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    Chapter 1   
 Why a Volume on Long-Term Outcomes 
of Epilepsy Surgery? 

             Kristina     Malmgren      ,     Sallie     Baxendale     , and     J.     Helen     Cross    

    Abstract     Epilepsy surgery is a recognized option in the management of adults and 
children with drug-resistant epilepsy. Magnetic resonance imaging has increased 
the number of candidates by determining focal structural brain abnormalities not 
previously apparent. Advances in other techniques have widened the spectrum of 
surgical candidates both in adults and children. In the short term, rates of seizure 
freedom are relatively high, but seizure recurrence can still occur in the long term. 
There are methodological hurdles to overcome when assessing longer-term 
 outcome. There are also the outcomes beyond seizures – cognition, neurodevelop-
ment, academic and vocational outcomes, and quality of life – which are of 
importance when determining whether a treatment is benefi cial. The aim of this 
volume is to focus on longer-term outcomes from epilepsy surgery in both adults 
and children.  

  Keywords     Epilepsy surgery   •   Outcomes   •   Long term   •   Adults   •   Children  

        K.   Malmgren ,  MD, PhD      (*) 
  Department of Clinical Neuroscience and Rehabilitation , 
 Institute of Neuroscience and Physiology, Sahlgrenska Academy, 
Gothenburg University ,   Gothenburg ,  Sweden   

  Department of Neurology ,  Sahlgrenska University Hospital ,   Gothenburg ,  Sweden    
 e-mail: Kristina.malmgren@neuro.gu.se   

    S.   Baxendale ,  PhD, C.Psychol, AFBPsS    
  Department of Clinical and Experimental Epilepsy ,  
National Hospital for Neurology and Neurosurgery ,   London ,  UK     

    J.  H.   Cross ,  MB ChB, PhD, FRCP, FRCPCH    
  Section of Clinical Neuroscience ,  UCL-Institute of Child Health, Great Ormond Street 
Hospital & Young Epilepsy 4/5 Long Yard ,   WC1N 3LU London ,  UK    

  Young Epilepsy ,   Lingfi eld Surrey ,  UK    

mailto:Kristina.malmgren@neuro.gu.se


2

     Epilepsy surgery is now a recognized option in the management of carefully selected 
adults and children with drug-resistant epilepsy. It was Victor Horsley at the 
National Hospital for Neurology and Neurosurgery in London who performed the 
fi rst recorded operation for epileptic seizures in 1886, reporting on three operations 
that “cured epilepsy.” These were very much based on the knowledge acquired of 
brain function from motor stimulation in animals; therefore, localization was based 
on motor semiology and associated lesions found at surgery. Further, this was at a 
time when little in the way of medical treatment was available. With the develop-
ment of EEG, providing greater information on localization, Wilder Penfi eld later 
established the technique of temporal lobe resection in adults. Hemispherectomy 
was initially performed on children with congenital hemiplegia, for the treatment of 
epilepsy and behavior disorder. Although short-term results were excellent, it was 
this group where long-term complications became evident with hydrocephalus from 
hemosiderosis, the result of the technique used, highlighting the importance of fol-
lowing patients in the longer term. In 1953, a young motor winder named Henry 
Molaison underwent a bilateral temporal lobe resection in Montreal. He became 
profoundly amnesic as a result and remained that way until his death in 2008. 
Detailed follow-up examination of previous patients who had undergone similar 
procedures revealed profound defi cits in their memory function too. Recognition of 
the devastating cognitive outcomes that could be associated with epilepsy surgery 
led both to a prohibition on bilateral temporal procedures, and the recognition that 
cognitive evaluation must form an integral part of postoperative follow-up. 

 Murray Falconer, the pioneer of epilepsy surgery in the UK, fi rst recognized that 
many of the adults who came to temporal lobe surgery for hippocampal sclerosis 
had experienced seizures since childhood, and that earlier surgery may have pre-
vented some of the long-term consequences of chronic epilepsy. However, the evi-
dence base for this premise has been limited. 

