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ABSTRACT

Objective: Magnetic resonance-guided laser interstitial thermal therapy (MRgLITT) is a novel tool and a minimally invasive
treatment to drug-resistant epilepsy (DRE). The focus of this research was to evaluate the effectiveness and safety of the newly
developed dual-wavelength dual-output MRgLITT system LaserRO within two probe trajectories in treating DRE patients.
Methods: This is a retrospective analysis conducted at a single center, examining patients with DRE who received treatment
with the LaserRO MRgLITT system. The system utilizes a sophisticated laser technology that can be configured as conventional
single output for single wavelength or innovative dual outputs for dual wavelengths. The study involved a comprehensive review
of patient information, encompassing demographics, seizure history, details related to the surgical parameters, and the subse-
quent clinical results. Primary outcome was post-operation seizure outcome defined as Engel Scale Class at the end of follow-up
time.

Results: This study included a total of eight DRE patients received MRgLITT surgery between August 2022 and October 2023.
Out of these, there were four mesial temporal lobe epilepsy (MTLE), three focal cortical dysplasia (FCD), and one cavernous
malformation (CM) patients. Within the two probe trajectories, seven patients had single wavelength (980 or 1064 nm) laser
treatment and one patient had dual-wavelength (980 and 1064 nm) laser treatment. The median age of the patients was 27 (22-31)
years, with a median follow-up period of 9.7 (8.4-12.1) months. The mean BMI was recorded at 20.24 +2.95kg/m?, and epilepsy
history was 13+ 6years. The median intraoperative blood loss was 5 (5-9) mL, operation time was 231 (169-254) minutes, and
length of stay (LOS) was 3 (3-5) days. The mean ablation volume ratio was 96.52% + 3.67%. In terms of outcomes, over a median
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follow-up time of 9.7 (range 8.4-12.1) months, there were two patients got Engel I, five patients got seizure-free, and one patient

decreased 75% seizure. Importantly, no serious complications following the procedures occurred.

Conclusions: The preliminary results indicate that the MRgLITT procedure, which operates dual-output laser with single or
dual wavelengths (980/1064 nm) within the two trajectories, is both effective and safe as a minimally invasive approach for dif-

ferent types of DRE patients.

1 | Introduction

Epilepsy is a chronic brain disorder caused by a variety of fac-
tors, characterized by excessive firing of brain neurons, result-
ing in recurrent, paroxysmal, and transitory central nervous
system dysfunction. Epilepsy affects people of all ages, races,
and geographies, while its prevalence is higher in children and
teenagers [1]. Over 65 million individuals worldwide suffer from
epilepsy [2] and the estimated number of individuals with epi-
lepsy is 10 million in China [3]. This chronic neurological disor-
der not only has a negative long-term impact on people's quality
of life, but it also places a significant load on healthcare systems
and families.

At present, the common therapeutic approaches can be di-
vided into: (1) drug treatment; (2) epilepsy surgery (including
neuromodulation therapy); (3) ketogenic diet. Among them,
surgical resection of epileptic lesions had been recommended
for drug resistance epilepsy, which affects around one-third
of patients with epilepsy [4]. While classical craniotomy for
epileptogenic lesion resection carries substantial risks and
numerous complications. Magnetic resonance-guided laser
interstitial thermal therapy (MRgLITT) has gained popularity
as a minimally invasive alternative to surgical resections since
FDA approval in 2007 [5]. Compared with the open surgery,
MRgLITT is link to reduced index hospitalization expenses,
a shorter length of stay (LOS), and a higher likelihood of dis-
charge home [6]. Over the past 10years, there has been an ex-
ponential increase in the application of MRgLITT for DRE in
numerous epilepsy center [6-10].

However, there have been few reports on the use of a dual-
wavelength dual-output within two probe trajectories to treat
DRE patients. This retrospective study aimed to evaluate the
effectiveness and safety of the newly designed dual-wavelength
dual-output MRgLITT system LaserRO in treating DRE at our
epilepsy center.

2 | Methods
2.1 | Study design

Each admitted patient comprehended and agreed with the in-
formed consent. Retrospective evaluation was conducted on
DRE patients treated with MRgLITT utilizing a surgical laser
ablation system between August 2022 and October 2023. Every
procedure was carried out at our hospital. The research ethics
review committee at our hospital approved this study. Prior to
the procedure, informed consent forms were signed by each pa-
tient or their legal guardian. Data on outcomes, intraoperative
procedures, and demographics were gathered and analyzed.

2.2 | Patient selection

Preoperative evaluations were comprehensive and included
3.0-T magnetic resonance imaging (MRI) epilepsy imaging
protocol and scalp video electrography (VEEG) monitoring. As
supplemental testing, positron emission tomography-computed
tomography (PET-CT) were also employed. In order to assist in
locating the epileptic foci, some patients also had electrode in-
stallation for invasive EEG monitoring and stereotactic electro-
encephalography (SEEG). After all data collecting was finished,
neurologists and functional neurosurgeons at epilepsy center in
our hospital reviewed all of the results after this evaluation to
decide on the best way to treat seizures. We selected the DRE
patients who received MRgLITT using two trajectories laser for
treatment to further analysis in our hospital.

