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MR-guided laser interstitial thermal therapy 
(MRgLITT) is a minimally invasive method 
for thermal destruction of benign or malignant 

tissue that has been used to treat a variety of neurologi-
cal pathologies, including tumors, epilepsy, and chronic 
pain.12,13,17 The MRgLITT system delivers low-voltage la-
ser energy via an optical fiber to pathological tissue, where 
it is converted to thermal energy, inducing cellular injury. 
The extent of thermal damage is guided by real-time MRI 
and automated feedback control. Various stereotactic tech-

niques are used to accurately deliver the laser probe within 
the intracranial space. Choice of a platform for stereotac-
tic delivery depends upon institution-dependent factors, 
physician preference, accuracy/precision tolerances, and 
requisite patient position or target.4 MRgLITT possesses 
several advantages over traditional anterior temporal lo-
bectomy, including immediate radiographic visualization 
of treatment effect, decreased perioperative and surgical 
morbidity, and the promise of a “less-invasive” treatment, 
which may increase utilization of surgical treatments of 
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OBJECTIVE MR-guided laser interstitial thermal therapy (MRgLITT) is a minimally invasive method for thermal destruc-
tion of benign or malignant tissue that has been used for selective amygdalohippocampal ablation for the treatment of 
temporal lobe epilepsy. The authors report their initial experience adopting a real-time MRI-guided stereotactic platform 
that allows for completion of the entire procedure in the MRI suite. 
METHODS Between October 2014 and May 2016, 17 patients with mesial temporal sclerosis were selected by a 
multidisciplinary epilepsy board to undergo a selective amygdalohippocampal ablation for temporal lobe epilepsy us-
ing MRgLITT. The first 9 patients underwent standard laser ablation in 2 phases (operating room [OR] and MRI suite), 
whereas the next 8 patients underwent laser ablation entirely in the MRI suite with the ClearPoint platform. A checklist 
specific to the real-time MRI-guided laser amydalohippocampal ablation was developed and used for each case. For 
both cohorts, clinical and operative information, including average case times and accuracy data, was collected and 
analyzed.
RESULTS There was a learning curve associated with using this real-time MRI-guided system. However, operative 
times decreased in a linear fashion, as did total anesthesia time. In fact, the total mean patient procedure time was less 
in the MRI cohort (362.8 ± 86.6 minutes) than in the OR cohort (456.9 ± 80.7 minutes). The mean anesthesia time was 
significantly shorter in the MRI cohort (327.2 ± 79.9 minutes) than in the OR cohort (435.8 ± 78.4 minutes, p = 0.02).
CONCLUSIONS The real-time MRI platform for MRgLITT can be adopted in an expedient manner. Completion of 
MRgLITT entirely in the MRI suite may lead to significant advantages in procedural times.
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epilepsy. Although the clinical efficacy of this relative-
ly novel technique has yet to be tested in a randomized 
controlled clinical trial, several institutions have adopted 
MRgLITT for the treatment of epilepsy, given the avail-
able promising data.5,13,17

At the vast majority of institutions utilizing this tech-
nology, the fiberoptic applicator is typically placed under 
stereotactic guidance in the operating room (OR). The pa-
tient is subsequently transported to the MRI suite for veri-
fication and activation of the laser-diode energy source 
and MRI monitoring of the thermal ablation.4 Completing 
a single surgical procedure in multiple treatment rooms 
is suboptimal. Transporting an anesthetized patient from 
the OR to the MRI suite can be a logistical obstacle, and 
this process is fraught with opportunities for complication 
and error. Furthermore, the transfer process is inevitably 
associated with longer operative and anesthesia times and 
increased risk to the patient.1

ClearPoint (MRI Interventions) is a real-time MRI plat-
form that allows the entire procedure to be completed in 
the MRI suite. This novel frameless stereotactic platform 
utilizes a minimally invasive percutaneous SmartFrame 
(MRI Interventions) that allows for real-time neuronavi-
gation.8,17 There is a well-reported precedent for real-time 
MRI in deep brain stimulation surgery. In patients with 
Parkinson’s disease and in pediatric patients with dysto-
nia, the real-time MRI platform has produced clinical out-
comes and safety profiles similar to those achieved with 
conventional deep brain stimulation techniques.11,15 Never-
theless, to date, this novel technology has not been widely 
adopted by the neurosurgical community for MRgLITT. 
This is, at least in part, due to familiarity with existing 
stereotactic technology and logistical concerns related to 
implementing a new stereotactic system outside the com-
fort of the traditional OR setting. As the popularity of and 
indications for MRgLITT continue to grow, it is essential 
to critically assess its limitations and obstacles and iden-
tify modifications that may optimize the efficacy and ef-
ficiency of this technology.

