Laser Ablation Technique
Last updated: September 5, 2017
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INTRO

e MRI-Guided Neurosurgical Ablation (cytoreductive surgery).

e monitors ablation contours in 3-Dimensions and provides real time MRI thermographic analysis
to support surgeon'’s decisions.

o diode laser energy delivered via CO2-cooled, side-firing fiber-optic minimally invasive probe
which allows to selectively ablate lesions in brain that may have been previously deemed
inoperable.

Temperature < 44° - tissue damage never occurs, no matter how long exposed.
Temperature > 60° - instantaneous tissue damage (protein denaturation).

e set safety stop (automatic laser turn off) if temperature at any voxel reaches 90° (don’t want to

reach 100° where gas bubbles and eschar form).
e creates 20-30 mm diameter lesion.

INDICATIONS

Mesial temporal epilepsy — see

Insular epilepsy

Hypothalamic hamartomas

Tumors - metastases, gliomas
a) recurrent superficial tumors (do not warrant morbidity of craniotomy)
b) deep-seated brain tumors (not amenable to traditional resection)

5. Cavernomas

Periventricular nodular heterotopias

7. Symptomatic radiation necrosis

P

o

e FDA cleared for:
- to ablate, necrotize or coagulate soft tissue through interstitial irradiation or thermal therapy
in discipline of neurosurgery.

SYSTEMS
VISUALASE THERMAL THERAPY SYSTEM (MEDTRONIC, INC.)

Materials

e FDA-approved

e 15-W, 980-nm diode laser coupled to an optical fiber with a light-diffusing tip within a light-
transmitting saline-irrigated cooling sheath.

e outer 1.6-mm-diameter clear (light-transmitting) polycarbonate cooling cannula encompassing an
inner 0.73-mm-diameter flexible laser optical fiber terminating in a 10-mm-long diffuser tip.

e near real-time thermal monitoring (approximately 4-6 second delay).

o if user-defined undesirable conditions are detected (such as heat spread to the safety margin), the
workstation may be set to automatically deactivate the laser as a safety mechanism.

NEUROBLATE® SYSTEM (MONTERIS MEDICAL)
(formerly known as AutoLITT® System; LITT - laser interstitial thermal therapy)

e available laser diameters:

a) 2mm
b) 3 mm — burn larger diameter tissue but may have trouble inserting through dura (better do in
OR to avoid surprises in MRI).

PROCEDURE



http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E15.%20Temporal%20Lobectomy.pdf#LITT
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/00.%20Catalogs,%20Brochures,%20Manuals/Visualase
http://www.monteris.com/technology
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OR

e general endotracheal anesthesia on bed.

e transfer supine to MRI-compatible AtamA board on OR table, bump under ipsilateral shoulder,
head on towels and gel donut (will remove later for transportation to MRI) and rotated to opposite
side.

e secure patient tightly with Velcro wraps.

e optional - apply stereotactic AtamA ring with rigid pin fixation (alternative — make sure that
patient does not move in MRI by using constant IV infusion of paralytics — might be challenging
for patients with history of multiple AED use, so establish IV rate while in OR).

e can use any platform to implant laser probe:

a) Nexframe

b) ClearPoint

¢) custom made STarFix — open old scalp stab incisions and expose bone anchor fiducials
— attach plastic standoffs — mount STarFix platform

d) stereotactic Axiiis guide with neuro navigation:



e no loban.

e make scalp incision with No. 10 blade targeted over entry point (make skin mark with pen where
stylet touches it) — cricket retractor

e twist hole is made in skull: (Midas Rex with M8 to create divot for start —) handheld Stryker TPS
electrical drill (non-skive drill bit with stop depth set - measure skull bone thickness on CT)

e Monteris metal laser probe guide skull bolt is tightly screwed into the twist hole (16 half turns or
less if feels as good purchase).

e durais opened with pointed Monteris probe — dilation with steel blunt-tip dilator (has diameter of
laser probe).

e Monteris stylet is placed through skull bolt all way through trajectory — O-arm and FrameLink —
only to verify accurate instrument guiding skull bolt trajectory — stylet is removed (and replaced
immediately with laser fiber to avoid CSF leak and brain shift).

e optional - stereotactic needle biopsy (for permanent pathology).

