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Abstract

Cognitive outcome data are reviewed with respect to the use of magnetic-resonance guided
stereotactic laser ablation (SLA) as an epilepsy surgical procedure, with comparisons drawn to
traditional open resection procedures. Cognitive outcome with stereotactic laser
amygdalohippocampotomy (SLAH) appears better than open resection for several functions
dependent on extra-mesial temporal lobe (TL) structures, including category-related naming,
verbal fluency, and object/familiar person recognition. Preliminary data suggests episodic,
declarative verbal memory can decline following SLAH in the language dominant hemisphere,
although early findings suggest comparable or even superior outcomes compared with open
resection. The hippocampus has long been considered a central structure supporting episodic,
declarative memory, with epilepsy surgical teams attempting to spare it whenever possible.
However, ample data from animal and human neuroscience research suggests declarative memory
deficits are greater following broader mesial TL lesions that include parahippocampal gyrus and
lateral TL inputs. Therefore, employing a neurosurgical technique that restricts the surgical lesion
zone holds promise for achieving a better cognitive outcome. Focal SLA lesions outside of the
amygdalohippocampal complex may impair select cognitive functions, although few data have
been published in such patients to date. SLA is being effectively employed with adults and
children with TL or lesional epilepsies across several U.S. epilepsy centers, which may
simultaneously optimize cognitive outcome while providing a curative treatment for seizures.
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Introduction

Whether smaller surgical resections improve cognitive and functional outcome compared to
more traditional anterior temporal lobectomies is a major topic of debate in the field of
epilepsy surgery.l While standard anterior temporal lobectomy (ATL) retains a small
advantage over selective open resection approaches for seizure control,? research has been
mixed and generally inconclusive regarding differences in cognitive outcome.L: 3 The
difficulty involved in sorting out this question is related to significant variability in the
functions studied and the tests used to evaluate these abilities. However, another critical
variable is that most open resection approaches result in significant “collateral” damage
while accessing the mesial TL structures. For example, many of these approaches disturb the
temporal stem, which is traversed by critical white matter tracts, including the uncinate
fasciculus (UF) and the inferior fronto-occipital fasciculus (IFOF).4 Most also affect other
extra-temporal structures, such as the fusiform gyrus, basal temporal language area,
temporal pole, and additional white matter tracts. The emergence of a novel laser ablation
technology holds promise for a minimally invasive approach that could reduce this
secondary collateral damage.

Search Criteria for Current Review

While laser interstitial thermal therapy (LiTT) has been available for several years (see
Hoppe et al. for an excellent review article on this topic),? the current review is focused on
cognitive outcome observed using the more recent use of magnetic resonance-guided
stereotactic laser ablation (SLA) systems (Visualase®, Neuroblate®). Pubmed was searched
using the terms LiTT, SLA, or laser ablation in conjunction with several permutations of
cognitive function (i.e., cognitive function, memory, language, verbal fluency, executive
function) between November 2016 and July 2017. Only articles with original cognitive
outcome data following epilepsy surgery were examined (including case studies). This
resulted in only six publications, three of which were case studies. One additional
publication® was added that was not identified by Pubmed search terms. This article was
referenced in one of the other six publications. In addition, four SLA review articles were
identified.

The case studies included hypothalamic hamartoma ablation in a patient who had previously
undergone a right ATL,” a SLA procedure involving the insular cortex of a patient with post-
stroke epilepsy,® and two TLE patients with normal neuroimaging who underwent SLAH.®
The four SLA publications with group data included only one study that was prospective in
nature.10 This study compared TLE patients undergoing SLAH (/=19) with those
undergoing open resection procedures (/7=39) on naming and object recognition tasks. One
additional study compared TLE patients undergoing SLAH (7=7) to a selective
amygdalohippocampectomy procedure (/#=7) on a variety of clinical measures, but only had
post-surgical data available for three to four patients from each patient group.8 The
remaining two group level studies retrospectively examined clinical memory measures for a
subset of patients who returned for follow-up evaluation and both lacked any comparison
control group. Kang et al.}! presented verbal memory data available on six of 20 SLAH
patients, while Jermackowicz et al.12 reported verbal and visual memory data for 20 of 23

Epilepsy Res. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Drane

Page 3

SLAH patients. The latter study also reported on some other clinical measures as available
for analysis as well. As can be seen, there remains a dearth of publications related to the
cognitive outcome of SLA. Additionaly, prospective, well-controlled studies are lacking in
this area.