Here, we review our experience with 2 stereotactic 
platforms for laser fiber placement: 1) the Vertek Biopsy 
Solution (Medtronic), used in the OR; and 2) the real-time 
MRI system, used in the MRI suite. At our institution, the 
Vertek Biopsy Solution has been used not only for stereo-
tactic laser placement but also for brain biopsies and depth 
electrode placement.10 Thus, there is great familiarity with 
this option, which was used in the first MRgLITT cases 
performed at Stanford University.4 However, we subse-
quently adopted the real-time MRI system based on the 
hypothesis that a dedicated real-time MRI solution would 
be more efficient and patient-oriented. Indeed, the actual 
ablation for LITT must be performed in an MRI unit, thus 
the procedure already requires the use of a diagnostic 
scanner. Given the novelty of this approach, we designed 
a checklist for the real-time MRI system based on our 
initial experience. Deployment of checklists in medicine 
has been effective for increasing efficiency and minimiz-
ing error rates.3 This has been demonstrated specifically 
within step-heavy neurosurgical procedures with an em-
phasis on stereotaxy.2,7,19 The following study is designed 
to assess operative efficiency in the adoption of real-time 

MRI in stereotactic laser placement for MRgLITT for the 
treatment of patients with temporal lobe epilepsy.

Methods
Patient Selection

Between October 2014 and May 2016, 17 consecu-
tive patents were selected by a multidisciplinary epilepsy 
board consisting of neurosurgeons, neurologists, neuro-
psychologists, and neuroradiologists to undergo a func-
tional selective amygdalohippocampotomy via laser abla-
tion. The procedure was performed using the Visualase 
Thermal Ablation System (Medtronic) at Stanford Health 
Care. These cases were conducted at an academic cen-
ter where resident and fellow training is prioritized and 
incorporated into routine cases. The neurosurgical team 
was led by the senior author (C.H.H.), who was the attend-
ing neurosurgeon of record for each case. Anesthesia and 
surgical personnel were rotated on a case-by-case basis, 
and only the attending surgeon (C.H.H.) was maintained 
throughout every procedure. This study was performed at 
Stanford Hospital with approval from the Stanford Uni-
versity Internal Review Board, and Stanford’s Infection 
Control approved the performance of this procedure with-
in the inpatient diagnostic MRI suite.

OR Stereotaxy
The first 9 patients underwent standard laser ablation in 

2 phases.4,12 Skull fiducial placement and stereotactic CT 
acquisition were completed either prior to the day of the 
operation or before the patients entered the OR. After the 
patients entered the OR, general anesthesia was induced, 
their head was fixed in MRI-compatible Mayfield pins 
(Integra LifeSciences), and they were placed in the prone 
position. After frameless stereotactic registration using 
StealthStation and the Vertek Biopsy Solution (Medtronic), 
a small incision and twist drill bur hole were planned and 
placed using the precision aiming device, and the LITT 
laser was positioned in the planned target.9 An O-arm 
(Medtronic) was used to confirm optimal placement before 
transporting to MRI. Skull fiducials were removed and the 
patients were subsequently transported to the MRI suite, 
where a laser amygdalohippocampotomy was performed.