 Magnetic resonance imaging developed in the early 1980s greatly increased the 
number of possible candidates by determining focal structural brain abnormalities 
not previously apparent. Advances in other neurophysiological, neuroimaging, neu-
rosurgical, and neuroanesthetic techniques have subsequently widened the spec-
trum of surgical candidates both in adults and children. Short-term outcomes have 
been widely reported, and a randomized controlled trial has defi nitively demon-
strated effi cacy of surgery over and above ongoing medical treatment in temporal 
lobe epilepsy. However, many studies report outcome assessed retrospectively, in 
selected groups of individuals, and many, specifi cally focus on seizure outcome. 
Further, there is a high degree of variability in duration of follow-up, with no stan-
dard practice. This can lead to selection and center bias. In the short term, rates of 
seizure freedom can appear relatively high but seizure recurrence can be reported as 
long as 10 years postoperatively. When epilepsy surgery was fi rst advocated, par-
ticularly in children, attainment of seizure freedom was presumed to avoid the con-
sequences of ongoing seizures in the longer term. A premise for early surgery is the 
longer-term benefi ts on neurodevelopment and cognition but few studies focus on 
such benefi ts, particularly those beyond seizures. Such may differ considerably 
across adult and pediatric populations. 

K. Malmgren et al.
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 There are, of course, methodological hurdles to overcome when assessing longer- 
term outcome. The fi rst question is what may be considered “long term.” Many 
studies report on 12 month, 3 year, or “last follow-up” – studies involving the latter 
having a wide range often from <12 months to 5 years in one study, reporting on the 
collective outcome. There is also often no indication of medication withdrawal. 
This aside, there are also the outcomes beyond seizures – cognition, neurodevelop-
ment, academic and vocational outcomes, as well as quality of life, assessment of 
which may be latent in the shorter term but are of obvious importance in determin-
ing whether a treatment is overall benefi cial. 

 A premise to pediatric surgery is to improve cognitive and psychosocial out-
come – have we the evidence that this is achieved, and consequently are we counsel-
ing candidates appropriately with regard to expectations? Most adult candidates 
associate the possibility of postoperative seizure control with wide-ranging changes 
in many aspects of their lives. Long-term follow-up studies are needed to ensure 
they consider surgery with both a realistic scope and time frame for these changes. 

 The routine follow-up allowed within a healthcare system will vary consider-
ably across geographical regions; ranging from 6 months to 2 years. For any lon-
ger-term follow-up, research funds are likely to be required. Moreover, funds 
required particularly to assess outcomes beyond seizures are likely to be substan-
tial. The spectrum of epilepsy surgery across adults and children differs, and out-
comes to be measured in the longer term not necessarily the same. The aims and 
expectations in different age groups, across differing pathologies and procedures 
are likely to differ and require different measures of outcome. Cross-sectional stud-
ies, therefore, may only give limited information. Individuals may be at differing 
points postoperatively, at differing starting points preoperatively and there will 
consequently be no information on the overall natural history following surgery. 
A long-term perspective is particularly important with respect to cognitive outcome 
where postoperative changes are not static, but interact with normal age-related 
changes and seizure control. 

 The aim of this text is to focus on longer-term outcomes from epilepsy surgery 
in both adults and children. We wished to address outcomes beyond seizure control, 
and beyond at least a 5-year time period following surgery. 

 In planning this volume, we wanted to highlight the methodological demands on 
long-term observational outcome studies. Chapter   2     is therefore devoted to address-
ing the methodological limitations of observational studies as well as the demands 
on future studies. In order to provide valid data, studies need to have a prospective 
design, representative study populations, a complete follow-up, and clear defi ni-
tions of outcome measures. Many of the studies published to date do not fulfi ll all 
these demands but the Appendix tables at the end of the chapters summarize the 
characteristics and results of the studies and will hopefully make it easier for the 
reader to assess the quality of the literature. 

 An aspect that is not specifi cally addressed in this volume is the issue of the 
complications of epilepsy surgery. We know that around 3 % of patients suffer a 
surgical or neurological complication leading to permanent morbidity, while another 
5–10 % have a complication with transient symptoms. Complications are reported 

1 Why a Volume on Long-Term Outcomes of Epilepsy Surgery?
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shortly after surgery with follow-ups typically 3–6 months after surgery. However, 
the effects of complications may have a long-lasting impact especially on patients’ 
quality of life and subjective experiences of epilepsy and these effects will therefore 
be refl ected in the chapters covering these topics. 

