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Abstract

Laser ablation has become a rising minimally invasive method in place of surgical resection for the removal of tumors related
to a range of problems from prostate and pulmonary cancers to high-grade gliomas and refractory epilepsy. Robotic and non-
robotic approaches to laser ablation are compared. Research articles were collected from Google Scholar by topics of interest
based on more recent findings, and only articles that contained accuracy measurements were included in this review. There are
two pathways in the field of laser ablation: robotic and non-robotic approaches. The accuracy of robotic devices is 0.3-3 mm.
The accuracy of non-robotic devices is 0.02-5.86 mm. Both types of devices generate similar targeting accuracy towards tumor
removal. In addition, the patient safety of operating the laser ablation devices has also been summarized. It is concluded that
robotic laser ablation is feasible and more accurate and efficient compared to other methods; however, further clinical test-
ing is needed to establish the safety and accuracy in real-life scenarios as most results were extracted from non-respiratory

environments.
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Introduction

Laser ablation (LA) has become a rising minimally invasive
method in place of surgical resection for the removal of tumors
related to prostate cancer. The clinical application of lasers in
surgical procedures was first investigated by Solon et al.! Later,
this investigation began to divulge into the clinical testing for
the application for prostate tumors in the 1980s.2* Since the
2000s laser diodes (980 nm) emerged replacing Nd:YAG lasers
due to their ability to obtain similar tissue penetration while
being more portable and less expensive.** One of the diffi-
culties with using LA early in its testing was the lack of moni-
toring the ablation progress; however, recently, there have
been technological advancements providing intraoperative
thermal monitoring paired with magnetic resonance imaging
(MRI) capabilities.® The two most effective methods for non-
invasive thermometry are MR- and computational tomography
(CT)-based.

Magnetic resonance thermometry has been increasingly
popular due to its accuracy for spatial and temporal res-
olution.” Neuroblate (Monteris Medical, Plymouth, Minn,
USA) and Visualase (Medtronic, Minneapolis, Minn, USA) are two

stereotactic Laser Interstitial Thermal Therapy (LITT) that are
frequently used for ablations utilizing MRI capability differing in
their laser-firing orientation and intraoperative mobility. These
systems each have their own advantages depending on the
size of the tumor regarding target conformality.® The main
advantage of MR thermometry is the ability to produce a live
3-dimensional temperature map allowing the surgeon to ana-
lyze the results of the procedure during the ablation process.
This, as a result, reduces the amount of damaged healthy tissue
while decreasing the operation time. The most recent proposed
therapy is the insertion of accumulated nanoparticles that are
designed with a higher affinity for the near-infrared region
(650-900 nm).? These nanoparticles would be absorbed and
converted into heat, allowing the ablation procedure to be fur-
ther controlled and focused on the target. The use of nanopar-
ticles is still vastly early in its stages, and therefore, this article
will focus primarily on the growing advancements and results
from MR-/CT-guided LA without the use of nanoparticles.

Another newly developing method involved in the LITT pro-
cedure is the use of augmented (AR) and virtual reality (VR).
Although these methods are not currently being used in the
real-world clinical environment, these methods are being
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experimented on to help provide preoperative preparation for
those performing the procedure. Augmented reality integrates
virtual images by superimposing them over a designated area
of the lens. In effect, this has the potential to superimpose
internal imaging of a patient to improve the surgeon’s ability
to navigate surgical procedures such as LITT and for preop-
erative planning. Vavra et al® suggest that it also improves the
safety and efficacy of procedures like traditional techniques.
Okamoto et al" described the use of AR in hepatobiliary sur-
gery as useful with accurate overlaid organ images; however,
problems of registration error and depth information were
noted." Virtual reality is an immersive virtual space that has
the potential to design specific scenarios for practical experi-
ence. Angulo et al designed a VR simulator for prostate LA
and concluded that it provides a good learning model; how-
ever, the accuracy of the procedure depended heavily upon
the surgeon'’s level of spatial orientation skills and experi-
ence—requiring a variable amount of learning period.”