e STarFix platform and bone anchors are removed — (incisions closed with 4-0 Vicryl interrupted
stitches for the galea followed by) 4-0 Monocryl / staples for skin.

e incision around the bolt is closed with inverted interrupted 3-0 Vicryl stitches to the galea and then
with staples to the skin — “figure of 8 2-0 nylon stitch is placed around the bolt and is left not
tied (attach to scalp with SteriStrip)

e optional - bacitracin ointment applied around incisions (bacitracin makes nylon slippery — difficult
to tie at the end).

e insert laser in:

a) OR —avoids all sorts of unexpected problems but have to transport patient guarding laser.

b) MRI — opening of probe guide is capped in OR; risk of technical problems of laser insertion
(may need to remove patient from MRI or use MRI-compatible instruments, e.g. plastic or
titanium probe to open dura wider)

e optional - sterile transfer bag advanced around sterile field and head and cinched on neck side of
stereotactic ring for transport; alternative — leave guide-bolt exposed with sterile cap on.

e transport from operating room to MRI suite.

MRI

e Monteris laser probe is advanced through motorized steering guidance adapter system attached to
metal probe guide.

e set of images is obtained according to Monteris work flow starting with volumetric FLAIR*, then
MPRAGE - confirm that laser probe is in excellent position for delivering therapy to planned
target.

*FLAIR is best to confirm position of laser probe (i.e. first MRI sequence to obtain);
may include heme sequence — look for biopsy-related bleeds.

e system first starts with testing make sure saline cooling works — see on screen brain cooling.

o laser thermotherapy is delivered sequentially in multiple sequences: draw area on MRI image that
needs to be treated — transfer data to MRI tech — adjust probe depth and angle — turn laser on —
MRI monitors tissue temperatures in real time in treated slice — keep laser on until achieving good
coverage (isotemperature area covers contrast enhancing area):

1) yellow 45° C isotemperature area - temperatures necessary to induce apoptosis -
considered only partially effective

2) blue 52°C isotemperature area - temperatures necessary to induce necrosis

3) white isotemperature area

Visualase system: >77°C, red; >67°C, yellow; >57°C, green; >47°C, light blue; >37°C,

dark blue

C Reference Treatment Cell Death Thermometry

e immediate postoperative MRI w IV gadolinium (MPRAGE) shows predictable treatment effects:
(1) new ring of enhancement at treatment zone edge (rim of enhancement must be at the
margin of the treated volume as expected).
(2) hemorrhagic necrosis within lesion
(3) new ring of diffusion restriction within treatment zone and treatment zone edge
(4) peritumoral edema.
e laser probe removed — metal probe guide removed (using sterile hex wrench) — previously
placed 2-0 nylon stitch is tied.
e patient is brought out of the scanner and escorted to PACU — floor (ideally, EMU).
e home next day with steroids:
a) MEDROL DOSEPAK
b) DEX 4q6 for 7 days then rapid taper.

From other sources
Laser Applicator Placement Using a Standard Stereotactic Frame

Patients undergo placement of an MR-compatible stereotactic head frame (CRW; Integra
Neurosciences, Plainsboro, New Jersey) after administration of general endotracheal anesthesia. The
frame was affixed to the cranium in standard fashion with 4 cranial pins, but with 10° to 15° of axial
rotation and inferior placement of ipsilateral posterior cranial pins into the mastoid region to avoid
collision with an occipital approach. The MRI fiducial localizer was secured to the base frame, and
volumetric image series (T2/FLAIR and T1 post-contrast) were acquired using a 1.5-T MRI scanner
(Magnetom Espree, Siemens HealthCare, Malvern, Pennsylvania).

Each patient was transported to the operating room, positioned supine semisitting with the neck flexed,
and the CRW (Integra Neurosciences) base ring was affixed to the operating table via a Mayfield
adapter. Stereotactic planning was performed using FrameLink software (Stealth Treon or S7
workstations, Medtronic, Louisville, Colorado). Linear trajectories from the lateral occipital region
(starting ~4 to 6 cm superior to the inion and 4 to 6 cm lateral to midline) through the long axis of the
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hippocampal body and into the pes hippocampus were selected, terminating in the amygdala. The
posterior extent of hippocampal penetration extended at least to the level of the lateral mesencephalic
sulcus. Optimal trajectories avoided cortical and sulcal vasculature and the choroid plexus; ventricle
penetration was occasionally required, but could generally be avoided by creating inferior or lateral
approaches.

