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Abstract 
 
This practice guideline from the American Epilepsy Society (AES) and the Congress of 
Neurological Surgeons (CNS) provides evidence-based recommendations for surgical 
treatment of epilepsy for adults and children. It is an update to previous practice 
parameters published by the Academy of Neurology in 2003. The multidisciplinary panel 
addressed resective procedures for mesial temporal epilepsy, neocortical epilepsy, and 
resection/disconnection of hypothalamic hamartoma. It also examined evidence for 
callosotomy in developmental and epileptic encephalopathies. It did not address 
neurostimulation treatment. A comprehensive, literature review was conducted using 
Grading of Recommendations Assessment, Development and Education (GRADE) 
methodology, and GRADE was also used for decision-making. This guideline considers not 
only seizure outcomes but also other critical and important outcomes. Seizures, quality of 
life, mortality, adverse events and verbal memory loss were considered critical outcomes, 
while other neuropsychological deficits besides verbal memory loss (i.e., naming, fluency), 
neuropsychiatric and social outcomes were considered important outcomes.  
 
Following the GRADE process, the following strong recommendation was made based on 
moderate level of evidence: (1) temporal lobectomy is recommended for people with 
mesial temporal sclerosis at low risk for cognitive decline. Due to very low to low certainty 
of evidence the panel suggested the following conditional recommendations: (1) temporal 
lobectomy (TLE) for people with mesial temporal sclerosis at high risk for cognitive decline, 
(2) amydalo-hippocampectomy  (AHE) in mesial temporal epilepsy, (3) laser interstitial 
thermal therapy (LITT) in mesial temporal epilepsy, (4) neocortical resection in neocortical 
epilepsy, and (5) callosotomy in people with drop attacks, Lennox-Gastaut syndrome or 
developmental and epileptic encephalopathies. The panel recognized that conditional 
recommendations need to account for individual patient circumstances and mandates 
shared decision-making to ensure that decisions align with each person’s values and 
preferences. For hypothalamic hamartoma, the panel strongly recommended LITT despite 
low levels of evidence due to a paradigmatic situation that open surgery has significant 
risks that outweigh the benefits. If LITT is not available, the panel suggested radiosurgery 
for hypothalamic hamartoma (conditional recommendation).   
 
The panel highlighted that every person with drug-resistant epilepsy should have access to 
a tertiary epilepsy care center that performs surgical procedures and advanced epilepsy 
diagnostics (good practice statement). 
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Introduction 
Resective epilepsy surgery has been a well-established treatment for drug-resistant 
epilepsy since the early 20th century.1 Over recent decades, diagnostic and surgical 
techniques have evolved significantly, with the development of less invasive procedures 
such as selective amygdalo-hippocampectomy (SAH), laser interstitial thermal therapy 
(LITT), and stereotactic radiosurgery (SRS). These advancements have necessitated 
updated guidelines to incorporate these new approaches. 
 
Despite these technological and procedural improvements, the overall rate of seizure 
freedom has not markedly increased. Retrospective studies and meta-analyses2 indicate 
that the percentage of patients achieving seizure freedom remains at approximately 64%, 
even with ongoing progress.3 Multidisciplinary epilepsy conferences consistently highlight 
that each patient presents unique challenges, and clinical decision-making is often 
complex due to the wide array of therapeutic options available. In this rapidly evolving 
landscape, it is essential for professionals to stay informed about the comparative efficacy, 
risks, and long-term outcomes of various interventions to guide patients toward the most 
suitable treatment pathways. 
 
Additionally, neuromodulation therapies—such as vagus nerve stimulation (VNS), deep 
brain stimulation (DBS), and responsive neurostimulation (RNS)—provide alternative 
options for patients who may not be ideal candidates for resective surgery. While there is 
evidence supporting the potential for seizure freedom with these modalities, their 
effectiveness is generally lower than that of resective procedures.4 This guideline 
intentionally does not compare resective surgery to neuromodulation, due to a lack of 
robust comparative studies that could reliably address this question. 
 
In this rapidly evolving landscape, evidence-based clinical practice guidelines play a 
critical role in translating the expanding and heterogeneous literature into actionable 
recommendations. By systematically appraising the certainty of evidence and explicitly 
weighing benefits, harms, feasibility, and patient values, guidelines Enhance consistency 
and transparency in clinical decision-making by systematically evaluating the strength of 
evidence and carefully considering benefits, risks, feasibility and patient values. This 
process also aids clinicians in advising patients about expected outcomes and potential 
trade-offs. Beyond bedside care, guideline statements provide a common framework for 
multidisciplinary teams, define minimum standards for evaluation and treatment 
pathways, and identify priority evidence gaps that should shape the next generation of 
prospective studies and comparative effectiveness research. Importantly, guidelines also 
inform health policy by supporting coverage determinations, reimbursement structures, 
and procedure coding, thereby helping to reduce financial barriers and improve equitable 
access to specialized epilepsy services across diverse healthcare settings. 
 
Rationale 
The last published practice parameter5 provided a foundation for recommendations and 
since then, the field has expanded significantly in scope and sophistication so that an 
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update to the recommendations is necessary.  Despite the existence of previous practice 
parameters, the proportion of patients undergoing surgical procedures has not increased.6 
Of the 3.4 million individuals living with active epilepsy in the United States,7 it is estimated 
that between 14% and 36% have drug-resistant epilepsy,8 to approximately 476,000 to 
1,224,000 people. Nevertheless, procedure volumes remain low; for example, in 2019, only 
1,508 temporal lobectomies and 877 extratemporal resections were performed across 256 
U.S. epilepsy centers.9 Multiple factors contribute to this, with access to care and health 
disparities likely representing the most significant barriers.10 Updated recommendations 
are therefore needed to better inform healthcare providers and patients, enabling them to 
pursue appropriate care. 
 
Historically, many studies have focused only on seizure outcomes. In contrast, this 
guideline also considers additional outcomes, including all-cause mortality such as 
sudden unexplained death in epilepsy (SUDEP), quality of life, neuropsychological, 
psychiatric, and social outcomes, as well as permanent neurological deficits and medical 
or surgical adverse events. By incorporating these aspects, the guidelines aim to provide a 
more comprehensive decision-making tool for people with epilepsy and medical providers 
who provide epilepsy care. 
 
The evidence base for many surgical procedures relies heavily on retrospective 
observational data subject to selection bias. When applying strict GRADE methodology to 
evaluate this literature, the resulting evidence is frequently classified as low quality due to 
this inherent study limitations. The recommendations are made after intensive discussions 
of the diverse panel of experts, including a patient representative. The patient's 
perspective, as well as the insights of neuropsychological and ethical experts, added 
significantly to the discussion. 
 
The development of these guidelines required considerable time and collaboration. A key 
objective was to achieve consistency in recommendations across multiple professional 
societies, as guidelines have not always aligned in the past.11 As a joint effort of the 
American Epilepsy Society (AES) and the Congress of Neurological Surgeons (CNS), we 
hope this work exemplifies multidisciplinary collaboration, united by the goal of providing 
the best possible care for patients. 
 
These guidelines aim to equip clinicians with updated, evidence-based approaches for 
evaluating and managing epilepsy surgery candidates, while also serving as a robust 
resource for epilepsy surgeons, epileptologists, and other healthcare professionals 
involved in the care of patients with drug-resistant epilepsy 
 
Guideline Recommendations Summary 
The panel makes a strong recommendation for anterior temporal resection compared to 
best medical therapy for people with mesial temporal lobe epilepsy and low risk for 
cognitive decline after resection. For people with greater than low risk of cognitive decline 
after a resection, the panel suggests anterior temporal lobectomy (ATL) (conditional 
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recommendation).  A conditional recommendation needs to account for individual patient 
circumstances and mandates shared decision-making.  
 
Based on very low quality of evidence, it is suggested that LITT or SAH can be performed as 
an alternative to a temporal lobectomy in mesial temporal lobe epilepsy (conditional 
recommendation). The panel suggests against radiosurgery for temporal lobe epilepsy 
(conditional recommendation).  
 
Resective epilepsy surgery is suggested in neocortical epilepsy compared to best medical 
therapy (conditional recommendation).  
 
For drop attacks in Lennox-Gastaut Syndrome and developmental and epileptic 
encephalopathies, callosotomy is suggested for better seizure outcomes as compared to 
VNS (conditional recommendation). VNS can be an alternative if a lower risk is preferred. 
 
In epilepsy associated with hypothalamic hamartomas, LITT is recommended over open 
resection due to the associated higher risk of injury with open surgery despite low levels of 
evidence (paradigmatic situation). Full recommendations are provided in Table 1. 
 
Methods 
Overview of Guideline Development Process 
The guideline development process was guided by AES policies and procedures and 
overseen by the AES Guidelines and Assessment Committee.12 Informed by systematic 
reviews evaluating treatment effectiveness, comparative effectiveness, and harms, this 
clinical practice guideline was developed by a panel of topic experts for each treatment 
category, with input from patients, family members, caregivers, or advocates (Supplement 
1). The panel used the GRADE approach to assess the supporting evidence contained in 
the reviews and develop the guideline recommendations.13 This clinical practice guideline 
was developed with financial support from the AES. 
 
Formulating Specific Clinical Questions and Determining Outcomes of Interest 
The previous practice parameter5 reported evidence for effectiveness of epilepsy surgery. 
Only temporal lobe epilepsy surgery was supported by Class I evidence in the practice 
parameter.  The current guideline is meant to examine additional evidence for epilepsy 
surgery since the 2003 practice parameter and develop recommendations for practice 
based on updated evidence. Since 2003, new surgical procedures, such as laser surgery, 
have been introduced and need to be incorporated into clinical guidance. The previous 
guideline was not inclusive of procedures frequently employed in pediatric practice, such 
as callosotomy and surgical treatment of hypothalamic hamartomas. The question of 
reduced mortality with surgical treatment is relevant to surgical decision-making and 
should be part of recommendations for clinical practice.   
 
Each PICO question addressed in this guideline identifies a specific population (P), 
intervention (I), comparator (C), and the corresponding patient-important outcomes (O). 
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The purpose of this clinical practice guideline was to assess systematically, with 
documentation consistent with current globally accepted standards, the best available 
evidence that evaluates the efficacy of epilepsy surgery, as specified in the PICO questions 
(Appendix A).  
 
Evidence Review and Development of Recommendations 
Rigorous, high-quality systematic reviews were conducted to address each PICO question. 
A thorough literature search was performed using MEDLINE, Embase, and the Cochrane 
Library.14,15 The methodology team completed dual independent literature screening, data 
extraction, and risk of bias assessments of included studies for the update. Methodologists 
assessed the certainty of evidence and developed concordant recommendations using the 
GRADE evidence-to-decision framework.14 

 
Evidence synthesis included best available evidence hierarchically by study type, where 
available: comparative, including randomized control trials (RCTs); prospective and 
retrospective cohorts; crossover studies; and case control studies. If these study types 
were not available, cross-sectional observational studies and case series were included 
with stringent criteria for sample size. Systematic reviews and meta-analyses were 
excluded from this data analysis but used to identify potentially relevant resources.15 

 
The literature identified encompassed 28,942 studies from which 2,028 were selected for 
full-text review. Of those articles, 65 were identified as relevant to the study questions 
(Figure 1). Recommendations were informed by data presented in the evidence profiles, 
certainty of evidence ratings, the balance of benefits and harms of the intervention and 
comparator, and patient values and preferences.  
  
Interpretation of Strong and Conditional Recommendations 
Recommendations are classified as either “strong” or “conditional.” The phrase “the 
guideline panel recommends” indicates a strong recommendation; the phrase “the 
guideline panel suggests” indicates a conditional recommendation. 
 
Summary of the Evidence 
I. Drug-Resistant Mesial Temporal Epilepsy 
 
Good Practice Statement  

 
Every patient with drug-resistant epilepsy should have access to a tertiary epilepsy center 
for evaluation of epilepsy surgery. In the United States tertiary epilepsy care is delivered at 
Level 3 and Level 4 epilepsy centers as defined by the National Association Epilepsy 
Centers (NAEC).16 Drug-resistance is defined as not being seizure-free after two antiseizure 
medications at therapeutic doses.17  

 
Overarching recommendation for mesial temporal lobe epilepsy:  The AES/CNS 
guideline panel suggests one of the three surgical interventions including ATL, SAH, 
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and LITT in people with drug-resistant mesial temporal lobe epilepsy through a 
shared decision-making process considering appropriate risk assessment, values 
and preferences. The panel suggests not considering radiosurgery in this 
population.     
 
 Remarks for all PICO 1 recommendations: 

- Mesial temporal lobe epilepsy is rare in patients less than 12 years 
old. The panel did not address this question in people under 12 years 
old.   

 
Summary of Recommendations Related to Anterior Temporal Lobectomy vs. Medical 
Therapy in Patients with Drug-Resistant Mesial Temporal Lobe Epilepsy 

  
Recommendation I-A-1: The AES/CNS guideline panel recommends the use of ATL 
compared to medical therapy in people with drug-resistant mesial temporal lobe 
epilepsy who are at low risk of cognitive decline.  

(Strong Recommendation, Moderate Certainty of Evidence) 
 

Recommendation I-A-2: The AES/CNS panel suggests the use of ATL compared to 
medical therapy in people with drug-resistant mesial temporal lobe epilepsy at 
greater than low risk for cognitive decline. (Conditional Recommendation, Very 
Low Certainty of Evidence)   

 
Remarks for Recommendations I-A-1 and I-A-2: 

- Risk assessment for cognitive decline can be done using known and 
validated approaches, including but not limited to neuropsychological 
testing, fMRI, intra-carotid testing with anesthetics and multivariable 
prediction models.   

- The evaluation of risk-benefit ratio should consider the extent and 
type of resection. 

- A conditional recommendation highlights the need to account for 
individual patient circumstances and mandates shared decision-
making to ensure that clinical decisions align with each patient’s 
values and preferences. 

 
Summary of the evidence 
Only six studies met inclusion criteria. Two were randomized controlled trials,18,19 
two prospective,20,21 and two retrospective studies.22,23 Most studies regarding the 
outcomes of temporal lobectomies are non-randomized, retrospective, 
observational, without control groups or of small sample size.  
 
The two randomized controlled studies provide moderate certainty of evidence.18,19 
Both studies report superiority of being free of disabling seizures after surgery at 1 or 
2 years compared to best medical treatment with a large effect size. On average 
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500-838 more per 1000 people are seizure-free with temporal lobectomy in the RCTs 
as compared to best medical therapy. Both studies are of small sample size with 
23/40 (57%) being free of disabling seizure at 1 year follow-up18 and 11/15 (73%) 
being free of disabling seizures at 2 years.19 The proportion of seizure freedom was 
1/40 (2.5%) and 0/23 (0%) in the medical group.  This is similar to non-randomized 
studies with low certainty of evidence.20 In addition, temporal lobectomy 
significantly improved quality of life in both randomized controlled trials with 
moderate certainty and a median improvement on the Quality of Life in Epilepsy 
Inventory–89 (QOLIE-89) of 17.53 points in the surgical cohort compared to the 
medical cohorts.   
 
Long-term studies beyond 2 years are non-randomized and of low certainty due to 
serious risk of bias, but superiority of temporal lobectomy for seizure outcomes 
persists.20,22,23 The evidence is very uncertain about its effects on quality of life at 
longer follow–up periods, employment and driving. 
 
All-cause mortality, including SUDEP, is reduced with temporal lobectomy 
compared to best medical treatment.18,20,23 Reported mortality in above studies has 
very low certainty of evidence due to imprecision/rarity of the event and extremely 
serious risk of bias in non-randomized studies.  
 
In randomized trials, neuropsychological outcomes are either reported as a decline 
in verbal memory that interfered with the patient’s occupation18 or as a loss of verbal 
memory with objective neuropsychological measures.19 There is very low certainty 
of evidence due to imprecision and risk of bias due to missing data of 
neuropsychological outcomes in the Early Randomized Surgical Epilepsy Trial 
(ERSET) study.19 

 
Depression as an outcome had a very low level of evidence and was reported in 
both directions. Psychosis outcomes had similarly low levels of evidence.  
 
Benefits, harms, and burden 
Discussing the benefits and harms of epilepsy surgery, the panel concluded that 
benefits and harms are not equal in people with dominant and non-dominant 
temporal lobe epilepsy due to the differential risk of cognitive decline after temporal 
lobectomy.  Therefore, the panel addressed the question in two different subgroups: 
people with low risk of cognitive decline and people with all other risk levels of 
cognitive decline. Risk assessment was based on standard diagnostic methods 
including but not limited to neuropsychological testing, fMRI and intra-carotid 
testing with anesthetics such as amytal, etomidate, pentobarbital, methohexital or 
propofol.  
 
The critical outcomes for patients at low risk of cognitive decline included seizure 
freedom and quality of life at 1- and 2-years follow-up. The panel determined that 
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there is moderate certainty in the evidence for a net health benefit from conducting 
ATL compared to medical therapy in patients with drug-resistant mesial temporal 
lobe epilepsy at low risk of cognitive decline.  The negative effects were considered 
small. Other evidence-to-decision criteria, specifically values and preferences and 
feasibility and acceptability, were in favor of ATL in the low-risk population so that 
the desirable consequences were found to be greater than the undesirable 
consequences and a strong recommendation for temporal lobectomy was made. 
 
The panel determined that in people at greater than low risk for cognitive decline 
there is a large benefit in terms of seizure freedom with moderate level of evidence 
but very low certainty of evidence regarding the cognitive harms, so the net-health 
benefit remains of very low certainty. Other evidence-to-decision criteria, 
specifically feasibility and acceptability, were in favor of ATL in this population while 
values and preferences were found to probably vary from patient to patient. The 
desirable consequences were found to be greater than the undesirable 
consequences, and a conditional recommendation for temporal lobectomy was 
made.  
 
Additional considerations by the panel not included in the evidence 
The population of people with mesial temporal lobe epilepsy was divided into two 
subgroups due to different values and preferences that patients may place on 
potential cognitive decline that is associated with temporal lobe resections. For 
some patients, verbal memory loss may be acceptable, and for others it may not be 
acceptable.  
 
Risk can also be stratified using multivariable prediction models.24 In general, 
people with seizures arising from the non-dominant temporal lobe are at lower risk 
for cognitive decline than in those whose seizures originate from the language-
dominant hemisphere. Further, those already experiencing cognitive impairment 
(e.g., memory, language) are at less risk for cognitive decline than those with intact 
cognitive function. The panel did not examine evidence in children less than 12 
years old but determined that similar principles apply in the pediatric population, 
although enhanced plasticity in the young is an additional important factor to 
consider. 
 
A systematic review by Al-Aqeel et al25 performing primary discrete-choice 
experiments found that people with epilepsy have strong preferences for improving 
seizure control, which was ranked as the top priority in all studies and that patients 
also have a strong preference for the reduction of adverse effects and may be willing 
to make trade-offs between improved seizure control and reduction of long-term 
side effects that may impact their quality of life. Therefore, a careful shared 
decision-making process is vital that should also include discussion of cognitive 
and psychiatric adverse events.  
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Other considerations 
The panel discussed whether epilepsy surgery itself increases or decreases health 
disparities and could not come to final conclusions. Some panel members 
emphasized that disparities stem from systemic barriers such as geography, 
insurance coverage, stigma, healthcare system limitations, and access to 
specialized centers. These factors disproportionately affect certain populations, 
leading to lower surgery rates among some racial and socioeconomic groups.26 

 
Others noted that if epilepsy surgery remains available under the current healthcare 
structure, disparities may worsen, particularly for underprivileged communities with 
limited access to specialized care. However, it was also highlighted that more 
people are accepting surgery now than in the past, suggesting that the intervention 
itself does not widen disparities; rather, the healthcare system determines who can 
access it. The panel acknowledged disagreements on how to interpret these 
judgments. Ultimately, there was consensus that the barriers to epilepsy surgery are 
not due to the procedure itself but rather the broader structural challenges within 
the healthcare system. 
 
The panel also noted that temporal lobectomies are not standardized, can be 
performed with different resection margins and the extent of the resection can vary 
by surgeon. This guideline does not specify the extent of a temporal lobectomy.  
 
Conclusions and research needs for this recommendation 
The only randomized controlled evidence for epilepsy surgery with a moderate level 
of certainty exists for temporal lobe resections. There is a lack of randomized 
controlled trials, and adverse events are mainly documented in retrospective 
observational studies. As temporal lobectomy is a well-established and widely 
available therapy, it is not feasible or practical to perform future large randomized 
controlled trials; this is evidenced by previous difficulties investigators encountered 
enrolling patients in such studies.19  
 

Summary of Recommendations Related to Selective Amygdalo-Hippocampectomy vs. 
Medical Therapy in Patients with Drug-Resistant Mesial Temporal Lobe Epilepsy 

Recommendation I-B: The AES/CNS guideline panel suggests the use of selective 
amygdalo-hippocampectomy compared to medical therapy in people with drug-
resistant mesial temporal lobe epilepsy.  

(Conditional Recommendation, Very Low Certainty of Evidence)   
Remarks for Recommendation I-B: 

- A prerequisite for this recommendation is that the facility is equipped 
to offer SAH and that healthcare professionals have the proper 
training to perform the procedure.   

- A conditional recommendation highlights the need to account for 
individual patient circumstances and mandates shared decision-
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making to ensure that clinical decisions align with each patient’s 
values and preferences. 

 
Summary of the evidence 
There is only one retrospective, non-randomized study that compares SAH to 
medical treatment.27 In this study, 9/11 (82%) people became seizure-free with SAH, 
none with medical therapy. Composite memory scores were not significantly 
different between groups at baseline and at follow up, but a significant decline in 
verbal memory was noted in 73% of the surgical group and 25% of the medical 
group at follow up.  The study has a serious risk of bias and imprecision due to the 
retrospective nature and sample size, and the level of evidence is very low.  

 
Benefits, harms, and burden 
Potential benefits of SAH include an increased likelihood of seizure freedom, which 
the panel identified as a critical outcome, as well as possible improvements in 
quality of life, mood, and social functioning. Despite the very low certainty of 
evidence, the panel judged the magnitude of desirable effects to be large, based on 
the direction of effect and consistency with clinical experience in appropriately 
selected patients. Potential harms include cognitive decline, particularly for 
procedures involving the dominant temporal lobe. While available evidence 
suggests these harms are generally small on average, estimates are imprecise and 
vary across individuals. The burden of surgery includes perioperative risks, recovery 
time, and the need for specialized follow-up care, but the panel judged the overall 
undesirable effects to be small relative to the anticipated benefits.  
 
Additional considerations by the panel not included in the evidence 
The panel noted substantial variability in patient values and preferences, 
particularly regarding trade-offs between seizure freedom, cognitive outcomes, 
mood, and quality of life. While many patients prioritize seizure freedom, others 
place greater importance on cognitive preservation, emotional well-being, or 
functional independence, especially when surgery involves the dominant 
hemisphere. Feasibility and acceptability of SAH depend on institutional expertise, 
surgeon training, and access to comprehensive epilepsy centers. Surgical approach 
and regional training patterns may influence outcomes and adoption. The panel 
also emphasized the importance of shared decision-making, clear communication 
of uncertainties, and timely referral to specialized centers, particularly given 
barriers such as delayed referral, limited access to care, and patient concerns or 
misconceptions about surgery. 
 