Although LITT has not become a primary solution to the removal
of all tumors, it still plays a significant role in many specific
medical applications and needs. According to Hawasliet al® LA
becomes the best default treatment for patients who are unable
to undergo traditional surgical methods due to advanced age
or other medical abnormalities. Hawasli et al® also stated that
LITT has greater maneuverability making it easier to remove
hard-to-reach tumors, thus in effect reducing surgical mor-
bidities. In addition, LITT can be repeated with no hindrance
to wound healing or effectiveness.® Other advantages of LITT,
as described by Caruso et al® are the reduced perioperative
blood loss due to minimal invasiveness, reduced frequencies
of postoperative seizures and drop attacks, and reduced
overall patient stay in the hospital.® Magnetic resonance
imaging-guided focal LA (FLA) also reduces the magnitude of
postoperative pain management.™ With these things in mind,
LA appears to have the potential to play a significant role in the
removal of all tumors as it continues to develop.

Search Methods

Research articles were collected from Google Scholar by top-
ics of interest based on more recent findings, especially for
the use of VR/AR technology and ultrasound, which consisted
of articles published at the latest by 2014. Previous MRI Robot
articles from 2008 to 2018 were included in this study; three of
the articles were from the past four years. Only articles that
contained operation accuracy were included in this review.

Surgical Applications

Magnetic Resonance-Guided Surgical Operation

Magnetic resonance imaging is regarded as a non-invasive
imaging technique that can deliver surgical images with high
spatial resolution and multiplanar anatomical images with
great contrast.”® Also, it can monitor many physiological and
functional parameters such as temperature. All the features
mentioned makes MRI a very versatile diagnostic modality in
a surgical operation. Some of the main challenges of using MRI
are the development of MR-compatible surgical instruments
using nonferromagnetic materials. Image artifacts associated
with different MR-compatible instruments have been elabo-
rated in past literature.” One particular future direction could
be to moderate the image artifacts, which can be used for
device visualization and guidance.”®

The MRI-guided procedure normally requires anesthesia.
Natarajan et al” provide data stating that the average proce-
dure time is 95 minutes utilizing local anesthesia under minimal
sedation. Fusion of MRI-US and temperature monitoring were
used, and it was determined that FLA be a feasible, efficient,
and safe procedure noting no adverse events beyond grade
3 with 10 of 11 patients successfully treated.”

Chen et al?*® focused on MRI-guided FLA by developing an MRI-
safe needle guidance robot providing two Degrees of Freedom
(DoF) for the LA catheter and an optical encoder for its pneu-
matic turbine motors (Figure 1A). The concept with this design
is to allow patients to remain inside the MRI bore, allowing for
a decrease in operation time and more accurate live thermom-
etry readings during the procedure. OncoNav (Onco, Inc., Wall
Township, NJ, USA) was integrated, providing vital planning and
monitoring of data to ensure complete ablation of the tumor.
Cadavers and phantoms were utilized to obtain accuracy
reports of 0.9 + 0.4 mm with a maximum error of 1.6 mm and a
minimum error of 0.3 mm—comparable to other known robotic
devices while improving the mean and standard error of the tra-
ditional manual targeting approach suggested being 6.5 mm
and 3.5 mm, respectively. Concluding the operation, it was
noted to take approximately 100 minutes for the entire proce-
dure, with three administrations leading to successful ablation.?

Seifabadi et al? proposed a solution that incorporates said
needs through a system of robot and software that fits within
an MR scanner and accurately guides the catheters to the
prostate, proposing to enable greater accuracy and DoFs
for larger prostates and a more optimized workflow from
planning to the end of the procedure (Figure 1B). All materi-
als used in this system are MRI safe and mainly consist of a
pneumatic-based robotic guidance unit with a data acquisi-
tion card and encoder. The design of this system allows for
variations of patient size and manual y-axis rotation special-
ized for behind urethra targeting. Free-space accuracy was
0.38 + 0.27 mm. The overall system targeting accuracy under
CT guidance (including robot, registration, and insertion error)
was 2.17 + 0.47 mm.?