The MRgLITT inclusion criteria were as follows:

1. From the age of 2 to 70years
2. Drug-resistant epilepsy diagnosis
3. Focal seizure is the form of epilepsy

4. The epileptogenic focus is confined and appropriate for sur-
gical intervention

5. Informed permission papers were completed and signed by
the patients and their families.

The MRgLITT exclusion criteria were as follows:

1. MRI and craniotomy contraindications

2. Epilepsy medication has changed within a month
3. Progressive neurological diseases

4. Sever coagulation disorders

5. Acute infection or chronic infection;

6. pregnant or nursing women

2.3 | Surgical process

Prior to the procedure, the target position, size, and optic fiber
trajectory were planned using contrast-enhanced MRI in order
to produce temporary target coordinates and avoid significant
vessels.

All the surgical process were performed after general anesthesia.
Either the Leksell stereotactic frame or the Remebot neurosur-
gical robot (NOVOLIFE, Shandong, China) were used for ste-
reotaxy. The target position, size, and optic fiber trajectory were
preoperatively planned using Stereotactic Surgery Planning
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FIGURE1 | LITT procedure was performed in the intraoperative MRI room. (A) Optical fiber implantation under Leksell frame; (B) neurosurgical
robot assisted optical fiber insertion; (C) intraoperative MR coil fixation after optical fiber insertion; (D) Fiber-optic catheter outer (length 4, 10,
15mm); (E) patients in the intraoperative MRI room; (F, G) the LaserRO system equipped with a dual-wavelength laser, operating at 980 and 1064 nm,
for MRgLITT.

FIGURE 2 | Representative FCD patient’s preoperative ablation trajectory planning, intraoperative ablation real-time thermal monitoring, and
postoperative MRI. The top of the figure indicates EEG onset. (A-C) Ablation trajectory planning in coronal, sagittal, and axial plane. (White
indicates the planned ablation and yellow indicates the actual ablation); (D) thin-slice head CT with reconstruction; (E-G) ablation along the first
trajectory in axial, sagittal, and coronal plane; (H-J) ablation along the second trajectory in axial, sagittal, and coronal plane; (K-M) postoperative
3-month MRI in axial, sagittal, and coronal plane.
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Software (V1.0, Genlight, Hangzhou, Zhejiang, China) to pro-
ducing temporary target coordinates. The skin was cut and the
skull was drilled by electric drill. Then the dura was burned
by electrocoagulation. Fix the skull bone anchor, calculate the
depth of electrode insertion, and after the hard cleaning rod
breaks into the brain to build a channel, insert and fix two laser
optical fiber in sequence. The patient then underwent an ini-
tial intraoperative MRI (Discovery MR750w 3.0T, GE Medical
System, US) scan to check the accurate positioning of optical
fiber (Figure 1).

All ablations were performed using the LaserRO MRI-guided
laser ablation system (Genlight Inc. Hangzhou, Zhejiang,
China), comprises preoperative planning and intraopera-
tive ablation. Preoperative planning involves inputting the
ablation surgical plan (target and trajectory information,
ablation parameter planning) into the surgical platform.
Intraoperative procedure is based on the ablation platform,
fiber kit and surgical tools, using real-time images from the
MR equipment to perform the treatment. The system outputs
cooling water to the fiber probe through the cooling module.
Throughout the treatment process, the ablation platform ac-
quires real-time images to detect the temperature of the target
and its surrounding tissues to ensure safe and effective abla-
tion (Figures 2-4).

The LaserRO system has unique technical specifications in
its design. In terms of main performance, it employs dual-
wavelength light sources of 980 and 1064 nm, with a maximum
laser power of up to 15W. The probe comes in two outer diame-
ters: 1.55 and 2.3 mm, with three different diffusing tip lengths:
4, 10, and 15mm. The cooling system provides real-time flow
and residual monitoring. The inserted fiber probe is compatible
with 1.5 and 3.0T MRI environments, with a 3.5-second MRI
temperature detection interval and a temperature measurement
accuracy of £2°C.

After the ablation process, an MRI scan was used to confirm
the ablation range. The probe and skull bone anchor were then
withdrawn, and the incision was closed with sutures. The pa-
tient was transported to the general ward for overnight observa-
tion, during which we routinely did a postoperative CT scan to
detect hemorrhage.