Because no studies with children came up in Pubmed with the specified search terms, this
search was redone with specific terms for children. This combination of terms led to an
additional four publications involving children, although none of these included formal
cognitive data. Therefore, this review does not cover cognitive outcome of SLA in children,
apart from a brief mention of the successful application of SLA to treat hypothalamic
hamartoma.

Potential for Improved Cognitive Outcome with Laser Ablation

Object Recognition and Naming Outcome

Drane and colleagues'® have demonstrated superior cognitive outcome for select functions
with SLAH when prospectively compared to a variety of open resection approaches,
including both standard and selective procedures. Naming of man-made objects and/or
famous persons declined in 21 of 22 TLE patients undergoing language dominant open
resection, while no significant decline on these tasks was experienced by any dominant
SLAH patient (7=10). Similarly, 11 of 17 TLE patients undergoing right (nondominant)
open resection experienced significant decline in their ability to recognize famous persons,
while no TLE patients undergoing SLAH experienced any decline on this task (/7=9). Duffau
and colleagues demonstrated in a series of tumor resection patients that even a subtle
restriction in naming response speed following surgery predicts poor functional recovery
when gauged by a successful return to gainful employment.13 Busch and colleagues recently
examined man-made object naming in a large cohort of open resection epilepsy surgery
patients, demonstrating that naming decline is a significant problem which they believe still
lacks adequate attention by the epilepsy community (significant declines occurred in greater
than 40% of left TL resections and 5% of right TL resections).14 Overall, initial data
suggests SLAH is superior to a variety of open resection surgical approaches for avoiding
cognitive decline on tasks likely supported by extra-mesial TL regions. The findings of
Drane et al.10 with visual confrontational naming ability have been confirmed in two
additional publications,® 12 and this group has more recently presented data on the first 40
patients to undergo SLAH at Emory University, with still no significant decline on any of the
naming and recognition measures examined.1®

Episodic Memory Outcome

Very few data have been published describing laser ablation and memory function, and some
of the reports have presented contradictory results. Differences across studies are likely due
to the very small sample sizes in existing memory studies, procedural differences with SLA
(e.g., potential variability in the extent of ablation and/or number of laser device passes in
some cases), and variability in statistical analysis (e.g., reliable change methodology versus
standard deviation change), test selection, timing of post-ablation assessment, and patient
cohorts. For example, one small case series involved only TLE patients with normal
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neuroimaging who were assessed in the early stages of recovery (i.e., two patients examined
clinically approximately 3-4 months following surgery),® while another study only examined
older patients, some of whom had significant comorbid medical issues.® Most of these
studies described the results of basic clinical care, with some groups only providing post-
surgical testing to those patients with clinical complaints. This practice often introduces
bias, with good outcome patients not returning for clinical follow-up.

Three studies have reported outcome on a verbal contextual memory task (i.e., story recall,
Logical Memory subtest from the 41" edition of the Wechsler Memory Scale),16 with results
appearing somewhat mixed at least from a surface level review. Kang et al.1! indicated that
none of six patients (5 dominant/1non-dominant) declined on this task using reliable change
indices. In contrast, Jermakowicz et al.12 reported that a significant decline on this task was
observed for the learning portion of this task at the group level. Of note, however, when
exploring outcome on an individual level, only three of 20 patients (15%) actually declined
on this task (2/10 dominant, 1/10 nondominant). Finally, Waseem et al.,8 found that one of
four older TLE patients declined on the learning portion of this task (and one improved)
following language dominant SLAH, while none of these four patients declined with regards
to delayed recall. Across all three studies, only three of 19 (15.8%) language dominant
hemisphere patients declined following SLAH on this contextual learning task. These
numbers compare favorably to historical data involving memory outcome with language
dominant TLE patients undergoing open resection procedures, where memory decline often
occurs in 30 to 50% of such patients.17-20

Kang et al.11 reported that three of six (50%) patients declined on the learning portion of a
verbal list-learning task that provides semantic cues (i.e., 2" edition of the California Verbal
Learning Test),2! and that two patients also exhibited decline on their subsequent recall of
this information. In contrast, Waseem et al.® indicated that 2 of 4 SLAH patients improved
significantly on the delayed recall portion of a complex list-learning task (Rey Auditory
Verbal Learning Test),22 while only one patient experienced decline. Jermakowicz et al.12
did not report on a list-learning task in their study.