 We acknowledge that in some areas data are few, but in addition to summarizing 
data available at present and so provide a baseline for discussion, both among 
 ourselves and with our patients, we hope this volume highlights where further 
research is required.   

K. Malmgren et al.
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    Chapter 2   
 Methodological Demands on Observational 
Studies of Outcomes After Epilepsy Surgery 

             Ettore     Beghi     

    Abstract     The short- and long-term outcome of epilepsy surgery has been mostly 
assessed by observational studies because experimental designs in surgical patients 
are often unfeasible and have ethical implications. However, observational studies 
have methodological limitations, which include the retrospective design, the use of 
referral populations, the small sample size, the enrolment of patients at differing 
inception points, the use of differing inclusion criteria, differing defi nitions of prog-
nostic predictors and outcome measures, the unmasked assessment of outcome, the 
short follow-up, the changing technologies and surgical procedures, and the inade-
quate statistical methods. These limitations are incorporated in systematic reviews 
of epilepsy surgery studies and cannot replace well-conducted prognostic studies. 
Key features of these studies should include representative populations at risk, well- 
defi ned inception cohorts, satisfactory and complete follow-up, prospective design, 
and standard defi nition of prognostic factors.  

  Keywords     Epilepsy   •   Surgery   •   Design   •   Methodology  

     Resective surgery is a valuable option for the treatment of drug-resistant epilepsy. 
However, the short and long-term outcome of epilepsy surgery has been mostly 
assessed in observational reports. Despite the undisputed contribution of many of 
these studies in providing evidence of effi cacy over time of epilepsy surgery, a num-
ber of concerns arise when the results are critically appraised. The methodological 
issues inherent in the design of such studies must be carefully inspected to put the 
results in a correct perspective, to separate valuable from less valuable fi ndings, to 
assess the risk:benefi t ratio of surgical approach, and to indicate where to move to 
improve future research in this fi eld. The following points will be specifi cally 
discussed: (1) the impact of surgery on the outcome of seizures with reference to the 
various types of studies and the natural history of the disease; (2) the strengths and 

        E.   Beghi ,  MD       
  Laboratory of Neurological Disorders, Department of Neuroscience ,  IRCCS-Institute 
for Pharmacological Research “Mario Negri” ,   Via G. La Masa, 19 ,  Milan ,  Italy   
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the limitations of the existing study designs; (3) a critical appraisal of prognostic 
indicators; (4) the effects of epilepsy surgery beyond seizure control; (5) the techni-
cal requirements of studies on the prognosis of epilepsy surgery and the prognostic 
indicators; (6) the issues to be considered when combining data in meta-analyses of 
epilepsy surgery; and (7) future perspectives. 

    The Impact of Surgery on the Outcome of Epilepsy 
with Reference to the Various Types of Studies 
and the Natural History of the Disease 

 The randomized clinical trial is the leading instrument to assess the impact of any 
therapeutic intervention, including surgery, on the natural history of a disease. The 
structure of the randomized trial implies the use of concurrent controls represented 
by patients with similar baseline characteristics receiving a treatment other than the 
investigational treatment. The few randomized trials so far published have provided 
undisputed evidence of greater effi cacy of epilepsy surgery than pharmacological 
treatment over a short period of time. In one such trial, patients with temporal lobe 
epilepsy with seizures poorly controlled by medications were randomized to receive 
immediate surgery or to wait for 1 year before surgery [ 1 ]. At 1 year, the cumulative 
proportion of patients who were free from seizures impairing awareness was 58 % 
in the surgical group and 8 % in the medical group. Another randomized trial com-
pared pharmacotherapy to surgery plus pharmacotherapy after failure of two anti-
epileptic drugs [ 2 ]. During a 2-year follow-up, 0/23 participants in the medical 
group and 11/15 in the surgical group were seizure free. However, given the techni-
cal constraints and the ethical and practical implications of randomized trials, the 
long-term outcome of epilepsy in patients randomized to the surgical and control 
groups cannot be assessed. For this reason, the long-term effects of surgical inter-
ventions mostly rely on the results of observational studies. 

