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Objectives

* Discuss physicians’ conceptions (and misconceptions) about
the risks associated with epilepsy surgery

» Characterize accurately the risks of epilepsy surgery

* Discuss the impact of advances in stereotaxy, advanced
imaging and neuronavigation on risk minimization in epilepsy
surgery



Epilepsy Res. 2015 December ; 118: 68—69. doi:10.1016/j.eplepsyres.2015.09.012.

The persistent under-utilization of epilepsy surgery

Dario J. Englot2.0."

aUCSF Comprehensive Epilepsy Center, University of California, San Francisco, CA, United
States

bDepartment of Neurological Surgery, University of California, San Francisco, CA, United States

 |In part due to physicians’ misconceptions about the risks associated
with epilepsy surgery.



Misconceptions

* An inherent bias against brain surgery may exist due to concerns
about the risks of epilepsy surgery (Sirven, 2010).

* 14% of patients who underwent epilepsy surgery had been advised
by their primary neurologists not to have surgery, primarily because
of its potential neurologic complications (Benbadis et al., 2003)
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Definition of complication
1 a :COMPLEXITY, INTRICACY

especially : a situation or a detail of character complicating the main thread of
a plot

b :a making difficult, involved, or intricate
¢ :acomplexorintricate feature or element

d :adifficult factor or issue often appearing unexpectedly and changing
existing plans, methods, or attitudes

2 :asecondary disease or condition developing in the course of a primary disease
or condition



Peculiarities of Epilepsy Surgery

« Removal or disconnection of functionally normal brain areas are
often an essential part of epilepsy surgical strategy, which may
lead to functional deficits.

* Also, some patients require invasive diagnostic procedures in
order to lateralize and/or localize the epileptic focus, adding to
the risk of complications.



Definitions

 No universal definition

* “An unwanted, unexpected and uncommon event after either a
diagnostic or therapeutic procedure” — Andre Olivier

e Clarification: An expected paresis after a functional hemispherectomy
would not be considered a complication

* Classification:
- Minor: transient (< 3 months) and of no significant functional impact

- Major: causing significant disability that can be permanent.



Classification

Dindo et al Annals of Surgery ® Volume 240, Number 2, August 2004

FEATURE

Classification of Surgical Complications

A New Proposal With Evaluation in a Cohort of 6336 Patients and
Results of a Survey

Daniel Dindo, MD, Nicolas Demartines, MD, and Pierre-Alain Clavien, MD, PhD, FRCS, FACS



TABLE 1. Classification of Surgical Complications

Grade Definition
Grade I Any deviation from the normal postoperative course without the need for pharmacological treatment or
surgical, endoscopic, and radiological interventions
Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgetics, diuretics, electrolytes, and
physiotherapy. This grade also includes wound infections opened at the bedside
Grade 1I Requiring pharmacological treatment with drugs other than such allowed for grade I complications
Blood transfusions and total parenteral nutrition are also included
Grade 111 Requiring surgical, endoscopic or radiological intervention
Grade Illa Intervention not under general anesthesia
Grade IIIb Intervention under general anesthesia
Grade IV Life-threatening complication (including CNS complications)* requiring IC/ICU management
Grade IVa Single organ dysfunction (including dialysis)
Grade IVb Multiorgan dysfunction
Grade V Death of a patient
Suffix “d” If the patient suffers from a complication at the time of discharge (see examples in Table 2), the suffix “d”

(for “disability”) is added to the respective grade of complication. This label indicates the need for a
follow-up to fully evaluate the complication.

*Brain hemorrhage, ischemic stroke, subarrachnoidal bleeding, but excluding transient ischemic attacks.
CNS, central nervous system; IC, intermediate care; ICU, intensive care unit.




Complications

* Complications of Invasive monitoring: subdural grid versus SEEG
* Complications of craniotomy — general versus neurological
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Table 1. Criteria and definitions for ATL-associated complications reported among eligible studies

Complication

Definition

Infection
Hemorrhage

Pyramidal/sensory tract/language deficits
VEFDs

CNDs

CSF-related

Extra-axial fluid collections

Cognitive deficits

Psychiatric

Medical complications

Other
Morbidity
Mortality

Meningitis, wound infection, osteomyelitis, empyema

Epidural hematoma, chronic subdural hematoma, intraparenchymal hemorrhage,
hemorrhagic infarction

Hemiparesis, monoparesis, aphasia, dysphasia, hemisensory deficit

Hemianopsia, quadranopsia

Diplopia, paresis of frontal branch of facial nerve

CSF leak, hydrocephalus

Subgaleal fluid collection, subdural collections other than chronic subdural hematoma
Memory, naming

Depression, confusion, euphoria, psychosis, mania, anxiety

Deep vein thrombosis, pulmonary embolism, myocardial infarction, urinary tract
infection, acute kidney or lung disorders, respiratory distress or failure
Dysphagia, jaw pain, epileptic status

Cumulative frequency of complications

Frequency of death

VEFDs, visual field defects; CNDs, cranial nerve deficits; CSF, cerebrospinal fluid.