Goldenberg et al?? presented results of less than 2 mm of
robot tip placement error when closer than 0.5 mm from
the epicenter concluding that this device has the potential
for treating prostate cancer.? Koethe et al® provided evi-
dence for an increase of needle accuracy using a robotic
Interventional Radiology (IR) assistance platform that resulted
in P < .0001 for needle tip-to-target accuracy and P = .03 for
residual target comparative to that of the freehand technique
(Figure 1C). It was observed that needle accuracy and probe
geometry were improved using the robotic IR assistance plat-
form.? Bostrom et al?* discovered 3 mm of target error with their
MR-compatible robot. Ablation results were greater than 90%
destruction utilizing a motorized trajectory alignment unit allow-
ing for complex movements.?* Moreira et al® presented 1.84 mm
of average targeting error for their MR-conditional robot aimed
for prostate interventions. The robot has 9 degrees of freedom
allowing for the steering, rotation, and firing of the biopsy nee-
dle.?*Yiallouras et al?* developed an MRI-conditional robot com-
patible with a high-intensity focused ultrasound (HIFU) system
that operated successfully in a 1.5-T MRI system using gel phan-
toms (Figure 1D). This device can provide controlled thermal
lesions using MRI guidance for treating prostate cancer tran-
srectally. A 20 pm linear axis and 0.11° angular axis measurement
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Figure 1. (A) MRI-conditional robot proposed by Chen et al. (B) MRI-fitted ablation device proposed by Seifabadi et al. (C) Robotic
arm proposed by Koethe et al and robotic system used by Koethe et al. (D) MR-conditional robot for high-intensity focused
ultrasound. An MRI-guided ultrasound-compatible robot proposed by Yiallouras et al. MRI, magnetic resonance imaging.

errors were observed, thus proving its accuracy and prospects
in a clinical environment.? Cepek et al” demonstrated the fea-
sibility of focal therapy using MRI-guided system. The targeting
error for needles from the phantom study is 2.64 mm.

Computed Tomography-Guided Surgical Operation

Computed tomography is another modality that can provide
detailed structural and functional images for surgical planning.
Computed tomography-guided LA is an iterative, incremental
advancement in medical instrumentation, which can track and
navigate the area of interest before applying the instrument to
the desired targets. One drawback of the CT-guided procedure
is that it uses ionizing radiation that may cause safety issues
for patients.?® Also, it is not sensitive to changes in tempera-
ture, diffusion coefficients, or perfusion like MRI. Compared to
MRI, CT is less capable of providing detailed information such
as the lesion boundaries or margins. One of the current trends
is to use CT together with positron emission tomography (PET)
for dynamic monitoring of disease conditions. Previous stud-
ies have shown superior accuracy of "C-choline-PET/CT images
compared to MRI for delineating intraprostatic lesions (IPLs).2%3°

Dimmick et al® provided experimental accuracy results
of CT-guided needle placement in a phantom, stating
that after intervals of 5 performed procedures, the aver-
age error decreased by 0.33°. This study was aimed to illus-
trate the effectiveness of CT-guided needle placement
training for potential applications such as LA for prostate can-
cer. Won et al® proposed a robot utilizing CT-guided interven-
tion and procured an overall trajectory error of 2 mm (0-2.6 mm).
Heerink et al*®* compared CT-guided ablation positioning
between robotic antenna placement and freehand with prom-
ising results of 5.9 mm + 2.9 robotic error and 10.1mm =+ 4.0 free-
hand error for out-of-plane targets.

Ultrasound-Guided Surgical Operation

Ultrasound has been widely applied in the field of interven-
tional radiology as another non-invasive way to obtain real-
time images with relatively low operating costs.* US is normally
used for a standard procedures concerning peripheral joints.
However, the contrast of the scanned images is lower than
both MRI and CT. One of the future directions is to combine US
with MR]|.3¢-38

Galgano et al®* provided critical information for the treat-
ment of prostate cancer using MR-guided high-intensity
transurethral directional ultrasound (HIDU). The significance
of the work provided suggests the ability to preserve critical
tissues and outline boundaries into any ablation zone shape
using transurethral HIDU. This paves the way to utilize this
technology not only focally but also for the whole gland. The
spatial targeting accuracy was found to be —1.0 mm =+ 2.6,
and HIDU was found to be able to treat large glands which
its counterpart HIFU struggles with at the cost of setup time.
Due to its design, it is not compatible with all MRI machines,
requiring the use of 1.5- and 3.0-Tesla MRI scanners that have
the needed software.®®