Other considerations 
Other considerations discussed by the panel include delays in referral for epilepsy 
surgery, variability in definitions of drug-resistant epilepsy, and structural barriers to 
accessing specialized care. These factors may contribute to underutilization of 
surgical options and disparities in care. The panel emphasized that timely referrals 
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to a comprehensive epilepsy center and standardized presurgical evaluation are 
critical to ensuring appropriate patient selection and informed decision-making. 
Equity considerations remain uncertain and are likely driven by broader healthcare 
system factors rather than the procedure itself. 
 
Conclusions and research needs for this recommendation 
The panel determined that there is very low certainty in the evidence for a net health 
benefit from conducting SAH compared to medical therapy in patients with drug-
resistant mesial temporal lobe epilepsy. Other evidence-to-decision criteria, 
specifically feasibility and acceptability, were in favor of SAHin this population while 
values and preferences were found to probably vary from patient to patient. The 
desirable consequences were found to be greater than the undesirable 
consequences, and a conditional recommendation was made. 
 

Summary of Recommendations Related to Laser Interstitial Thermal Therapy (LITT) vs. 
Medical Therapy in Patients with Drug-Resistant Mesial Temporal Lobe Epilepsy    

Recommendation I-C: The AES/CNS guideline panel suggests the use of laser 
interstitial thermal therapy compared to medical therapy in people with drug-
resistant mesial temporal lobe epilepsy.  

(Conditional Recommendation, Very Low Certainty of Evidence). 
Remarks for Recommendation I-C: 

- A prerequisite for this recommendation is that the facility is equipped 
to offer LITT and that healthcare professionals have the proper training 
to perform the procedure.  

- A conditional recommendation highlights the need to account for 
individual patient circumstances and mandates shared decision-
making to ensure that clinical decisions align with each patient’s 
values and preferences. 

 
Summary of the evidence 
All studies reporting on LITT in mesial temporal lobe epilepsy are observational, 
non-randomized and have extremely serious risk of bias or imprecision. In three 
studies with 434 participants, 225/434 (51.85%) reported seizure freedom Engel I 
classification at 1 year follow-up.28,29,30 After 4 years, 268 participants in one study, 
132/268 (49.25%) still were considered seizure free Engel Class I.29 

 
In a comparative study comparing LITT to temporal lobe resections, 22 of 33 
participants with LITT (66.67%) reported seizure freedom (ILAE class I) after 3 years 
and propensity score matching to participants with temporal lobectomies did not 
find difference in outcome between LITT and temporal lobectomy.31 Another study 
comparing 40 participants with LITT to 40 with temporal lobectomy reported 
statistically significant differences in verbal memory (Rey Auditory Verbal Learning 
Test) outcome with LITT at 1 year follow-up.28 Better verbal memory outcomes were 
observed with LITT in this study. 
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All-cause mortality in two studies was reported as 1.94% (8/412) in two studies29,30 
with a median follow up of 3.75 years. SUDEP was reported 1/227 (0.4%) at 1 year 
and 4/135 (2.9%) at 3.5 years.29,30 All evidence regarding LITT was of very low 
certainty. 
 
Benefits, harms, and burden 
The benefits of LITT to achieve seizure freedom compared to best medical therapy 
were considered large by the committee based on the low seizure freedom rate of 
best medical therapy (7.5%) reported in randomized studies.18 However, seizure 
freedom rates of LITT based on observational studies were felt to be slightly lower 
compared to open temporal lobe resection and tolerability of the procedure may 
outweigh the slightly lower effectiveness. The harm of LITT was considered small. 
Neuropsychological deficits occur, and the overall effects of those declines are 
difficult to estimate. Complications such as visual changes are reported but very 
considered small. The risk of cognitive decline is stratified similar to the risk of 
cognitive decline after temporal lobectomy that verbal memory and naming 
declines are more likely after LITT in the dominant temporal lobe. The panel agreed 
that LITT is well tolerated and requires short hospitalizations.    
 
Additional considerations by the panel not included in the evidence 
There are multiple metanalysis of smaller observational studies that compare 
outcomes of LITT to temporal lobectomy.32-35 There seems to be concordance that 
with dominant procedures naming is better preserved with LITT than temporal 
lobectomy. Verbal memory outcomes were inconclusive.  

 
Other considerations 
Patients place high value on short hospitalization times and post-operative care and 
return to daily activities, including work, provided by LITT. They also place high value 
on seizure freedom although they value avoiding long term effects that may impact 
their quality of life.  LITT is often only offered in specialized centers and requires 
specialized training. The feasibility of performing LITT may vary depending on the 
region. 
 
Conclusions and research needs for this recommendation 
The panel determined that there is very low certainty in the evidence for a net health 
benefit from conducting Laser Interstitial Thermal Therapy (LITT) compared to 
medical therapy in patients with drug resistant mesial temporal lobe epilepsy. The 
desirable consequences were found to be greater than the undesirable 
consequences, and a conditional recommendation was made.  
 
There is a significant beneficial effect of reaching seizure freedom. However, the risk 
for cognitive decline is present, especially in high-risk populations. Values and 
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preferences of patients, including short hospitalizations, may influence the decision 
for LITT.  
  
The panel emphasizes the importance of exploring in future research the difference 
between the seizure free and cognitive decline rates in LITT compared to rates in 
ATL. This can only be studied in large randomized controlled cohorts that may not be 
realistically feasible. 
 

Summary of Recommendations Related to Radiosurgery vs. Medical Therapy in 
Patients with Drug-Resistant Mesial Temporal Lobe Epilepsy 

Recommendation I-D: The AES/CNS guideline panel suggests against the use of 
radiosurgery compared to medical therapy in people aged 12 years or older with 
drug-resistant mesial temporal lobe epilepsy. 

(Conditional Recommendation, Very Low Certainty of Evidence). 
Remarks for Recommendation I-D:   

- Healthcare professionals should consider the other assessed surgical 
approaches in this guideline, including ATL, SAH, and LITT when 
making this decision with their patients (refer to related 
recommendations). 

- A conditional recommendation highlights the need to account for 
individual patient circumstances and mandates shared decision-
making to ensure that clinical decisions align with each patient’s 
values and preferences. 

 
Summary of the evidence 
In addition to isolated case reports, there is one prospective, single-blind, 
controlled multicenter trial.36 Outcomes were seizure remission (absence of 
disabling seizures between 25 and 36 months after treatment), verbal memory and 
quality of life at 36-month follow-up. Because of reduced recruitment, only 58 
patients were treated: 31 with stereotactic radiosurgery (SRS) and 21 with ATL. There 
was no arm with medical treatment only; all patients were on antiseizure 
medications. This reduced recruitment resulted in early termination of the study, 
and noninferiority of SRS to ATL could not be demonstrated. 
 
Sixteen (52%) of the patients receiving SRS became seizure-free compared with 21 
(78% of patients who received ATL).  81% of patients receiving ATL became seizure-
free by the first assessment period (after 3 months) while at 3 months only 6% of 
patients who ultimately were seizure-free after SRS had achieved seizure freedom. 
There was a gradual increase in the seizure-free cohort among those patients 
receiving SRS over the 36-month monitoring period; however, only 4 of 13 (13%) 
reported seizure-freedom (Engel 1b classification) at one year.36   
 
Analysis including 23 participants revealed an increase in quality of life one year 
after radiosurgery [mean change (95% CI) 0.57 (-0.05, 7.19)] and three years after 
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radiosurgery [mean change (95% CI) 7.61 (-0.30, 15.47)]. Both the stereotactic 
radiosurgery and ATL groups showed QOL improvements; this correlated with the 
number of patients who were free of disabling seizures. Early improvements 
appeared sooner after ATL, whereas stereotactic radiosurgery group improvements 
emerged more gradually. The authors also noted an increase in verbal memory one 
year after radiosurgery in an analysis of 14 participants [mean change (95% CI) 0.6 (-
1.32, 2.53)] and three years after radiosurgery [mean change (95% CI) -0.38 (-2.00, 
1.23)] (Barbaro et al 2018), but this change was not significant in English-speaking 
patients with dominant temporal lobe resections.36    
 
In the same study (n = 31), no permanent, unexpected neurological deficits were 
reported three years after undergoing radiosurgery, and 5/31 (16.13%) reported 
serious adverse events, including headache (n = 1), cerebral edema (n = 1), seizure 
exacerbation (n = 2), or new neurological event (n = 1) years after undergoing 
radiosurgery.  Adverse events in the ATL arm occurred in the first 3 postoperative 
months with 3 total adverse events deemed serious reported (wound infection, 
cerebritis, depression).  The degree of cerebral edema was difficult to ascertain 
from the records. Sixty-five percent of patients in the SRS arm received steroids per 
protocol; 26% of patients in the ATL arm received steroids. From SRS studies in all 
disorders, focal edema is known to accompany SRS therapy.36 

 
Benefits, harms, and burden 
The panel determined that in the very low certainty evidence the balance of effects 
does not favor radiosurgery or medical therapy in patients with drug-resistant mesial 
temporal lobe epilepsy. Despite radiosurgery being probably feasible, the panel 
judged that it was probably not acceptable in part due to the delay (in years) for 
measurable benefit and the increase in side effects (e.g., focal edema requiring 
steroids), and values and preferences are likely to vary. Thus, the panel judged that 
the undesirable consequences were greater than the desirable consequences, 
which informed the conditional recommendation against radiosurgery. 

 
Additional considerations by the panel not included in the evidence  
A report of visual field defects after radiosurgery compared with temporal 
lobectomy in the ROSE trial did not reveal any significant differences in incidence or 
severity of visual field defects between the two treatment arms.37  
 
Other considerations 
Comments from the panel, based on clinical experience, noted that data from the 
study likely underestimates cognitive decline, serious adverse events, and even 
mortality after radiosurgery.   
 
Conclusion and research needs for this recommendation  
There is no reliable evidence that compares radiosurgery to medical therapy, but 
there is randomized controlled evidence that compares radiosurgery to temporal 
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lobectomy.  Radiosurgery should not be performed unless resective surgery is 
absolutely unavailable. The panel did not recommend any further studies for 
radiotherapy in epilepsy surgery. 
 
II. Drug-Resistant Neocortical Epilepsy 
 

Summary of Recommendations Related to Resective or Ablative Surgery vs. Medical 
Therapy in Patients with Drug-Resistant Neocortical Epilepsy 
 

Recommendation II: The AES/CNS guideline panel suggests the use of resective or 
ablative surgery compared to medical therapy in people aged 2 years and older with 
drug-resistant neocortical epilepsy.  

(Conditional Recommendation, Very Low Certainty of Evidence). 
Remarks for Recommendation II: 

- A conditional recommendation highlights the need to account for 
individual patient circumstances and mandates shared decision-
making to ensure that clinical decisions align with each patient’s 
values and preferences (e.g., physicians should account and discuss 
with patients the outcome differences between lesional versus non 
lesional epilepsy). 

- The consideration of functional proximity or overlap of epileptogenic 
zone with functional cortex should be considered in decision-making. 
 

Summary of the evidence 
There were no randomized controlled trials that compared resective surgery in 
neocortial resections to best medical therapy.  
 
In two observational studies with 446 participants, with about 80% pediatric 
population, at 1-year follow-up, 255 (57.17%) had achieved seizure freedom Engel Ia 
classification after undergoing resective surgery.38,39 In one study with 110 adult 
participants, at 1-year follow-up, 72 (65.4%) achieved seizure-freedom Engel I after 
undergoing resective surgery.40  
 
In one study with 105 participants (87% belong to pediatric population), at 2-year 
follow-up, 59 (56.19%) achieved seizure-freedom Engel I classification after 
undergoing resective surgery.38 One study included 188 participants (around 50% 
adults and 50% children) and reported that 124 (66%) achieved seizure-freedom 
Engel I classification after undergoing resective surgery, at 2-year follow-up.41 One 
study included 788 participants, of which 574 were pediatric (73%). This study 
reported that 544 (69%) achieved seizure-freedom Engel I classification after 
undergoing resective surgery, at 2-year follow-up.42  
 
Four studies with 591 participants providing outcome data (>80% under 18 years) 
reported that 304 (51.44%) achieved seizure-freedom Engel Ia after undergoing 
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resective surgery.38,39,43,44 Two studies with 124 participants providing outcome data 
reported that 61 (49.19%) achieved seizure-freedom Engel Ia after undergoing 
resective surgery44,45 Two studies with 164 participants, reported that 118 (71.95%) 
achieved seizure-freedom Engel I at the longest follow-up after undergoing resective 
surgery. One of the studies included reported no difference in the proportion of 
participants achieving seizure-freedom (Engel I classification) between children <6 
years of age (32/40, 80%) and adults >20 years of age (53/66, 80%).44 

 
Permanent unexpected neurological deficits were uncommon. Two studies reported 
low rates    of permanent deficits among those <18 years of age attributed to surgical 
injury or resection involving eloquent cortex.43,44 In adults, permanent neurological 
deficits or death were rare.41,43-45 Evidence included all cortical regions.  

 
Benefits, harms, and burden 
The panel determined that there are benefits to resective or ablative surgery for 
neocortical epilepsy. Based on available evidence, resective surgery appears to 
offer meaningful and durable seizure control for patients with drug-resistant 
neocortical epilepsy, with acceptable rates of adverse events. Evidence quality is 
limited by study design heterogeneity and lack of randomized controlled trials. 
Resective epilepsy surgery demonstrated a substantial and durable benefit in 
achieving seizure freedom, with approximately 50–70% of patients achieving Engel I 
outcomes across time points. Benefits were observed in both pediatric and adult 
populations, with seizure outcomes maintained at long-term follow-up. Harms were 
infrequent but present, including permanent neurological deficits and surgical 
complications, though reporting was inconsistent and often incomplete. Most 
evidence derives from observational studies with heterogeneous populations, 
surgical techniques, and follow-up durations. 
 
Other considerations 
Appropriate referral to a NAEC Level 4 epilepsy center is needed for the evaluation 
and treatment of drug-resistant neocortical epilepsy as intracranial EEG is typically 
required and assessment through a multidisciplinary epilepsy surgical team is 
warranted. NAEC Level 3 centers are required to have a referral agreement with a 
Level 4 center. Some patients may not have access to a Level 4 center either 
through geographic or other reasons, and this should be considered in future work 
to reduce barriers to epilepsy surgery.  
 
Conclusions and research needs for this recommendation 
A conditional recommendation was made for resective or ablative surgery 
compared to medical therapy in patients with drug-resistant neocortical epilepsy. 
Although the evidence provides only very low certainty for a net health benefit for 
surgery, the expert panel concluded that other evidence-to-decision criteria 
including acceptability, overall risk, and general benefit and advises shared 
decision-making between physician and patient. Values and preferences of 
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physicians and patients probably vary, but outcomes were felt to be desirable and 
supported by the overall recommendation. Future research should include high 
quality comparative studies comparing surgical techniques. 
 
III. Drug-Resistant Drop Attack and Lennox-Gastaut Syndrome 
 

Summary of Recommendations for Drug-Resistant Drop-Attacks, Lennox-Gastaut 
Syndrome, or Developmental Epileptic Encephalopathy 

 
Recommendation III-A: The AES/CNS guideline panel suggests the use of 
callosotomy compared to VNS in adults with drug-resistant drop-attack, Lennox-
Gastaut Syndrome, or epileptic encephalopathy.  

(Conditional Recommendation, Very Low Certainty of Evidence). 
Recommendation III-B: The AES/CNS guideline panel suggests the use of 
Callosotomy compared to VNS in children with drug-resistant drop-attack, Lennox-
Gastaut Syndrome, or epileptic encephalopathy.  

(Conditional Recommendation, Very Low Certainty of Evidence). 
Remarks for Recommendation III-A and B: 

- A conditional recommendation highlights the need to account for 
individual patient circumstances and mandates shared decision-
making to ensure that clinical decisions align with each patient’s 
values and preferences.  

- VNS is also an acceptable option. It is slightly less effective in terms 
of seizure outcomes but often a safer alternative. Patients and 
caregivers may place higher value on safety than effectiveness. 

- There is not sufficient evidence what type of callosotomy (anterior, 
posterior or complete callosotomy) should be performed. 
 

Summary of the evidence  
Both open and LITT callosotomies were considered in evidence. There were no 
prospective randomized studies that compared callosotomy to VNS, neither in adult 
nor pediatric populations.  Twenty-four observational studies were included: 7 
prospective cohort, 9 retrospective cohort, and 8 before/after studies. Eight studies 
included adult patients,46-53 and 16 studies included pediatric patients.54- Of the 8 
adult studies, the number of participants per study ranged from 15 to 52. Corpus 
callosotomy was performed in various ways among the studies, and it was not 
possible to evaluate potential differential efficacy of technique (complete verses 
partial or selective callosotomy). Of the 16 pediatric studies, the number of 
participants ranged from 10 to 60. Some studies compared cohorts receiving 
callosotomy vs. VNS,57,59,53,69 while the rest evaluated corpus callosotomy alone. 
Medication strategy prior to surgery and patient population was varied among 
studies, as was duration of follow-up and the strategy the authors used to evaluate 
the efficacy of the intervention (serial EEG, seizure diary, parent or caregiver report, 
or other method). 
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One study reported 13/24 (54%) seizure-freedom at 1-year,46 3-year seizure freedom 
was 6/68 (9%) in two studies,47,48 and two additional studies found > 90% seizure 
reduction at 5.5 years.49,52 Long-term (10- year) seizure freedom was evaluated in 
two studies to be 17% (8/46),51,53 and long-term freedom from drop attacks 45% 
(28/62).50,51 Seizures outcomes included all types of seizures and not only drop 
attacks.  
 
After callosotomy, multiple studies showed between 45 and 55% improvement in 
QoL/daily function.47,50-52   
 
In patients undergoing callosotomy, some patients had worsening praxis and 
visuospatial skills, with 3 to 5% having new focal neurologic deficits.46,47,50,52 Two 
studies reported 1 death after callosotomy.48,52 One study reported one infection,48 
and one study reported 2 hemorrhages.47 The rate of transient serious neurologic 
events ranged from 13 to 20% among the studies, and d speech function was 
variable after callosotomy. In one study 11/ 52 (21%) had improved speech function, 
9/52 (17%) had impaired speech function, the remainder had unchanged speech 
function.47 The evidence for efficacy from VNS was less robust in the literature.   
 
Benefits, harms, and burden 
The benefit of callosotomy to achieve a meaningful reduction in seizures including 
drop attack was found to be significant compared to continued medical 
management.  Long-term efficacy appeared maintained at 10 years in select 
studies.  While some harms were identified in select studies, overall harm appeared 
low based on this evidence.  Most studies were retrospective, and not all studies 
evaluated for harm from surgery, making these data difficult to interpret.  The extent 
of callosotomy varied (partial vs complete), and not all studies confirmed the extent 
of callosotomy with post-surgery imaging. Most studies evaluated open surgery 
instead of LITT-based callosotomy.  Current risk profile needs to be evaluated at a 
center level when weighing risks and benefits for a patient.      
 
Additional considerations by the panel not included in the evidence 
No additional evidence was discussed by the panel. 
 
Other considerations 
Quality of life (QoL) and neuropsychological outcomes appeared improved in the 
limited studies that evaluated these outcomes. Most patients in these studies had 
developmental delays, and none were employed. Benefit from intervention was 
seen both by patients (e.g., less drop attacks/seizures) and by patient caregiver 
(e.g., easier to care for patient, increased QoL). The panel also discussed the use of 
both interventions in combination, especially to place a VNS for remaining focal 
seizures if drop attacks have been addressed with callosotomy.  
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Conclusions and research needs for this recommendation 
Based on the medical evidence, the panel felt there is potential benefit to patients 
with Lennox-Gastaut Syndrome and drug-resistant drop attacks to undergo 
callosotomy or VNS in addition to medical therapy. Surgery for callosotomy can 
result in long-term seizure freedom or seizure reduction. Risk is hard to assess 
based on current studies, many of which are over 20 years old. Values and 
preferences of caregiver may more easily be measured because of the 
developmental delay of these patients; however, evaluation showed improvement in 
QoL per caregiver assessment. Callosotomy appeared to be more efficacious than 
VNS, however potential synergy in having both procedures was not evaluated. 
Future research should include prospective randomized trials of callosotomy and 
VNS, using validated outcome measures with long-term follow-up, in order to better 
inform future guidelines and provide better evidence for physicians, patients, and 
caregivers. Each facility should understand their differential operative risk for these 
procedures to make informed shared decisions with patients. 
 
IV. Hypothalamic Hamartoma   
 

Summary of Recommendations for Drug-Resistant Epilepsy Associated with 
Hypothalamic Hamartoma 
 

Recommendation IV-A: The AES/CNS guideline panel recommends for the use of 
LITT compared to surgical resection in people with hypothalamic hamartoma 
(paradigmatic situation due to potential for catastrophic harm)  

(Strong Recommendation, Very Low Certainty of Evidence)   
Remarks for Recommendation IV-A: 

- Access needs to be at a Level 4 epilepsy center that has access to 
LITT  

- In some rare cases, LITT may not be feasible based on the anatomy 
 

Summary of the evidence 
The five studies reporting on laser interstitial thermal therapy (LITT) in the treatment 
of hypothalamic hamartomas consist of retrospective cohorts (3), case study (1), 
and prospective cohort (1). All of these studies evaluate LITT therapy, but none of 
the studies compared this treatment to other types of treatment (surgical or 
radiotherapy). As a result, there is an extremely serious risk of bias and a serious risk 
of imprecision. Seizure freedom was evaluated in all these studies at 1 year or 
greater with Engel I in 71.79% at 2-years in a pediatric only cohort.70-72 In mixed adult 
and pediatric cohorts, seizure freedom of 61.1% ILAE 1 at 4 years73 and 93% Engel I 
at 1-year74 was reported. Permanent, unexpected neurological deficit was reported 
in 2 studies (pediatric) of 2% at 2 years70,71) and in one mixed population at 22% at 4 
years73 note there was no further description of the neurological deficit included). 
All-cause mortality was reported in 2 studies of 0%.71,72 Other medical or surgical 
complications in the pediatric patients included weight gain (4.25%),70 
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endocrinological side effects (2.04%),72 sodium disturbances (6.9%),71 and 
psychiatric side effects (1.72%).72 In the mixed population, 2 studies found 1 patient 
with newly diagnosed hypothyroidism (5.6%),70 and 1 patient with worsened 
diabetes insipidus (1.41%).74 Of note, one study reported none of the 18 patients 
had short-term memory issues, weight gain or increased appetite.70 All studies are 
observational and retrospective, and the certainty of evidence is very low.  
 
Benefits, harms, and burden 
The benefits of LITT ablation of the hypothalamic hamartoma to achieve seizure 
freedom (61-93%) were unable to be compared to surgical treatment in this review 
due to the lack of papers including this comparison. However, in the setting of a low 
risk of morbidity and mortality with this procedure coupled with the complexity of an 
open surgical or endoscopic procedure to resect or disconnect a hypothalamic 
hamartoma makes LITT a feasible option.   
 
The panel unanimously agreed, based on clinical experience, that LITT offers better 
outcomes and fewer harms than open surgery. The panel members noted that in 
current practice, clinicians will offer LITT for hypothalamic hamartoma over open 
resection. Open resection is more invasive, carries higher complication risk, and 
requires specialized surgical expertise that is not widely available.  
 
This is a paradigmatic situation in which a strong recommendation is warranted 
despite very low certainty of evidence. Very low certainty evidence suggests that 
LITT provides a benefit in seizure control (seizure freedom ~74–75%) with low risk of 
serious complications or mortality. Although all evidence comes from non-
comparative studies and is rated very low certainty, the direction and magnitude of 
effect are consistent, and the known harms of open resection are greater, based on 
clinical experience. 
 