Table 5. Summary of evidence
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Flg. 4. Psychiatric disorders were the most common postoperative complication after anterior temporal lobec-
Mortality e S el 0.01(@.01,002) 10 tomy for intractable temporal lobe epilepsy, followed by visual field defects (VFDs) and cognitive disorders. CSF,

cerebrospinal fluid; CNDs, cranial nerve deficits.

ATL, anterior temporal lobectomey; VEDs, viswsl fleld defects; CWDs, crandal nerve deficlis; CSE, cerebrospinal fluld.
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Flg. 5. There has been a steady improvement in both mortality and morbidity after anterior temporal lobectomy
for temporal lobe intractable epilepsy since its initial description. CNDs, cranial nerve deficits; VFDs, visual field
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Complications of epilepsy surgery: A systematic review of focal

surgical resections and invasive EEG monitoring
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SUMMARY

Purpose: Underutilization of epilepsy surgery remains a
major problem and is in part due to physicians’ miscon-
ceptions about the risks associated with epilepsy surgery.
The purpose of this study was to systematically review the
literature on complications of focal epilepsy surgery.
Methods: A literature search was conducted using
PubMed and Embase to identify studies examining epi-
lepsy surgery complications. Abstract and full text review,
along with data extraction, was done in duplicate. Mino
medical and neurologic complications were defined as
those that resolved completely within 3 months of sur-
gery, whereas major complications persisted beyond that
time frame. Descriptive statistics were used to report

Key Findings: Invasive monitoring: Minor complications
were reported in 7.7% of patients, whereas major compli-

cations were reported in only 0.6% of patients undergoing

invasive monitoring. Resective surgery: Minor and major
medical complications were reported in 5.1° .57
of patients respectively, most common being cerebrospi-

77 of patients and were twice as frequent
in children (11.2% vs. 5.5%). Minor visual field defects were
most common (12.9%). Major neurologic complications
were noted in 4.7% of patients, with the most common
being major visual field defects (2.1% overall). Periopera-
tive mortality was uncommon after epilepsy surgery,

occurred in 10.

occurring in only 0.4% of temporal lobe patients (1.2%
extratemporal).

Significance: The majority of complications after epilepsy
surgery are minor or temporary as they tend to resolve
completely. Major permanent neurologic complications
remain uncommon. Mortality as a result of epilepsy sur-
gery in the modern era is rare.

KEY WORDS: Surgical risk, Epilepsy, Mortality, Neuro-
logic deficits.
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Complications of epilepsy surgery in Sweden 1996-2010:
a prospective, population-based study

Johan Bjellvi, MD,' Roland Flink, MD, PhD,? Bertil Rydenhag, MD, PhD,'
and Kristina Malmgren, MD, PhD'

'Epilepsy Research Group, Institute of Neuroscience and Physiology, The Sahlgrenska Academy, University of Gothenburg,
Sweden; and 2Department of Clinical Neurophysiology, Uppsala University Hospital, Uppsala, Sweden

OBJECT Detailed risk information is essential for presurgical patient counseling and surgical quality assessments in
epilepsy surgery. This study was conducted to investigate major and minor complications related to epilepsy surgery in a
large, prospective series.

METHODS The Swedish National Epilepsy Surgery Register provides extensive population-based data on all patients
who were surgically treated in Sweden since 1990. The authors have analyzed complication data for therapeutic epi-
lepsy surgery procedures performed between 1996 and 2010. Complications are classified as major (affecting daily life
and lasting longer than 3 months) or minor (resolving within 3 months).