 Even with the limitations of the uncontrolled setting (see below), observational 
studies are of value in assessing the effi cacy and safety of a surgical intervention. In 
these studies, several pieces of evidence support the effi cacy of epilepsy surgery. 
First of all, the signifi cant number of cases with seizure remission after surgery 
(estimated in about 55–70 % of temporal lobe and 30–50 % of frontal lobe resec-
tions) [ 3 ] is per se evidence of effi cacy, provided that virtually 100 % of patients 
have uncontrolled seizures before operation. These observations have been con-
fi rmed in a systematic review and meta-analysis of published reports by Schmidt 
and Stavem [ 4 ] who found that in appropriately selected patients with drug-resistant 
temporal lobe epilepsy, the combination of surgery with medical treatment is four 
times as likely as medical treatment alone to achieve freedom from seizures. Second, 
the consistency of results across studies carried out in different populations, centers 
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and time periods, and with differing designs, is per se evidence of effi cacy. In a 
systematic review and meta- analysis of 83 observational studies with a mean 
 follow-up exceeding fi ve years, Tellez-Zenteno and co-workers [ 5 ] found a median 
weighted pooled proportion of seizure-free patients of 66 % with temporal lobe 
resections, 46 % with occipital and parietal resections, and 27 % with frontal lobe 
resections. In this review, only 8/40 studies on temporal lobe surgery and 6/25 stud-
ies grouping temporal and extra-temporal surgery reported seizure freedom below 
the 25th percentile. Third, the effi cacy is maintained at least in part in long-term 
studies. In their systematic review, Tellez-Zenteno et al. [ 5 ] found that the long-term 
seizure-free rate following temporal lobe surgery was similar to that of short-term 
controlled trials but consistently lower after extra-temporal and palliative surgery. 

 Although, based on the above fi ndings, no one would object on the impact of 
surgery on the natural history of drug-resistant epilepsy, the long-term effects of 
surgical approach (and the indicators of successful surgery) are still ill-defi ned. In 
the absence of concurrent control groups (represented by patients with comparable 
baseline characteristics and receiving only pharmacological treatment), the possi-
bility cannot be excluded that long-term seizure outcome could be (at least in part) 
independent from surgery itself. Long-term studies done in patients with newly 
diagnosed epilepsy from well-defi ned populations [ 6 ,  7 ] found that epilepsy pres-
ents differing prognostic patterns and drug resistance is a dynamic rather than a 
static process. In keeping with this, a prospective follow-up of patients with drug- 
resistant epilepsy in clinical series [ 8 – 10 ] show seizure remission in up to 33 % of 
cases. These fi ndings support the view that long-term remission of seizures after 
epilepsy surgery can be obtained as part of the natural history of the disease in some 
patients regardless of the effects of surgical intervention. 

 In summary, patients with intractable focal epilepsy have a higher probability to 
achieve seizure freedom following resective (and to a lesser extent palliative) sur-
gery than continued medication alone. However, the available data mostly address 
temporal lobe surgery and provide limited information on the long-term outcome of 
epilepsy, for which the effects of surgery, assessed by observational reports, cannot 
be disentangled from the natural history of the disease. The methodological limita-
tions of these studies are summarized below along with the recommendations for 
improvement.  

    Study Designs with Strengths and Limitations 

 There are three main types of observational studies: the cohort studies, the case- 
control studies, and the cross-sectional studies. Studies on the outcome of epilepsy 
surgery mostly belong to the fi rst and third type. In cohort studies, whether retro-
spective or prospective, the investigators enroll patients undergoing surgery 
(the cohort) and follow them over time. They obtain information on the baseline 

2 Methodological Demands on Observational Studies of Outcomes 
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characteristics of the study population (eventually including the diagnostic investi-
gations and the technical aspects of the surgical approach), and assess the occur-
rence of outcomes. When assessing the prognostic indicators of surgery, investigators 
commonly contrast individuals who are exposed to those who are not exposed (i.e., 
with and without a given baseline characteristic or among groups of individuals 
with different categories of exposure (i.e., with shorter or longer disease duration or 
with extended vs. limited resection). In case-control studies, investigators compare 
exposures between people with a particular disease outcome (cases) and people 
without that outcome (controls). The cases may be represented by patients in whom 
seizures persisted despite surgery and the controls by patients achieving seizure 
remission; the exposures are all variables that could impact on seizure outcome. In 
cross-sectional studies, investigators assess all individuals in a sample at the same 
point in time. Several investigations on the outcome of epilepsy surgery are cross- 
sectional studies and aim to quantify potential causal associations between expo-
sures (surgery) and disease outcome (seizure reduction or remission). 