Real-Time MRI Stereotaxy
The next 8 patients underwent laser ablation entirely 

in the MRI suite facilitated by the ClearPoint platform. 
ClearPoint is a novel stereotactic implantation system 
consisting of an MRI-compatible percutaneous SMART-
frame, an MRI-compatible hand-held twist drill, a ceramic 
stylet, and a trajectory guide tower as well as device-spe-
cific control software that allows stereotactic placement of 
the laser entirely in the MRI suite, thus obviating the need 
for skull fiducial markers or a stereotactic CT scan.17,18 All 
components needed for the stereotaxy are included in the 
ClearPoint disposable kit (Item No. CP-NGS-11-TE-TP45). 
At our institution, the diagnostic MRI suite antechamber 
is frequently used for general endotracheal anesthesia in-
duction (i.e., for patients who cannot tolerate awake MRI 
scans). There is back-up anesthesia equipment available, 
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including a ventilator, and it is fully staffed by anesthesia 
personnel (including back-up anesthesiologists) similar 
to any other OR. Both anesthesia and surgical personnel, 
with the exception of the senior author (C.H.H.), were ro-
tated and different for each procedure (i.e., there was no 
dedicated anesthesia or surgical team for these cases). The 
MRI suite is also commonly used for other sterile surgical 
procedures at our institution. Thus, we used standard pro-
tocols approved by Stanford Infection Control to terminal-
ly clean and sterilize the MRI suite before and after each 
procedure, as in any OR. Patients were brought directly 
to the antechamber of the MRI suite where general anes-
thesia was induced. These patients were then positioned 
prone in the ClearPoint 4-point fixation headframe (Fig. 
1A) specifically manufactured for intraoperative MRI and 
draped in a sterile fashion with a specialized drape that 
completely covers the internal components of the MRI 
bore (MR Neuro Drape Tapered with Extension–Long, 
Product No. NGS-PD-03-L, MRI Interventions). A Clear-
Point MRI-visible SmartGrid was applied to the predict-
ed skull entry point, secured with adhesive and staples, 
and a T1-weighted volumetric image was obtained (Fig. 
1B). The ClearPoint software was then used to mark the 
planned entry point using a gadolinium-filled scalp fidu-
cial marker to guide mounting of the percutaneous Smart-
Frame around the confirmed entry point (Fig. 1C). A sec-
ond MRI scan was completed to confirm optimal entry 
and target error. The ClearPoint software uses MR-visible 
fiducial markers to allow for precise microadjustments to 
the SmartFrame (Fig. 1D). An MRI-compatible hand-held 
twist drill included in the kit was used to create a 3.2-mm 
bur hole (Fig. 1E). A 2.1-mm ceramic stylet from the kit 
was then advanced to 50 mm above the target (Fig. 1F). A 

final MRI scan confirmed the desired trajectory, and the 
laser was advanced for the amygdalohippocampotomy.17,18

Laser Ablation
The laser ablation portion of the cases in both the OR 

and the MRI cohort were completely identical in terms 
of technique. We used the Medtronic Visualase thermal 
therapy system Model VTTS-15 with software version 
3.2. The principles and aim of laser ablation were adopted 
from previously described techniques to ensure full abla-
tion of mesial structures from the anterior amygdala to the 
posterior hippocampus at the level of the tectum.17

Patient Demographics and Data Collection
For both cohorts, patient demographic and clinical data 

were collected, including age, sex, and target. Complica-
tions related to the procedure and seizure-related clinical 
outcomes were also collected. Furthermore, intraoperative 
times and all catheter manipulation including reposition-
ing were recorded for every step of each procedure. Final-
ly, for the real-time MRI cohort, the 2D radial errors were 
defined as the distance between the planned target and the 
intersection of the device axis with the target plane and 
were calculated within the ClearPoint software (Fig. 2).

Checklist
As described previously for deep brain stimulation sur-

gery,6,7 a checklist specific to the real-time MRI-guided 
laser amydalohippocampal ablation was designed by our 
industry collaborator as well as the first and senior authors 
(A.L.H. and C.H.H.) and refined in conjunction with the 
multidisciplinary anesthesia, surgical, nursing, and radiol-

FIG. 1. Real-time MRI workflow and equipment. A: ClearPoint 4-point fixation headframe. B: MRI-visible SmartGrid. The Smart-
Grid is applied to the predicted skull entry point and secured with adhesive and staples. C: Percutaneous SmartFrame mount.  
D: T1-weighted volumetric MR images. The MR images are obtained with MR-visible fiducial markers in place in order to allow 
for precise microadjustments to the SmartFrame. E: MRI-compatible handheld twist drill. The drill is used to create a 3.2-mm bur 
hole. F: Sagittal T1-weighted MR image obtained after placement of the 2.1-mm ceramic stylet, confirming the desired trajectory. 
Figure is available in color online only.
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ogy team members (Fig. 3). Each item on the checklist 
was verified by the lead surgeon (C.H.H.) and served 
dual purposes of creating consistency across teams and 
ensuring step-wise progression through the case without 
skipping any critical steps. Time points were noted and 
recorded for each phase of the case by an objective ob-
server. We did not include a checklist for the initial OR 
cohort as the surgical technique used was identical in both 
cohorts and common to our practice of stereotactic depth 
electrode placement and biopsy protocols. 