RESULTS A total of 865 therapeutic epilepsy surgery procedures were performed between 1996 and 2010, of which

158 were reoperations. There were no postoperative deaths. Major complications occurred in 26 procedures (3%), and
minor complications in 65 (7.5%). In temporal lobe resections (n = 523), there were 15 major (2.9%) and 41 minor compli-

dllO .070), eXldlemnpordl reseclio elec Wele Y d|0 . U OMmplcatio y
nonresective procedures (n = 67) there were 2 major (3%) and 2 minor complications (3%). The risk for any complication
increased significantly with age (OR 1.26 per 10-year interval, 95% Cl 1.09-1.45). Compared with previously published
results from the same register, there is a trend toward lower complication rates, especially in patients older than 50
years.

CONCLUSIONS This is the largest reported prospective series of complication data in epilepsy surgery. The complica-
tion rates comply well with published results from larger single centers, confirming that epilepsy surgery performed in the
6 Swedish centers is safe. Patient age should be taken into account when counseling patients before surgery.

http://thejns.org/doi/abs/10.3171/2014.9.JNS132679
KEY WORDS epilepsy; epilepsy surgery; neurosurgery; adverse effects; multicenter study
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Fig. 7 Prevalence of epilepsy surgery complications based on country




Impact of Advances in Stereotactic Neuronavigation




SEEG: Technique & Electrode Placement Accuracy

Accuracy of intracranial electrode placement for
stereoelectroencephalography: A systematic review and

meta-analysis

*Vejay M. Yakharia (0, fRachel Sparks, {Aidan G. O'Keeffe, *Roman Rodionov, *Anna
Mise rocchi, *Andrew McEvoy, *Sebastien Ourselin, and *john Duncan

Epilepsia, S8(6):021-932, 2017
dod: 10111 Mepi. 13713

* Robotic trajectory guidance systems
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Correspondence:

Robot-Assisted Stereotaxy Reduces Target Error: A
Meta-Analysis and Meta-Regression of 6056

Trajectories

BACKGROUND: The pursuit of improved accuracy for localization and electrode
implantation in deep brain stimulation (DBS) and stereoelectroencephalography
(sEEG) has fostered an abundance of disparate surgical/stereotactic practices. Specific
practices/technologies directly modify implantation accuracy; however, no study has
described their respective influence in multivariable context.

OBJECTIVE: To synthesize the known literature to statistically quantify factors affecting
implantation accuracy.

METHODS: A systematic review and meta-analysis was conducted to determine the
inverse-variance weighted pooled mean target error (MTE) ofimplanted electrodes among
patients undergoing DBS or sEEG. MTE was defined as Euclidean distance between
planned and final electrode tip. Meta-regression identified moderators of MTE in a
multivariable-adjusted model.

RESULTS: A total of 37 eligible studies were identified from a search return of 2,901 potential
articles (2002-2018) — 27 DBS and 10 sEEG. Random-effects pooled MTE = 1.91 mm (95% Cl:
1.7-2.1) for DBS and 2.34 mm (95% Cl: 2.1-2.6) for sEEG. Meta-regression identified study year,
robot use, frame/frameless technigue, and intraoperative :—:-Iectmph:.rsmlogmtestlng (iEPT)

Lucas R. Philipp, MD, MPH,
Department of Neurclogical Surgery,
Thomas Jafferson University Hospitals,
209 Walnut 5t, Third Floor,
Philadelphia, PA 19107, USA

as 5|gn|ﬁcant multivariable-adjusted moderators of MIE (P < .0001, i© = 0.63). study year
was associated with a 0.92-mm MTE reduction over the 16-yr study period (P = .0035), and
robot use with a 0.79-mm decrease (P = .0019). Frameless technique was associated with a
mean 0.50-mm (95% Cl: 0.17-0.84) increase, and iEPT use with a 0.45-mm (95% Cl: 0.10-0.80)

Email: Lucas Philipp@lefferson.edu

Recatved, Movember 7, 2019,
Accepted, July 12, 2020,
Published Online, October 12, 2020,

Copyright (€ 2020 by the
Congress of Meurological Surgeons

Increase In MTE. Registration method, imaging type, intraoperative imaging, target, and
demographics were not significantly associated with MTE on multivariable analysis.
CONCLUSION: Robot assistance for stereotactic electrode implantation is independently
associated with improved accuracy and reduced target error. This remains true regardless
of other procedural factors, including frame-based vs frameless technique.