Boctor et al*® found approximately 3 mm of error for their
dual-arm robotic US system including 0.8 mm attributed
to US calibration and 2.54 mm for sensor uncertainty.
An et al* developed a HIFU ablation robotic system that
adjusts its trajectory accounting for the live movement of a
patient when breathing. They found positioning error to be
1.72 + 1.26 mm for single-point tracking and 3.04 + 1.24 mm
for cross-section ablation.” Daunizeau et al*? designed an
US-guided HIFU ablation navigation platform that rendered
4 + 5% tumor volume estimation error while stating that con-
formal ablations can occur if tumor radii were < 24 mm.
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Augmented Reality for Interventional Oncology

Atashzar et al*® discussed the principle of sensory and motor
augmentation and its direct application with surgical proce-
dures as being effective. Utilizing these concepts for robotic
surgery has the potential to improve the surgeons’ awareness
of tissue interaction as well as provide corrective forces for
improved outcomes.*®

Solbiati et al** assessed the use of AR for oncology interven-
tions using a tablet, markers, and a needle handle (Figure 2A).
The assessment consisted of 3 models over which system accu-
racy was tested: (1) an anthropomorphic phantom with 5 poly-
vinyl chloride bars for non-respiratory motion; (2) the porcine
model with metallic targets for respiratory motion; and (3) a
cadaver with liver metastasis. This research discovered high
targeting accuracy: 2.0+1.5 mm (for anthropomorphic phan-
tom), 3.9+ 0.4 mm (for the porcine model), 2.5 mm and 2.8 mm
(2 metastases in the cadaver model). These results indicate the
advantage of using AR due to its ability to increase targeting
accuracy while being able to visually see reconstructed inter-
nal structures normally not visible.

Hecht et al*® proposed an accuracy assessment for the use
of AR needle guidance (Figure 2B). The AR was provided by a
smartphone application with which 11 operators performed
single-pass needle insertions. A needle insertion error of
2.69+2.61 mm was observed being 78% less compared to the
traditional CT-guided freehand method. Li et al“® developed
an AR platform from both a smartphone and smart glasses to
compared needle placement accuracy in percutaneous needle
interventions. Target overlay error of 1.75+0.59 mm (smart-
phone), 1.74+0.86 mm (smart glasses), and needle placement
error of 2.58+ 1.04 mm (smartphone), 3.61 + 2.25 mm (smart
glasses) were observed. Kanithi et al*’ presented an AR system
that provides needle trajectory visualization to aid in needle
intervention. The average deviation of the needle trajectory was
found to be 3.27 mm proving the accuracy of this concept to
reduce the number of needle adjustments. Prakosa et al“® pro-
posed an evaluation of catheter navigation accuracy using
AR ventricular tachycardia (VT) ablations. A navigation error
of 2.96 + 1.63 mm was observed for one of the silico-induced
VTs; however, the other VT showed no significant difference in
navigation accuracy. Li et al*? presented an AR guidance sys-
tem to improve liver tumor punctures under respiratory motion
(Figure 2C). A range of 2.06-3.48 mm accuracy error within
2 adjustments was discovered, showing an increase of accuracy
and efficiency compared to traditional CT-guided methods.*

Patient Safety Evaluation of Laser Ablation

Kamath et al*® presented results on MRI-guided LITT, they
performed 58 LITT treatments for glioblastoma (GBM) in 54
patients over 5.5 years. Forty-one were recurrent tumors, while
17 were frontline treatments. Forty GBMs were lobar in location,
while 18 were in deep structures (thalamus, insula, and corpus
callosum). There were 7 perioperative complications (12%) and
2 mortalities (3.4%). Median overall survival after LITT for the
patients were 11.5 months with a median progression-free sur-
vival of 6.6 months.

Pech et al¥ provided results on MR-guided Interstitial Laser
Thermotherapy (ILT) of colorectal liver metastases. Sixty-six
patients with a total of 177 metastases were treated (40.9%
rectum carcinoma, 30.3% sigmoid carcinoma, and 28.8% colon
carcinoma) and were followed up on an average of 11.8 months.
The median progression-free survival was 6.1 months, median
survival was 23 months, rate of major complications was 2.1%,
and periprocedural mortality was 3%. Local tumor control was
found to be 98.3%, 91.4%, 76.1%, and 69.4% after intervals of
3 months over a 12-month period.

