwhile, the latching relay is further connected to
a PCS-1 channel configured to electrically connect to the emergency stop control switch 2034
and the key switch 205. The power distribution control board further includes a PCS-2 channel
connected to the cooling module. The advantages of such wiring lie in that strong electricity
can be controlled by weak electricity, the power utilization safety of the device is increased
while functional reliability of the device is guaranteed, and the latching relay can maintain a
last operating state of the device so that when the start button needs to be re-pressed when the
device is resumed to normal operation from an emergency stop, the electrical safety problem
caused by false resuming after an emergency stop can be avoided.

[00120] (6) The optical fiber temperature measuring module 206 is configured to acquire and
process real-time temperatures of the optical fiber catheter unit 300 and a surrounding tissue of
the optical fiber catheter unit 300 transmitted from the temperature measuring optical fiber §;

and assist the control host 201 to generate an accurate corrected temperature image, to achieve
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real-time intraoperative temperature feedback and more accurate ablation actions. For more
details, please refer to the first embodiment of the present disclosure.

[00121] (7) The effect evaluation module 207 is configured to make real-time intraoperative
estimates of a tissue ablation condition using an Arrhenius model or a CEM43 model; and the
control host 201 is configured to generate in real time, according to ablation progress fed back
by the effect evaluation module 207, a regulation instruction including at least one of: a laser
output power, light emitting time, a light emitting mode, or a coolant flow rate.

[00122] Furthermore, the multi-wavelength multi-channel laser system further includes other
peripheral interfaces, such as a USB interface, a safety switch interface, a network cable, an
optical drive and the like, to ensure normal operation of the system.

[00123] Further, the multi-wavelength multi-channel laser system further includes software,
where the software performs functions including at least one of:

(D surgical plan generation, where the surgical plan contains information
corresponding to each of the N laser devices, where the information includes at least one of: a
planned ablation area and/or volume, a laser power, light emitting time or a light emitting mode
used for achieving a preset ablation result, the number of desired ablation channels, or a coolant
flow rate;

(2) real-time control, including under the guidance of the magnetic resonance guidance
unit 100 and according to the surgical plan and the corrected temperature image corresponding
to each of the N laser devices, regulating operation parameters of each laser device in an
operating state and the cooling module in real time, and performing ablation monitoring in real
time; or

(3) comparison and analysis, including comparing and analyzing, by Boolean operation
for example, information in the surgical plan corresponding to each laser device with post-
operative information of the laser device, and generating ablation result information according
to a comparison result and displaying the ablation result information on the human-computer
interaction module 203; where the compared contents include: a planned ablation area and/or
volume, and an actual post-operative ablation area and/or volume; and the ablation result
information includes at least one of: an ablation area percentage, an ablation volume percentage,
an ablation area percentage, or a comparison diagram of before and after ablation.

[00124] The above are merely embodiments of the present disclosure, and are not intended to

26-



limit the scope of the present disclosure. All equivalent structural or procedural variations made
based on the description and the accompanying drawings of the present disclosure, or directly
or indirectly applied to other related technical fields, are included in the scope of the present

disclosure.
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CLAIMS

WHAT IS CLAIMED IS:

1. A multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery, characterized in comprising:

a magnetic resonance guidance unit (100) including an MRI device (101) and an
MRI control center (102); wherein the MRI control center (102) is configured to
perform processing including at least one of: data acquisition, data processing, image
reconstruction, image display, or image storage;

a laser ablation unit (200) connected to the magnetic resonance guidance unit
(100) and including a control host (201); wherein the control host (201) is configured
to complete, according to digital image information of a patient, at least one of:
profiling, 3D modeling, or generating a surgical plan of the patient; and the control
host (201) is configured to fuse the digital image information through an MRI
temperature imaging technique to generate a real-time temperature image, and display
the real-time temperature image on a human-computer interaction module (203);
wherein

the laser ablation unit (200) further includes a laser module (202) connected to
the control host (201), wherein the laser module (202) is provided with N laser devices;
and the control host (201) is configured to synchronously or asynchronously regulate
laser operation parameters of some or all of the N laser devices according to the
surgical plan and the real-time temperature image; and

an optical fiber catheter unit (300) connected to the laser ablation unit (200) and
having M optical fiber catheters for ablation.