Additional considerations by the panel not included in the evidence  
No additional evidence was discussed by the panel. 
 
Other considerations 
Patients place high value on short hospitalization times and post-op care and return 
to daily activities including school or work as provided by LITT. They also place high 
value on seizure freedom although they also value avoiding long-term effects that 
may impact their quality of life. Physicians (and patients) recognize that due to the 
minimally invasive approach and short hospitalization, a conservative ablation can 
be completed and repeated if complete disconnection is not obtained. However, as 
LITT is often only offered in specialized centers and requires specialized training, the 
feasibility of performing LITT may vary depending on the region and should be 
undertaken only in centers with appropriate expertise. 
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Conclusions and research needs for this recommendation 
The discussion of the panel was that while there are no direct comparisons of open 
or endoscopic hypothalamic disconnection/resection with LITT ablation, a direct 
comparison is not feasible due to the complexity of open surgery. As there is 
acceptable seizure control with low complication rates, the panel determined that 
LITT should strongly be considered as the first line surgical intervention in the 
treatment hypothalamic hamartoma in appropriate patients (gelastic seizures with 
favorable anatomy) at centers with experienced training in this technique. The panel 
recommended future research to focus on the differing anatomic types of 
hypothalamic hamartoma and the effectiveness of seizure control from LITT as well 
as characterizing the post-treatment seizure-freedom rates between patients with 
gelastic or non-gelastic seizures. 
 
Recommendation IV-B: The AES/CNS guideline panel suggests either the use of 
radiosurgery or surgical resection in people with hypothalamic hamartoma 
compared to medical therapy. 

(Conditional Recommendation, Very Low Certainty of Evidence) 
Remarks for Recommendation IV-B: 

- If LITT is not available, then the panel suggest radiosurgery. Decision-
making between patient and clinician is important.  

- A conditional recommendation highlights the need to account for 
individual patient circumstances and mandates shared decision-
making to ensure that clinical decisions align with each patient’s 
values and preferences. 

 
Summary of the evidence 
Ten studies reported on radiosurgery in the treatment of hypothalamic 
hamartomas.75-84 These consist of retrospective cohorts (5), case series (2), 
prospective cohort (2), and one before-after study. All these studies evaluated 
radiosurgery, and two of these papers compared radiosurgery to another form of 
treatment such as surgical or endoscopic disconnection.  As a result, there is an 
extremely serious risk of bias and a serious risk of imprecision. Seizure-freedom 
was compared between radiosurgery and surgical intervention in 2 papers. In 
pediatric patients, 0/4 radiosurgery and 4/10 (40%) surgical patients were seizure-
free at 2.28 years.75 In adult patients, 2/4 (50%) radiosurgery and 8/29 (27.6%) 
patients were seizure free at 4.8 years.76 In non-comparative studies, 0/26 adult 
patients (at 1.2 years),77 11/24 (46%) adult patients (at 2 years),78 3/10 (30%) adult 
patients (at 9.8 years),79 and 10/34 (29.41%) pediatric patients (2.35 years)78,80 were 
seizure-free.  In mixed populations of adults and pediatric patients, 15/48 (31.25%) 
were seizure-free at 3 years.81 Permanent, unexpected neurological deficit was 
reported in a comparison study that showed 0/4 deficits in the radiosurgery group 
compared to 1/32 (3.1%) in the surgical group.76 The remainder of the non-
comparison studies demonstrated a permanent, unexpected neurological deficit in 
0/15 pediatric,78 0/10 pediatric,80 0/24 mixed population,82 and 0/48 mixed 
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population.79,81 All-cause mortality in the comparison paper reported 0/4 in the 
radiosurgery group and 4/36 (11.1%) in the surgical group (4.8 years)76 and in 
pediatric patients 0/15.78 In the mixed population, 2/63 patients died at 3.5 years 
following radiosurgery82,83 0/48 deaths at 5.9 years.81 All evidence is observational 
and retrospective and of low certainty. 
 
Benefits, harms, and burden 
The benefits of radiosurgery of the hypothalamic hamartoma to achieve seizure-
freedom is low (0-50%) when compared to open surgical treatment in this review 
(27-40%); however, the extremely low risk of morbidity and mortality with this 
procedure coupled with the complexity of an open surgical or endoscopic 
procedure to resect or disconnect a hypothalamic hamartoma makes radiosurgery 
a feasible option in cases that are not amenable to LITT.  The panel judged that they 
do not know what the balance of effects is, based on the very low certainty evidence 
of trivial benefits and unknown harms.  
 
Other considerations 
Patients place high value on short recovery times and minimal post-op care with 
rapid return to daily activities including school or work as provided by radiosurgery. 
They also place high value on seizure-freedom. Although radiosurgery has a lower 
seizure freedom rate, it may be appropriate in otherwise difficult to treat LITT cases 
or when barriers of access to LITT centers/expertise exist. Physicians and patients 
should participate in shared decision-making when in these challenging situations. 
 
Conclusions and research needs for this recommendation 
The discussion of the panel focused on LITT ablation as the best option for 
treatment of hypothalmic hamartoma. However, if there is limited access to this 
treatment or challenging complexities in the anatomy, radiosurgery can play a role. 
While radiosurgery has a low morbidity and mortality profile, it also has a lower 
surgical-freedom rate. The panel recommends future research to focus on the 
differing anatomic types of hypothalamic hamartoma and the effectiveness of 
seizure control from radiosurgery in comparison to LITT as well as characterizing the 
post-treatment seizure freedom rates between patients with gelastic or non-gelastic 
seizures. 
 

Discussion 
 
These guidelines address a central tension in contemporary epilepsy surgery: technical 
capabilities and procedural diversity have expanded substantially, yet population-level 
seizure-freedom and equitable access to definitive therapy have not improved in parallel. 
The evidence synthesis confirms that resective surgery remains the most effective 
intervention for carefully selected patients with focal drug-resistant epilepsy, particularly 
mesial temporal lobe epilepsy (MTLE), where ATL continues to have the most mature 
comparative evidence base. At the same time, the guideline process highlights how rapidly 
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evolving surgical and ablative approaches have outpaced the strength of comparative data 
needed to confidently individualize treatment selection, quantify trade-offs, and harmonize 
recommendations across centers. 
 
Mesial temporal lobe epilepsy: ATL remains the benchmark, with cognitive risk as the 
decisive modifier 
Across the body of evidence, ATL stands out as the only intervention supported by 
randomized data demonstrating superiority over continued medical therapy for seizure-
freedom and patient-reported outcomes. The panel’s strong recommendation for ATL in 
individuals aged 12 years or older who are at low risk for postoperative cognitive decline 
reflects moderate certainty that the net health benefit is substantial and clinically 
meaningful. In practice, this subgroup corresponds to patients in whom the anticipated 
incremental seizure-control benefit of ATL is not offset by an unacceptable probability of 
disabling memory or language decline. Importantly, “risk for cognitive decline” is not a 
binary attribute but the output of an integrated presurgical evaluation incorporating 
lateralization of language and memory networks, baseline neuropsychological 
performance, imaging markers (including hippocampal integrity and contralateral reserve), 
and individualized estimates derived from validated assessment strategies. The guideline 
therefore positions cognitive risk stratification not as an ancillary consideration but as the 
central determinant of recommendation strength. 
 
For people who do not meet “low cognitive risk” criteria, the evidence supporting ATL over 
medical therapy becomes very low certainty, largely because observational studies are 
susceptible to selection effects that are tightly coupled to cognitive risk. In this setting, the 
conditional recommendation appropriately acknowledges that the decision is preference-
sensitive and highly contingent on baseline function, dominance, occupational and 
educational priorities, and the patient’s tolerance for cognitive trade-offs relative to seizure 
burden. The guideline’s practical implication is that the role of ATL remains prominent, but 
that counseling should be explicitly framed around individualized risk, the realistic 
magnitude of seizure-control benefit, and the range of acceptable outcomes to the patient. 
 
Selective amygdalo-hippocampectomy and LITT: clinically established, evidence-
limited alternatives that require transparent counseling 
The expansion of SAH and the more recent LITT reflects a shared clinical objective: 
preserve seizure-control efficacy while reducing cognitive and perioperative morbidity, 
shortening recovery, and improving acceptability. However, the evidence base for both SAH 
and LITT is predominantly retrospective, heterogeneous in-patient selection, and variable 
in follow-up duration and outcome definitions, resulting in very low certainty in 
comparative benefit estimates against medical therapy. The guideline’s conditional 
support for SAH and LITT as alternatives to ATL should therefore be interpreted as an 
endorsement of their pragmatic role in modern practice rather than evidence of 
equivalence. 
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A key interpretive point is that apparent differences in seizure-freedom rates across 
procedures may reflect confounding by indication as much as procedural efficacy. For 
example, LITT cohorts may include patients selected because of perceived higher cognitive 
risk, medical comorbidity, or preferences favoring minimal invasiveness—factors that can 
simultaneously influence seizure outcomes and post-operative recovery trajectories. 
Consequently, procedure choice should be presented to patients as a balance among 
expected seizure-control probability, cognitive risk and uncertainty, recovery time, and the 
feasibility of staged or salvage strategies if seizures persist. From a guideline perspective, 
the priority is not to declare procedural parity but to standardize how clinicians 
communicate uncertainty and how centers track outcomes to progressively reduce it.  
 
To proceed to procedures such as SAH or LITT where only the mesial temporal structures 
are removed, it needs to be ascertained that seizure onset is truly located in the 
hippocampal structures and not in the lateral temporal structures, so the underlying 
disease may influence the choice of procedure. Clearly visible mesial temporal sclerosis 
on MRI with non-divergent video-EEG or neuropsychological data seems to be the ideal 
indication for more limited procedures such as SAH or LITT. 
 
Radiosurgery for MTLE: delayed and uncertain benefit with non-trivial risk and limited 
clinical role 
The evidence for radiosurgery in MTLE does not support its routine use.  
Although seizure-freedom can occur, benefit appears delayed relative to open surgery, and 
adverse effects related to radiation-induced changes remain a concern. With very low 
certainty evidence and limited contemporary clinical uptake, the conditional 
recommendation against radiosurgery is best understood as an application of precaution 
under uncertainty: when more established options exist that provide earlier seizure control 
and more predictable risk profiles, radiosurgery should not be prioritized outside 
specialized contexts, research protocols, or situations where other options are infeasible. 
This recommendation also underscores a broader guideline theme: minimally invasive 
does not inherently mean lower risk, and delayed therapeutic latency can be clinically 
consequential in a population with ongoing SUDEP risk, injury risk, and cumulative 
psychosocial burden. 
 
Neocortical epilepsy: heterogeneity drives low-certainty evidence and reinforces the 
need for network-informed, center-based evaluation 
For drug-resistant neocortical epilepsy, the panel’s conditional recommendation favoring 
resective or ablative procedures over medical therapy reflects a consistent signal that 
surgery can provide meaningful seizure benefit but also reveals the methodological limits 
of the literature. Neocortical epilepsies encompass diverse etiologies (lesional and non-
lesional), seizure-onset organizations, and degrees of overlap with eloquent cortex; these 
sources of heterogeneity complicate generalizable estimates of benefit, cognitive 
outcomes, and risk of permanent deficit. The guideline appropriately emphasizes that 
treatment selection in this population is inseparable from high-quality presurgical 
localization, risk mapping, and the ability to deploy intracranial EEG and functional 
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mapping when noninvasive data is insufficient. Practically, this reinforces the requirement 
for referral to Level 4 epilepsy centers and supports a standardized approach to counseling 
that explicitly addresses the probability of incomplete resection due to eloquent overlap, 
the impact of epileptogenic zone extent, and the realistic expectations for seizure control 
and cognitive and functional outcomes. 
 
Drop attacks in Lennox–Gastaut syndrome and developmental and epileptic 
encephalopathies: palliative goals, safety priorities, and shared decision-making 
In generalized developmental and epileptic encephalopathies, the guideline’s conditional 
preference for callosotomy over VNS for drop attacks reflects a pragmatic prioritization of 
immediate injury reduction and seizure-type–specific benefit. The evidence remains very 
low certainty, but the direction of effect across observational comparisons consistently 
suggests greater reduction in drop attacks with callosotomy at the cost of higher 
perioperative and neurobehavioral risks in some patients. The guideline therefore frames 
callosotomy and VNS not as competing “definitive” therapies but as palliative strategies 
selected according to caregiver priorities, acceptable risk, and system capacity. A key 
message for implementation is that counseling should be explicit about goals (injury 
reduction, seizure-type targeting, function, caregiving burden), expected time course of 
benefit, and uncertainty around optimal callosotomy extent. 
 
Hypothalamic hamartoma: a paradigmatic decision under very low certainty where 
harm avoidance justifies a strong recommendation 
The hypothalamic hamartoma recommendations illustrate an important principle within 
GRADE-based guideline development: strong recommendations can be justified even 
when certainty is very low if the balance of consequences is compelling and the alternative 
carries a credible risk of catastrophic harm. Although direct comparative trials are lacking, 
the accumulated clinical experience and consistency of observational outcomes support 
LITT as a less invasive approach with favorable seizure outcomes and a lower risk profile 
than open resection in many hypothalamic hamartoma presentations. The guideline’s 
“paradigmatic situation” framing is pragmatic and defensible: when the anatomy is 
suitable and expertise is available, LITT should be the default approach, with open 
procedures reserved for selected cases where LITT is infeasible or incomplete, and 
radiosurgery considered in constrained settings when LITT is unavailable. This also 
highlights the necessity of transparent documentation of feasibility constraints, technical 
endpoints (extent of disconnection/ablation), and standardized complication reporting in 
HH care pathways. 
 
Cross-cutting themes: the evidence gap is not only procedural, but structural 
Several consistent themes emerge across PICOs. First, the evidence base is dominated by 
nonrandomized studies, with pervasive confounding from indication and inconsistent 
outcome definitions. Second, the outcomes that matter most to patients—cognition, 
psychiatric health, quality of life, social functioning, and long-term mortality including 
SUDEP—are underreported, heterogeneously measured, and rarely integrated into 
comparative effectiveness frameworks. Third, system-level barriers continue to suppress 
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procedure uptake: delayed referral, limited access to Level 4 centers, geographic 
maldistribution of services, and disparities in evaluation and treatment pathways. The 
implication is that future progress requires not only better procedures but also better 
implementation science, equitable referral pathways, and standardized outcome 
ecosystems that permit reliable cross-center benchmarking. 
 
Directions for the future: a research agenda aligned with decision-making 
To meaningfully advance guideline certainty and clinical personalization, the field needs a 
coordinated strategy that produces high-level, generalizable evidence. Several priorities 
are immediate: 
 

Comparative effectiveness trials and pragmatic registries 
Randomized trials will remain difficult for many surgical questions, but pragmatic trial 
designs, prospective multicenter cohorts, and registry-based comparative analyses can 
substantially improve certainty if executed with rigorous confounding control, predefined 
endpoints, and transparent missing-data handling. For MTLE, direct comparisons of ATL, 
SAH, and LITT with harmonized inclusion criteria and standardized seizure, cognitive, 
psychiatric, and quality-of-life outcomes are a high priority. For neocortical epilepsy, 
studies stratified by lesional status, localization confidence, and eloquent overlap are 
essential to convert heterogeneous observational signals into clinically actionable 
estimates. 
 

Standardized, patient-centered outcomes and long-term follow-up 
Future studies should routinely include validated measures of memory, language, mood, 
and health-related quality-of-life, along with structured reporting of 
employment/schooling, driving, and caregiver burden. Long-term follow-up is not optional: 
delayed seizure-recurrence and late cognitive or psychiatric effects meaningfully change 
the net benefit profile. Mortality outcomes, including SUDEP and epilepsy-related deaths, 
should be systematically captured in cohorts and registries. 
 

Risk stratification and prediction models that are externally validated 
Because recommendation strength hinges on cognitive risk, the field needs validated 
prediction tools that integrate multimodal data (e.g., neuropsychology, imaging, 
language/memory lateralization, electrophysiology) and are portable across centers. These 
models should be prospectively validated and should support counseling that quantifies 
the probability distribution of various clinical outcomes that are important to patients (e.g., 
language, memory, mood, QoL), not simply categorical “risk” labels. 
 

Procedure-specific technical standards and reporting 
For minimally invasive approaches, technical variability is a major unmeasured 
confounder. Standardized reporting of ablation targets, volumetric endpoints, 
disconnection completeness, and salvage strategies is necessary to interpret outcomes 
and compare across techniques. Uniform definitions for “serious adverse events,” 
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permanent deficits, and transient complications should be adopted to allow robust 
synthesis in future guideline iterations. 
 

Implementation and equity as core outcomes 
Given persistently low utilization despite strong evidence in specific populations, future 
work must evaluate referral delays, pathway bottlenecks, and disparity drivers. 
Interventions such as standardized drug-resistant epilepsy referral triggers, tele-epilepsy 
surgery pathways, and regional hub-and-spoke models should be tested with measurable 
endpoints (time-to-evaluation, procedure uptake, outcomes) and published in high-impact 
venues to accelerate adoption. 
 
Summary 
Resective epilepsy surgery remains the most effective treatment for eligible patients with 
focal drug-resistant epilepsy, and ATL retains its role as the reference standard for MTLE. 
Newer approaches such as SAH and LITT are important components of modern practice, 
but their evidence base does not yet match their clinical adoption; they should be offered 
with explicit communication of uncertainty and systematic outcome tracking. Radiosurgery 
has a limited role in MTLE given delayed and uncertain benefit and potential harms. In 
neocortical epilepsies and generalized encephalopathies, heterogeneity and palliative 
goals demand individualized decision-making supported by Level 4 center expertise and 
shared decision-making. For patients with drop attacks, Lennox-Gastaut Syndrome and 
epileptic encephalopathy, callostomy is suggested, but vagal nerve stimulation is an 
alternative, if less risk is desired. Callostomy and VNS can also be used in combination. For 
hypothalamic harmatoma, LITT is recommended, and radiotherapy only if LITT is not 
available. 
 
The next leap forward will not come from incremental technical innovation alone, but from 
high-quality comparative evidence, standardized patient-centered outcomes, validated 
risk prediction, and implementation strategies that close the access gap. 
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Appendix A. PICO questions 
 
The systematic review for this clinical practice guideline addresses the following questions, 
all of which are Therapy/Therapeutic/Treatment questions: 

1. How do resective or ablative surgical procedures, including standard anterior 
temporal lobectomy, selective amygdalo-hippocampectomy, laser therapy/laser 
interstitial thermal therapy (LITT) or radiosurgery, compare to medical therapy for 
treatment of patients with drug-resistant mesiotemporal epilepsy, including 
hippocampal sclerosis, in terms of seizure outcome; neuropsychological, 
neuropsychiatric, social, quality-of-life outcomes; and serious adverse events? 
P: Patients with drug-resistant mesial temporal lobe epilepsy (including 
hippocampal sclerosis) 
[Excludes infants <2 years and children <10 years of age; Subgroups of interest: Age: 
adults; pediatric ages 10 through <12 years; and pediatric ages 12 years through 
adult] 
I: [Comparing each surgical option, independently, against medical therapy] 

a. Standard temporal lobectomy 
b. Selective amygdalo-hippocampectomy 
c. Laser therapy/laser interstitial thermal therapy (LITT) 
d. Radiosurgery 

C: Medical therapy (excludes dietary therapy/ketogenic diet; excludes 
neurostimulation/neuromodulation) 
O: Seizure outcome; all-cause mortality (including SUDEP); neuropsychological, 
neuropsychiatric, social, quality of life outcomes; and serious adverse events 

2. How does resective or ablative epilepsy surgery compare to medical therapy for 
treatment of patients with drug-resistant neocortical epilepsy, in terms of seizure 
outcome; neuropsychological, neuropsychiatric, social, and quality-of-life 
outcomes; and serious adverse events? 
P: Patients with drug-resistant neocortical epilepsy (Subgroups – adult, pediatric, 
infants <2 years of age) 
I: Resective or ablative epilepsy surgery 
C: Medical therapy (excludes dietary therapy/ketogenic diet; excludes 
neurostimulation/neuromodulation) 
O: Seizure outcome; all-cause mortality (including SUDEP); neuropsychological, 
neuropsychiatric, social, quality of life outcomes; and serious adverse events 

3. How does callosotomy (complete or partial) compare to vagus nerve stimulation 
(VNS) for treatment of patients with drug-resistant drop attack or Lennox-Gastaut 
syndrome (LGS) (adult, pediatric, and infants <2 years of age as subgroups), in terms 
of seizure outcome; neuropsychological, neuropsychiatric, social, and quality-of-
life outcomes; and serious adverse events? 
P: Patients with drug-resistant drop attack or Lennox-Gastaut syndrome (LGS), 
inclusive of all related conditions/syndromes/recently evolving nomenclature 
(Population subgroups: a) Ages – adult, pediatric, infants <2 years; 
b) Seizure types – drop attack/drop seizures, and atonic seizures; and 
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c) Patients with epileptic encephalopathy (EE)/developmental epileptic 
encephalopathy (DEE), and West syndrome/Infantile spasms, and Ohtahara 
syndrome, with LGS) 
I: Callosotomy, complete or partial 
C: Vagus nerve stimulation (VNS) 
O: Seizure outcome; all-cause mortality (including SUDEP); neuropsychological, 
neuropsychiatric, social, quality-of-life outcomes; and serious adverse events 

4. How does laser therapy/laser interstitial thermal therapy (LITT) or radiosurgery 
compare to surgical resection for treatment of patients with hypothalamic 
hamartomas (HH), in terms of seizure outcome; neuropsychological, 
neuropsychiatric, social, and quality-of-life outcomes; and serious adverse events? 
P: Patients with hypothalamic hamartomas (HH) (Subgroups: adult, pediatric, 
infants <2 years) 
I: a) Laser therapy/laser interstitial thermal therapy (LITT) or b) Radiosurgery 
C: Surgical resection 
O: Seizure outcome; all-cause mortality (including SUDEP); neuropsychological, 
neuropsychiatric, social, quality of life outcomes; and serious adverse events 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure 1. PRISMA flow diagram. 
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Table I: Summary of Recommendation Mesial Temporal Lobe Epilepsy 

A. Summary of Recommendations Related to Anterior Temporal Lobectomy vs. Medical Therapy in Patients with Drug-Resistant Mesial 
Temporal Lobe Epilepsy 

Treatment Intervention 
and Comparator Recommendation (please see Summary of Evidence for detailed evidence review of each intervention) 

I-A-1.  
Anterior temporal 
lobectomy vs. medical 
therapy in patients at 
low risk of cognitive 
decline 

I-A-1: The AES/CNS guideline panel recommends the use of anterior temporal lobectomy compared to medical therapy in 
people with drug-resistant mesial temporal lobe epilepsy who are at low risk of cognitive decline.  

(Strong Recommendation, Moderate Certainty of Evidence) 

 

 

I-A-2: The AES/CNS panel suggests the use of anterior temporal lobectomy compared to medical therapy in people with 
drug-resistant mesial temporal lobe epilepsy at greater than low risk for cognitive decline. (Conditional 
Recommendation, Very Low Certainty of Evidence)   

Remarks for Recommendations I-A-1 and I-A-2: 

− Risk assessment for cognitive decline can be done using known and validated approaches, including but not limited to 
neuropsychological testing, fMRI, intra-carotid testing with anesthetics and multivariable prediction models.   