Rennert et al demonstrated results and procedural safety of
Stereotactic laser ablation (SLA) of intracranial lesions. About
81.2% of patients had previous surgical/radiation treatments,
and 79% of patients had a single lesion ablation after a lesion
biopsy. Of the treated lesions, 72% had over 90% lesion abla-
tion. A total of 5 adverse events were found to be related to SLA
out of 100 events, with 1 mortality unrelated to SLA. About 84.8%
of patients were discharged home. They discovered that the
average length of hospital stay for using Neuroblate (Monteris
Medical) for LA was 61.1 + 87.2 h, which is comparable if not
shorter than the average hospital stay for open cranial surgery.
As a result, this reduces hospital costs.5? Caruso et al*® stated
that they observed a reduced amount of blood loss, ICU stay,
and hospital stay, attributing to the relatively fast recovery time.

Discussion

Laser ablation has shown a promising future as it is proved to
be feasible and safe.®® So far, the clinical potential of laser
microsurgery has barely begun to be realized, with limited
medical applications. There are 2 major approaches in the
field of laser ablation: robotic and non-robotic methods. The
accuracy of robotic surgery ranges from 0.3 to 3 mm. The non-
robotic methodology accuracy ranges from 0.02 to 5.86 mm.
Therefore, both approaches produce similar clinical outcomes.

Figure 2. (A) Porcine model with augmented reality (AR) during needle insertion. Smartphone-enabled AR needle guidance
proposed by Solbiati et al. (B) smartphone displays an aligned needle. Augmented reality-enabled interventional oncology
proposed by Hecht et al. (C) AR guidance system for liver tumor puncture. Augmented reality-enabled guidance system proposed

by Li et al for needle puncture.
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Table 1. Previous Work on MRI/CT-Guided Robot for Laser Ablation

ablation procedure

Research Groups | Modalities Experimental Results Applications Pros and Cons References
Chen et al Focal laser The obtained accuracy is | Prostate cancer | N/A [20]
ablation 0.9 + 0.4 mm
Seifabadi et all Focal laser The overall system Prostate cancer | The new robot can [21]
ablation targeting accuracy under accurately facilitate fiber
CT guidance (including targeting for MR-guided
robot, registration, and focal laser ablation of
insertion error) was 2.7 + targetable prostate cancer
0.47 mm
Goldenburg et al | Prostatic The robot tip position error | Prostate cancer | Results are promising for [22]
interventions is less than 0.5 mm application as a minimally
(laser ablation) invasive procedure for
prostate cancer
Koethe et al CT-guided Reduced mean needle Clinical IR assistance platform can [23]
biopsy and tip-to-target error (P < CT-guided improve the accuracy of
percutaneous .0001). Reduced residual | biopsy and needle insertions and target
ablation tumor percentage (P = .02) | Radiofrequency | ablation coverage
ablation (RFA)
Bostrom et al Focal laser The target error is 3 mm Prostate cancer |Safe performance of laser [24]
ablation ablation with increased
targeting and insertion
accuracy
Moreira et al MR-guided The average targeting Prostate cancer | Demonstrates ability to [25]
interventions error is 1.84 mm perform MR-guided needle
interventions with accuracy
Yiallouras et al MR-guided HIFU |20 pym error for linear axis | Prostate cancer | Controlled thermal lesions [26]
ablation and 0.11° for angular axis using MRI guidance; very
accurate
Cepek et al Focal laser The targeting error for Prostate cancer |Needle deflection increased [27]
ablation needle guides in the MRI error in phantom testing;
bore is .71 mm. The however, the procedures
targeting error for needles were still effective and
in phantom is 2.64 mm efficient
Dimmick et al CT-guided need |Average error decreased | Prostate cancer | Demonstrates the ease and [31]
placement by 0.33° effectiveness of CT-guided
needle placement training
Won et al CT-guided laser |Overall trajectory error: 2 | Prostate cancer | Accurate use of robotic [32]
ablation mm (0-2.6 mm) CT-guided laser ablation
Heerink et al CT-guided laser |5.9 mm =+ 2.9 robotic error | Liver cancer Demonstrates the improved [33]
ablation and 10.1mm + 4.0 with prostate accuracy of robotic
freehand error for cancer CT-guided laser ablation vs.
out-of-plane targets applicability freehand methods
Galgano et al MR-guided HIDU | Spatial targeting Prostate cancer |Transurethral HIDU allows for [39]
ablation accuracy is 1.0 + 2.6 mm MRI-guided ablation of the
prostate gland with the
ability to contour boundaries
and spare critical structures,
such as the neurovascular
bundle and urinary sphincter
Boctor et al US-guided Approximately 3 mm of Liver cancer Allows for robotic control of [40]
hepatic ablation | error (0.8 mm to US With prostate ultrasound manipulation and
calibration and 2.54 mm | cancer needle guidance which
for sensor uncertainty) applicability improves accuracy
mitigating freehand error
Anetal US-guided Positioning error: 1.72 + Prostate Adjusts its trajectory [41]
robotic HIFU 1.26 mm for single-point cancer/tumors | accounting for the live
ablation tracking and 3.04 + 1.24 movement of a patient when
mm for cross-section breathing
ablation
Daunizeau et al US-guided HIFU | 4 + 5% tumor volume Any tumor- Useful for developing other [42]
ablation estimation error related illness | HIFU approaches. Able to
(prostate obtain accurate tumor
cancer) volume estimation for the