 These three study designs have common and design-specifi c limitations. These 
limitations include a retrospective design, a selected inception cohort, the lack of 
predefi ned defi nitions of the prognostic predictors and outcome measures, a small 
sample size, the unmasked assessment of outcome, a short follow-up period, the 
changing technologies and procedures, the uncontrolled use of antiepileptic drugs, 
and the use of incorrect statistical tests (Table  2.1 ).

   A  retrospective design  may bias the study results for the lack of standardized 
data collection. The data collected in retrospective studies are generally retrieved 
from medical records and rely on the quality and completeness of the available 
information. In the absence of prespecifi ed defi nitions, several baseline variables 
may refl ect the accuracy of the caring physicians in fi lling the medical records and 
the differing interpretations given to each variable. 

 The  representativeness of the inception cohort  is another source of bias, more 
evident in (but not restricted to) retrospective studies, because “prevalent” cases 
(i.e., those still being followed at the time of the study) rather than “incident” cases 
(i.e., those included at the time of surgery) are preferably included. “Prevalent” and 
“incident” cases tend to differ in that the former are most likely represented by sur-
vivors, by patients with persisting seizures or with other epilepsy-related problems, 

  Table 2.1    Limitations of the 
design of observational 
studies on the outcome of 
epilepsy surgery  

 Retrospective design 
 Ill-defi ned study cohort 
 Subjective outcome measures 
 Poorly defi ned prognostic predictors 
 Follow-up of variable duration across patients 
 Small sample size 
 Absence of masking 
 Changing technologies and procedures 
 Inadequate control of confounding variables 
 Inappropriate statistical analyses 
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or perhaps by individuals better satisfi ed with the center’s quality of care. In con-
trast, “incident” cases are represented by all patients enrolled at the time of surgery 
and as such include both patients who will achieve seizure remission and those who 
will continue to experience epilepsy-related problems. 

 In the  absence of precise defi nitions of the outcome measures and the prognostic 
predictors,  these variables are subjected to differing interpretations. The Engel clas-
sifi cation of seizure outcome [ 11 ], still the most widely used, has been criticized for 
including patients’ (and physicians’) subjective opinions and for using terms like 
“disabling seizures” or “rare” which are open to widely different interpretations. 
The alternative use of quantitative measures to replace this terminology, as done in 
the ILAE Commission on Neurosurgery report [ 12 ], represents only a modest 
improvement because a 50 % reduction of baseline seizure frequency, as a measure 
of disease outcome, is strongly dependent on each individual’s baseline seizures. 

 The  duration of follow-up  varies across patients depending on the timing of 
enrolment. As the prognosis of a disease is a time dependent variable, studies with 
long-term follow-up and high drop-out rate may be biased towards more positive 
results. Patients lost to follow-up might have discontinued their visits because of 
seizure-related problems and in general for the outcome of the disease. On the con-
trary, patients with short-term follow-up may have insuffi cient time to show the 
(lack of) benefi ts of surgery. Assessing the outcome of surgery by counting seizure- 
free patients at last follow-up does not take into account the length of follow-up and 
the drop-out rate and, as such, may be a source of biased results. Minimum follow-
 up periods should be allowed and appropriate statistical tests (see below) should be 
used to adjust for the length of follow-up. 

 The majority of surgical series are based on  small numbers of patients . Small 
sample size may lead to imprecise estimates (as confi rmed by the wide confi dence 
intervals) in the proportions of patients meeting predefi ned outcome measures and 
is a source of sampling bias. 