− The evaluation of risk-benefit ratio should consider the extent and type of resection. 
− A conditional recommendation highlights the need to account for individual patient circumstances and mandates 

shared decision-making to ensure that clinical decisions align with each patient’s values and preferences. 

 

 

 

 

 

 

I-A-2.  
Anterior temporal 
lobectomy vs. medical 
therapy in all other 
patients 



B. Summary of Recommendations Related to Selective Amygdalo-Hippocampectomy Vs. Medical Therapy in Patients with Drug-Resistant 
Mesial Temporal Lobe Epilepsy 

Treatment Intervention 
and Comparator   Recommendation (please see Summary of Evidence for detailed evidence review of each intervention) 

I-B. Selective amygdalo-
hippocampectomy vs. 
medical therapy in 
patients with drug-
resistant mesial 
temporal lobe epilepsy 

The AES/CNS guideline panel suggests the use of selective amygdalo-hippocampectomy compared to medical therapy in 
people with drug-resistant mesial temporal lobe epilepsy.  

Remarks: 

- A prerequisite for this recommendation is that the facility is equipped to offer selective amygdalo-hippocampectomy 
and that healthcare professionals have the proper training to perform the procedure.   

- A conditional recommendation highlights the need to account for individual patient circumstances and mandates 
shared decision-making to ensure that clinical decisions align with each patient’s values and preferences. 

 
(Conditional recommendation, Very Low certainty of evidence) 

 

 

 

 

 

 

 

 

 

 

 



C. Summary of Recommendations Related to Laser Interstitial Thermal Therapy (LITT) vs. Medical Therapy in Patients with Drug-Resistant 
Mesial Temporal Lobe Epilepsy   

Treatment Intervention 
and Comparator   Recommendation (please see Summary of Evidence for detailed evidence review of each intervention) 

I-C. Laser Interstitial 
Thermal Therapy (LITT) 
vs. medical therapy in 
patients with drug-
resistant mesial 
temporal lobe epilepsy 

The AES/CNS guideline panel suggests for the use of laser interstitial thermal therapy compared to medical therapy in 
people with drug-resistant mesial temporal lobe epilepsy.  

Remarks: 

- A prerequisite for this recommendation is that the facility is equipped to offer LITT and that healthcare professionals 
have the proper training to perform the procedure.  

- A conditional recommendation highlights the need to account for individual patient circumstances and mandates 
shared decision-making to ensure that clinical decisions align with each patient’s values and preferences. 

 
(Conditional recommendation, Very Low certainty of evidence) 

 

 

 

 

 

 

 

 

 

 

 



D. Summary of Recommendations Related to Radiosurgery vs. Medical Therapy in Patients with Drug-Resistant Mesial Temporal Lobe 
Epilepsy 

Treatment Intervention 
and Comparator   Recommendation (please see Summary of Evidence for detailed evidence review of each intervention) 

I-D. Radiosurgery vs. 
medical therapy in 
patients with drug-
resistant mesial 
temporal lobe epilepsy 

The AES/CNS guideline panel suggests against the use of radiosurgery compared to medical therapy with drug-resistant 
mesial temporal lobe epilepsy. 

Remarks: 

- Healthcare professionals should consider the other assessed surgical approaches in this guideline, including anterior 
temporal lobectomy, selective amygdalo-hippocampectomy, and laser interstitial thermal therapy (LITT) when 
making this decision with their patients (refer to related recommendations). 

- A conditional recommendation highlights the need to account for individual patient circumstances and mandates 
shared decision-making to ensure that clinical decisions align with each patient’s values and preferences. 

 
(Conditional recommendation, Very Low certainty of evidence) 

 

 

 



Table II: Summary of Recommendation Drug-Resistant Neocortical Epilepsy 

Treatment Intervention 
and Comparator Recommendation (please see Summary of Evidence for detailed evidence review of each intervention) 

II. Resective or ablative 
surgery vs. medical 
therapy in drug-
resistant neocortical 
epilepsy 

The AES/CNS guideline panel suggests the use of resective or ablative surgery compared to medical therapy in people 
aged 2 years and older with drug-resistant neocortical epilepsy.   

Remarks:  

− A conditional recommendation highlights the need to account for individual patient circumstances and mandates 
shared decision-making to ensure that clinical decisions align with each patient’s values and preferences (e.g., 
physicians should account and discuss with patients the outcome differences between lesional versus non 
lesional epilepsy).  

− The consideration of functional proximity or overlap of epileptogenic zone to the functional cortex should be 
considered in decision making. 

(Conditional Recommendation, Very Low Certainty of Evidence) 

 

 

 

 

 



Table III: Summary of Recommendations Drug-Resistant Drop-Attack, Lennox-Gastaut Syndrome, or Epileptic Encephalopathy 

Treatment Intervention 
and Comparator Recommendation (please see Summary of Evidence for detailed evidence review of each intervention) 

III-A. Callosotomy vs. 
VNS in adult patients 
with drug-resistant 
drop-attack, Lennox-
Gastaut, or epileptic 
encephalopathy  

The AES/CNS guideline panel suggests the use of Callosotomy compared to VNS in adults with drug-resistant drop-attack, 
Lennox-Gastaut Syndrome, or epileptic encephalopathy.   

Remarks:  

− A conditional recommendation highlights the need to account for individual patient circumstances and mandates 
shared decision-making to ensure that clinical decisions align with each patient’s values and preferences.  

− VNS is also an acceptable option. It is slightly less effective but often a safer alternative. Patients may place higher 
value on safety than effectiveness.  

− There is not sufficient evidence what type of callosotomy (anterior, posterior or complete callosotomy) should be 
performed. 

(Conditional Recommendation, Very Low Certainty of Evidence) 

III-B. Callosotomy vs. 
VNS in pediatric 
patients with drug-
resistant drop-attack, 
Lennox-Gastaut, or 
epileptic 
encephalopathy 

The AES/CNS guideline panel suggests the use of Callosotomy compared to VNS in children with drug-resistant drop-
attack, Lennox-Gastaut Syndrome, or epileptic encephalopathy.   

Remarks:  

− A conditional recommendation highlights the need to account for individual patient circumstances and mandates 
shared decision-making to ensure that clinical decisions align with each patient’s values and preferences.   

− VNS is also an acceptable option. It is slightly less effective in terms of seizure outcomes but often a safer 
alternative. Patients and caregivers may place higher value on safety than effectiveness.  

−  There is not sufficient evidence what type of callosotomy (anterior, posterior or complete callosotomy) should be 
performed. 

(Conditional Recommendation, Very Low Certainty of Evidence) 

 



Table IV: Summary of Recommendations Hypothalamic Hamartomas 

Treatment Intervention 
and Comparator Recommendation (please see Summary of Evidence for detailed evidence review of each intervention) 

IV-A. Laser interstitial 
thermal therapy (LITT) 
vs. surgical resection in 
hypothalamic 
hamartomas 

The AES/CNS guideline panel recommends for the use of LITT compared to surgical resection in people with hypothalamic 
hamartoma (paradigmatic situation due to potential for catastrophic harm)   

Remarks:  

− Access needs to be at a level 4 epilepsy center that has access to LITT   
− In some rare cases, LITT may not be feasible based on the anatomy 

(Strong Recommendation, Very Low Certainty of Evidence) 

IV-B. Radiosurgery vs. 
surgical resection in 
hypothalamic 
hamartomas 
 

The AES/CNS guideline panel suggests either the use of radiosurgery or surgical resection in people with hypothalamic 
hamartoma.  
Remarks:  

− If LITT is not available, then we suggest radiosurgery. Decision-making between patient and clinician is 
important.   

− A conditional recommendation highlights the need to account for individual patient circumstances and 
mandates shared decision-making to ensure that clinical decisions align with each patient’s values and 
preferences. 

(Conditional Recommendation, Very Low Certainty of Evidence) 
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Supplemental Materials 2: Evidence Profiles for each Recommendation 

Evidence Profile, PICO I-A: Anterior temporal lobectomy compared to medical therapy in patients with drug-resistant mesial temporal lobe epilepsy 

Recommendation I-A-1: The AES/CNS guideline panel recommend the use of anterior temporal lobectomy compared to medical therapy in people aged 12 or 
older with drug-resistant mesial temporal lobe epilepsy that are at low risk of cognitive decline (STRONG recommendation based on MODERATE certainty 
evidence).  

Recommendation I-A-2: In all other people aged 12 or older with drug-resistant mesial temporal lobe epilepsy, the panel suggests the use of anterior temporal 
lobectomy (CONDITIONAL recommendation, very low certainty evidence) 

Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations anterior temporal 
lobectomy medical therapy Relative 

(95% CI) 
Absolute 
(95% CI) 

Seizure Freedom (free of all seizures, including auras) (follow-up: mean 1 years; assessed with: proportion of participants achieving seizure freedom, independent outcome adjudication of seizures recorded in participant diaries) 

11 randomised 
trials 

seriousa not serious not serious not serious2,b none 15/40 (37.5%)  1/40 (2.5%)  RR 15.00 
(2.08 to 108.23) 

350 more 
per 1,000 
(from 27 

more to 1,000 
more) 

⨁⨁⨁◯ 
Moderate2,a,b 

CRITICAL 

Seizure Freedom (free of disabling seizures) (follow-up: mean 1 years; assessed with: proportion of participants achieving seizure freedom, independent outcome adjudication of seizures recorded in participant diaries) 

11 randomised 
trials 

seriousa not serious not serious not serious2,b none 23/40 (57.5%)  3/40 (7.5%)  RR 7.67 
(2.50 to 23.51) 

500 more 
per 1,000 
(from 112 

more to 1,000 
more) 

⨁⨁⨁◯ 
Moderate2,a,b 

CRITICAL 

Seizure Freedom (seizure free) (follow-up: mean 1 years; assessed with: proportion of participants achieving seizure freedom, patient report) 

13 non-
randomised 

studies 

very seriousc not serious not serious not serious2 none 399/568 (70.2%)  64/466 (13.7%)  RR 5.10 
(2.67 to 9.75) 

563 more 
per 1,000 
(from 229 

more to 1,000 
more) 

⨁⨁◯◯ 
Low2,c 

CRITICAL 

Seizure Freedom (free of disabling seizures) (follow-up: mean 2 years; assessed with: rate of ocurrence of seizure freedom, independent outcome adjudication of seizures recorded in participant diaries) 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations anterior temporal 
lobectomy medical therapy Relative 

(95% CI) 
Absolute 
(95% CI) 

14 randomised 
trials 

seriousd not serious not serious not serious2,b none 11/15 (73.3%)  0.05/23 (0.2%) e RR 34.50 
(2.18 to 545.02) 

73 more per 
1,000 

(from 3 more 
to 1,000 
more) 

⨁⨁⨁◯ 
Moderate2,b,d 

CRITICAL 

2.5%f 838 more 
per 1,000 
(from 30 

more to 1,000 
more) 

7.5%g 1,000 more 
per 1,000 
(from 89 

more to 1,000 
more) 

Seizure Freedom (seizure free) (follow-up: range 2 years to 5 years; assessed with: proportion of participants achieving seizure freedom, patient report) 

35,6,7 non-
randomised 

studies 

very serioush not serious not serious not serious2 none 318/443 (71.8%)  64/395 (16.2%)  RR 4.58 
(3.61 to 5.80) 

580 more 
per 1,000 
(from 423 

more to 778 
more) 

⨁⨁◯◯ 
Low2,h 

CRITICAL 

Seizure Freedom (seizure free) (follow-up: range 10 years to 17 years; assessed with: proportion of participants achieving seizure freedom, patient report) 

26,7 non-
randomised 

studies 

very seriousi not serious not serious not serious2 none 187/245 (76.3%)  32/179 (17.9%)  RR 4.36 
(3.16 to 6.02) 

601 more 
per 1,000 
(from 386 

more to 897 
more) 

⨁⨁◯◯ 
Low2,i 

CRITICAL 

Permanent, Unexpected Neurological Deficits (decline in verbal memory that interfered with the patients' occupation) (follow-up: mean 1 years; assessed with: proportion of participants with unexpected neurological deficits, from medical records) 

11 randomised 
trials 

seriousa not serious not serious serious2,j none 2/40 (5.0%)  0.5/40 (1.3%)  RR 4.00 
(0.19 to 85.99) 

38 more per 
1,000 

(from 10 
fewer to 

1,000 more) 

⨁⨁◯◯ 
Low2,a,j 

CRITICAL 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations anterior temporal 
lobectomy medical therapy Relative 

(95% CI) 
Absolute 
(95% CI) 

Permanent, Unexpected Neurological Deficits (memory disturbances) (follow-up: mean 13 years; assessed with: proportion of participants experiencing unexpected neurological deficits, from medical records) 

16 non-
randomised 

studies 

extremely 
seriousk 

not serious not serious serious2,j none In one study with 671 participants, 51.50% underwent standard/anterior temporal 
lobectomy. Memory disturbances in 2 participants. There is no information regarding 
neurological deficits for the participants in the medical therapy group. 

⨁◯◯◯ 
Very low2,j,k 

CRITICAL 

All-cause Mortality (follow-up: mean 1 years; assessed with: proportion of participants who died of any cause, medical records) 

11 randomised 
trials 

seriousa not serious not serious very serious2,l none 0/40 (0.0%)  1/40 (2.5%)  RR 0.33 
(0.01 to 7.95) 

17 fewer per 
1,000 

(from 25 
fewer to 174 

more) 

⨁◯◯◯ 
Very low2,a,l 

CRITICAL 

All-cause Mortality (follow-up: mean 1 years; assessed with: proportion of participants who died of any cause, medical records) 

13 non-
randomised 

studies 

extremely 
seriousm 

not serious not serious very serious2,l none 1/125 (0.8%)  0.5/71 (0.7%)  RR 1.71 
(0.07 to 41.54) 

5 more per 
1,000 

(from 7 fewer 
to 285 more) 

⨁◯◯◯ 
Very low2,l,m 

CRITICAL 

All-cause Mortality (follow-up: mean 13 years; assessed with: proportion of participants who died of any cause, medial records) 

16 non-
randomised 

studies 

extremely 
seriousk 

not serious not serious very serious2,l none 7/364 (1.9%)  9/439 (2.1%)  RR 0.94 
(0.35 to 2.49) 

1 fewer per 
1,000 

(from 13 
fewer to 31 

more) 

⨁◯◯◯ 
Very low2,k,l 

IMPORTANT 

Medical or Surgical Complications (serious adverse events) (follow-up: mean 2 years; assessed with: proportion of participants experiencing a medical or surgical complication, medical records) 

14 randomised 
trials 

very seriousn not serious not serious very serious2,l none 6/15 (40.0%)  7/23 (30.4%)  RR 1.31 
(0.55 to 3.15) 

94 more per 
1,000 

(from 137 
fewer to 654 

more) 

⨁◯◯◯ 
Very low2,l,n 

CRITICAL 

Medical or Surgical Complications (serious adverse events) (follow-up: mean 13 years; assessed with: proportion of participants experiencing medical or surgical complications, medical records) 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations anterior temporal 
lobectomy medical therapy Relative 

(95% CI) 
Absolute 
(95% CI) 

16 non-
randomised 

studies 

extremely 
seriousk 

not serious not serious serious2,j none In one study with 671 participants, 51.50% underwent standard/anterior temporal 
lobectomy. Serious adverse events were reported in 15 participants. There is no 
information regarding medical complications (serious adverse events) for the 
participants in the medical therapy group. 

⨁◯◯◯ 
Very low2,j,k 

CRITICAL 

Medical or Surgical Complications (brain infection) (follow-up: mean 13 years; assessed with: proportion of participants experiencing medical or surgical complications, medical records) 

16 non-
randomised 

studies 

extremely 
seriousk 

not serious not serious serious2,j none In one study with 671 participants, 51.50% underwent standard/anterior temporal 
lobectomy. Meningitis was reported in 1 participant. There is no information regarding 
medical complications (brain infection) for the participants in the medical therapy 
group. 

⨁◯◯◯ 
Very low2,j,k 

IMPORTANT 

Quality of Life (follow-up: mean 1 years; assessed with: Quality of Life in Epilepsy 89 (QOLIE-89), higher scores indicate better quality of life ; Scale from: 0 to 100)8op 

21,4 randomised 
trials 

seriousq not serious not serious not serious2,r none 55 63 - MD (change 
scores) 17.53 

higher 
(11.91 higher 

to 23.14 
higher) 

⨁⨁⨁◯ 
Moderate2,q,r 

CRITICAL 

Quality of Life (follow-up: mean 2 years; assessed with: Quality of Life in Epilepsy 89 (QOLIE-89), higher scores indicate better quality of life; Scale from: 0 to 100)os 

14 randomised 
trials 

seriousn not serious not serious not serious2,r none 15 23 - MD (change 
scores) 8.5 

higher 
(1 lower to 

18.1 higher) 

⨁⨁⨁◯ 
Moderate2,n,r 

CRITICAL 

Quality of Life (follow-up: mean 13 years; assessed with: Perceived Life Changes questionnaire; Scale from: 0 to 100) 

16 non-
randomised 

studies 

extremely 
seriousk 

not serious serioust not serious2 none 269 157 - MD 14.72 
higher 

(9.37 higher 
to 20.07 
higher) 

⨁◯◯◯ 
Very low2,k,t 

CRITICAL 

Neuropsychological Outcome (verbal memory) (follow-up: mean 1 years; assessed with: Rey Auditory Verbal Learning Test (RAVLT) delayed recall, higher scores indicate better verbal memory ; Scale from: 0 to 15)uv 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations anterior temporal 
lobectomy medical therapy Relative 

(95% CI) 
Absolute 
(95% CI) 

14 randomised 
trials 

very seriousd not serious not serious very serious2,w none 14 23 - MD (change 
scores) 0.8 

lower 
(2.9 lower to 
1.2 higher)x 

⨁◯◯◯ 
Very low2,d,w 

CRITICAL 

Neuropsychological Outcome (verbal memory) (follow-up: mean 2 years; assessed with: Rey Auditory Verbal Learning Test (RAVLT) delayed recall, higher scores indicate better verbal memory ; Scale from: 0 to 15)uv 

14 randomised 
trials 

very seriousd not serious not serious very serious2,w none 14 23 - MD (change 
scores) 1.3 

lower 
(3.8 lower to 
1.1 higher)x 

⨁◯◯◯ 
Very low2,d,w 

CRITICAL 

Neuropsychological Outcome (naming) (follow-up: mean 1 years; assessed with: Boston Naming Test (BNT), higher scores indicate better language (naming); Scale from: 0 to 60)y 

14 randomised 
trials 

very seriousd not serious not serious very serious2,w none 14 23 - MD (change 
score) 4 
lower 

(8.6 lower to 
0.5 higher)x 

⨁◯◯◯ 
Very low2,d,w 

IMPORTANT 

Neuropsychological Outcome (naming) (follow-up: mean 2 years; assessed with: Boston Naming Test (BNT), higher scores indicate better language (naming) ; Scale from: 0 to 60)y 

14 randomised 
trials 

very seriousd not serious not serious very serious2,w none 14 23 - MD (change 
score) 2.7 

lower 
(6.7 lower to 
1.3 higher)x 

⨁◯◯◯ 
Very low2,d,w 

IMPORTANT 

Neuropsychiatric Outcome (depression) (follow-up: mean 1 years; assessed with: depression scale of the Center for Epidemiological Studies (CES-D))z 

11 randomised 
trials 

seriousa not serious not serious very serious2,l none 7/40 (17.5%)  8/40 (20.0%)  RR 0.87 
(0.35 to 2.18) 

26 fewer per 
1,000 

(from 130 
fewer to 236 

more) 

⨁◯◯◯ 
Very low2,a,l 

IMPORTANT 

Neuropsychiatric Outcome (depression) (follow-up: mean 1 years; assessed with: Profile of Mood States (POMS), higher scores indicate worse mood problems; Scale from: -32 to 204) 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations anterior temporal 
lobectomy medical therapy Relative 

(95% CI) 
Absolute 
(95% CI) 

13 non-
randomised 

studies 

extremely 
seriousm 

not serious not serious not serious2 none 125 71 - MD 19 lower 
(29.43 lower 
to 8.57 lower) 

⨁◯◯◯ 
Very low2,m 

IMPORTANT 

Neuropsychiatric Outcome (depression) (follow-up: mean 13 years; assessed with: proportion of participants with depression, participant report of 'having depressing feelings') 

16 non-
randomised 

studies 

extremely 
seriousk 

not serious not serious very serious2,l none 40/269 (14.9%)  18/157 (11.5%)  RR 1.30 
(0.77 to 2.18) 

34 more per 
1,000 

(from 26 
fewer to 135 

more) 

⨁◯◯◯ 
Very low2,k,l 

IMPORTANT 

Neuropsychiatric Outcome (psychosis) (follow-up: mean 1 years; assessed with: proportion of participants neuropsychiatric outcome, medical records, report of transient psychosis) 

11 randomised 
trials 

seriousa not serious not serious very serious2,l none 1/40 (2.5%)  0.5/40 (1.3%)  RR 3.00 
(0.13 to 71.51) 

25 more per 
1,000 

(from 11 
fewer to 881 

more) 

⨁◯◯◯ 
Very low2,a,l 

IMPORTANT 

Social Outcome (employment) (follow-up: mean 1 years; assessed with: proportion of participants obtaining employment, medical records) 

11 randomised 
trials 

seriousa not serious not serious very serious2,l none 23/40 (57.5%)  15/40 (37.5%)  RR 1.53 
(0.95 to 2.48) 

199 more 
per 1,000 
(from 19 

fewer to 555 
more) 

⨁◯◯◯ 
Very low2,a,l 

IMPORTANT 

Social Outcome (employment) (follow-up: mean 2 years; assessed with: proportion of participants obtaining employment, medical records) 

14 randomised 
trials 

very seriousd not serious not serious serious2,j none In one study with 38 participants, 15/38 (39.47%) underwent standard/anterior 
temporal lobectomy. There were no treatment group differences with respect to 
employment status, hours per week worked or sick days reported. 