CT, computed tomography; HIFU, high-intensity focused ultrasound; HIDU, high-intensity transurethral directional ultrasound; MRI, magnetic resonance imaging.
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Table 2. Non-Robotic Medical Devices for Laser Ablation Applications

Research
Groups Modalities Experimental Results Applications Pros and Cons References
Solbiatietal | AR-guided 2.0+1.5 mm (phantom Interventional AR provides great [44]
interventional oncology | model); 3.9+ 0.4 mm procedures for targeting accuracy for
(porcine model); 2.5 mm | tumor removal needle guidance while
and 2.8 mm (2 visualizing the internal
metastases in the structures
cadaver model)
Hecht et al Smartphone AR-guided | The needle insertion error | Percutaneous Reduced insertion error | [45]
CT-based intervention | is 2.69+2.61mm biopsies and by 78% and operation
ablations time by 66% compared
to CT-guided freehand
methods
Lietal Smartphone & The needle placement Percutaneous Noticeably reduced [46]
Smartglasses error is 2.58+ 1.04 mm needle placement error
AR-guided based (smartphone), 3.61+ 2.25 | interventions compared to CT-guided
interventions mm freehand methods
(smart glasses)
Kanithi et al AR-guided system- The average error is + Ultrasound- The camera must be [47]
based ultrasound- 3.27 mm guided orthogonal to the
guided intervention intervention market for better
tracking accuracy. Able
to improve the accuracy
of needle placement
Prakosa et al | AR-guided VT ablation | The navigation error is Ventricular Improved accuracy of | [48]
2.96 +1.63 mm tachycardia navigation and
improved VT termination
in I-type VT
Lietal AR-guided The target errorisin the | Liver cancer Improved accuracy and | [49]
radiofrequency range of 2.06-3.48 mm reduction of needle
ablation using Hololens adjustments
(Microsoft,
Albuquerque, NM, USA)

AR, augmented reality; CT, computed tomography; VT, ventricular tachycardia.

One of the technological barriers to the adoption of this tech-
nology is the lack of a means to flexibly deliver the laser light
to clinical sites in or on the patient. Also, a common issue with
using LA is the potential damage of normal tissue structure
near the tumor when administering the treatment. Therefore,
the amount of thermal energy applied to the tumor mass has
to be precisely controlled. Moreover, inhomogeneous tissue
architecture, the composition of tissue masses, and the incon-
sistent distribution of blood vessels will increase the complica-
tion of the ablation environment. One possible solution is to
continuously monitor the temperature change. By consider-
ing both the tissue temperature map and the laser exposure
time, real-time tissue temperature monitoring could be par-
ticularly beneficial for laser optimization during cancer treat-
ment. For example, the LITT for brain tumors has the capability
to visualize real-time temperature changes in deep-seated
tumors.> One of the most promising non-invasive thermomet-
ric methods is MR-based thermometry. During LITT, MRI ther-
mometry is used to identify the areas of energy absorption
and tissue destruction. Therefore, neurosurgeons can visual-
ize the area of tumor undergoing cell necrosis. After applying
LITT, the metabolic activity of tumor volume will be evaluated
by "C-methionine PET.