The planned entry site was minimally clipped and widely prepped. The sterile CRW arc set to
appropriate frame coordinates was mounted over the draped base ring, the entry site was infused with
local anesthetic, a small stab incision was made, and a 3.2-mm inner diameter drill guide tube was
lowered into the incision and braced against the bone. A craniostomy-durotomy was performed with a
3.2-mm twist drill. The guide was replaced with a 1.9-mm reducing cannula through which a 1.6-mm
stereotactic alignment rod was inserted and used to guide insertion into the twist-drill hole of a
threaded polycarbonate anchor bolt with a 3.2-mm outer diameter and 1.8-mm inner diameter (Figure
1A). The alignment rod was then inserted through the anchor bolt and into the brain during live lateral
fluoroscopic visualization to verify alignment with stereotactic frame center. The distance to target
from the top of the bolt was calculated. The Visualase laser applicator assembly (Visualase Inc,
Houston, Texas) comprises an outer 1.6-mm diameter clear (light-transmitting) polycarbonate cooling
catheter and an inner 0.73-mm diameter flexible laser optical fiber with 10-mm long diffuser tip
(Figure 1A). After removing the alignment rod from the anchor bolt, the cooling catheter (marked at
the distance-to-target) containing a stainless steel stiffening stylet (Figure 1A) was inserted to the
target under lateral fluoroscopic visualization (Figure 1B). The stylet was then removed, and the laser
optical fiber with diffuser tip was inserted at the end of the closed-ended cooling catheter. The laser
applicator assembly was secured in place via a Touhy-Borst adapter (Martech Medical, Harleysville,
Pennsylvania) on the proximal end of the anchor bolt. The stereotactic arc was detached, the drapes
were removed, and the patient was then transported to the MRI suite and placed supine within the
magnet with the head turned to situate the treatment side up to protect the laser assembly and anchor
bolt.

FIGURE 1. Laser thermal therapy system for stereotactic targeting and focused ablation. A, a 15-W
980-nm diode laser (Visualase) is directed through a saline-cooled laser applicator (top), consisting of
a 400-um core silica optical fiber, capped with a cylindrical diffusing tip (red). The optical fiber is
inserted into a 1.65-mm diameter polycarbonate saline-cooled cannula after removing the stiffening
stylet (middle). A threaded polycarbonate bone anchor (bottom) is placed over an alignment rod via
various stereotactic methods to target deep brain structures. B, targeting of the laser applicator from an
occipital approach with a bone anchor and a CRW stereotactic frame (Integra). C, use of a magnetic
resonance imaging-guided stereotactic trajectory frame (Clearpoint SmartFrame) with the Visualase
applicator enables implantation and real-time localization of the laser applicator within a magnetic
resonance imaging suite.

Laser Applicator Placement Using an MRI-Guided Trajectory Frame

Five patients underwent endotracheal general anesthesia in the MRI suite and were placed in a prone
position with the head secured to the table of the interventional MR scanner by 4 cranial pins using a
proprietary head coil fixation system (MRI Interventions, Memphis, Tennessee). The exposed occipital
region was clipped, prepped, and draped. A sterile self-adhesive fiducial grid (SmartGrid, MRI
Interventions) was placed over the approximate entry. Planning scans were then obtained and targeting
performed as described above except for use of the MRI Interventions workstation (rather than
FrameLink software). An entry-marking divot in the cranium was created by puncturing through the
grid and scalp into bone using a marking trocar. The grid was removed, the scalp was infused with
local anesthetic, and a minimal linear incision was made with a scalpel. An approximately 14-mm burr
hole centered on the marking divot was drilled using an MR-compatible high-speed air drill. The MRI-
guided trajectory frame base was affixed overlying the burr hole with self-tapping screws. A minimal
durotomy was opened in cruciate fashion. The trajectory frame components were assembled including
a hand controller. A series of short planning scans were obtained, and the workstation computed
suggested adjustments in X, y, and pitch and roll that were used to align the frame cannula with the
planned trajectory. A ceramic rod was inserted part way to confirm accurate trajectory alignment, and
then the Visualase cooling cannula with stiffening stylet was inserted through a reducing cannula,




locked in place (Figure 1C) and confirmed with volumetric imaging. The stylet was removed and
replaced with the optical fiber.