⨁◯◯◯ 
Very low2,d,j 

IMPORTANT 

Social Outcome (employment or in full time school) (follow-up: range 2 years to 5 years; assessed with: proportion of participants obtaining employment or attending school full time, medical records) 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations anterior temporal 
lobectomy medical therapy Relative 

(95% CI) 
Absolute 
(95% CI) 

23,7 non-
randomised 

studies 

extremely 
seriousaa 

not serious not serious very serious2,l none 117/182 (64.3%)  52/89 (58.4%)  RR 1.23 
(0.70 to 2.18) 

134 more 
per 1,000 
(from 175 

fewer to 689 
more) 

⨁◯◯◯ 
Very low2,aa,l 

IMPORTANT 

Social Outcome (employment) (follow-up: range 13 years to 17 years; assessed with: proportion of participants obtaining employment, medical records) 

26,7 non-
randomised 

studies 

extremely 
seriousab 

not serious not serious very serious2,l none 264/311 (84.9%)  143/166 (86.1%)  RR 1.07 
(0.75 to 1.52) 

60 more per 
1,000 

(from 215 
fewer to 448 

more) 

⨁◯◯◯ 
Very low2,ab,l 

IMPORTANT 

Social Outcome (driving) (follow-up: range 2 years to 5 years; assessed with: proportion of participants who are able to drive, medical records) 

23,7 non-
randomised 

studies 

extremely 
seriousaa 

not serious not serious not serious2 none 113/182 (62.1%)  26/89 (29.2%)  RR 2.06 
(1.47 to 2.90) 

310 more 
per 1,000 
(from 137 

more to 555 
more) 

⨁◯◯◯ 
Very low2,aa 

IMPORTANT 

Social Outcome (driving) (follow-up: range 13 years to 17 years; assessed with: proportion of participants who are able to drive, medical records) 

26,7 non-
randomised 

studies 

extremely 
seriousab 

seriousac not serious very serious2,l none 191/311 (61.4%)  91/166 (54.8%)  RR 0.93 
(0.52 to 1.68) 

38 fewer per 
1,000 

(from 263 
fewer to 373 

more) 

⨁◯◯◯ 
Very low2,ab,ac,l 

IMPORTANT 

Other Outcomes - not measuredad 

- - - - - - - - - - - - 
 

CI: confidence interval; MD: mean difference; RR: risk ratio 
Explanations 

a. Rated down one level because of some come concerns with the measurement of the outcome due to a lack of blinding to the intervention. 
b. We did not rate down for imprecision because although the optimal information size (OIS=250 events) is not met and we do not consider the results to be implausible.  
c. Rated down two levels because of serious risk of bias due to lack of adjustment for important confounders and concerns with measurement of the outcome due to being self-reported. 
d. Rated down one level because of high risk of bias due to deviation from intended intervention (30.43% of the participants allocated to medical therapy received surgery) and missing outcome data (15.879% of 

imputed data). 
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e. Baseline risk from Engel, 2012.  
f. Baseline risk based on Wiebe, 2001 looking at seizure freedom: free of all seizures including auras. 
g. Baseline risk from Wiebe, 2001 looking at seizure freedom: free of disabling seizures. 
h. Rated down two levels because all three included studies are at serious risk of bias due to lack of adjustment for important confounders, missing outcome data, and concerns with measurement of the outcome. 
i. Rated down two levels because the two included studies are at serious risk of bias due to lack of adjustment for important confounders, missing outcome data, and concerns with measurement of the outcome 

due to being self-reported. 
j. Rated down one level for imprecision because the optimal information size (OIS=250 events) was not met.  
k. Rated down three levels because of critical risk of bias due to lack of adjustment for important confounders and serious risk of bias due to missing outcome data (16.44% missing data). 
l. Rated down two levels for imprecision because the confidence interval is crossing the line of no effect (null, RR = 1), suggesting the possibility of a harm and a benefit. 
m. Rated down three levels because of critical risk of bias due to lack of adjustment for important confounders. 
n. Rated down one levels because of high risk of bias due to deviation from intended intervention (30.43% of the participants allocated to medical therapy received surgery) and missing outcome data (15.879% of 

imputed data). 
o. MID: minimally important difference. 
p. One observational study with 199 participants (Gilliam 1999), reported that in 125/199 (62.81%) participants who underwent standard/anterior temporal lobectomy, reported higher scores in the Epilepsy Surgery 

Inventory (ESI)-55 at follow-up than those who received medical therapy. (The ESI-55 consists of the SF-3630 and 19 additional epilepsy- specific items. The scale’s possible scores range from 0 to 100. Higher 
scores represent better quality of life.) 

q. Rated down two levels because one of the two included studies has high risk of bias due to deviation from intended intervention (30.43% of the participants allocated to medical therapy received surgery) and 
missing outcome data (15.879% of imputed data). 

r. We did not rate down for imprecision because although the optimal information size (OIS=250 participants) is not met and we do not consider the results to be implausible.  
s. One study with 84 participants (Jayalakshmi 2023), reported that in 61/84 (72.62%) participants that underwent standard/anterior temporal lobectomy their quality of life (QOLI 2-items) at 5 year follow-up was 

significantly better than those who received medical therapy. (The first (QOLI) was rated on a scale of 1 to 10 (10 was the highest rating); the second item (QOLII) rated from 1 to 5 (1 was the highest rating).) 
t. We considered perceived life changes a surrogate for the outcome of quality of life. There is not enough information to assume there is high correlation between them. 
u. 60% of participants in each group had left side of ictal onset. AMTL resection consisted of en bloc resection of the anterior 3.5 to 4 cm (in the dominant and nondominant hemispheres, respectively) of the lateral 

temporal lobe, sparing the superior temporal gyrus, followed by removal of the mesial structures including en bloc resection of the hippocampus and resection of parahippocampal gyrus and part of the 
amygdala. 

v. The Rey Auditory Verbal Learning Test (RAVLT) evaluates verbal memory in patients ≥16 years of age. The test is designed as a list-learning paradigm in which the patient hears a list of 15 nouns and is asked 
to recall as many words from the list as possible. After five repetitions of free-recall, a second “interference” list (List B) is presented in the same manner, and the participant is asked to recall as many words 
from List B as possible. After the interference trial, the participant is immediately asked to recall the words from List A, which she or he heard five times previously. After a 20 min delay, the participant is asked 
to again recall the words from List A. After this “delayed recall” task, a list of 50 words is presented containing all of the words from Lists A and B, in addition to 20 phonemically and/or semantically similar 
words. Higher scores indicate better verbal memory. 

w. Rated down two levels for imprecision because the confidence interval is crossing the line of no effect (null, MD = 0), suggesting the possibility of a harm and a benefit. 
x. MD (change score) was calculated with the difference in adjusted mean change. Mean change was adjusted for age, gender, side of ictal onset, and the baseline value of the outcome variable using repeated 

measures analysis of covariance model. 
y. The Boston Naming Test (BNT) is a brief language test that requires an examinee to name 60 line drawings of objects that are increasingly difficult to identify. If an examinee is unable to freely recall the name 

of an item, they are prompted with a phonemic cue after 20 seconds. The test is discontinued after 8 consecutive item failures. 
z. Depression scale of the Center for Epidemiological Studies (CES-D; range of scores, 0 to 60.) 
aa. Rated down three levels because the two included studies have critical risk of bias due to lack of adjustment for important confounders and concerns with measurement of the outcome. 
bb. ab. Rated down three levels for risk of bias because the two included studies have critical risk of bias due to lack of adjustment for important confounders, missing outcome data, and concerns with 

measurement of the outcome. 
cc. ac. Rated down one level for inconsistency because statistically, there is substantial heterogeneity with I2=75%. Additionally, point estimates of the two included studies have opposite direction and there is little 

overlap of the confidence intervals. 
dd. ad. Outcomes not measured: SUDEP, medical or surgical complications (intracerebral hemorrhage with neurological deficits), neuropsychological outcomes (receptive language, verbal fluency, IQ), 

neuropsychiatric outcomes (personality changes, anxiety). 
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Evidence Profile, PICO I-B: Selective amygdalo-hippocampectomy compared to medical therapy in patients with drug-resistant mesial temporal lobe epilepsy 

The AES/CNS guideline panel suggests the use of selective amygdalo-hippocampectomy compared to medical therapy in people with drug-resistant mesial 
temporal lobe epilepsy. (Conditional Recommendation, Very Low Certainty of Evidence)   

Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 
selective 

amygdalo-
hippocampectomy 

medical therapy Relative 
(95% CI) 

Absolute 
(95% CI) 

Seizure Freedom (seizure free) (follow-up: mean 2 years; assessed with: rate of occurrence of seizure freedom, medical records)a 

11 non-
randomised 

studies 

extremely 
seriousb 

not serious not serious serious2,c none 9/11 (81.8%)  0.5/8 (6.3%)  RR 14.25 
(0.95 to 214.03) 

828 more 
per 1,000 

(from 3 fewer 
to 1,000 
more) 

⨁◯◯◯ 
Very low2,b,c 

CRITICAL 

1.0% 133 more 
per 1,000 

(from 1 fewer 
to 1,000 
more) 

2.5%3,d 331 more 
per 1,000 

(from 1 fewer 
to 1,000 
more) 

Quality of Life (follow-up: mean 2 years; assessed with: Quality of Life in Epilepsy Inventory (QOLIE-10), higher scores indicate worse quality of life ; Scale from: 10 to 50)e 

11 non-
randomised 

studies 

extremely 
seriousb 

not serious not serious serious2,f none 6 6 - MD 10.5 
lower 

(21.61 lower 
to 0.61 
higher) 

⨁◯◯◯ 
Very low2,b,f 

CRITICAL 

Neuropsychological Outcome (verbal memory) (follow-up: mean 2 years; assessed with: Verbaler Lernund Merkfähigkeitstest (VLMT), z scores, higher scores indicate better verbal memory; Scale from: 0 to 100)gh 

11 non-
randomised 

studies 

extremely 
seriousb 

not serious not serious seriousi none 11 8 - MD 16.02 
lower 

(30.96 lower 
to 1.08 lower) 

⨁◯◯◯ 
Very lowb,i 

CRITICAL 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 
selective 

amygdalo-
hippocampectomy 

medical therapy Relative 
(95% CI) 

Absolute 
(95% CI) 

Neuropsychological Outcome (Intelligence Quotient (IQ)) (follow-up: mean 2 years; assessed with: Hamburg-Wechsler Intelligence Test for Adults – Revision (HAWIE-R), z-scores normal values = 100 ± 15, higher scores high represent better IQ ; Scale from: 0 to 100) 

11 non-
randomised 

studies 

extremely 
seriousb 

not serious not serious very serious2,j none 11 8 - MD 3.36 
lower 

(15.5 lower to 
8.78 higher) 

⨁◯◯◯ 
Very low2,b,j 

IMPORTANT 

Neuropsychiatric Outcome (depression) (follow-up: mean 2 years; assessed with: Beck Depression Inventory (BDI), higher scores indicate worse depressive symptoms; Scale from: 0 to 63)k 

11 non-
randomised 

studies 

extremely 
seriousb 

not serious not serious serious2,f none 11 8 - MD 11.2 
lower 

(22.46 lower 
to 0.06 
higher) 

⨁◯◯◯ 
Very low2,b,f 

CRITICAL 

Social Outcome (employment) (follow-up: mean 2 years; assessed with: proportion of participants obtaining employment, medical records) 

11 non-
randomised 

studies 

extremely 
seriousb 

not serious not serious very seriousj none 7/11 (63.6%)  4/8 (50.0%)  RR 1.27 
(0.56 to 2.90) 

135 more 
per 1,000 
(from 220 

fewer to 950 
more) 

⨁◯◯◯ 
Very lowb,j 

CRITICAL 

Other Outcomes - not measuredl 

- - - - - - - - - - - - 
 

CI: confidence interval; MD: mean difference; RR: risk ratio 
Explanations 

a. Seizure freedom defined as the absence of seizures that caused impairment of consciousness. 
b. Rated down three levels because of critical risk of bias due to lack of adjustment for important confounders, deviation from the intervention (co-interventions are not similar between groups), and concerns with 

measurement of the outcome. 
c. Rated down one level for imprecision because although the confidence interval does not cross the line of no effect, the optimal information size (OIS=250 events) is not met and we do not consider the results to 

be implausible.  
d. 2.5% baseline risk taken from Wiebe 2001, control arm (medical therapy). 
e. A Quality of Life in Epilepsy Inventory (QOLIE-10) a score greater than 32 indicates a subjectively impaired quality of life. 
f. Rated down one level for imprecision because the confidence interval slightly crosses the line of no effect (null) 
g. The VLMT is a German adaptation of The Rey Auditory Verbal Learning Test (RAVLT), which evaluates verbal memory in patients ≥16 years of age. The test is designed as a list-learning paradigm in which the 

patient hears a list of 15 nouns and is asked to recall as many words from the list as possible. After five repetitions of free-recall, a second “interference” list (List B) is presented in the same manner, and the 
participant is asked to recall as many words from List B as possible. After the interference trial, the participant is immediately asked to recall the words from List A, which she or he heard five times previously. 
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After a 20 min delay, the participant is asked to again recall the words from List A. After this “delayed recall” task, a list of 50 words is presented containing all of the words from Lists A and B, in addition to 20 
phonemically and/or semantically similar words. 

h. Raw scores were transformed into standard scores (mean = 100, SD = 10), summed, and divided by the number of added scores, reflecting the mean standard score. 
i. Rated down one level for imprecision because the optimal size information (OIS=250) is not met. 
j. Rated down two levels for imprecision because the confidence interval is very wide, crossing the line of no effect (null). 
k. Beck Depression Inventory consists of 21 items scored 0-3. BDI was applied using a score of greater than 10 points as the cutoff indicating depressed mood.  
l. Outcomes not measured: permanent, unexpected neurological deficits (excluding visual field deficits, expected with some surgical procedures), all-cause mortality, SUDEP, medical or surgical complications 

(brain infection, intracerebral hemorrhage with neurological deficits, serious adverse events), neuropsychological outcomes (receptive language, verbal fluency, naming), neuropsychiatric outcomes (personality 
changes, anxiety, psychosis), social outcomes (driving). 

References 
1. Vogt VL, Witt JA, Malter MP, Schoene-Bake JC, von Lehe M, Elger CE, Helmstaedter C. Neuropsychological outcome after epilepsy surgery in patients with bilateral Ammon's horn sclerosis. J Neurosurg. 

2014;121(5):1247-56. doi: 10.3171/2014.7.JNS132037.  
2. Zeng L, Brignardello-Petersen R, Hultcrantz M, Mustafa RA, Murad MH, Iorio A, Traversy G, Akl EA, Mayer M, Schünemann HJ, Guyatt GH. GRADE Guidance 34: update on rating imprecision using a 

minimally contextualized approach. J Clin Epidemiol. 2022 Oct;150:216-224. doi: 10.1016/j.jclinepi.2022.07.014.  
3. Wiebe S, Blume WT, Girvin JP, Eliasziw M; Effectiveness and Efficiency of Surgery for Temporal Lobe Epilepsy Study Group. A randomized, controlled trial of surgery for temporal-lobe epilepsy. N Engl J Med. 

2001 Aug 2;345(5):311-8. doi: 10.1056/NEJM200108023450501.  
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Evidence Profile, PICO I-C: Laser Interstitial Thermal Therapy (LITT) compared to medical therapy in patients with drug-resistant mesial temporal lobe epilepsy 
 
Recommendation I-C: The AES/CNS guideline panel suggests for the use of laser interstitial thermal therapy compared to medical therapy in people aged 12 
years and older with drug-resistant mesial temporal lobe epilepsy. (Conditional Recommendation, Very Low Certainty of Evidence). 

Certainty assessment 

Impact Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

Seizure Freedom (Engel I) (follow-up: mean 1 years; assessed with: proportion of participants achieving seizure freedom, medical records) 

31,2,3 non-
randomised 

studies 

extremely 
seriousa 

not serious not serious not serious4 none In three studies with 434 participants, 225/434 (51.85%) reported seizure freedom Engel I 
classification at 1 year follow-up after undergoing Laser Interstitial Thermal Therapy (LITT).  

b 

⨁◯◯◯ 
Very low4,a 

CRITICAL 

Seizure Freedom (Engel I) (follow-up: median 4 years; assessed with: porportion of participants achieving seizure freedom, medical records) 

12 non-
randomised 

studies 

extremely 
seriousc 

not serious not serious serious4,d none In one study with 268 participants, 132/268 (49.25%) reported seizure freedom Engel 1 at a 
median follow-up of 4 years after undergoing Magnetic Resonance image-guided Laser 
Interstitial Thermal Therapy (MRgLITT).  

⨁◯◯◯ 
Very low4,c,d 

CRITICAL 

Seizure Freedom (International League Against Epilepsy (ILAE) I) (follow-up: 3 years; assessed with: proportion of participants achieving seizure freedom, medical records) 

15 non-
randomised 

studies 

extremely 
seriousc 

not serious not serious serious4,d none In one study with 33 participants, 22/33 (66.67%) reported seizure freedom ILAE I 
classification 3 years after undergoing Magnetic Resonance image-guided Laser Interstitial 
Thermal Therapy (MRgLITT).  

⨁◯◯◯ 
Very low4,c,d 

CRITICAL 

All-Cause Mortality (follow-up: median 3.75 years; assessed with: proportion of participants who died, medical records) 

22,3 non-
randomised 

studies 

extremely 
seriousc 

not serious not serious serious4,d none In two studies with 412 participants, 8/412 (1.94%) died at a median follow-up of 3.75 years 
after undergoing Laser Interstitial Thermal Therapy (LITT). ⨁◯◯◯ 

Very low4,c,d 

CRITICAL 

Sudden Unexpected Death in Epilepsy (SUDEP) (follow-up: 1; assessed with: proportion of participants who presented SUDEP, medical records) 

12 non-
randomised 

studies 

extremely 
seriousc 

not serious not serious serious4,d none In one study with 277 participants, 1/277 (0.36%) presented SUDEP at 1 year after 
undergoing Magnetic Resonance image-guided Laser Interstitial Thermal Therapy 
(MRgLITT).  

⨁◯◯◯ 
Very low4,c,d 

CRITICAL 

Sudden Unexpected Death in Epilepsy (SUDEP) (follow-up: median 3.5 years; assessed with: proportion of participants who presented SUDEP, medical records) 
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Certainty assessment 

Impact Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

13 non-
randomised 

studies 

extremely 
seriousc 

not serious not serious serious4,d none In one study with 135 participants, 4/135 (2.96%) presented SUDEP at a median follow-up of 
3.5 years after undergoing Laser Interstitial Thermal Therapy (LITT). ⨁◯◯◯ 

Very low4,c,d 

CRITICAL 

Medical or Surgical Complications (symptomatic intracranial hemorrhage) (follow-up: median 4 years; assessed with: proportion of participants who experienced a symptomatic intracranial hemorrhage, medical records) 

12 non-
randomised 

studies 

extremely 
seriousc 

not serious not serious serious4,d none In one study with 277 participants, 1/277 (0.36%) presented a symptomatic intracranial 
hemorrhage at a median follow-up of 4 years after undergoing a Magnetic Resonance image-
guided Laser Interstitial Thermal Therapy (MRgLITT).  

⨁◯◯◯ 
Very low4,c,d 

CRITICAL 

Neuropsychological Outcome (verbal memory) (follow-up: 1 years; assessed with: Rey Auditory Verbal Learning Test (RAVLT) delayed recall, higher scores indicate better verbal memory ) 

11 non-
randomised 

studies 

extremely 
seriousa 

not serious not serious very serious4,e none One study with 40 participants, reported a mean change from baseline of 0.91 (95% CI, -0.32 
to 2.14) in verbal memory at 1 year follow-up after undergoing Laser Interstitial Thermal 
Therapy (LITT). 

⨁◯◯◯ 
Very low4,a,e 

CRITICAL 

Other Outcomes - not measuredf 

- - - - - - - 
 

- 
 

CI: confidence interval 
Explanations 

a. Rated down three levels because of risk of bias due to prognostic factor imbalances and moderate risk of bias due to concerns with measurement of the outcome in the three included studies. 
b. LITT: laser interstitial thermal therapy 
c. Rated down three levels because of risk of bias due to prognostic factor imbalance and moderate risk of bias due to concerns with measurement of the outcome in the single included study. 
d. Rated down one level for imprecision because the optimal information size (OIS=250 events) is not met. 
e. Rated down to levels for imprecision because the confidence interval crosses the line of no effect (null), which implies the possibility of a benefit and a harm. 
f. Outcomes not measured: permanent, unexpected neurological deficits (excluding visual field deficits, expected with some surgical procedures), medical or surgical complications (brain infection, serious adverse 

events), quality of life, neuropsychological outcomes (receptive language, verbal fluency, naming, IQ), neuropsychiatric outcomes (personality changes, depression, anxiety, psychosis), social outcomes 
(employment, driving). 
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RE. Superior verbal memory outcome after stereotactic laser amygdalohippocampotomy. Front Neurol. 2021;12:779495. doi:10.3389/fneur.2021.779495  
2. Youngerman BE, Banu MA, Khan F, McKhann GM, Schevon CA, Jagid JR, Cajigas I, Theodotou CB, Ko A, Buckley R, Ojemann JG, Miller JW, Laxton AW, Couture DE, Popli GS, Buch VP, Halpern CH, Le S, 
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interstitial thermal therapy for drug-resistant epilepsy and subsequent surgery for seizure recurrence: a multi-centre cohort study. J Neurol Neurosurg Psychiatry. 2023;94(11):879-886. doi: 10.1136/jnnp-2022-
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Evidence Profile, PICO I-D: Radiosurgery compared to medical therapy in patients with drug-resistant mesial temporal lobe epilepsy 

Recommendation I-D: The AES/CNS guideline panel suggests against the use of radiosurgery compared to medical therapy in people aged 12 years or older with 
drug-resistant mesial temporal lobe epilepsy. (Conditional Recommendation, Very Low Certainty of Evidence). 

Certainty assessment 

Impact Certainty Importance 
№ of 
studies 

Study 
design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

Seizure Freedom (Engel Ib classification) (follow-up: mean 1 years; assessed with: proportion of participants achieving seizure freedom, independent outcome adjudication of seizures recorded in participant diaries) 

11 non-
randomised 
studies 

extremely 
seriousa 

not serious not serious serious2,b none In one study with 31 participants, 4/31 (13%) reported seizure freedom (Engel Ib 
classification) one year after undergoing radiosurgery.  

⨁◯◯◯ 
Very low2,a,b 

CRITICAL 

Seizure Freedom (Engel Ib classification) (follow-up: mean 3 years; assessed with: proportion of participants achieving seizure freedom, independent outcome adjudication of seizures recorded in participant diaries) 

11 non-
randomised 
studies 

extremely 
seriousa 

not serious not serious serious2,b none In one study with 31 participants, 23/31 (74.19%) reported seizure freedom (Engel Ib 
classification) three years after undergoing radiosurgery.  

⨁◯◯◯ 
Very low2,a,b 

CRITICAL 

Permanent, unexpected neurological deficits (follow-up: mean 3 years; assessed with: proportion of participants experiencing an unexpected neurological deficit, medical records) 

11 non-
randomised 
studies 

extremely 
seriousa 

not serious not serious serious2,b none In one study with 31 participants, no permanent, unexpected neurological deficits were 
reported three years after undergoing radiosurgery.  

⨁◯◯◯ 
Very low2,a,b 

CRITICAL 

Medical or Surgical Complications (serious adverse events) (follow-up: mean 3 years; assessed with: proportion of participants experiencing a serious adverse event, medical records) 

11 non-
randomised 
studies 

extremely 
seriousa 

not serious not serious serious2,b none In one study with 31 participants undergoing radiosurgery, 5/31 (16.13%) reported 
serious adverse events 3 years after undergoing radiosurgery. 

⨁◯◯◯ 
Very low2,a,b 

CRITICAL 

Quality of Life (MID=10) (follow-up: mean 1 years; assessed with: Quality of Life in Epilepsy 89 (QOLIE-89), higher scores indicate better quality of life)c 

11 non-
randomised 
studies 

extremely 
seriousd 

not serious not serious serious2,e none In one study with 23 participants included in analysis, there was an increase in quality 
of life one year after radiosurgery [mean change (95% CI) 0.57 (-0.05, 7.19)]. 

⨁◯◯◯ 
Very low2,d,e 

CRITICAL 

Quality of Life (MID=10) (follow-up: mean 3 years; assessed with: Quality of Life in Epilepsy 89 (QOLIE-89), higher scores indicate better quality of life)c 
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Certainty assessment 

Impact Certainty Importance 
№ of 
studies 

Study 
design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

11 non-
randomised 
studies 

extremely 
seriousd 

not serious not serious serious2,e none In one study with 23 participants included in analysis, there was an increase in quality 
of life three years after radiosurgery [mean change (95% CI) 7.61 (-0.30, 15.47)]. 

