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Fig. 1 Overview of intelligent optic-assisted techniques and laser ablation in image guided minimally invasive intervention

2 P AP AR S B SR

18 — 4 WoR A AR T AN AT ARG R

B 2T IAEE AT, 4k Bon At 2R
SAEEA R, AR R KRR ARE RS HLT
ARG FAEAE A W R VE IS o B T 82800 58 AR BT R &)
S5 AR TG B O A = e S5 I TR
G129 55 R ECT RN . AR R AR AR PR &
J& O b3 IR G T g p T SRl e T B
PG5 1 , AR AH i 0LM5 B 5 B 52 3 5 R A7 DL Bid O
FLAl A 7R, R 5 T B A S 4 0 v 2 5 A AR BE
WOLEY AR T UL R RIS T RS AR T
AR LUK TOL =B AR, I 2 s . A

ME R A, AR AR J5 2 ¥ B 4536 % T 1k LA B
7R U7 D CHEEFE R Horh 38 R R B F AR U A
7R B S AL 5 7 1] SR IBOWL 56 35 0 AR 45, L
Fe ARG I6 248 B 38 B A B vE B R T S B R
PSAGE B 5 bR i S W VeI , A48 NI 508 A8 B if 5
WAREARMHTLOEFEREEHMAEFE . Bl AR
HEARTEMBIN AP EAEZIRE, 5050 T AR 2
S F AR LA FAR AR PR T (45 AR A7) A
BG4 ) o AT R L5k AR Bl Bh 72 LB A h
B AP 5 0 R o
21 EFERI|{HAR

R ARG RTFATRIAEGGE LN
o HETRRHBH AR UGS SR LRFAY RS

F2 =R g ARZERY, ()3T BR 2810 AR (b) 5 T A AR; (o) T B MY AR
Fig. 2 Three typical types of AR™. (a) Monitor-based AR; (b) projection-based AR; (c) optical see-through AR
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(b) optical tracking system
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Fig. 5 Principle and applications of optical tracking. (a) Principle of optical tracking system (OTS); (b) application of OTS in robot-

assisted spine surgery; (c) common OTS and tracking markers; (d) application of OTS in minimally invasive intervention
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Fig. 8 Principle and applications of laser ablation. (a) Schematic diagram of cooling mechanism for optical fiber; (b) MRI-guided laser

ablation for brain tumor; (c) schematic diagram of thrombus removal by laser ablation; (d) thrombus images generated by OCT""”
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Table 1 Comparison of laser ablation applications in treatment of various tumors
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Laser tvbe Nd: YAG Nd: YAG Nd: YAG Nd: YAG Nd: YAG
-ASer typ /diode laser /diode laser /diode laser /diode laser /diode laser
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guidance MRI ultrasound
Numb'er of . Single or Single or . Single or
ablation Single multinle multinle Single multinle
needles wp uip wp
Anesthesia General General or local General or local . . .
. . . Local anesthesia General anesthesia
methods anesthesia anesthesia anesthesia
Edema, Bleeding, . . .
Major functional tissue pneumothorax, bile Pneumothorax, Bleeding, subcutancous lung Hematuria, urinary

complications injury, bleeding, duct injury, liver
etc. failure, etc.
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urinary retention, etc.

emphysema, pneumothorax,
skin burns, etc.
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Abstract

Significance Minimally invasive intervention techniques have become increasingly important in clinical practice, with the
advantages of minimal trauma, reduced bleeding, and quick postoperative recovery. However, these techniques have limited visual
fields or operating spaces due to the small incision size and the need to minimize damage to normal tissue. Consequently, preoperative

planning and operation under image guidance are necessary. Commonly used image guidance in clinical practice includes computed
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tomography (CT), magnetic resonance imaging (MRI), ultrasound imaging and X-ray fluoroscopy, etc. Nevertheless, these guidance
methods have limitations in terms of visualizing and perceiving surgical information. Firstly, the two-dimensional screen used in the
image guidance lacks stereoscopic vision, making it difficult to observe complex three-dimensional anatomical structures. Secondly,
the operator’s attention needs to be switched repeatedly between the screen and the surgical position, which poses a problem for hand-
eye coordination. Thirdly, the above image guidance methods are difficult to track or perceive the relative positions of the patient’s
lesions and surgical tools in real-time, continuous, and accurate manner. Therefore, the success of a surgical procedure heavily relies
on the doctor’s experience and spatial imagination, which carries the risk of imprecise treatment and potential complications.
Moreover, current minimally invasive interventions face challenges in achieving precise control over the treatment range due to
limitations in the surgical treatment form (mechanical resection, heat, or radiation-based forms) or a lack of intraoperative treatment
status monitoring.