MR-Guided Laser Treatment

In all cases, the laser fiber and cooling lines were routed from the patient to the control room and
connected to the proprietary Visualase workstation, which combines a 15-W 980-nm diode laser with
an image-processing workstation for real-time MRTI and modeled estimates of the thermal necrosis
zone. Initially, volumetric 3-dimensional T1-weighted sequences were acquired to verify proper
positioning through the hippocampus and to select appropriate imaging planes for monitoring during
ablation. User-defined specific temperature safety limits were set relative to the monitoring image in
the inferior lateral thalamus, basal ganglia, and lateral mesencephalon (Figure 2A) to automatically
terminate laser delivery if these structures exceeded 45°C, avoiding off-target thermal injury (Figure
2B). The initial lesion was made anteriorly in the amygdalohippocampal complex (AHC) during real-
time MRTI and modeling of the necrotizing zone (Figures 2C and 2D). The laser fiber was then
retracted in approximately 1.0-cm increments, and as many as 5 overlapping focal ablations were
created, resulting in a confluent tubular ablation zone (Figure 2F) encompassing the AHC posteriorly
to at least the lateral mesencephalic sulcus (posterior landmark visualized on axial imaging) (Figure
2G).

FIGURE 2. Illustrative treatment cycle. A, patient 4 was stereotactically implanted from an occipital
approach along the long axis of the amygdalohippocampal complex. Using the Visualase workstation,
multiple points (3 shown in this plane) were demarcated for intraoperative magnetic resonance
imaging thermal measurement: red circle (in the ablation zone), white square (anterior
mesencephalon), and blue diamond (lateral mesencephalon). B, measurement of the temperature at the
3 points during ablation. Pink dotted line indicates ablation temperatures greater than 90°C, above
which thermal spread is considered unpredictable19,20 and which triggers cycle termination by the
workstation. Note that the brainstem temperature does not increase during the procedure. Real-time
temperature measurements (left) and estimated ablation areas (right) at 25 seconds (C), 75 seconds
(D), and 130 seconds (E). F, after retracting the laser applicator and ablating at a second site, the final
estimate of the total ablated area was calculated. Immediate postoperative T1-weighted imaging with
contrast highlights the borders of the lesion in the axial (G, red arrow) and coronal (H) planes. 1, J, 6
months after the procedure, the amygdalohippocampal complex demonstrates well-circumscribed
nonenhancing pseudocystic atrophy.
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Postprocedure MRI including diffusion-weighted imaging (DWI), FLAIR, and T1 postgadolinium
contrast (Figures 2G and 2H) were acquired, verifying the final lesion location and volume. Laser
applicators and anchor bolts were completely removed, a titanium burr hole cover was affixed,
incisions were closed with resorbable suture, and stereotactic frames were removed. Patients were
typically admitted to the hospital for observation, administered dexamethasone for 24 hours, and
discharged with a 1-week oral dexamethasone taper.

During the SLAH procedure, the lateral ventricle appeared to have an insulating heat sink effect, with
ablation zones generally spreading to conform to the superior surface of the hippocampus without
thermal spread across cerebrospinal fluid spaces (temporal horn, transverse cerebral fissure, or ambient
cistern), sparing medial structures (basal ganglia, thalamus, optic tract, or midbrain). Moreover,
ablation zones (as confirmed by immediate postprocedure FLAIR, DWI, and contrast-enhanced T1
signal intensity) tended to incorporate large portions of the hippocampus, medial to lateral, at any
given coronal location, forming an eccentric volume with respect to the laser assembly, apparently
delimited by the ependymal lining (superiorly and laterally), the transverse cerebral fissure (medially),
and, more variably, the hippocampal sulcus or subiculum (inferiorly). Indeed, safety limit set points,
which were user defined in the software interface to terminate laser delivery if any point on the
brainstem, optic apparatus, and/or thalamus exceeded 45°C, never changed from baseline temperatures
(Figures 2A and 2B). Individual cycles were terminated when on-target temperatures reached 90°C,
thus avoiding the risk of char and thermal gassing in target tissues.

Viktor’s Notes for the Neurosurgery Resident
Please visit website at www.NeurosurgeryResident.net
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