⨁◯◯◯ 
Very low2,d,e 

CRITICAL 

Neuropsychological Outcome (verbal memory) (follow-up: mean 1 years; assessed with: California Verbal Learning Test (CVLT), higher scores indicate better verbal memory) 

11 non-
randomised 
studies 

extremely 
seriousf 

not serious not serious very serious2,g none In one study with 14 participants included in analysis, there was an increase in verbal 
memory one year after radiosurgery [mean change (95% CI) 0.6 (-1.32, 2.53)]. 

⨁◯◯◯ 
Very low2,f,g 

CRITICAL 

Neuropsychological Outcome (verbal memory) (follow-up: mean 3 years; assessed with: California Verbal Learning Test (CVLT), higher scores indicate better verbal memory) 

11 non-
randomised 
studies 

extremely 
seriousf 

not serious not serious very serious2,g none In one study with 14 participants included in analysis, there was a decrease in verbal 
memory three years after radiosurgery [mean change (95% CI) -0.38 (-2.00, 1.23)]. 

⨁◯◯◯ 
Very low2,f,g 

CRITICAL 

Other Outcomes - not measuredh 

- - - - - - - 
 

- 
 

CI: confidence interval 
Explanations 

a. Rated down three levels because of prognostic factor imbalances and critical risk of bias due to concerns with measurement of the outcome. 
b. Rated down one level for imprecision because the optimal information size (OIS=250 events) was not met.  
c. MID: minimally important difference. 
d. Rated down three levels because of prognostic factor imbalances and critical risk of bias due to concerns with measurement of the outcome and missing outcome data (i.e., 74% provided outcome data). 
e. Rated down one level for imprecision because although the confidence interval does not cross the MID, the optimal size information (OIS=250 participants ) is not met. 
f. Rated down three levels because of prognostic factor imbalances and critical risk of bias due to concerns with measurement of the outcome and missing outcome data (i.e., 45.16% provided outcome data). 
g. Rated down two levels for imprecision because the confidence interval crosses the line of no effect (null), which implies the possibility of a harm and a benefit. 
h. Outcomes not measured: all-cause mortality, SUDEP, medical or surgical complications (brain infection, intracerebral hemorrhage with neurological deficits), neuropsychological outcomes (receptive language, 

verbal fluency, naming, IQ), neuropsychiatric outcomes (personality changes, depression, anxiety, psychosis), social outcomes (employment, driving). 
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Evidence Profile, PICO II: Resective surgery compared to medical therapy in patients with drug-resistant neocortical epilepsy 

Recommendation II: The AES/CNS guideline panel suggests the use of resective or ablative surgery compared to medical therapy in people aged 2 years and 
older with drug-resistant neocortical epilepsy. (Conditional Recommendation, Very Low Certainty of Evidence). 

Certainty assessment 

Impact Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

Seizure Freedom (Engel Ia) - Mostly Paediatrics (follow-up: 1 years; assessed with: proportion of participants who achieved seizure freedom Engel Ia classification, medical records) 

21,2 non-
randomised 

studies 

extremely 
seriousa 

not serious not serious seriousb none In two studies with 446 participants, with about 80% pediatric population, at 1 year follow-up, 
255 (57.17%) had achieved seizure freedom Engel Ia classification after undergoing 
resective surgery. 

⨁◯◯◯ 
Very lowa,b 

CRITICAL 

Seizure Freedom (Engel I)- Adults (follow-up: 1 years; assessed with: proportion of participants who achieved seizure freedom Engel I classification, medical records) 

13 non-
randomised 

studies 

extremely 
seriousc 

not serious not serious seriousb none In one study with 110 adult participants, at 1 year follow-up, 72 (65.4%) achieved seizure 
freedom Engel I after undergoing resective surgery. ⨁◯◯◯ 

Very lowb,c 

CRITICAL 

Seizure Freedom (Engel Ia)- Mostly Paediatrics - Medium Term Follow-up (follow-up: 2 years; assessed with: proportion of participants who achieved seizure freedom Engel Ia; medical records) 

11 non-
randomised 

studies 

extremely 
seriousc 

not serious not serious seriousb none In one study with 105 participants (87% belong to pediatric population), at 2 year follow-up, 
59 (56.19%) had achieved seizure freedom Engel I classification after undergoing resective 
surgery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Seizure Freedom (Engel I) Mixed and Paediatric - Medium Term Follow-up (follow-up: 2 years; assessed with: proportion of participants who achieved seizure freedom Engel I; medical records) 

24,5 non-
randomised 

studies 

extremely 
seriousa 

not serious not serious not serious none • Pediatric and adult population (Jayalakshmi 2019) 

One study included 188 participants (around 50% adults and 50% children) and reported that 
124 (66%) achieved seizure freedom Engel I classification after undergoing resective 
surgery, at 2 year follow-up. 

• Pediatric population (Yardi 2020) 

One study included 788 participants of which 574 are pediatrics (73%). This study reported 
that 544 (69%) achieved seizure freedom Engel I classification after undergoing resective 
surgery, at 2 year follow-up. 

⨁◯◯◯ 
Very lowa 

CRITICAL 

Seizure Freedom at Long Term Follow-up (Engel 1a)- Paediatric and Adult (follow-up: mean 6 years; assessed with: proportion of participants who achieved seizure freedom Engel Ia classification, medical records)d 
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Certainty assessment 

Impact Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

51,2,6,7,8 non-
randomised 

studies 

extremely 
seriouse 

not serious not serious not serious none • Pediatric population (Xue 2016, Bulacio 2022, Burgeois 1999, Ramirez-
Molina 2017) 

Four studies with 591 participants providing outcome data (>80% under 18 years), reported 
that 304 (51.44%) achieved seizure freedom Engel Ia after undergoing resective surgery. 

• Adult population (Ramirez-Molina 2017, Lazow 2012) 

Two studies with 124 participants providing outcome data reported that 61 (49.19%) 
achieved seizure freedom Engel Ia after undergoing resective surgery. 
f 

⨁◯◯◯ 
Very lowe 

CRITICAL 

Seizure Freedom at Long Term Follow-up (Engel I)- Mixed and Paediatric (follow-up: mean 7 years; assessed with: proportion of participants who achieved seizure freedom Engel I; medical records) 

26,7 non-
randomised 

studies 

extremely 
seriousa 

not serious not serious seriousb none Two studies with 164 participants, reported that 118 (71.95%) achieved seizure freedom 
Engel I at the longest follow-up after undergoing resective surgery. One of the included 
studies, Ramirez 2017, reported no difference in the proportion of participants achieving 
seizure freedom (Engel I classification) between children <6 years of age (32/40, 80%) and 
adults >20 years of age (53/66, 80%). 

⨁◯◯◯ 
Very lowa,b 

CRITICAL 

Permanent, Unexpected Neurological Deficits- Adults and Paediatrics (follow-up: mean 6.3 years; assessed with: proportion of participants experiencing a permanent unexpected neurological deficit, medical records) 

26,8 non-
randomised 

studies 

extremely 
seriousa 

not serious not serious seriousb none Paediatrics: In two included studies with 211 participants, permanent unexpected 
neurological deficits were reported in 7 out of 211 (3.32%) among those <18 years of 
ageAdults: Ramirez reported that 1 out of 66 (1.52) had permanent unexpected neurological 
deficits , after undergoing resective surgery.  

Ramirez: permanent complications (including motor involvement and visual deficit due to 
ischemic complications)  

Burgeois: Permanent deficit after sustaining either a surgery-related injury to the surrounding 
brain or after resection of a structural lesion from the motor cortex 

⨁◯◯◯ 
Very lowa,b 

CRITICAL 

All-Cause Mortality- Mixed and Paediatrics (follow-up: mean 3.5 years; assessed with: proportion of participants who died of any cause, medical records) 
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Certainty assessment 

Impact Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

25,8 non-
randomised 

studies 

extremely 
seriousc 

not serious not serious seriousb none In two studies with 359 participants, at a mean follow-up of 3.5 years, none of the participants 
had died after undergoing resective surgery.Burgeous 1999: 171 participants, 100% were 
pediatrics 

Jayalakshmi 2019: 188 participants (Mixed)  

g 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Medical or Surgical Complications (brain infection)- Paediatrics (follow-up: mean 5 years; assessed with: proportion of participants who experienced a brain infection, medical records) 

18 non-
randomised 

studies 

extremely 
seriousc 

not serious not serious seriousb none In one study with 171 participants, at a mean follow-up of 5 years, a brain infection was 
reported in 1 (0.58%) after undergoing resective surgery.  

h 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Medical or Surgical Complications- Paediatrics (intracranial hemorrhage) - Medium Term Follow-up- Paediatrics (follow-up: mean 5 years; assessed with: proportion of participants who experienced an intracranial hemorrhage, medical records) 

18 non-
randomised 

studies 

extremely 
seriousc 

not serious not serious seriousb none In one study with 171 participants, at a mean follow-up of 5 years, none of the participants 
had presented an intracranial hemorrhage after undergoing resective surgery.  

h 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Medical or Surgical Complications- Mixed (adverse event) - Long term Follow-up (follow-up: 6.6 years; assessed with: proportion of participants experiencing an adverse event, medical records) 

17 non-
randomised 

studies 

extremely 
seriousc 

not serious not serious seriousb none In one study with 58 participants, at 6.6 years follow-up, 3 (5.17%) participants reported a 
surgical complications. Two participants had cerebrospinal fluid leaks and one had an 
infection. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Quality of Life (MID=10)- Adults (follow-up: 1 years; assessed with: Quality of Life in Epilepsy (QOLIE), participant reported; lower scores indicate better quality of life) 

13 non-
randomised 

studies 

extremely 
seriousi 

not serious not serious seriousj none In one study with 110 participants, quality of life at 1 year follow up after reported a mean 
change (SD) -10.8 (3.97). 

k 

⨁◯◯◯ 
Very lowi,j 

CRITICAL 

Neuropshychological Outcomes (cognition)- Paediatrics (Medium term follow up) (follow-up: mean 5 years; assessed with: proportion of participants who showed cognitive status improvement, measured with different instruments, participant reported)l 
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Certainty assessment 

Impact Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

18 non-
randomised 

studies 

extremely 
seriousi 

not serious not serious seriousb none In one study with 171 participants, at baseline, 89 (52%) reported normal cognitive function 
and 82 (47.99%) 'less-than normal'. At a mean follow-up of 5 years after resective srugery, 
43/171 (25%) reported and improvement in congnitive status, while 5/171 (2.92%) worsened 
after undergoing resective surgery. 

h 

⨁◯◯◯ 
Very lowb,i 

CRITICAL 

Neuropsychological Outcomes (cognition) Adults Long term followup (follow-up: median 9 years; assessed with: proportion of participants who improved, remained unchanged, or worsened compared to baseline; measured with a standard neuropsychological test battery; 
participant reported)m 

16 non-
randomised 

studies 

extremely 
seriousi 

not serious not serious seriousb none In one study with 66 adult participants >20 years of age, at a median of 9 years follow-up 
after resective surgery, 27 (40.9%) reported cognitive improvement after surgery; 4 (6.06%) 
worsened, and 23 (34.84%) had no change.  

⨁◯◯◯ 
Very lowb,i 

 

Neuropsychological Outcomes (cognition)- Paediatrics (follow-up: median 5 years; assessed with: proportion of participants who improved, remained unchanged, or worsened compared to baseline; measured with a neuropsychological test battery tailored to the age of 
participants; parent reported)n 

16 non-
randomised 

studies 

extremely 
seriousi 

not serious not serious seriousb none In one study with 40 participants <6 years of age, at a median follow-up of 5 years after 
resective surgery, 15 participants (37.5%) reported cognitive improvement, 5 (12.5%) had no 
change, and none worsened. 

⨁◯◯◯ 
Very lowb,i 

 

Neuropsychiatric Outcomes- Paediatrics (behavior) (follow-up: median 5 years; assessed with: proportion of participants who improved in their behavior and psychosocial development, participant reported)o 

18 non-
randomised 

studies 

extremely 
seriousi 

not serious not serious seriousb none In one study with 171 participants, at a median follow-up of 5 years after resective surgery, 
53 (31%) reported behavioral improvement. 

h 

⨁◯◯◯ 
Very lowb,i 

 

Social Outcomes (employment)- Mixed (follow-up: 6.6 years; assessed with: proportion of participants who obtained employment, medical records) 

17 non-
randomised 

studies 

extremely 
seriousc 

not serious not serious seriousb none In one study with 56 participants, at 6.6 years follow-up after resective surgery, 35 (62.5%) 
reported employment, compared to 34 (60.71%) before resective surgery. ⨁◯◯◯ 

Very lowb,c 

 

Social Outcomes (school performance)- Paediatrics (follow-up: median 5 years; assessed with: proportion of participants who achieved 'normal schooling')p 

18 non-
randomised 

studies 

extremely 
seriousi 

not serious not serious seriousb none In one study with 125 paticipants included in analysis, at a median follow-up of 5 years after 
undergoing resective surgery, 95 (76%) reported normal schooling, compared to 83 (66.4%) 
before surgery. 

⨁◯◯◯ 
Very lowb,i 
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Certainty assessment 

Impact Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

Other Outcomes - not measuredq 

- - - - - - - 
 

- 
 

CI: confidence interval 
Explanations 

a. Rated down three levels because or risk of bias due to prognostic factor imbalance (lack of a comparison group) in the two included studies.  
b. Rated down one level for imprecision because the Optima Information Size (OIS) is not met (OIS=250 events), which introduces risk of random error. 
c. Rated down three levels because or risk of bias due to prognostic factor imbalance (lack of a comparison group) in the single included study.  
d. Long term follow-up: >5 years. 
e. Rated down three levels because or risk of bias due to prognostic factor imbalance (lack of a comparison group) in the five included studies.  
f. One of the included studies reported that 30 out of 40 (75%) children <6 years of age, and 47 out of 66 (71.21%) adults >20 years of age, achieved seizure freedom Engel Ia classification. 
g. There was no difference in the proportion of participants who died between participants <18 years of age (n=171) and those >18 years of age (n=188). 
h. This study included participants <18 years of age only. 
i. Rated down three levels because or risk of bias due to prognostic factor imbalance (lack of a comparison group) and critical risk of bias due to concerns with measurement of the outcome in the single included 

study.  
j. Rated down one level for imprecision because the Optimal Information Size (OIS) is not met (OIS=250 participants), which introduces risk of random error. 
k. The total QOLIE-10 scores range between 5 and 50, where high scores indicate a poor quality of life.  
l. "Intelligence quotients (IQs) determined by the Wechsler test were divided into “normal” (either verbal or performance IQ more than 90), “slightly retarded” (scores between 90 and 70), “moderately retarded” 

(scores between 70 and 50), or “severely retarded” (scores less than 50). Those children with a normal IQ were subdivided according to the presence or absence of learning disabilities such as memory deficit, 
limited attention span, poor speed factor, and problem-solving ability. " 

m. Participants underwent a standard neuropsychological test battery assessing language, reading skills, verbal memory, visuospatial memory, visual constructive functions, visual explorations, attention and 
executive functions, visual perception, abstract reasoning, and depressive symptoms.  

n. Parents underwent Vineland Adaptive Behavioral Scale (VABS). The Preschool Neuropsychological Test was assessed as well. They also used the Wechsler Preschool and Primary Scale of Intelligence 
(WPPSI-3), the revised Griffiths Mental Development Scales that was made for children between 2 and 8 years, and the Beck Depression Inventory. 

o. "Data on behavior and psychosocial development were divided into four groups: normal behavior, minor psychological impairment (inhibition, anxiety), hyperactivity, and psychosis." No further description of 
measurement instruments is provided. 

p. School performance was divided into the following groups: younger than 6 years of age (preschool age); normal schooling; moderate difficulties with a school delay of less than 2 years; severe difficulties with a 
delay of over 2 years; and no possibility of schooling. Moderate, severe, and no possibility of schooling were grouped under "less-than normal schooling' for analysis. 

q. Other outcomes not measured: SUDEP, neuropsychological outcomes (verbal memory, receptive language, verbal fluency, naming, IQ), neuropsychiatric outcomes (personality changes, anxiety psychosis), 
social outcomes (driving). 
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Evidence Profile, PICO III-A: Callosotomy compared to VNS in adult patients with drug-resistant drop-attack, Lennox-Gastaut Syndrome, or epileptic 
encephalopathy 

 
Recommendation III-A: The AES/CNS guideline panel suggests the use of Callosotomy compared to VNS in adults with drug-resistant drop-attack, Lennox-Gastaut 
syndrome, or epileptic encephalopathy. (Conditional Recommendation, Very Low Certainty of Evidence).  

Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Callosotomy VNS  Relative 
(95% CI) 

Absolute 
(95% CI) 

Seizure Freedom (Rathore Class I - IV) - short term follow-up (follow-up: 1 years; assessed with: proportion of participants achieving seizure freedom Class I - IV); medical records)a 

11 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none 13/24 (54.2%)  0/0 proportion 0.54 
(0.35 to 0.73) 

540 more per 
1,000 

(from 350 more 
to 730 more) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Seizure Freedom (drop-attack freedom, Rathore Class II) - short term follow-up (follow-up: 1 years; assessed with: proportion of participants achieving seizure freedom; medical records) 

11 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none 4/24 (16.7%)  0/0 proportion 0.17 
(0.06 to 0.37) 

170 more per 
1,000 

(from 60 more 
to 370 more) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

All Seizure Freedom - medium term follow-up (follow-up: mean 3 years; assessed with: proportion of participants achieving complete seizure freedom; medical records) 

22,3 non-randomised 
studies 

extremely seriousb seriousd not serious seriousc none 6/68 (8.8%)  0/0 proportion 0.02 
(0.00 to 0.07) 

20 more per 
1,000 

(from 0 fewer to 
70 more) 

⨁◯◯◯ 
Very lowb,c,d 

CRITICAL 

Seizure Freedom (>90% reduction sezure frequency) (follow-up: mean 5.5 years; assessed with: proportion of participants who achieved >90% reduction in seizure frequency; medical records) 

24,5 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none 15/48 (31.3%)  0/0 proportion 0.30 
(0.15 to 0.52) 

300 more per 
1,000 

(from 150 more 
to 520 more) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Seizure Freedom (drop-attack freedom) - medium term follow-up (follow-up: 3 years; assessed with: proportion of participants achieving drop- attack freedom; medical records) 

13 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none 45/52 (86.5%)  0/0 proportion 0.81 
(0.68 to 0.89) 

810 more per 
1,000 

(from 680 more 
to 890 more) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

All Seizure Freedom - long term follow-up (follow-up: mean 10.35 years; assessed with: proportion of participants achieving complete seizure freedom; medical records) 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Callosotomy VNS  Relative 
(95% CI) 

Absolute 
(95% CI) 

26,7 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none 8/46 (17.4%)  
 

proportion 0.17 
(0.04 to 0.51) 

170 more per 
1,000 

(from 0 more to 
1 more) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Seizure Freedom (drop-attack freedom) - long term follow-up (follow-up: mean 9.88 years; assessed with: proportion of participants achieving drop-attack freedom; medical records) 

27,8 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none 28/62 (45.2%)  
 

proportion 0.45 
(0.33 to 0.58) 

450 more per 
1,000 

(from 330 more 
to 580 more) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Seizure Freedom (drop-attack reduction or freedom) (follow-up: mean 10.35 years; assessed with: proportion of participants achieving drop-attack reduction or freedom; medical records) 

26,7 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none 13/89 (14.6%)  
 

proportion 0.57 
(0.09 to 0.95) 

570 more per 
1,000 

(from 90 more 
to 950 more) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Permanent, Unexpected Neurological Deficit - medium term follow-up (follow-up: mean 2.97 years; assessed with: proportion of participantes experiencing the outcomes, includes chronic disconnection syndrome, problematic neurological deficits, cognitive deficit aggravated; 
medical records) 

31,3,4 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none 3/96 (3.1%)  
 

proportion 0.03 
(0.00 to 0.12) 

30 more per 
1,000 

(from 120 fewer 
to 0 fewer) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Permanent, Unexpected Neurological Deficit - long term follow-up (follow-up: mean 6.7 years; assessed with: proportion of participants experiencing the outcomes, includes left sided hemiparesis; medical records) 

16 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none 1/20 (5.0%)  
 

proportion 0.05 
(0.01 to 0.28) 

50 more per 
1,000 

(from 10 more 
to 280 more) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

All Cause Mortality - medium term follow-up (follow-up: mean 3.3 years; assessed with: proportion of participants who died; medical records) 

22,4 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none 1/34 (2.9%)  
 

proportion 0.02 
(0.01 to 0.11) 

20 more per 
1,000 

(from 10 more 
to 110 more) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

All Cause Mortality - long term follow-up (follow-up: mean 6.7 years; assessed with: proportion of participants who died; medical records) 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Callosotomy VNS  Relative 
(95% CI) 

Absolute 
(95% CI) 

16 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 20 participants, after undergoing callosotomy, none of them had died at 
6.7 years follow-up. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Medical or Surgical Complications (brain infection) medium term follow-up (follow-up: mean 3.2 years; assessed with: proportion of participants who had a brain infection post-surgery; medical records) 

12 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none 1/52 (1.9%)  
 

proportion 0.07 
(0.01 to 0.35) 

70 more per 
1,000 

(from 10 more 
to 350 more) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Medical or Surgical Complications (intracranial hemorrhage) short-term follow-up (follow-up: 1 years; assessed with: proportion of participants who experienced an intracranial hemorrhage; medical records) 

11 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 24 participants, none of them reported having an intracranieal 
hemorrhage after callosotomy. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Medical or Surgical Complications (intracranial hemorrhage) - medium term follow-up (follow-up: mean 3.3 years; assessed with: proportion of participants who experienced an intracranial hemorrhage; medical records) 

22,3 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none 2/67 (3.0%)  
 

proportion 0.04 
(0.01 to 0.13) 

40 more per 
1,000 

(from 10 more 
to 130 more) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Medical or Surgical Complications (serious adverse events) - medium term follow-up (follow-up: mean 3.3 years; assessed with: proportion of participants experiencing a serious adverse event; medical records)e 

32,3,4 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none 18/87 (20.7%)  
 

proportion 0.13 
(0.03 to 0.42) 

130 more per 
1,000 

(from 30 more 
to 420 more) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Medical or Surgical Complications (serious adverse events) - long term follow-up (follow-up: mean 8.8 years; assessed with: proportion of participants experiencing a serious adverse event; medical records)f 

36,7,8 non-randomised 
studies 

extremely seriousb seriousg not serious seriousc none 11/82 (13.4%)  
 

proportion 0.10 
(0.00 to 0.37) 

100 more per 
1,000 

(from 0 fewer to 
370 more) 

⨁◯◯◯ 
Very lowb,c,g 

CRITICAL 

Quality of Life (improvement in quality of life/overall daily function) - medium term follow-up (follow-up: mean 3.3 years; assessed with: proportion of participants with improvement; caregiver reported) 

23,4 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none 19/42 (45.2%)  
 

proportion 0.45 
(0.31 to 0.60) 

450 more per 
1,000 

(from 310 more 
to 600 more) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Callosotomy VNS  Relative 
(95% CI) 

Absolute 
(95% CI) 

Quality of Life (improvement in quality of life/overall daily function) - long term follow-up (follow-up: mean 9.9 years; assessed with: proportion of participants with improvement; caregiver reported)) 

27,8 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none 34/62 (54.8%)  
 

proportion 0.56 
(0.32 to 0.78) 

560 more per 
1,000 

(from 320 more 
to 780 more) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Neuropsychological Outcomes (verbal fluency) - medium term follow-up (follow-up: mean 3.3 years; assessed with: proportion of participants with speech function improvement; parent/caregiver reported) 

13 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none 11/52 (21.2%)  
 

proportion 0.21 
(0.12 to 0.34) 

210 more per 
1,000 

(from 120 more 
to 340 more) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Neuropsychological Outcomes (verbal fluency) - long term follow-up (follow-up: mean 14 years; assessed with: standardized instruments, no further details) 

17 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none One study with 26 participants reported that language functions appeared to be unaltered 
after surgery compared to presurgical results. Three patients, all of them submitted to 
complete CC, showed reduced verbal fluency and speech initiative during conversation, 
which was confirmed by caregivers. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Neuropsychological Outcome (IQ) - medium term follow-up (follow-up: mean 3.3 years; assessed with: Performance and verbal intelligence quotients (PIQ and VIQ) were measured using the Wechsler Adult Intelligence Scale or the Wechsler Intelligence Scale for Children) 

12 non-randomised 
studies 

extremely seriousb not serious not serious not serious none In one study with 15 participants, no patient experienced a change in IQ score greater 
than 7 points after callosotomy, 

⨁◯◯◯ 
Very lowb 

CRITICAL 

Neuropsychological Outcome (IQ) - long term follow-up (follow-up: mean 7 years; assessed with: Wechsler Adult Intelligence Scale; medical records) 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Callosotomy VNS  Relative 
(95% CI) 

Absolute 
(95% CI) 

25,6 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none Sakas 1996:  

• Twelve patients underwent pre- and postoperative psychological tests. 