Dredla et al.® provide cognitive outcome information for two PET positive, MRI-negative
patients who underwent SLAH. Both patients had adult onset of seizures, placing them at a
high risk of decline, with one of the patients having a history of encephalitis, raising the
possibility of bilateral disease. Both patients experienced significant decline on verbal and
visual memory measures, although no declines in naming, verbal fluency, or other assessed
cognitive functions were present. Of note, however, both patients were assessed during the
early stages of recovery (i.e., 3 to 4 months), and neither returned for subsequent follow-up.
These researchers reported that they had performed over 20 SLAH procedures, with most
patients reporting no cognitive complaints, although formal cognitive testing was not
undertaken.

Researchers from Emory University have presented preliminary data suggesting episodic
memory outcome is better in TLE patients undergoing SLAH as compared to comparable
open resection patients.1> 23 Only 3 of 20 (15%) prospectively studied SLAH patients
showed any significant decline on clinical memory measures (i.e., Rey Auditory Verbal
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Learning Test & Visual Reproduction from the Wechsler Scale) at 6-month follow-up using
reliable change methodology. This percentage is again much smaller than the historical rate
of decline for dominant TLE open resections in the research literature.18-20 Only two of 13
language dominant SLAH cases (15.4%) demonstrated significant decline on the RAVLT in
this series. Both of these patients had normal imaging, although one of them returned to her
baseline level of function by 1-year follow-up. 1> More outcome data is needed with TLE
patients with normal neuroimaging and language dominant onset, and epilepsy programs
should likely take a cautious approach to such patients when memory appears generally
intact (i.e., alternative surgical strategies such as repetitive neurostimulation [RNS] could be
considered as an initial treatment option).

Given that initial findings across studies suggest a rate of declarative verbal memory decline
following SLAH that is less than commonly cited figures for open resections,8 these results
suggest that declarative verbal memory decline is worse when broader damage is sustained
to the TL that extends beyond the amygdalohippocampal complex in language dominant
patients. Such findings could be seen as consistent with several studies in the animal
literature related to memory decline, which also indicate broader mesial TL regions must be
involved to affect episodic memory.24-26 On a related theme, researchers from Emory
University have reported significant verbal memory declines in two patients undergoing
SLA of cavernous malformations located in the white matter of the left fusiform gyrus of the
language dominant hemisphere.2” The SLA procedure was restricted to the cavernous
malformations and the hemosiderin ring around each lesion with complete sparing of all
mesial TL structures. However, both patients experienced greater verbal memory decline
than the majority of their SLAH cases, whose ablations involved the hippocampus and
amygdala only. It seems possible that these fusiform gyrus ablations may have removed
structures providing input to mesial TL regions, and that such damage may have been more
disruptive to memory functioning than limited ablations of the mesial TL structures only.
Others have suggested a role for lateral aspects of the TL in memory, and have noted that
disturbing inputs to the memory system likely affect the overall performance of this system.
28-30 Of note, it would not be expected that verbal memory would have reorganized away
from mesial TL structures in these individuals, as their lesions were in the lateral TL region.
Taken together, such data suggests the presumed role of the hippocampus in memory may be
more complex than currently taught in most clinical settings, and that we may need to
rethink our long held beliefs about the structure-function of possible memory circuits and
what needs to be preserved during TL surgery. Although clinical epilepsy programs often
focus on sparing the hippocampus, memory experts in the neuroscience community have
indicated that broader regions of the TL play critical roles in memory.24 25. 31 Research with
SLA appears to be confirming the results of many animal and human studies which suggest
an important contribution of the parahippocampal gyrus, and which have demonstrated that
broader lesions are more destructive than smaller, hippocampal-based insult. In fact, even in
Scoville and Milner's seminal paper involving H.M.,32 the authors wrote that H.M.'s
memory deficits could have resulted from injury to the hippocampus, the parahippocampal
gyrus, or perhaps both.