Results
Patient Demographics and Clinical Outcomes

The mean age was comparable between the 2 cohorts 
(46.9 vs 42.1 years for OR and MRI, respectively). The 2 

FIG. 2. The 2D radial error is the distance between the planned target 
and the intersection of the device axis with the target plane and was 
measured in millimeters.

FIG. 3. Real-time MRI procedure checklist. ETT = endotracheal tube; SCD = sequential compression device; VNS = vagus nerve 
stimulation.
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groups included a total of 7 women, 5 in the OR group and 
2 in the MRI group. Ten of 17 procedures were right-sided, 
with 4 right-sided procedures performed in the OR cohort 
and 6 right-sided procedures in the MRI cohort (Table 1). 
All patients were treated with a laser amygdalohippocam-
potomy. Postoperative complications in the OR cohort 
included a transient partial third cranial nerve palsy and 
aseptic meningitis with status migrainosus (in the same 
patient), a self-limited ileus, and persistent headaches in a 
single patient with a prior migraine disorder. There were 
no postoperative complications in the MRI cohort. Re-
garding postoperative seizures, 1 patient within each co-
hort had a seizure within 3 months of the procedure; all 
other patients remained seizure-free for up to 3 months.

Case Times
A comparison of the mean case times for the 2 stereo-

tactic methods is shown in Table 1. The mean total case 
time, mean total anesthesia time, and mean pin to laser 
time were all less when using the real-time MRI system. 
Total case time refers to time from the moment the patient 
enters the OR or MRI suite until the patient is taken to 
the postanesthesia case unit. Total anesthesia time refers 
to the time from induction of anesthesia to extubation. Pin 
to laser time spans the period from the beginning of pin 
placement to confirmation of laser placement via MRI. 
This also includes the time needed for repositioning when 
necessary. Total MRI time refers to the total length of time 
patients spent in the MRI suite for both the OR and the 
real-time MRI cohort. 

There was no clear trend associated with case times 
in the OR cohort (Fig. 4). With some expected variance, 
the mean total case time and mean total anesthesia time 
for the OR cohort were 456.9 minutes and 435.8 minutes, 
respectively (Table 1). There was a learning curve associ-
ated with using the real-time MRI system (Fig. 5). This 
curve was apparent for total case times, total anesthesia 
times, and pin to laser time, with strong associations pres-
ent between total case and total anesthesia times (Pearson 
coefficient 0.99, p < 0.0001) and pin to laser times (Pear-
son coefficient 0.93, p = 0.0007). There was no clear trend 
in laser ablation times in the MRI cohort, and no associa-
tion between total case and laser ablation times (Pearson 

coefficient 0.097, p = 0.8189) in these patients (Fig. 5). 
Case times for each of the patients in the MRI cohort are 
listed in Table 2. Operative times decreased in a linear 
fashion nearly 50% from Case 1 to Case 8 in terms of total 
patient time as well as anesthesia time. From a procedural 
standpoint, there was a 44% decrease in the pin to laser 
time. Mean operative and mean total anesthesia times for 
the MRI cohort compared favorably against precursor OR 
cases. In fact, total case time decreased from a mean of 
456.9 minutes in the OR cohort to 362.8 minutes in the 
MRI cohort, a difference that approached statistical sig-
nificance (p = 0.057). For total anesthesia time, there was a 
statistically significant decrease in the MRI cohort (mean 
327.3 minutes) in comparison with the OR cohort (435.8 
minutes, p = 0.023). There was also a statistically signifi-
cant decrease in pin to laser time in the MRI cohort (p = 
0.0061), despite an expected significant increase in total 
MRI time in the MRI cohort (p = 0.013) (Table 1).