• There was improvement in concentration.  

• The mean full scale VIQ and PIQ for the patients tested pre-operatively 
was 92, 96, and 88. The mean postoperative figures were 95, 97, and 93. 

• IQ mean change = 3 

• VIQ mean change = 1 

• PIQ mean change = 5 

Marino 1990: 

• 28 patients underwent callosotomy and reported Improvement in attention 
disturbance and in motor tasks via WAIS in 10 patients. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Neuropsychiatric Outcomes (personality changes) - medium term follow-up (follow-up: mean 3.3 years; assessed with: improvement in hyperactivity; parent/caregiver reported) 

13 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 52 participants, hiperactivity improved in 14 (27%), remained 
unchanged in 0, declined in 1 (2%), and 37 (71%) had no problem or no function. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Neuropsychiatric Outcomes (personality changes) - long term follow-up (follow-up: mean 9.9 years; assessed with: improvement in behaviour/aggressiveness ) 

27,8 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none 24/62 (38.7%)  
 

proportion 0.39 
(0.28 to 0.51) 

390 more per 
1,000 

(from 280 more 
to 511 more) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Social Outcomes (work/school) - medium term follow-up (follow-up: median 3.6 years; assessed with: proportion of participants experiencing the outcome) 

14 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 20 participants, employment and schooling changes wre reported as 
follows:  

• of 4 participants living a simple situation of autonomy at home, 1 
participant transitione to a work situation in a specialized structure, and 1 
to a part-time work situation. 

• of 15 participants living in permanent medical-social assistance, 1 
transitioned to adapted life at home, 3 to a specialized school, and 1 to 
normal schooling. 

• 1 participant with normal scolarity did not change. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Callosotomy VNS  Relative 
(95% CI) 

Absolute 
(95% CI) 

Social Outcomes (employment) - long term follow-up (follow-up: mean 6.7 years; assessed with: proportion of participants experiencing the outcome) 

16 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 20 participants, pre-operatively, no patient had either regular 
employment or was taking up training. Postoperatively, 7 patients became able to 
undertake full employment, 9 patients were taking up training, and 4 patients remained 
unable to take up employment or training. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

CI: confidence interval 
Explanations 

a. Rathore class: Class 1, free of all types of seizures; Class 2, seizure without impairment of consciousness and drop attacks; Class 3, seizures with impairment of consciousness, but no drop attacks or 
generalized tonic-clonic seizures; Class 4, ≥90 % reduction in drop attacks; Class 5, ≥50 % but <90 % reduction of drop attacks; Class 6, <50 % reduction in drop attacks; Class 7, no appreciable change in 
seizure frequency/severity; Class 8, worse seizures. Classes 1–4 were defined as a favorable seizure outcome, while classes 5–8 were considered a poor seizure outcome. 

b. Rated down three levels for critical risk of bias due to a lack of a comparison group and risk of prognostic imbalance. 
c. Rated down one level for imprecision because the Optimal Information Size is not met (OIS = 250); which introduces risk of random error. 
d. Rated down one level for inconsistency. There is considerable statistical heterogeneity (I2 = 96%) that we could not explain. 
e. Includes: marked disconnection syndrome, transient akinetic state, transient hemiparesis, balance disorders related to apraxia. 
f. Includes: left sided hemiparesis, akinesis, disconnection syndrome, venous air embolism, operative complications. 
g. Rated down one level for inconsistency, as there is considerable statistical heterogeneity (I2 = 89%) that we could not explain. 
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Evidence Profile, PICO III-B: Callosotomy compared to VNS in pediatric patients with drug-resistant drop-attack, Lennox-Gastaut syndrome, or epileptic 
encephalopathy 
 
Recommendation III-B: The AES/CNS guideline panel suggests the use of Callosotomy compared to VNS in adults and children with drug-resistant drop-attack, 
Lennox-Gastaut syndrome, or epileptic encephalopathy. (Conditional Recommendation, Very Low Certainty of Evidence). 

Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Callosotomy VNS Relative 
(95% CI) 

Absolute 
(95% CI) 

All Seizure Freedom - medium term follow-up (follow-up: mean 2.5 years; assessed with: proportion of participants achieving complete seizure freedom; medical records) 

31,2,3 non-randomised 
studies 

very seriousa not serious not serious seriousb none 15/67 (22.4%)  3/36 (8.3%)  OR 2.18 
(0.58 to 8.27) 

82 more per 
1,000 

(from 33 fewer 
to 346 more) 

⨁◯◯◯ 
Very lowa,b 

CRITICAL 

Seizure Freedom (drop-attack freedom) - medium term follow-up (follow-up: 2 years; assessed with: proportion of participants who achieved drop-attack freedom) 

11 non-randomised 
studies 

very seriousc not serious not serious seriousb none 4/13 (30.8%)  0/4 (0.0%)  OR 4.26 
(0.19 to 97.49) 

0 fewer per 
1,000 

(from 0 fewer to 
0 fewer) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

0.5% 16 more per 
1,000 

(from 4 fewer to 
324 more) 

8.3% 195 more per 
1,000 

(from 66 fewer 
to 815 more) 

All Seizure Freedom - long term follow-up (follow-up: mean 5.8 years; assessed with: proportion of participants achieving complete seizure freedom; medical records) 

14 non-randomised 
studies 

very seriousc not serious not serious very seriousd none 1/17 (5.9%)  1/14 (7.1%)  OR 0.81 
(0.05 to 14.28) 

13 fewer per 
1,000 

(from 68 fewer 
to 452 more) 

⨁◯◯◯ 
Very lowc,d 

CRITICAL 

All Seizure Freedom - short term follow-up (follow-up: 1 years; assessed with: proportion of participants achieving complete seizure freedom; medical records) 

35,6,7 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 14/102 (13.7%)  0/0 proportion 0.14 
(0.08 to 0.22) 

140 more per 
1,000 

(from 80 more 
to 220 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Callosotomy VNS Relative 
(95% CI) 

Absolute 
(95% CI) 

Seizure Freedom (>90% reduction in seizure frequency) - short term follow-up (follow-up: mean 1.5 years; assessed with: proportion of participants achieving >90% reduction in seizure frequency; medical records) 

18 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 10/16 (62.5%)  0/0 proportion 0.62 
(0.38 to 0.82) 

620 more per 
1,000 

(from 820 fewer 
to 380 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Seizure Freedom (drop-attack freedom) - short term follow-up (follow-up: mean 1.5 years; assessed with: proportion of participants who achieved >90% reduction in seizure frequency; medical records) 

18 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 16/16 (100.0%)  0/0 proportion 1.0 
(0.9 to 1.0) 

1,000 more per 
1,000 

(from 900 more 
to 1,000 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

All Seizure Freedom - medium term follow-up (follow-up: mean 3 years; assessed with: proportion of participants who achieved complete seizure freedom; medical records) 

66,7,9,10,11,12 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 26/177 (14.7%)  0/0 proportion 0.19 
(0.13 to 0.26) 

190 more per 
1,000 

(from 130 more 
to 260 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Seizure Freedom (>90% reduction in seizure frequency) (follow-up: mean 5 years; assessed with: proportion of participants who achieved >90% reduction in seizure frequency; medical records) 

113 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 25/34 (73.5%)  0/0 proportion 0.74 
(0.56 to 0.86) 

740 more per 
1,000 

(from 560 more 
to 860 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Seizure Freedom (drop-attack freedom) (follow-up: mean 3 years; assessed with: proportion of participants achieving drop-attack freedom; medical records) 

39,10,11 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 38/63 (60.3%)  0/0 proportion 0.57 
(0.35 to 0.76) 

570 more per 
1,000 

(from 350 more 
to 760 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

All Seizure Freedom - long term follow-up (follow-up: mean 6 years; assessed with: proportion of participants who achieved complete seizure freedom; medical records) 

114 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 5/41 (12.2%)  0/0 proportion 0.12 
(0.05 to 0.26) 

120 more per 
1,000 

(from 50 more 
to 260 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Seizure Freedom (>90% reduction in seizure frequency) (follow-up: mean 6 years; assessed with: proportion of participants who achieved >90% reduction in seizure frequency; medical records) 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Callosotomy VNS Relative 
(95% CI) 

Absolute 
(95% CI) 

115,16 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 9/45 (20.0%)  0/0 proportion 0.17 
(0.04 to 0.51) 

170 more per 
1,000 

(from 40 more 
to 510 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Seizure Freedom (drop-attack freedom) (follow-up: mean 5.5 years; assessed with: proportion of participants achieving seizure freedom; medical records) 

214,15 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 37/60 (61.7%)  0/0 proportion 0.62 
(0.42 to 0.78) 

620 more per 
1,000 

(from 420 more 
to 780 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Permanent, Unexpected Neurological Deficits (follow-up: 2 years; assessed with: proportion of participants experiencing the outcome; medical records) 

11 non-randomised 
studies 

extremely seriousc not serious not serious very seriousd none 0/14 (0.0%)  0/10 (0.0%)  OR 0.72 
(0.01 to 39.52) 

0 fewer per 
1,000 

(from 0 fewer to 
0 fewer) 

⨁◯◯◯ 
Very lowc,d 

CRITICAL 

1.0%d 3 fewer per 
1,000 

(from 10 fewer 
to 275 more) 

Permanent, Unexpected Neurological Deficits - medium term follow-up (follow-up: mean 3.3 years; assessed with: proportion of participants who experienced the outcome; medical records) 

66,7,9,10,11,13 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 5/183 (2.7%)  0/0 proportion 0.00 
(0.00 to 0.04) 

0 fewer per 
1,000 

(from 0 fewer to 
40 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Permanent, Unexpected Neurological Deficits - long term follow-up (follow-up: mean 5.5 years; assessed with: proportion of participants who experienced the outcome; medical records) 

214,15 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 0/70 (0.0%)  0/0 proportion 0.00 
(0.00 to 0.01) 

0 fewer per 
1,000 

(from 0 fewer to 
10 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

All Cause Mortality - medium term follow-up (follow-up: 2 years; assessed with: proportion of participants who died; medical records) 

13 non-randomised 
studies 

extremely seriousc not serious not serious very seriousd none 0/24 (0.0%)  0/20 (0.0%)  OR 0.84 
(0.02 to 44.05) 

0 fewer per 
1,000 

(from 0 fewer to 
0 fewer) 

⨁◯◯◯ 
Very lowc,d 

CRITICAL 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Callosotomy VNS Relative 
(95% CI) 

Absolute 
(95% CI) 

1.0% 2 fewer per 
1,000 

(from 10 fewer 
to 298 more) 

All Cause Mortality - medium term follow-up (follow-up: mean 4.4 years; assessed with: proportion of participants who died; medical records) 

37,10,13 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 0/74 (0.0%)  0/0 proportion 0.00 
(0.00 to 0.01) 

0 fewer per 
1,000 

(from 0 fewer to 
10 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

All Cause Mortality - short term (follow-up: 1.5 years; assessed with: proportion of participants who died; medical records) 

18 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 0/16 (0.0%)  0/0 proportion 0.00 
(0.00 to 0.06) 

0 fewer per 
1,000 

(from 0 fewer to 
60 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Medical or surgical complications (brain infection) - short term follow-up (follow-up: 1.5 years; assessed with: proportion of participants experiencing brain infection; medical records) 

18 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 1/16 (6.3%)  0/0 proportion 0.06 
(0.01 to 0.34) 

60 more per 
1,000 

(from 10 more 
to 340 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Medical or Surgical Complications (brain infection) - medium term follow-up (follow-up: 4.7 years; assessed with: proportion of participants experiencing brain infection; medical records) 

110 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 1/17 (5.9%)  0/0 proportion 0.06 
(0.01 to 0.32) 

60 more per 
1,000 

(from 10 fewer 
to 320 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Medical or Surgical Complications (intracranial hemorrhage) - medium term follow-up (follow-up: mean 3.5 years; assessed with: proportion of participants experiencing an intracranial hemorrhage; medical records) 

113 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 1/34 (2.9%)  0/0 proportion 0.03 
(0.00 to 0.18) 

30 more per 
1,000 

(from 0 fewer to 
180 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Medical or Surgical Complications (serious adverse events) - medium term follow-up (follow-up: 2 years; assessed with: proportion of participants experiencing serious adverse events) 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Callosotomy VNS Relative 
(95% CI) 

Absolute 
(95% CI) 

11 non-randomised 
studies 

extremely seriousc not serious not serious very seriousg none 3/14 (21.4%)  1/10 (10.0%)  OR 2.45 
(0.22 to 27.84) 

114 more per 
1,000 

(from 76 fewer 
to 656 more) 

⨁◯◯◯ 
Very lowc,g 

CRITICAL 

Medical or Surgical Complications (serious adverse events) - medium term follow-up (follow-up: mean 3.2 years; assessed with: proportion of participants experiencing serious adverse events; medical records) 

76,7,9,10,11,12,13 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 38/211 (18.0%)  0/0 proportion 0.18 
(0.09 to 0.32) 

180 more per 
1,000 

(from 90 more 
to 320 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Medical or Surgical Complications (serious adverse events) - short term follow-up (follow-up: mean 1 years; assessed with: proportion of participants experiencing serious adverse events; medical records) 

25,8 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 3/36 (8.3%)  0/0 proportion 0.09 
(0.03 to 0.25) 

90 more per 
1,000 

(from 30 more 
to 250 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Medical or Surgical Complications (serious adverse events) - long term follow-up (follow-up: mean 6 years; assessed with: proportion of participants with serious adverse events; medical records) 

314,15,16 non-randomised 
studies 

extremely seriouse serioush not serious seriousf none 25/86 (29.1%)  0/0 proportion 0.17 
(0.01 to 0.87) 

170 more per 
1,000 

(from 10 more 
to 870 more) 

⨁◯◯◯ 
Very lowe,f,h 

CRITICAL 

Quality of Life (improvement in quality of life and attention) - medium term follow-up (follow-up: 2 years; assessed with: proportion of participants with improvement in quality of life; medical records)i 

13 non-randomised 
studies 

extremely seriousc not serious not serious seriousb none 20/24 (83.3%)  17/20 (85.0%)  OR 0.88 
(0.17 to 4.51) 

17 fewer per 
1,000 

(from 359 fewer 
to 112 more) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Quality of Life (improvement in quality of life/overall daily function) - medium term (follow-up: mean 3.8 years; assessed with: proportion of participants with improvement; medical records) 

46,7,9,17 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 90/155 (58.1%)  0/0 proportion 0.58 
(0.50 to 0.66) 

580 more per 
1,000 

(from 500 more 
to 650 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Quality of Life (improvement in quality of life/overall daily function) - long term (follow-up: mean 6.3 years; assessed with: proportion of participants with improvement) 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Callosotomy VNS Relative 
(95% CI) 

Absolute 
(95% CI) 

215,16 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 26/45 (57.8%)  0/0 proportion 0.58 
(0.43 to 0.71) 

580 more per 
1,000 

(from 430 more 
to 710 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Neuropsychological Outcomes (developmental status) - short term follow-up (follow-up: 1 years; assessed with: proportion of participants with improved developmental status compared to baseline; based on the results of interviews and a simple questionnaire) 

15 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 2/20 (10.0%)  0/0 proportion 0.10 
(0.03 to 0.32) 

100 more per 
1,000 

(from 30 more 
to 320 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Neuropsychological Outcomes (IQ) - medium term follow-up (follow-up: mean 3 years; assessed with: proportion of participants with improvement in IQ scales compared to baseline) 

26,10 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 28/76 (36.8%)  0/0 proportion 0.35 
(0.21 to 0.53) 

350 more per 
1,000 

(from 210 more 
to 530 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Neuropsychiatric Outcomes (behaviour) - short term follow-up (follow-up: 1 years; assessed with: Child behavior check list score (CBCL), scores ≥64 indicated significant clinical behavioral problems; parent/caregiver reported; Scale from: 0 to 100) 

18 non-randomised 
studies 

extremely seriouse not serious not serious 
 

none 16 0 - 0  
(0 to 0 ) 

-e CRITICAL 

Neuropsychiatric Outcomes (behaviour improvement) (follow-up: mean 3 years; assessed with: proportion of participants with improved behaviour; as reported by parents/caregivers ) 

310,11,13 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 41/65 (63.1%)  0/0 proportion 0.63 
(0.50 to 0.74) 

630 more per 
1,000 

(from 500 more 
to 740 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

Social Outcomes (starting education) (follow-up: mean 7.3 years; assessed with: proportion of participants who started special education classes; medical records) 

116 non-randomised 
studies 

extremely seriouse not serious not serious seriousf none 8/16 (50.0%)  0/0 proportion 0.50 
(0.27 to 0.73) 

500 more per 
1,000 

(from 250 more 
to 730 more) 

⨁◯◯◯ 
Very lowe,f 

CRITICAL 

CI: confidence interval; OR: odds ratio 
Explanations 

a. Rated down two levels because of lack of adjustment for important confounders in the three included comparative observational studies. 
b. Rated down one level for imprecision because the the confidence interval is very wide and crosses the line of no effect (null), suggesting the possibility of a benefit and a harm. 
c. Rated down two levels for risk of bias due to lack of adjustment of important confounders in the single included study. 
d. Rated down two levels for imprecision because the confidence interval is extremely wide, crossing the line of no effect (null), which suggests the possibility of an important harm and important benefit. 
e. Rated down three levels for risk of bias due to lack of a comparator group and critical risk of confounding from prognostic imbalances. 
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f. Rated down one level for imprecision because the optimal information size (OIS=250) is not met, which introduces risk of random error. 
g. Rated down to levels for imprecision because the confidence interval is very wide and crosses the line of no effect (null), suggesting the possibility of important harm and important benefit. 
h. Rated down for inconsistency one level. There is considerable statistical heterogeneity (I2=93%) that cannot be explained.  
i. The quality of life information was gathered using QOLIE-31, and the attention-level evaluation was based on the attention-related part of the SNAP-IV questionnaire12 (18 items), to which an extra question 

regarding verbal fluency was added. 
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Evidence Profile, PICO IV-A: Laser Interstitial Thermal Therapy compared to Surgical Resection in patients with hypothalamic hamartoma 
 
Recommendation IV-A: The AES/CNS guideline panel suggests/recommends for the use of LITT compared to surgical resection in people with hypothalamic 
hamartoma (paradigmatic situation due to potential for catastrophic harm) (Strong Recommendation, Very Low Certainty of Evidence).   
  

Certainty assessment 

Impact Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

Seizure freedom (Engel I) - pediatric population, short term follow-up (follow-up: mean 1.2 years; assessed with: proportion of participants achieving seizure freedom, medical records)a 

31,2,3 non-randomised 
studies 

extremely seriousb not serious seriousc seriousd none In three studies 156 participants, 112 (71.79%) were classified as Engel at 1.2 years after 
undergoing MRgLITT. 

⨁◯◯◯ 
Very lowb,c,d 

CRITICAL 

Seizure Freedom (ILAE 1) - mix population, short term follow-up (follow-up: mean 1.4 years; assessed with: proportion of participants achieving seizure freedom, medical records)a 

14 non-randomised 
studies 

extremely seriousb not serious seriouse seriousd none In one study with 18 participants, 11 (61.1%) were classified as Engel I at 1.4 years after 
undergoing LITT. 

⨁◯◯◯ 
Very lowb,d,e 

CRITICAL 

Seizure freedom (free of gelastic seizures) - mix population, short term follow-up (follow-up: mean 1 years; assessed with: proportion of participants achieving freedom of gelastic seizures, medical records)a 

15 non-randomised 
studies 

extremely seriousb not serious not seriousf seriousd none In one study with 71 participants, 66 (93%) were classified as Engle I at 1 year after undergoing 
MRgLITT. 

⨁◯◯◯ 
Very lowb,d,f 

CRITICAL 

Permanent, unexpected neurological deficit - pediatric population, short term follow-up (follow-up: mean 1.2 years; assessed with: proportion of participants experiencing the event, medical records)a 

21,2 non-randomised 
studies 

extremely seriousb not serious seriousg seriousd none In two studies with 105 included participants, there were 2 patients with permanent neurological 
deficits, which includes memory dysfunction and persistent memory disturbance. (2%) 

⨁◯◯◯ 
Very lowb,d,g 

CRITICAL 

Permanent, unexpected neurological deficit - mix population, short term follow-up (follow-up: mean 1.4 years; assessed with: proportion of participants experiencing the event, medical records)a 

14 non-randomised 
studies 

extremely seriousb not serious serioush seriousd none In one study with 18 participants, 4 of them experienced a permanent neurological deficit (no 
further description). (22%) 

⨁◯◯◯ 
Very lowb,d,h 

CRITICAL 

All cause mortality - pediatric population, short term follow-up (follow-up: mean 1 years; assessed with: proportion of participants who died, medical records)a 

22,3 non-randomised 
studies 

extremely seriousb not serious seriousi seriousd none In two studies with 109 participants, 0 deaths were reported at 1 year follow-up. (0%) ⨁◯◯◯ 
Very lowb,d,i 

CRITICAL 

Medical or surgical complications; adverse and serious adverse events - pediatric population, short term follow-up (follow-up: mean 1.2 years; assessed with: proportion of participants experiencing the event, medical records)a 
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Certainty assessment 

Impact Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

51,2,3,4,5 non-randomised 
studies 

extremely seriousb not serious seriousj seriousd none Weight gain (Yao 2022,) One study with 47 participants reported weight gain in 2 (4.25%) of 
them.  

Endocrine outcome - TSH and cortisol disturbances, endocrinological side effects (Yao 
2022, Boerwinkle 2018)  

In two studies with 98 participants, 2 (2.04%) of them reported endocrinological disturbances.  

Disturbance of sodium metabolism (Gadgil 2020)  

In one study with 58 participants, 4 (6.9%) of them reported sodium metabolism disturbances.  

Respiratory failure (Gadgil 2020)  

In one study with 58 participants, 1 (1.72%) of them had respiratory failure. Neurological and 
psychiatric side effects (Boerwinkle 2018)  

In one study with 51 participants, there were no (0%)neurological or neuropsychiatric side 
effects. 