There have been two case studies involving SLA, both of which reported declines in verbal
memory functioning. One of these involved using SLA to successfully treat post-stroke

Epilepsy Res. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Drane

Page 6

epilepsy arising from the insula of a patient's language dominant cerebral hemisphere.8 Post-
surgical neuropsychological testing 8 months after testing revealed declines of at least 1 SD
in complex list learning and retention of this information (CVLT-2), semantic fluency, and
complex auditory comprehension, but stable functioning on verbal contextual learning
(WMS-4 Logical Memory), visual memory measures, naming ability, and most remaining
cognitive constructs. Improvements were observed on a few measures as well. The other
case involved treating a hypothalamic hamartoma with SLA in a patient who had previously
undergone a right ATL.” The researchers indicated that the patient's ablation damaged the
bilateral medial mammillary bodies (greater damage on the side contralateral to the ATL)
and the adjacent left thalamus. The patient exhibited a severe amnestic syndrome during
post-surgical follow-up approximately 8 months after surgery. Given that the latter
complication occurred in a patient with hypothalamic hamartoma, it should be noted that
Wilfong and Curry have reported on successful use of SLA for treating these lesions in a
series of 14 pediatric patients (12 patients became seizure free).33 They report that their
patients did not experience the typical complications associated with an open resection
approach to hypothalamic hamartoma (e.g., hemiparesis, hormonal dysfunction, severe
memory declines), although they did not report any results of formal cognitive testing.
Overall, coupled with the aforementioned ablations of cavernous malformations,?’ it is clear
that patients can be harmed cognitively by SLA if damage is done to critical brain regions or
networks, and that the presence of dual pathology and the results of prior surgical
interventions need to be considered when assessing associated procedural risks.

Broader Cognitive Outcome

While broader outcomes are still lacking for SLA, preliminary data from Emory University
related to their cavernous malformation patient series suggests that focal decline may occur
when lesions are made in any brain regions continuing to play a functional role in critical
neural networks.2” For example, some patients exhibited focal declines in aspects of naming
and verbal fluency when lesions were made in more lateral TL regions (e.g., fusiform gyrus,
temporal pole).

Nevertheless, such patients often showed sparing of aspects of these functions in a manner
not previously reported (e.g., naming and semantic fluency declined for one category of
object but improved for another). This is likely due to the focal nature of ablations that can
be made with laser technology, which may affect limited portions of white matter bundles
while sparing other sections. Greater preservation of even partial white matter tracts
resulting from the exquisitely focal lesions made with this procedure may allow greater
recovery of function over time. Significant improvement in broad, general cognitive
functions in such patients has also been observed, likely resulting from improved neural
processing in regions distant from the focal ablation. For example, TLE patients
experiencing excellent seizure control often experience improvements in general attention,
processing speed, and executive functions, a finding that can also be observed following
open resections.34
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Summary and Future Directions

Preliminary data suggest MR-guided SLA may offer a significantly better cognitive outcome
than open resection in many circumstances, 1% 11 presumably because this procedure allows
for focal tissue ablation with minimal collateral damage. Initial research has mostly focused
on TLE patients undergoing SLAH, and suggests that functions more dependent on extra-
mesial TL structures are better preserved, including naming, verbal fluency, and object and
person recognition. Improved declarative verbal memory outcome also appears promising
with SLAH, with initial reports suggesting comparable or lessor rates of memory decline
than observed with open resection surgical techniques.1! 1215 Nevertheless, verbal memory
declines have been reported in TLE samples, and may be more likely to occur in patients
with normal neuroimaging results.? Limited cognitive outcome data are available from SLA
of epileptic foci related to focal lesions (e,g., cavernous malformation, hypothalamic
hamartoma) or less common seizure onset zones (e.g., insular cortex onset), and there is
virtually no cognitive data from patients with SLA procedures performed on other extra-
temporal brain regions. As can be seen from the case studies and presentations reviewed,
7.8, 2 significant deficits can occur from SLA when functional brain networks are disrupted
by ablation. However, open resection techniques are likely to be equally or more destructive
in such cases as broader brain regions will be affected. Given the capacity of SLA to reach
brain regions that are difficult to access with open resection procedures, and its ability to
create highly focal damage zones, it will often be a tool to be considered in these difficult
cases. Studying the effects of such small surgical lesions also provides a unique opportunity
to study structure-function brain relationships.