It should be noted that only 1 real-time MRI case re-
quired multiple trajectories, needing 45 additional min-
utes. If the time for repositioning is not included, Case 1 
still had the longest overall case times—495 minutes total 
case time and 450 minutes total anesthesia time. When an-
alyzing what factors accounted for the difference in time 
between cohorts, we found that there was an expected and 
necessary delay in the OR associated with mobilizing the 

TABLE 1. Comparison of mean procedure times in the OR and 
real-time MRI cohorts

Variable
Cohort

p ValueOR MRI

No. of cases 9 8
Target 
 Rt 4 6
 Lt 5 2
Case times in mins
 Total 456.9 362.8 0.057
 Anesthesia 435.8 327.3 0.023
 Pin to laser 253.7 191.4 0.0061
 MRI time 185 362.8 0.0013

FIG. 4. Standard OR cohort case times. Longitudinal line-graph repre-
sentation of changes in case times (in minutes) over time for cases with 
laser placement completed in the OR. Figure is available in color online 
only.

FIG. 5. Real-time MRI case times. Longitudinal line-graph representa-
tion of changes in case times (in minutes) over time for cases completed 
completely within the MRI suite. Figure is available in color online only.
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patient from OR to the MRI suite. Our mean pin to O-
arm laser confirmation time was 165.4 minutes (SD 56 
minutes) for the OR cohort, which is similar to what we 
found in our MRI cohort (191.4 minutes, SD 44 minutes, 
p = 0.31). There was a mean additional time of 89 minutes 
(SD 35 minutes) from OR laser confirmation to MRI laser 
confirmation and subsequent ablation, representing this 
patient mobilization delay. Finally, it should be mentioned 
that there was little variance in the time from the begin-
ning of anesthesia to completion of pin placement in our 
MRI cohort (average 23 minutes, range 12–35 minutes).

Target Error
Table 2 reports the 2D radial errors for all MRI cases. 

Case 1 required a repositioning of the trajectory and the 
0.9-mm target error reported reflects the error calculated 
after repositioning. The highest target error occurred in 
Case 7, with a 3.4-mm error. As described previously in the 
Methods, this error is calculated by comparing the planned 
trajectory to the actual position of the laser. Though there 
was a discrepancy with the actual trajectory from the plan, 
we were still able to complete a full ablation as described 
previously,17 so a repositioning in Case 7 was unnecessary.

Discussion
While traditionally the workflow for LITT involved 

stereotactic placement of the laser in the OR and then ei-
ther patient transfer to an MRI scanner4 or utilization of 
intraoperative MRI,16 we believe there are advantages to 
performing the entire procedure in the MRI suite. We ex-
amined our initial institutional experience with the real-
time MRI system for laser amygdalohippocampal ablation 
and found that the initial learning curve can be quickly 
mastered. Moreover, completion of the entire procedure in 
the MRI suite leads to at least comparable if not improved 
efficiency, as seen with the statistically significant im-
provement in procedure times, including total anesthesia 
time, in our MRI cohort. The most striking result from our 
study is that all procedure times dramatically and quickly 
improved during the initial experience of MRgLITT uti-

lizing the real-time MRI platform. With the implementa-
tion of a checklist, we were able to keep this step-heavy 
procedure moving forward with confidence that no critical 
portions of the case were being overlooked.6 We could also 
identify procedural bottlenecks and think critically about 
how to improve efficiency during these steps. For example, 
as these were the first cases of their kind at our institution, 
the checklist ensured that OR and MRI staff had all of 
the necessary additional equipment and disposables in the 
MRI suite via steps 3–5 and 9 of the “Prior to sterile setup/
opening case pack” section. This avoided substantial delay 
had it been necessary to bring missing supplies from the 
OR to the MRI suite. In addition, given the relative novelty 
of the ClearPoint 4-point fixation headframe setup for our 
team, the “Prepping the Patient” section (i.e., Foley cathe-
ter, sequential compression devices, ear plugs) ensured we 
followed every preventive step during this process. More-
over, the surgical portion of laser placement is very step 
heavy, thus it was helpful to refer to a checklist to keep 
the procedure moving forward. During our dry run phases 
prior to implementation, specific step notations were in-
cluded to help underscore procedural nuances (“Awl mark, 
remove grid, Beekley marker confirmation,” “Align by 
hand to get close,” “Insert ceramic stylet,” “Measure and 
insert catheter with titanium stiffening stylet,” etc.). Such 
personalized modifications to this checklist may be help-
ful to other groups as they individualize the checklist for 
their specific practice needs. Last, the specific time-point 
callouts in the procedural section of the checklist allowed 
us, in the initial cases, to focus on specific parts of the pro-
cedure that were causing delays. Moreover, the checklist 
was particularly helpful in alerting and reminding us to 
confirm our frame mount technique and rigid purchase.