⨁◯◯◯ 
Very lowb,d,j 

CRITICAL 

Medical or surgical complications; adverse and serious adverse events - mix population, short term follow-up (follow-up: mean 1.2 years; assessed with: proportion of participants experiencing an event, medical records)a 

24,5 non-randomised 
studies 

extremely seriousb not serious seriousk seriousd none Newly diagnosed hypothyroidism (Xu 2018)  

In one study wtih 18 participants, one (5.6%) reported hypothyroidism of new diagnosis.  

New subjective short-term memory issues, weight gain, or increased appetite (Xu 2018)  

In one study with 18 participants none (0%)of the participants reported any of these events.  

Worsened diabetes insipidus (Curry 2018) In one study with 71 participants, one (1.41%) of 
them reported worsening of diabetes insipidus. 

⨁◯◯◯ 
Very lowb,d,k 

CRITICAL 

Other outcomes - not measuredl 

- - - - - - - 
 

- 
 

CI: confidence interval 
Explanations 

a. Short term follow-up : ≥1 year- <2 years. 
b. Rated down three level because of critical risk of bias due to concerns about prognostic imbalance arising from the lack of a comparison group. 
c. Rated down one level for indirectness because all three included studies enrolled participants with a history of prior epilepsy surgery, ranging from 13% to 33% of participants. 
d. Rated down one level for imprecision because the optimal information size is not met (OIS = 300 events). 
e. Rated down one level for indirectness because the single included study enrolled participants with a previous surgical procedure (33%). 
f. Rated down one level for indirectness because 25% of the participants included in the single study had a previous surgical intervention. 
g. Rated down one level for indirectness because 23% of the total included participants had a previous surgical procedure. 
h. Rated down one level for indirectness because 6/16 (33%) participants had a previous surgical procedure (5/18 had undergone surgery, 2/18 had undergone radiosurgery). 
i. Rated down one level for indirectness because 15/109 (14%) of the in included participants had a previous surgical procedure. 
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j. Rated down one level for indirectness because two of the five included studies (Yao 2022 and Gadgil 2020) enrolled patients with a previous surgical procedure (15.38% of all participants reporting this 
outcome). 

k. Rated down one level for indirectness because 25% of the total included participants in the two studies had a previous surgical procedure. 
l. Other outcomes not measured: SUDEP, medical or surgical complication (brain infection, intracranial hemorrhage with neurological deficits), neuropsychological outcomes (verbal memory, receptive language, 

verbal fluency, naming, IQ,), neuropsychiatric outcomes (personality changes, depression, anxiety, psychosis), social outcomes (employment, driving).  
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Evidence Profile, PICO IV-B: Radiosurgery compared to Surgical Resection in patients with hypothalamic hamartoma 
 
Recommendation IV-B: The AES/CNS guideline panel suggests either the use of radiosurgery or surgical resection in people with hypothalamic hamartoma. 
(Conditional Recommendation, Very Low Certainty of Evidence). 

Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Radiosurgery Surgical Resection Relative 
(95% CI) 

Absolute 
(95% CI) 

Seizure freedom (Engel I) - adult population, short follow-up time (follow-up: mean 1.2 years; assessed with: proportion of participants with seizure freedom, medical records)a 

11 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 26 participants, none of the participants experienced seziure freedom 
Engel I at 1 year after radiosurgery. 

d 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Seizure freedom (Engel I) - pediatric population, medium term follow-up (follow-up: mean 2.28 years; assessed with: proportion of participants with seizure freedom; medical records)e 

12 non-randomised 
studies 

extremely seriousf not serious seriousg seriousc none 0/4 (0.0%)  4/10 (40.0%)  not estimableh 400 fewer per 
1,000 

(from 790 fewer 
to 10 more) 

⨁◯◯◯ 
Very lowc,f,g 

CRITICAL 

Seizure freedom (Engel 1) - pediatric population, medium term follow-up (follow-up: mean 2.35 years; assessed with: proportion of participants with seizure freedom, medical records)e 

23,4 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In two studies with 34 participants, 10 (29.41%) of them experienced seziure freedom 
Engel I at 2.35 years after radiosurgery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Seizure freedom (Engel I) - adult population, medium term follow-up (follow-up: mean 4.8 years; assessed with: proportion of participants with seizure freedom, medical records)e 

15 non-randomised 
studies 

extremely seriousf not serious seriousi seriousc none 2/4 (50.0%)  8/29 (27.6%)  OR 2.62 
(0.31 to 21.92) 

224 more per 
1,000 

(from 170 fewer 
to 617 more) 

⨁◯◯◯ 
Very lowc,f,i 

CRITICAL 

Seizure freedom (Engel I) - adult population, medium term follow-up (follow-up: mean 2 years; assessed with: proportion of participants with seizure freedom, medical records)e 

16 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 24 participants, 11 of them experienced seizure freedom Engel 1 at 2 
years after radiosurgery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Seizure freedom (complete seizure freedom) - mix population, medium term follow-up (follow-up: mean 3 years; assessed with: proportion of participants with seizure freedom, medical records)e 

17 non-randomised 
studies 

extremely seriousb not serious not serious not serious none In one study with 27 participants, 10 (37%) experienced complete seizure freedom at 3 
years after undergoing radiosurgery. 

⨁◯◯◯ 
Very lowb 

CRITICAL 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Radiosurgery Surgical Resection Relative 
(95% CI) 

Absolute 
(95% CI) 

Seizure freedom (Engel I) - mix population, medium term follow-up (follow-up: mean 3 years; assessed with: proportion of participants with seizure freedom, medical records) 

18 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 48 participants, 15 (31.25%) experienced seizure freedom Engel 1 at 3 
years after undergoing radiosurgery. 

j 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Seizure freedom (Engel I) - adult population, long term follow-up (follow-up: mean 9.8 years; assessed with: proportion of participants with seizure freedom, medical records)k 

19 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 10 participants, 3 (30%) experienced seizure freedom Engel I at 9.8 
years after undergoing radiosurgery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Seizure freedom (Engel I) - mix population, long term follow-up (follow-up: mean 6 years; assessed with: proportion of participants with seizure freedom; medical records)k 

18 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 48 participants, 19 (39.58%) of them experienced seizure freedom 
Engel I at 6 years after radiosurgery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Permanent, unexpected neurological deficits - pediatric population, short term follow-up (follow-up: mean 1.15 years; assessed with: proportion of participants experiencing the event, medical records) 

13 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 15 participants, none (0%) experienced a permanent unexpected 
neurological deficit at 1.15 years after radiosurgery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Permanent, unexpected neurological deficit - pediatric, medium term follow-up (follow-up: mean 1.15 years; assessed with: proportion of participants experiencing the event; medical records) 

14 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 10 participants, none (0%) of them reported any permanent, unexpected 
neurological deficit 2.7 years after radiosurgery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Permanent, unexpected neurological deficit - adult population, medium term follow-up (follow-up: mean 4.8 years; assessed with: proportion of participants experiencing the event, medical records)e 

15 non-randomised 
studies 

extremely seriousf not serious seriousi seriousc none 0/4 (0.0%)  1/32 (3.1%)  not estimablel 30 fewer per 
1,000 

(from 300 fewer 
to 240 more) 

⨁◯◯◯ 
Very lowc,f,i 

CRITICAL 

Permanent, unexpected neurological deficit - mix population, medium term follow-up (follow-up: mean 3 years; assessed with: proportion of participants experiencing the event, medica records)e 

16 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 24 particpants, none (0%) of them experienced a permanent, 
unexpected neurological deficit 3 years after undergoing radiosurgery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Permanent, unexpected neurological deficit - mix population, long term follow-up (follow-up: mean 7.8 years; assessed with: proportion of participants experiencing the event, medical records)k 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Radiosurgery Surgical Resection Relative 
(95% CI) 

Absolute 
(95% CI) 

28,9 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none Permanent side effects (no further description) (Regis 2017) Of 48 participants 
included, none of them (0%) experienced a permanent, unexpected neurological deficit 6 
years after undergoing radiosurgery.  

Neurological complication (no further description) (Romanelli 2022) Of 10 
particpants included, none of them (0%) experienced a permanent, unexpected 
neurlogical deficit 9.8 years after undergoing radiosurgery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

All-cause mortality - pediatric population, short term follow-up (follow-up: mean 1.15 years; assessed with: proportion of participants who died; medical records)a 

13 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 15 participants, 0 deaths were rerported at 1 year after undergoing 
radiosurgery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

All-cause mortality - adult population; medium term follow-up (follow-up: mean 4.8 years; assessed with: proportion of participants who died; medical records)e 

15 non-randomised 
studies 

extremely seriousf not serious seriousi seriousc none 0/4 (0.0%)  4/36 (11.1%)  not estimablem 110 fewer per 
1,000 

(from 390 fewer 
to 170 more) 

⨁◯◯◯ 
Very lowc,f,i 

CRITICAL 

All-cause mortality - mix population, medium term follow-up (follow-up: mean 3.5 years; assessed with: proportion of participants who died; medical records)e 

26,10 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In two studies with 63 participants, 2 (3.17%) died at 3.5 year follow-up after radiosurgery. ⨁◯◯◯ 
Very lowb,c 

CRITICAL 

All-cause mortality - mix population, long term follow-up (follow-up: mean 5.9 years; assessed with: proportion of participants who died; medical records)k 

18 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 48 participants, 0 deaths were reported at 5.9 years follow-up after 
radiosurgery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

SUDEP - mix population, long term follow-up (follow-up: mean 5.9 years; assessed with: proportion of participants with SUDEP; medical records)k 

18 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 48 particpants, there were 0 events o SUDEP at 5.9 years follow-up 
after radiosurgery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Medical or surgical complications (brain infection) - pediatric population; short term follow-up (follow-up: mean 1.15 years; assessed with: proportion of participants experiencing the event; medical records)a 

13 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 15 participants, 0 (0%) reported brain infection 1.15 years after 
undergoing radiosurgery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Medical or surgical complications (brain infection) - adult population. medium term follow-up (follow-up: mean 4.8 years; assessed with: proportion of participants experiencing the event; medical records)e 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Radiosurgery Surgical Resection Relative 
(95% CI) 

Absolute 
(95% CI) 

15 non-randomised 
studies 

extremely seriousf not serious seriousi seriousc none 0/4 (0.0%)  2/36 (5.6%)  not estimablen 60 fewer per 
1,000 

(from 330 fewer 
to 220 more) 

⨁◯◯◯ 
Very lowc,f,i 

CRITICAL 

Medical or surgical complications (intracranial hemorrhage) - short term follow-up (follow-up: mean 1.15 years; assessed with: proportion of participants experiencing the event; medical records)a 

13 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 15 participants, 0 (0%) reported an intracranial hemorrhage at 1.15 
years after undergoing radiosurgery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Medical or surgical complications (intracranial hemorrhage) - medium term follow-up (follow-up: mean 4.8 years; assessed with: proportion of participants experiencing the event; medical records)e 

15 non-randomised 
studies 

extremely seriousf not serious seriousi seriousc none 0/4 (0.0%)  6/36 (16.7%)  not estimableo 170 fewer per 
1,000 

(from 460 fewer 
to 120 fewer) 

⨁◯◯◯ 
Very lowc,f,i 

CRITICAL 

Medical or surgical complications (adverse and serious adverse events) - children population, short term follow-up (follow-up: mean 1.15 years; assessed with: proportion of participants experiencing the event; medical records)a 

13 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 15 particpants, 1 (6.67%) reported transient increases in the frequency 
of gelastic seizures and 3 (20%) reported weight gain at 1.15 years after undergoing 
radiosurgery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Medical or surgical complications (adverse and serious adverse events) - children population, medium term follow-up (follow-up: mean 2.7 years; assessed with: proportion of participants experiencing the event; medical records)e 

14 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 19 participants, 0 (0%) reported endocrine, visual, neurological or 
hypothalamic disorders de novo after undergoing radiosurgery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Medical or surgical complications (adverse and serious adverse events) - adult population, medium term follow-up (follow-up: mean 4.8 years; assessed with: proportion of participants experiencing the event; medical records)e 

15 non-randomised 
studies 

extremely seriousf not serious seriousi seriousc none In one study with 40 participants, 4 underwent radiosurgery and 36 surgical resection: 

• 0/4 (0%) and 1/36 (2.78%) reported transient right hemiparesia (40 
participants provided outcome data) [RD -0.03 (95% CI, -0.30 to 0.24)]. 

• 0/4 (0%) and 11/32 (34.38%) reported hormonal problems (decreased 
libido in 5 patients, sodium abnormalities in 4, and temperature regulation 
disturbances in 2 patients, one of whom also had thyroid dysfunction); 36 
participants provided outcome data. [RD -0.34 (95% CI, -0.65 to -0.03)]. 

• 0/4 (0%) and 20/32 (62.5%) reported weight gain (36 participants provided 
outcome data) [RD -0.63 (95% CI, -0.94 to -0.31)]. 

⨁◯◯◯ 
Very lowc,f,i 

CRITICAL 

Medical or surgical complications (adverse and serious adverse events) - adult population, medium term follow-up (follow-up: mean 3 years; assessed with: proportion of participants experiencing the event)e 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Radiosurgery Surgical Resection Relative 
(95% CI) 

Absolute 
(95% CI) 

17 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 27 participants: 

• 3 (11.11%) reported transient poikilothermia 

• 0 (0%) reported no thyroxyne blood level lowering and no hypernatremia. 

• 0 (%) reported weight gain 

• 0 (0%) reported new visual acuity or visual field deficits  

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Medical or surgical complications (adverse and serious adverse events) - mix population, medium term follow-up (follow-up: mean 3.5 years; assessed with: proportion of participants experiencing the event; medical records)e 

26,10 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 39 participants (Tripathi 2024): 

• 1 (2.56%) reported poikilothermia 

• 2 (5.13%) reported GH and cortisol deficit 

In one study with 24 participants (Schulze-Bonhage 2008) 

• 4 (16.67%) reported weight again 

• 5 (20.83%) reported brain edema (MRI at 3 months post-radiosurgery) 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Medical or surgical complications (adverse and serious adverse events) - mix population, long term follow-up (follow-up: mean 5.9 years; assessed with: proportion of participants experiencing the event; medical records)k 

18 non-randomised 
studies 

extremely seriousb not serious not serious not serious none In one study with 48 participants: 

• 3 (6.25%) reported transient poikilothermia 

• 8 (16.67%) reported transient seizure increase 

• 0 (0%) reported endocrinologic side effects (especially no morbid obesity, 
no diabetes insipidus) 

⨁◯◯◯ 
Very lowb 

CRITICAL 

Quality of life - adult population, medium term follow-up (follow-up: mean 3 years; assessed with: proportion of participants who improved quality of life; parental and clinician report)e 

17 non-randomised 
studies 

extremely seriousb not serious not serious not serious none In one study with 27 participants, the study authors report the followin: "On the basis of 
parental reports and our own subjective observations, the children operated on except 
one (who was a failure for seizure control) exhibited marked improvements in behavior, 
school performance, and quality of life. The improvement was dramatic in nine of these 
patients." 

⨁◯◯◯ 
Very lowb 

CRITICAL 

Neuropsychological outcomes (verbal memory) - adult population, short term follow-up (follow-up: mean 1.15 years; assessed with: The Verbal Learning and Memory Test - VLMT trial 7; score with z-scores; higher scores mean better verbal memory)a 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Radiosurgery Surgical Resection Relative 
(95% CI) 

Absolute 
(95% CI) 

11 non-randomised 
studies 

extremely seriousb not serious not serious seriousp none In one study with 26 participants, verbal memory was assessed with the Verbal Learning 
and Memory Test - VLMT trial 7. At short term follow-up, there was little to no difference, 
with a mean change from baseline -0.7 (95% CI -1.45 to 0.05). 

⨁◯◯◯ 
Very lowb,p 

CRITICAL 

Neuropsychological outcomes (IQ) - adult population, short term follow- up (follow-up: mean 1.15 years; assessed with: standardized z-scores; medical records)aq 

11 non-randomised 
studies 

extremely seriousc not serious not serious seriousc none In one study with 26 participants, cognitive performance was reported as follows: 

- Comparison of standard scores (z-scores) prior to and after surgery showed no 
significant changes but showed a trend of decrease in visual learning as well as a trend of 
increase in selective attention test performance. 

- Categorical changes in ≥ 1 SD in cognitive performance:  

• In verbal learning and relative verbal memory loss, more patients showed 
decreased performance (42.3% and 50%, respectively) compared to 
selective attention (3.8%, N = 1).  

• In several cognitive test parameters (verbal delayed recall, verbal 
recognition, visual learning, selective attention, verbal short-term memory), 
more than half of the patients remained unchanged in their performance 
after stereotactic radiosurgery, and even improvements were observed. 

⨁◯◯◯ 
Very lowc 

CRITICAL 

Neuropsychological outcomes (verbal memory) - mix population, medium term follow-up (follow-up: mean 2 years; assessed with: standardized neuropsychological test battery comprising the domains of attention, verbal and visuospatial memory, visuoconstruction, visual 
planning, naming, and verbal phonemic fluency; medical records)e 

16 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 17 participants, change in ≥1 SD after radiosurgery were reported as 
follows: 

• 5 (29.41%) declined,  

• 10 (58.82%) remained unchanged, and  

• 2 (11.76%) improved. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Neuropsychological outcomes (verbal fluency) - mix population, medium term follow-up (follow-up: mean 2 years; assessed with: standardized neuropsychological test battery comprising the domains of attention, verbal and visuospatial memory, visuoconstruction, visual planning, 
naming, and verbal phonemic fluency; medical records) 

16 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 18 participants providing outcome data, change in ≥1 SD after 
radiosurgery were reported as follows:  

• 1 (5.5%) declined,  

• 15 (83.33%) remained unchanged,  

• 2 (11.11%) improved  

⨁◯◯◯ 
Very lowb,c 

CRITICAL 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Radiosurgery Surgical Resection Relative 
(95% CI) 

Absolute 
(95% CI) 

Neuropsychological outcome (naming) - mix population, medium term follow-up (follow-up: mean 2 years; assessed with: standardized neuropsychological test battery comprising the domains of attention, verbal and visuospatial memory, visuoconstruction, visual planning, 
naming, and verbal phonemic fluency; medical records)e 

16 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 16 participants providing outcome data, change in ≥ 1 SD after 
radiosurgery were reported as follows:  

• 1 (6.25%) declined,  

• 14 (87.5%) remained unchanged,  

• 1 (5.88%) improved 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Neuropsychological outcome (verbal memory) - mix population, long term follow-up (follow-up: mean 5.9 years; assessed with: Wechsler Memory Scale III - verbal delayed recall; standardized z-scores; medical records)k 

18 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 39 participants, change in ≥ 1 SD after radiosurgery were reported as 
follows:0 86 14 

• 0 (0%) declined 

• 34 (86%) remained unchanged 

• 5 (14%) improved 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Neuropsychological outcome (receptive langage) - mix population, long term follow-up (follow-up: mean 3 years; assessed with: Wechsler intelligence scales - verbal comprehension index; higher scores indicate better verbal comprehension; standardized z-scores)k 

18 non-randomised 
studies 

extremely seriousb not serious not serious seriousp none In one study with 39 participants, there was little to no improvement in receptive 
language, (IQv index) with a mean change score from baseline of 0.85 (95% CI, -3.84 to 
5.54) at 3 years follow-up. 

⨁◯◯◯ 
Very lowb,p 

CRITICAL 

Neuropsychological outcome (IQ) - mix population, long term follow-up (follow-up: mean 3 years; assessed with: Wechsler Intelligence Scale; standardized z-scores; medical records) 

18 non-randomised 
studies 

extremely seriousb not serious not serious seriousp none In one study with 39 participants, there was an improvement in cognition, with and IQ 
mean change score from baseline of 2.95 (95% CI, -0.33 to 6.23) at 3 years follow-up. 

⨁◯◯◯ 
Very lowb,p 

CRITICAL 

Neuropsychiatric outcomes (behavior changes) - pediatric population, short term follow-up (follow-up: mean 1.15 years; assessed with: proportion of participants experiencing the event; medical records)a 

13 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 15 participants (Schulze-Bonhage 2007), behaviour changes were 
reported as follows: "According to parent's report, 1 patient with Engel II outcome who 
also showed improved vigilance after treatment, was reported to be more difficult to 
handle and to react more often aggressively. No other newly emerging psychiatric 
problems were noted."  

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Neuropsychiatric outcome (personality changes) - mix population, medium term follow-up (follow-up: mean 3 years; assessed with: proportion of participants experiencing an increase in aggressive behavior; parental and clinician observations)e 
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Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Radiosurgery Surgical Resection Relative 
(95% CI) 

Absolute 
(95% CI) 

17 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 27 participants, 16 (60%) reported an increase in aggressive behavior 
and 10 (37%) reported marked inhibition three years after radiosurgery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

Neuropsychiatric outcome (personality changes) - mix population, long term follow-up (follow-up: mean 5.9 years; assessed with: proportion of participants experiencing the event; medical records ) 

18 non-randomised 
studies 

extremely seriousb not serious not serious seriousc none In one study with 34 participants, 21 (61.76%) had severe heteroaggressive rage before 
radiosurgery. Among thise gorup, 10 (47.62%) were cured, 8 (38.1%) improved, 2 (9.5%) 
stable, and one (4.76%) continued to worsen at 5.9 years after undergoing radiosugery. 

⨁◯◯◯ 
Very lowb,c 

CRITICAL 

CI: confidence interval; OR: odds ratio 
Explanations 

a. Short term follow-up: ≥1 year- <2 years. 
b. Rated down three levels for risk of bias due to prognosis imbalance arising from a lack of a comparison group. 
c. Rated down one level for imprecision because the optima information size is not met (OIS = 300 events). 
d. "About one year after seed implantation, 4 out of 26 patients with HHs had one to three seizure days per year (± auras, class 3), and three of these patients showed more than 90% seizure reduction. Two of 

them had been completely seizure-free for the past 3 months, but formally, no patient could be classified as class 1 or 2 after one year as there was a running down of seizures during the course of the first 
months following interstitial radiosurgery." 

e. Medium term follow-up: ≥ 2 years to ≤ 5 years. 
f. Rated down three levels due to lack of adjustment for important confounders. 
g. Of the 10 participants, 1 underwent surgical resection and 9 endoscopic disconnection. 
h. We used risk difference for analysis RD (95% CI) = -0.40 (-0.79 , -0.01). 
i. Rated down one level for indirectness because 40% of the included participants had undergone a previous surgical procedure. 
j. One study, Tripathi 2024, included 39 participants and 18 (46.15%) reported having seizure freedom Engel II and Engel II. 
k. Long term follow-up: > 5 years. 
l. We used risk difference for analysis (RD). RD (95% CI) = -0.03 (-0.30 to 0.24). 
m. We used risk difference (RD) for analysis. RD (95% CI) = -0.11 (-0.39 to 0.17). 
n. We used risk difference (RD) for analysis. RD (95% CI) = -0.06 (-0.33 to 0.22). 
o. We used risk difference (RD) for analysis. RD (95% CI) = -0.17 (-0.46 to 0.12). 
p. Rated down one level for imprecision because the optimal information size is not met (OIS = 400 participants per group). 
q. In order to test for general intelligence, the German adaptations of either the Wechsler Adult Intelligence Scale—Revised (N = 13), the Wechsler Intelligence Scale for Children (WISC-III, N = 2), the a German 

multiple choice vocabulary test (MWT-B, N = 8) were applied. 
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