2. The multi-wavelength multi-channel laser system for thermal ablation in

neurosurgery of claim 1, characterized in that N is greater than or equal to 2.
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3. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of claim 1 or 2, characterized in that M is greater than or equal to 1.

4. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of claim 1, characterized in that N is greater than or equal to 2, and when
M is equal to N, the optical fiber catheters are connected to the laser devices in one-to
-one correspondence to form N ablation channels; and/or

the laser module (202) is provided with N laser devices, where N is at least 2; the
optical fiber catheter unit (300) is provided with M optical fiber catheters, where M is
at least 1; and the N laser devices are connected to each optical fiber catheter,
respectively; and/or

the laser module (202) is provided with N laser devices, where N is at least 1; the
optical fiber catheter unit (300) is provided with M optical fiber catheters, where M is
at least 2; and the M optical fiber catheters are connected to each laser device,
respectively.

5. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of claim 2 or 4, characterized in that each laser device is configured to
emit lasers of at least one wavelength; and/or the N laser devices all emit lasers of the
same wavelength; and/or one part of the N laser devices emit lasers of a first
wavelength, and the other part of the N laser devices emits lasers of a second
wavelength different from the first wavelength.

6. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of claim 2, characterized in that when N is equal to 2, the laser module
(202) includes a first laser device (2021) and a second laser device (2022); and the
control host (201) is configured to synchronously or asynchronously regulate laser
operation parameters of the first laser device (2021) and the second laser device (2022)

according to the surgical plan and the real-time temperature image;

29-



while the optical fiber catheter unit (300) includes a first optical fiber catheter
(301) and a second optical fiber catheter (302); and the first optical fiber catheter (301)
is connected to the first laser device (2021), and the second optical fiber catheter (302)
is connected to the second laser device (2022).

7. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of claim 6, characterized in that at least one of the first optical fiber
catheter (301) or the second optical fiber catheter (302) is provided with a temperature
measuring optical fiber (8) configured to detect real-time temperatures of the optical
fiber catheter unit (300) where the temperature measuring optical fiber (8) is located
and a surrounding tissue of the optical fiber catheter unit (300); the temperature
measuring optical fiber (8) is connected to an optical fiber temperature measuring
module (206) in the laser ablation unit (200); and the optical fiber temperature
measuring module (206) is connected to a temperature correction module (2011) in the
control host (201) for temperature correction.

8. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of claim 7, characterized in that the temperature correction module
(2011) is configured to complete processing including at least: taking a real-time
temperature value of the tissue acquired by the optical fiber temperature measuring
module (206) in real time as a reference temperature measurement value of the
magnetic resonance guidance unit (100), and feeding back a corrected temperature
image to the control host (201);

wherein the corrected temperature image is generated by the magnetic resonance
guidance unit (100) based on the reference temperature measurement value; and

the corrected temperature image fed back to the control host (201) is used to
replace the real-time temperature image.

9. The multi-wavelength multi-channel laser system for thermal ablation in

neurosurgery of claim 8, characterized in that the control host (201) is configured to
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perform real-time regulation on the laser module (202) according to the corrected
temperature image.

10. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of claim 6, characterized in that the first laser device (2021) generates
lasers of a first wavelength, and the second laser device ( 2022) generates lasers of a
second wavelength; the first wavelength and the second wavelength are the same or
different; and the laser module (202) has the first laser device (2021) that generates
the laser of the first wavelength, and the second laser device ( 2022) that generates the
laser of the second wavelength.

11. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of claim 10, characterized in that the first wavelength is 980nm, and the
second wavelength is 1064nm.

12. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of claim 6, characterized in that the laser operation parameters include
at least one of: a laser output power, laser light emitting time, or a laser light emitting
mode.

13. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of any one of claims 9 to 12, characterized in that the laser module (202)
is further configured with a cooling module connected to the control host (201) and
the optical fiber catheter unit (300); and

the control host (201) is configured to control operation of the cooling module
such that the cooling module cools the optical fiber catheter unit (300) and a
surrounding tissue of the optical fiber catheter unit (300) by driving and controlling
flow of a cooling medium.

14. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of claim 13, characterized in that the optical fiber catheter unit (300) has

the first optical fiber catheter (301) and the second optical fiber catheter (302) of the
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same structure; wherein the first optical fiber catheter (301) includes an optical fiber,
a cooling inner tube and a cooling outer tube; and/or the optical fiber is one of a ring
optical fiber, a dispersion optical fiber or a side-emitting optical fiber; and/or a
proximal end of the optical fiber is one of a beveled end, a semicircular end, a spherical
end, a conical end, or a chisel end.

15. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of claim 13, characterized in that the laser ablation unit (200) includes a
control host (201), a human-computer interaction module (203), a laser module (202),
a cooling module, a power module (204), an optical fiber temperature measuring
module (206), and an effect evaluation module (207).

16. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of claim 15, characterized in that the power module (204) has at least
one UPS device and at least one power distribution control board; wherein an electric
energy input end of the laser ablation unit (200) is connected to a power line; and the
power line has one end connected to a commercial power end and the other end
connected to the electric energy input end of the UPS device.

17. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of claim 16, characterized in that the power distribution control board
includes a plurality of connection terminals, a built-in independent switching power
supply, and a latching relay; the latching relay is electrically connected to a PCS-1
channel that is configured to be electrically connected to an emergency stop switch
(2034) and a key switch (205); and the power distribution control board further
includes a PCS-2 channel connected to the cooling module.

18. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of claim 15, characterized in that the effect evaluation module (207) is
configured to make real-time intraoperative estimates of a tissue ablation condition

using an Arrhenius model or a CEM43 model; and
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the control host (201) is configured to generate in real time, according to ablation
progress fed back by the effect evaluation module (207), a regulation instruction
including at least one of: a laser output power, light emitting time, a light emitting
mode, or a coolant flow rate.

19. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of claim 15, characterized in that the human-computer interaction
module (203) includes a first touch screen (2031), a second touch screen (2032), a
third touch screen (2033), an emergency stop switch (2034), a foot pedal controller
(2035), a physical button (2036), and an indicator light (2037).

20. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of claim 19, characterized in that the first touch screen (2031) and the
second touch screen (2032) are connected to an industrial personal computer (2012) of
the control host, while the third touch screen (2033) is connected to a motherboard
(2013) of the control host;

and the first touch screen (2031) includes an MRI real-time temperature
monitoring interface and an ablation area evaluation interface; the second touch screen
(2032) includes a first laser device parameter interface, a second laser device
parameter interface, and a cooling module parameter interface; and the third touch
screen and the second touch screen display the same or different interface contents.

21. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of claim 15, characterized in that the control host (201) is configured to
monitor safe operation parameters of the laser module (202), the optical fiber
temperature measuring module (206) and the cooling module in real time; and when
an operation parameter exceeds a safe operation threshold value, the control host (201)

control the laser module (202) and/or the cooling module to stop emitting light.
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22. The multi-wavelength multi-channel laser system for thermal ablation in
neurosurgery of any one of claims 14 to 20, characterized in further comprising:
software, wherein the software performs functions including at least one of:

surgical plan generation, wherein the surgical plan contains information
corresponding to each of the N laser devices, wherein the information includes at least
one of: a planned ablation area and/or volume, a laser power, light emitting time or a
light emitting mode used for achieving a preset ablation result, the number of desired
ablation channels, a coolant flow rate, or insertion path planning for an optical fiber
catheter;

real-time control, including under the guidance of the magnetic resonance
guidance unit (100) and according to the surgical plan and the corrected temperature
image corresponding to each of the N laser devices, regulating operation parameters
of each laser device in an operating state and the cooling module in real time, and
performing ablation monitoring in real time; or

comparison and analysis, including comparing information in the surgical plan
corresponding to each laser device with post-operative information of the laser device,
and generating ablation result information according to a comparison result and
displaying the ablation result information on the human-computer interaction module
(203); wherein the compared contents include: a planned ablation area or volume, and
an actual post-operative ablation area or volume; and the ablation result information
includes at least one of: an ablation area percentage, an ablation volume percentage,

or a comparison diagram of before and after ablation.
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