Another emerging solution is the use of nanoparticles in the
laser ablation of cancer. Nanoparticles combined with ablation

procedures is being considered as a promising approach to
minimize healthy tissue damage because nanomaterials can
selectively and specifically bind to the targeted region and
increase its heating temperature. Nanoparticles could offer
beneficial optical and magnetic properties by elevating and
increasing the heat of the treated region.

The size, cost, robustness, and efficiency of laser systems have
been improved significantly since their invention, particularly in
the case of fiber lasers. In the future, more technologies could
be incorporated into the development of new laser ablation
devices. Virtual Reality and AR provide physicians alternative
ways to visualize the real-time procedure. Virtual reality relies
on purely virtual environments, AR “allows the user to see the
real world, with virtual objects superimposed upon or com-
posited with the real world."*5-%¢ Both modalities are used for
clinical purposes by enabling the presentation of additional
information pre- and intraoperatively.

In addition, clinical trials involving the use of single-/multi-
armed robotic devices for performing this procedure are lack-
ing. More clinical trials are needed to allow these devices entry
into the clinical environment for patient care.

Radiologists have a vital role in LITT being the trained experts
on medical imaging such as the MRI and CT imaging methods
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described. Interventional radiologists help identify the tumor
location, ablation tool location, and results from the proce-
dure through advanced medical imaging. Both surgeons and
radiologists work together to help plan efficient and effective
minimally invasive procedures to remove tumors. Often, the
trained interventional radiologists perform the ablation pro-
cess alone.¥”

On the side of clinical trial progress, Bostrom et al?* provided
MRI-guided clinical results of 2 patients who underwent FLA
for prostate tumor removal and reported that for both cases,
the laser was within 3 mm of the target. They also reported
more than 90% tumor destruction with the patient dis-
charged on the same day and without complications during or
post-operation.

For CT-guided devices, Heerink et al** performed 31 clini-
cal trials with mean patient age of 63 years old with a total
of 47 assessed liver tumors. They noted that antenna repo-
sitioning was not required for their robotic arm procedure,
improving the ablation efficacy. As previously noted, out-of-
plane targeting errors for their robotic guidance were 40%
lower compared to freehand. In their trials, general anesthe-
sia and vacuum mattresses were used to attempt to elimi-
nate motion. A problem with average targeting time was
noted, with approximately 17 additional average minutes
for targeting. No post-operation patient outcome results
were noted.

Galgano et al* presented early clinical trials of transurethral
HIDU where all 8 patients were operated on for an average of
3 hours in a 1.5-T MR scanner. They observed that HIDU was
tolerable for all patients and had high targeting accuracy, as
noted prior, suggesting the safety and feasibility of this pro-
cedure. Their single-arm clinical trial of 30 low-intermediate
risk patients with prostate cancer observed 36 minutes of
treatment time and similar targeting accuracy as observed
in the previous trials. They also made note that according to
the Common Terminology Criteria for Adverse Events, 50%
of patients had side effects of hematuria, 33% urinary tract
infection, 27% acute urinary retention, and 3.3% epididymitis;
however, despite these side effects, it was concluded that this
procedure was feasible and safe.

Conclusion

Laser ablation has become a rising minimally invasive method
in place of surgical resection for the removal of tumors related
to a range of problems from prostate and pulmonary cancers
to high-grade gliomas and refractory epilepsy. Recent tech-
nological advancements provide intraoperative thermal moni-
toring paired with MRI capabilities. With all things considered,
LA appears to have the potential to play a significant role in
cancer tumor removal.

It is concluded that robotic LA is feasible and more accurate
and efficient compared to other methods; however, further
clinical testing is needed to establish the safety and accuracy
in real-life scenarios as most results were extracted from non-
respiratory environments. The technological advancement of
LA appears to be promising as further testing and improve-
ments are made, opening this to be a primary clinical sup-
ported treatment for patients.
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