Beyond the benefits in operative efficiency and patient 
safety, real-time MRI guidance can also facilitate laser 
repositioning if necessary. Unless real-time fluoroscopic 
imaging with O-arm or computed tomography is com-
pleted prior to leaving the OR (as it was for all of our OR 
cases), repositioning the laser after MRI confirmation with 
the standard technique would necessitate a return to the 
OR for stereotactic repositioning. This would be a logisti-
cal challenge at most institutions, leaving the treating team 
with a decision to perform a potentially suboptimal abla-
tion or abort the surgery. Repositioning was only deemed 
necessary in 1 of our 8 patients treated using the real-time 
MRI system, but this allowed for a more thorough ablation 
of mesial structures. While the benefits for robust ablations 
are a source of continued debate,5 the theoretical benefit 
of immediate stereotactic repositioning while in the MRI 
suite is one major advantage of a real-time MRI platform. 
It must also be noted that intraoperative or hybrid operative 
MRI systems can also provide similar benefits to the real-
time MRI platform and should be used whenever possible 
for LITT. Although most institutions do not have these ca-
pabilities, they can adopt the real-time MRI platform for 
laser ablations in their diagnostic MRI suites. Last, at large 
centers where OR block time is often a limited resource, 
MRI operative suite capability provides an alternative 
option for stereotactic procedures. These substantial re-
sources and procedural considerations with respect to the 
2 different methodologies have been outlined in detail in 
Table 3.

TABLE 2. Individual case times and accuracy data for all 8 real-
time MRI cases

Case 
No. Target

Case Times in Mins Target 
Error 
(mm)* RepositionTotal Anesthesia

Pin to 
Laser

1 Rt AHC 540 495 261 0.9 1
2 Rt AHC 399 345 235 0.8 0
3 Lt AHC 421 375 223 1.0 0
4 Lt AHC 306 265 152 0.8 0
5 Rt AHC 340 322 195 0.70 0
6 Rt AHC 303 248 162 0.7 0
7 Rt AHC 285 279 158 3.4 0
8 Rt AHC 308 289 145 1.2 0

AHC = amygdalohippocampotomy.
* Target error was defined as the 2D radial error (Fig. 1) and calculated in 
millimeters.
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We experienced several hardware related technical 
difficulties during the adoption of real-time MRI for la-
ser ablation that should be noted. First, the 1-piece ster-
ile drape for the ClearPoint tower and MRI scanner can 
exert a significant amount of pull on the tower during 
movement of the MRI table if insufficient strain relief is 
provided. This is particularly true for prone cases, where 
the mounted tower is perpendicular to the floor. In one of 
our cases this led to dislodgement of the tower that neces-
sitated replacing the tower completely. Second, adequate 
bony fixation for the ClearPoint tower is critical, as any 
movement can compromise trajectory accuracy. Utiliza-
tion of longer screws may help overcome this challenge, 
but inadequate bony purchase must be recognized. Indeed, 
we encountered the highest target error in Case 7, and we 
found the tower to be loose at the time of inspection. Con-
firmation of adequate bony purchase is now a part of this 
procedure’s checklist. At our institution, the MRI suite is 
commonly used for other sterile surgical procedures, thus, 
Stanford Infection Control protocols were already in place 
for terminal cleaning and sterilization of the MRI suite 
before and after the procedure as for any OR. Implemen-
tation of such protocols is of paramount importance at 
other institutions considering adopting the real-time MRI 
platform. Last, intracranial hemorrhage after laser place-
ment is rare.14 Under standard protocol there should be a 
sterile OR that is prepared and available for emergencies 
to help facilitate immediate evacuation of a compressive 
hematoma. At our institution, an OR is always reserved 
for surgical emergencies, which would help mitigate any 
potential delay. Nevertheless, this is a risk of MRgLITT 
that must be considered, but it is not a risk specific to real-
time MRI stereotaxy for LITT. In fact, the transfer delay 
from OR to MRI may have a greater impact on delaying 
the diagnosis of hematoma compared with a completely 
MRI-based procedure.