KEY WORDS: DBS, Electrode implantation, Meta-analysis, sEEG, Stereotactic accuracy, Stereotactic technigques,
Target error

Neurosurgery 88:222-233, 2021 DOIA0093/ neuros/nya=428 www.neurasurgery-online.com
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Impact of Minimization of the “Surgical Corridor”



ABSTRACT

Objective In some patients who undergo presurgical
workup for drug-resistant epilepsy invasive seizure
monitoring is needed to define the seizure onset zone
and delineate eloquent cortex. Such procedures carry
risks for complications causing permanent morbidity and
even mortality. In this study, prospective data on
complications in a national population-based sample
were analysed.

Design Complication data from the prospective
Swedish National Epilepsy Surgery Register were
analysed for 271 pa'uents in whom therapeutlc surgery

ey Resuts Complcatos occred 1 132/ paterts

(4.8%). Subdural grids carried the highest risk of

RESEARCH PAPER complications (7.4%). There was no surgical mortality or
.. . . . permanent morbidity. Subdural haematomas were most
Complications to invasive epilepsy surgery workup
OPENACCES  with subdural and depth electrodes: a prospective Valprste tesment and hang  haematoma wa
. . associated with an OR of 1.53 (Cl 0.38 t0 6.12)
POPU|at|0n'baSEd observational StUdy compared to having a haematoma without valproate

treatment. Having a complication during invasive
monitoring was associated with a significant OR of 6.27
(Cl 1.32 to 29.9) of also having a complication at
therapeutic surgery compared to the risk of having a
complication only at surgery.

Conclusions In this prospective population-based
epilepsy surgery series, the most common complications
were haematomas, and subdural grids carried the
highest risk. Close supervision and rapid interventions
led to avoidance of permanent morbidity. The clinical
implications of the slightly increased risk of haematomas
with valproate treatment needs further investigation as
does the finding of an increased risk for complications at
epilepsy surgery for patients who had a complication
during invasive monitoring.

Emelie Hedegard," Johan Bjellvi,' Anna Edelvik," Bertil Rydenhag,’ Roland Flink,?
Kristina Malmgren'




Is the use of Stereotactic Electroencephalography
Safe and Effective in Children? A Meta-Analysis of
the use of Stereotactic Electroencephalography in
Comparison to Subdural Grids for Invasive Epilepsy
Monitoring in Pediatric Subjects
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BACKGROUND: Stereoelectroencephalography (SEEG) is an alternative addition to
subdural grids (SDG) in invasive extra-operative monitoring for medically refractory
epilepsy. Few studies exist on the clinical efficacy and safety of these techniques in
pediatric populations.

OBJECTIVE: To provide a comparative quantitative summary of surgical complications
and postoperative seizure freedom associated with invasive extra-operative presurgical
techniques in pediatric patients.

METHODS: The systematic review was conducted following Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA). A literature search was conducted
utilizing Ovid Medline, Embase, Pubmed, and the Cochrane database.

RESULTS: Fourteen papers with a total of 697 pediatric patients undergoing invasive
SDG monitoring and 9 papers with a total of 277 pediatric patients undergoing SEEG
monitoring were utilized in the systemic review. Cerebral spinal fluid (CSF) leaks were the

interval [Cl] 5.7-23.3). There was one case of CSF leak in the SEEG studies. Intracranial hemor-
rhages (SDG: 10.7%, 95% Cl 5.3-20.3; SEEG: 2.9%, 95% Cl -0.7 to 10.8) and infection (SDG:
10.8%, 95% CI 6.7-17) were more common in the SDG studies reviewed. At the time of the last

Is a safe alternative to nd should be considered on an individual

basis for selected pediatric patients.
KEY WORDS: SEEG, Pediatric, Epilepsy, Invasive monitoring

Neurosurgery 0:1-11, 2018 DO newnos/myy 466 www.neurosurgery-online.com
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Superior Verbal Memory Outcome
After Stereotactic Laser
Amygdalohippocampotomy

Daniel L. Drane 2>, Jon T. Willie*, Nigel P. Pedarsen **, Deqiang Qiu®, Natalie L. Vosts?,
Scoit R. Millis®, Bruno P Soares®, Amit M. Saindane®, Ranliang Hu®, Michelle 5. Kim?,
Kalzsey C. Howitt', Shahin Hakimian®, Thomas Grabowski®, Jeffrey G. Ojemann'®,

David W. Loring **, Kimford .. Meador "', Edward Faught Jr. *2, John W, Miller*™ and
Robert E. Grogs “%*