Whether or not SLA proves to be consistently superior to open resection techniques for
sparing cognitive function, its use in clinical practice will ultimately depend heavily on its
ability to control seizures. Just as selective approaches to open resection have been shown to
produce slightly lower rates of seizure freedom than standard ATL,3% SLA will likely fall
short in this area as well given the more limited extent of tissue destruction. Nevertheless,
early results of seizure outcome with SLA suggest that it may approach the reported rates of
seizure freedom following open resection in patients with mesial temporal sclerosis (MTS).
36 Given the potential benefits of better preserved cognitive function, reduced time of
recovery, and the minimally-invasive nature of the procedure, SLA will be seen as an
advantageous approach by many patients. Additionally, if a patient fails to become seizure
free following SLA, they can still elect to undergo an open resection procedure.

Future research is needed to confirm preliminary cognitive outcome results with SLA, to
explore the patients most at risk for cognitive decline (e.g., normal MRI, intact cognitive
function), to evaluate a full range of cognitive abilities, and to insure that open resection and
SLA samples are equivalent across many relevant variables, such as age of seizure onset,
baseline level of function, seizure duration, seizure freedom, and lesion status (e.g., MTS,
non-lesional, dual-pathology). It will also be important to investigate outcome in terms of
mood/psychiatric variables, functional status, and quality of life. Greater use of
neuroimaging and electrophysiological techniques is needed to predict which patients are
most likely to benefit from SLA, and to improve targeting of seizure onset zones. Moreover,
traditional neuropsychological testing does not include many cognitive constructs potentially
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of great relevance in understanding the functional limitations of most epilepsy patients. This
includes the category-specific naming and fluency deficits that have been demonstrated in
recent years,3’ as well as object and face recognition deficits. Limited research suggests that
the importance of right temporal lobe function is under-appreciated, with potential functions
supported by this region including aspects of emotional processing, theory of mind, social
cognition, feeling of knowing/familiarity, and face processing.3® The true value of SLA will
only be recognized as these subtle yet important aspects of cognitive processing are more
fully appreciated by the epilepsy community. Many still underestimate the effects of
cognitive dysfunction resulting from epilepsy surgery on long-term functional status.

Multisite studies designed to evaluate multifaceted outcome parameters are needed. While a
randomized comparison to various open resection options would be ideal, recruitment for
such a study will likely be difficult given the current availability of SLA. While SLA is
unlikely to completely supplant open resection due to the broad neural networks that often
underlie seizure onset, this procedure appears to be gaining a firm foothold among the
surgical options for seizure management, and may well become the first choice for
individuals concerned about their long-term functional outcome who are deemed appropriate
candidates based upon their seizure onset.
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Highlights

Preliminary studies suggest that stereotactic laser ablation allows for a
reduction in collateral damage during neurosurgical procedures targeting the
amygdalar-hippocampal complex as compared to standard open resection
surgical procedures for the control of epilepsy.

Sparing neural regions and white matter pathways in temporal lobe epilepsy
surgery using stereotactic laser ablation results in preservation of language
functions (particularly naming ability) and recognition of objects and famous
persons.

Preliminary evidence of better episodic memory preservation in patients
undergoing stereotactic laser amygdalohippocampotomy versus standard open
resection surgical procedures involving the anterior temporal lobes suggests
that memory networks may be broader than the current models that emphasize
the primacy of the hippocampus in declarative memory.
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Figure 1.
Depiction of the Optical Fiber, the Ablation Process, and Pre- and Post-Ablation MRI

Images in an Axial Plane Demonstrating the Focal Nature of the Damage Zone.
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Histograms showing individual level performance change by type of surgery: a) Change in
BNT raw score for dominant temporal lobe cases by surgery type; b) Change in Famous
Face naming performance on modified lowa Famous Faces Test for dominant temporal lobe
cases by surgery type; c) Change in Famous Face recognition performance on modified lowa
Famous Faces Test for nondominant temporal lobe cases by surgery type. Note. SLAH =
stereotactic laser amygdalohippocampotomy; BNT = Boston Naming Test; TL = Temporal
Lobe. Reprinted from Drane DL, Loring DW, Voets NL, et al. Better object recognition and
naming outcome with MRI-guided stereotactic laser amygdalohippocampotomy for
temporal lobe epilepsy. Epilepsia 2015;56:101-113.
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