Limitations
This novel application of the real-time MRI platform for 

laser ablation is a preliminary study in a limited number of 
patients with brief follow-up. Thus, any results and conclu-

sions warrant further prospective study with a much larger 
patient cohort, which is ongoing at our institution. This was 
a nonrandomized study with potential confounding vari-
ables. For example, trends in case time with the checklist 
could be confounded by a learning curve. While use of the 
checklist might have helped avoid an even greater learning 
curve without it, we cannot say with certainty this is true. 
However, the goal of the checklist was to anticipate this 
learning curve and maximize the rapid adoption of a com-
plex, step-heavy new technique, and we believe our results 
reflect achievement of this goal. The checklist approach 
was not adopted for the traditional OR cases because the 
stereotactic techniques used for implanting the laser in the 
OR are standard at our institution, and common to depth 
electrodes, deep brain stimulation implants, and stereotac-
tic and navigated biopsies.9 Our method for placement of 
the laser in the OR environment, involving Mayfield im-
mobilization coupled with neuronavigation, was nearly 
identical to that used in the previously mentioned stan-
dard stereotactic surgeries, while laser placement in the 
MRI suite was completed with prone positioning without 
a Mayfield headframe and used the real-time MRI plat-
form and MRI-compatible instruments for stereotactic la-
ser placement. Thus, we do not believe that the operations 
are sufficiently similar to confer any type of “learning 
curve” benefit. However, given the sequential nature of our 
study, cases within the MRI cohort had the benefit of ex-
perience with laser ablation accumulated over all previous 
OR cases, and this may be at least partly responsible for 
the increased efficiency seen in our MRI cohort—though 
actual laser ablation durations were no different between 
cohorts, and there was no trend of increasing efficiency 
seen within the OR cohort (Fig. 4). On the contrary, there 
was an expected learning curve observed within our MRI 
cohort. In the OR cohort, there were many maneuvers in-
volved in getting the patient from the OR to the MRI suite, 
including removal from Mayfield pins, repositioning and 
bed transfer, changing of anesthesia machines, transport, 
transfer into the MRI bore with supine positioning, taking 
care not to dislodge the laser fiber, and finally performing 
a confirmatory MRI scan. This translated into a significant 

TABLE 3. Differences in methodology between OR and interventional MRI techniques

Variable OR MRI

OR Utilized for laser placement & potentially on hold until imaging confir-
mation

No need for OR except for rare emergency 
complication

Anesthesia Standard induction but switch on & off transport monitors & ventilation 
for transport down to & onto MRI-compatible anesthesia machines

Nonstandard MRI suite location for induction, but 
once intubated no further changes necessary

Patient positioning Prone & in Mayfield pins for laser placement, then out of pins & supine 
for transport & in MRI

Prone in ClearPoint 4-point fixation headframe 
until procedure complete

Laser placement With standard neuronavigation system (at our institution) or a stereo-
tactic frame

With real-time MRI platform

Patient transport Intubated from OR to MRI None
Laser placement 

revision
Transport back to OR from MRI (may not be feasible) or necessitates 

intraoperative scan
Can revise immediately in MRI suite

Ablation revision w/ 
alternate trajectory

Not possible w/o transporting back to OR Can revise immediately in MRI suite
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but expected and necessary time delay before ablation was 
initiated (average 89 minutes). Given the risks of general 
anesthesia and the decreases seen in total and anesthesia 
times, our findings represent potential safety benefits of 
real-time MRI for laser placement and ablation.1

Conclusions
Adoption of a real-time MRI-guided stereotactic plat-

form that uses MRgLITT for amygdalohippocampal abla-
tion in the treatment of epilepsy can be achieved expedi-
ently. Completion of the entire procedure in the MRI suite 
may lead to improved procedure times, including total 
anesthesia time. Wider study and adoption of this method 
can lead to further refinements in technique and may pro-
vide a less invasive and safer option for patients undergo-
ing LITT surgery.
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