" Department of NEUPDIgY, Emary Lnkersly Schoo! of Medicng, Atlanis, G4, Unifed States, 7 Deparimeant of Peditnics,
Emary Universty Schoal of Mediing, Affants, GA, Uiniisd States, 7 Dspartment of Meurology, Linversty of Washingfon
Schoal of Magicine, Seattie, WA, Linted States, * Department of Meurosurgery, Washinglon Uinversty Schoal of Meaigne,

OPEM ACCESS St Lows, MO, Unifed Siates, * Coulter Depariment mﬂma@m. E’m"ﬂ..h\-mmﬁﬂajra. @A, wenllsurss,

Results: |=zing HC| scores, patients undergoing open resechon (12/40, 30.0%) were
more likely to dechne on verbal memory than those undergoing SLAH (2/40 [5.0%],

p= 0.0064, Fisher's exact test). Patients with language dominant procedures were much
more likely to expenence a significant verbal memory decline following open resection

(S19 [47.4%]) compared to laser ablation (2/19 [10.5%], p = 0.0293, Fisher's exact
test). 1 50 verbal memory decline frequently occurred in the open resecton sample of
language dominant termporal lobe patients with mesial temporal sclerosis (8/10 [BO.0%]),

although it rarely occurred in such patients after SLAH (2414, 14.3%) (p = 0.0027, Fisher's

exact test). Memory mprovement occurred signficantly more frequently following SLAH

than after open resection.

Frontiers In Meursiogy | www: rontiarsin.ong 1 Decambar 2021 | oume 12 | Artide 778485
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The persistent under-utilization of epilepsy surgery
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Epilepsy Research 142 (2018) 179-181

Contents lists available at ScienceDirect
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Epidemiologist’s view: Addressing the epilepsy surgery treatment gap with = R

Check for

minimally-invasive techniques e
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2 Department of Population & Quantitative Health Sciences, Case Western Reserve University, School of Medicine, Cleveland, OH, United States
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ARTICLE INFO ABSTRACT

Keywords: Despite the fact that epilepsy surgery is both safe and effective, a considerable “surgical treatment gap” remains
Epilepsy surgery in that most persons who are eligible for surgery do not receive it. It has been argued that epilepsy surgery is one
Minimally-invasive surgery of the most underutilized of all accepted medical treatments in the world. In this article, we review the epi-

Treatment gap
Epidemiology

DNisnarities

demiology of the epilepsy surgery treatment gap, and consider the role minimally-invasive epilepsy surgery may
play in reducing this gap.



1 Most patient preferred MIES as initial intervention when
offered the option between open or minimally invasive
surgery (Willie JT, Neurosurgery 2014)

2 May increase willingness to access epilepsy surgery
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Brief Communication

What can Google Trends and Wikipedia-Pageview analysis tell us about

the landscape of epilepsy surgery over time?

Michael Owen Kinney **, Francesco Brigo ¢
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Results from Google Trends search between first and final epoch of study.

Check for
updates

Google Trends search term First [3 years] epoch

Average relative

Final [3 years]
epoch

Percentage change in relative search
volume (RSV) between the epochs

search volume Average relative
(RSV) search volume
(RSV)
“Epilepsy surgery” 26.9 11.8 —56.1
“Temporal lobe epilepsy” 57.3 27.5 —52.0
“Frontal lobe epilepsy” 26.4 12.8 —515
“Occipital lobe epilepsy” 10.2 9.2 —9.8
“Hippocampal sclerosis” 36.9 12.8 —65.3
“Focal cortical dysplasia” 30.2 209 —30.8
“Hypothalamic hamartoma” 30.0 16.5 —45.0
“Anterior temporal lobectomy” 14.3 4.6 —67.8
“Frontal lobectomy” 319 6.6 —793
“Vagal nerve stimulation epilepsy” 2.8 10.8 +285.7
“Laser ablation epilepsy” 0 303 +30.3
“Intracranial EEG” 17.8 6.6 —629
“Long-term video-EEG monitoring” 394 25.5 —353
“Insular epilepsy”, “extratemporal epilepsy”, “posterior quadrant epilepsy”, “epilepsy Returned no results.
surgery center”, “epilepsy surgeon”, “frontal lobe epilepsy surgery”, “parietal epilepsy
surgery”, “parietal lobectomy”, “occipital epilepsy surgery”, “occipital lobectomy”




Conclusion

 Epilepsy surgery is safe and effective, it is not free of complications.
* Literature reports low morbidity for epilepsy surgery.

* Potential complications should be well-recognized and the surgeon
must inform the patient and their families.