2.4 | Statistical analysis

The Shapiro-Wilk method was used to assess data in this inves-
tigation for normality test. Continuous variables were defined
as meanz+standard deviation (SD) or median (interquartile
range). Categorical variables were expressed as numbers (1) and

FIGURE 3 | Representative CM patient's preoperative ablation trajectory planning, intraoperative ablation real-time thermal monitoring, and

postoperative MRI. This patient shows no typical EEG onset. (A-C) Ablation trajectory planning in coronal, sagittal, and axial plane. (White

indicates the planned ablation and yellow indicates the actual ablation); (D) thin-slice head CT with reconstruction; (E-G) ablation along the first

trajectory in axial, sagittal, and coronal plane; (H-J) ablation along the second trajectory in axial, sagittal, and coronal plane; (K-M) postoperative

3-month MRI in axial, sagittal, and coronal plane.
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FIGURE4 | Representative MTLE patient's preoperative ablation trajectory planning, intraoperative ablation real-time thermal monitoring, and
postoperative MRI. The top of the figure indicates EEG onset. (A-C) Ablation trajectory planning in coronal, sagittal, and axial plane. (White
indicates the planned ablation and yellow indicates the actual ablation); (D): thin-slice head CT with reconstruction; (E-G) ablation along the first
trajectory in axial, sagittal, and coronal plane; (H-J) ablation along the second trajectory in axial, sagittal, and coronal plane; (K-M) postoperative

3-month MRI in axial, sagittal, and coronal plane.

percentages (%). The analyses were performed using SPSS ver-
sion 25.0 (IBM Co., Armonk, NY).

3 | Results
3.1 | Demographic Data

From August 2022 and October 2023, eight patients at our hos-
pital had MRgLITT surgery using two trajectories optical laser.
The median age of the operation age was 27 (22-31) years, with
6 male (75%) and 2 female (25%). The mean BMI was recorded at
20.24+2.95kg/m?, and epilepsy history was 13+ 6years. There
are four patients with mesial temporal lobe epilepsy (MTLE),
three with focal cortical dysplasia (FCD), and one with a cav-
ernous malformation (CM). Within the two trajectories, seven
patients received single wavelength (980 or 1064 nm) laser treat-
ment, while one received dual-wavelength (980 and 1064 nm)
laser treatment (Tables 1 and 2).

3.2 | Perioperative and outcome data

The median intraoperative blood loss was 5 (5-9) mL, operation
time was 231 (169-254) minutes, and length of stay was 3 (3-5)
days. The mean ablation volume ratio was 96.52% +3.67%. In
terms of outcomes, over a median follow-up time of 9.7 (range
8.4-12.1) months, there are two patients got Engel I, five pa-
tients got seizure free, and one patient decreased 75% seizure.
Importantly, there were no reports of serious complications such
as prolonged edema, hemorrhage, and visual field loss following
the procedures (Tables 1 and 2).

4 | Discussion

With a relative decrease in the use of surgical resections and
relative increases in usage of LITT for the treatment of DRE pa-
tients [11]. LITT is a both effective and safe approach to treat sei-
zures without necessitating a craniotomy [12-14]. Our epilepsy
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TABLE 2 | Summary of demographic and outcome data.
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decrease. Following the procedures, no serious complications
occurred. The higher postoperative epilepsy control rate in
our center is may related to the shorter follow-up time. On
the other hands, we applied the dual-wavelength dual-output
MRgLITT system within the two trajectories may be more
beneficial to the damage of lesions. Besides, safety is the main
advantage of this minimally invasive surgery, which referring
the 5mL intraoperative blood loss and the 3 days length of stay
approximately in our study. There is one reported that approx-
imately 7.26 mL blood loss with average 4.95days LOS [19]
and another study showed the LOS was 1 night for 16 (89%)
patients [20].

Our study also showed newly developed dual-wavelength
dual-output MRgLITT system is feasible for the treatment of
DRE without requiring a craniotomy. Different wavelengths
laser differs in ablation range, heat transfer, and ablation
duration. This MRgLITT system combines two laser wave-
lengths, 980 and 1064 nm, and can switch freely between the
two wavelengths for ablation, making it better suited for le-
sions of different textures, shapes, and sizes. Besides, such
as Figure 2 when the lesion area is large and a single opti-
cal fiber cannot meet the needs, dual or even multiple opti-
cal fibers need to be inserted. However, the ablation range of
dual optical fibers is limited if only the 980 nm wavelength
is used. Therefore, introducing 1064 nm wavelength for com-
bined ablation can obtain a better ablation range. In summary,
compared with other MRgLITT systems, (1) The dual-output
channel design allows wavelength switching during multi-
segment ablation to achieve better conformity; (2) The dual-
wavelength combination of 980 and 1064nm can be used for
larger lesions, reducing the number of optical fibers placed;
(3) When the preoperative plan fails to correctly estimate the
ablation range, switching wavelengths can avoid the risk of
secondary optical fiber placement.

5 | Conclusion

MRgLITT is a minimally invasive approach for ablation of DRE
lesions with great safety, low complication rate, and satisfactory
surgical outcomes, especially using dual-output laser with single
or dual wavelengths (980/1064 nm) within the two trajectories.
It could potentially replace craniotomy for some DRE patients
in the future. However, given the limitations of this investi-
gation, preliminary small sample size results and short-term
follow-up, a large sample prospective and multi-center RCT of
MRgLITT study are still needed to provide sufficient and nec-
essary evidence.
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