In recent years, optical technology has rapidly developed and been widely applied in the diagnosis and treatment in biomedical
field. In the field of minimally invasive intervention, optical assistance and laser ablation technologies play a crucial role in improving
surgical precision and safety. Among them, augmented reality (AR) can provide new intraoperative information visualization schemes;
optical tracking and sensing technology can provide quantitative spatial information and lay the foundation for precise surgical
operations. Laser energy, with its excellent spatial directionality and flexibility, can be delivered to lesions through slender optical
fibers and, when combined with intraoperative MRI temperature monitoring, can achieve more precise therapeutic effects. At the
same time, the rapid development of artificial intelligence and its fusion with optical technology are promoting the development of
minimally invasive interventions towards intelligent, precise, and personalized directions. Therefore, summarizing the optical

assistance and laser ablation techniques is necessary to guide future development of this field.

Progress In this paper, the research progress of optical assistance and laser ablation technologies is reviewed based on three
aspects: (1) augmented reality; (2) optical tracking and sensing; (3) laser ablation.

The existing research on AR devices mainly includes three forms (Fig. 2): monitor-based, projection-based, and optical see-
through. Among these, optical see-through head-mounted AR is currently the leading trend in development. Although numerous AR
research studies have been conducted on minimally invasive interventions for different types of diseases (Fig. 3), actual clinical
applications are still relatively scarce. This is largely due to the insufficient accuracy, discomfort, and inconvenience of current AR
devices. Future research will primarily focus on the core technology of AR, specifically display, tracking, and registration. Artificial
intelligence methods will play a crucial role in advancing these areas.

Optical tracking and sensing provide valuable quantitative information, including the position and shape of surgical tools and
multi-dimensional tissue information. Current research primarily focuses on optical tracking, fiber Bragg grating (FBG), and optical
imaging. Optical tracking is currently used in many minimally invasive procedures (Fig. 5), but it still has some limitations, such as
the problem of occlusion of optical tracking equipment and image registration efficiency. With the increasing amount of information in
modern surgery, the fusion of multiple information sources has become a new research trend, offering new solutions for markerless
localization and tracking. In the future, intelligent localization, registration, and understanding of surgical scenes will be the focus of
research. Additionally, perceiving multi-dimensional information of tissues is also an important development direction for surgical
navigation. Researchers are increasingly paying attention to the application of FBG-based multi-dimensional information sensing in
minimally invasive surgery (Fig. 6). Optical surface reconstruction and imaging, as important means of perceiving multi-dimensional
tissue information, will be further integrated with artificial intelligence algorithms to make information processing more intelligent.

Laser ablation is an important form of minimally invasive intervention therapy and has been applied to the treatment of tumors and
vascular diseases. Currently, MRI-guided laser ablation has shown unique advantages in precise treatment (Fig. 8). However,
improving the precision of ablation therapy is still the focus of current research. Achieving this goal depends on intelligent processing
of imaging information, such as deep learning-based anatomical structure segmentation and personalized precise ablation simulation
prediction, as well as the development of assisted robots and intraoperative temperature monitoring technology. In addition, the use of
lasers for thrombus treatment is still a relatively new field, and many studies are exploring the combination of laser thrombolysis with
intraoperative imaging (such as optical CT) from the perspective of precise treatment, which will be the focus of future development.

Conclusions and Prospects With the rapid development of artificial intelligence, optical assistance and treatment technologies
have seen new advancements in minimally invasive therapy by integrating with multidisciplinary fields such as computer vision,
information science, and material science. AR technology provides a new visualization method and enhances doctors’ confidence in
their operations. Optical tracking and sensing make surgery more precise, while laser ablation has demonstrated advantages in precise
treatment. Currently, there are numerous related studies, and we have reason to believe that intelligent optical assistance and
treatment technology will continue to advance, leading to more intelligent, precise, and personalized minimally invasive interventions

in the future.

Key words medical optics; augmented reality; optical tracking and sensing; laser ablation; minimally invasive intervention
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