 In the  absence of masking , outcome measures (i.e., seizure counts) may refl ect 
subjective interpretations, which vary across patients and investigators. In the 
absence of a prospective design and planning, the way the patients keep track of 
their seizures may lead to under-ascertainment, which is most likely to occur at the 
presence of minor events (“auras”). As well, the caring physicians and the investiga-
tors may give differing interpretations of events likely to be recorded as seizures. In 
an open setting, these events may be less likely to be diagnosed as seizures in 
patients who received surgery than in patients treated conservatively. 

 The  change of the technological and procedural approaches  may explain the 
increasing proportions of surgical successes over time, which may in turn prevent 
comparisons of studies done in different epochs. 

 A correct interpretation of the results of a study on the outcome of a disease in 
relation to a given intervention (in this case, surgery of epilepsy) should rely on an 
adequate control of the most important sources of bias, which are particularly rele-
vant in an uncontrolled setting like that of observational studies. In most studies, an 
adequate  control of the confounding variables  was not included at the planning stage 
to become part of the study design. In studies where the control of confounders at 

2 Methodological Demands on Observational Studies of Outcomes 



10

the planning stage was unfeasible (which is mostly the case of retrospective studies), 
a correct statistical analysis, including use of multivariate analysis models, was 
infrequently planned. In addition, despite the differing periods of observation after 
surgery, appropriate statistical methods have been rarely used to adjust for the differ-
ent length of follow-up across patients. 

 In their practice parameter on temporal lobe and localized neocortical resec-
tions, Engel [ 13 ] identifi ed several major methodological defi ciencies in the pub-
lished studies, which included, among others, the retrospective design, the scarcity 
of data on preoperative seizures, and the absence of masking in seizure outcome 
assessment.  

    Data Pooling and Meta-analyses and a Critical 
Appraisal of Prognostic Indicators 

 The heterogeneity of the study populations and outcome measures and, most of all, 
the pitfalls in the study designs (see previous section) have a strong infl uence on 
data pooling. In a comprehensive review of the literature on seizure outcome after 
temporal lobectomy, McIntosh et al. [ 14 ] reported that good surgical outcome could 
be predicted by hippocampal sclerosis or abnormal MRI, prolonged febrile seizures, 
anterior temporal localization of interictal epileptiform activity on scalp EEG, 
extent of mesial resection, absence of perioperative generalized seizures, and 
absence of acute postoperative seizures. However, the authors identifi ed several 
sources of variability across studies which prevented data pooling for the risk of 
biased results. These included, among others, the differing settings and the variabil-
ity of the defi nitions used for the prognostic predictors. 

 A meta-analysis of 47 articles was also performed by Tonini et al. [ 15 ] who used 
strict inclusion and exclusion criteria to minimize the heterogeneity of the study 
designs. Febrile seizures, mesial temporal sclerosis, abnormal MRI, EEG/MRI con-
cordance, and extensive surgical resection were the strongest prognostic indicators 
of seizure remission (positive predictors), whereas postoperative discharges and the 
use of intracranial monitoring predicted an unfavorable prognosis (negative predic-
tors). Firm conclusions could not be drawn for extent of resection, EEG/MRI con-
cordance, and postoperative discharges for the heterogeneity of study results. 
Neuromigrational defects, CNS infections, vascular lesions, interictal spikes, and 
side of resection did not affect the chance of seizure remission after surgery. However, 
limitations were indicated by the authors in the interpretation of the results. The fi rst 
major limitation was intrinsic to all studies based on data pooling and meta-analysis. 
Data were extracted from studies using different criteria for seizure outcome. A sec-
ond limitation was the variable length of the follow-up across studies. The authors 
limited the review to studies with an expected follow-up of at least 1 year (actually, 
duration of follow-up was less than 12 months in few patients). Although this inter-
val can be considered crucial for the prediction of surgical outcome, the chance of 
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seizure remission after surgery could be signifi cantly affected by the differing dura-
tion of an extended follow-up (i.e., more than 12 months). A third limitation was 
inherent to the forced dichotomization of each putative  prognostic predictor, which 
means that each factor could be contrasted to a variety of other factors or could 
include a number of different conditions, each of which associated with differing 
clinical outcomes. A fourth limitation was that any variable was examined without 
considering the role of other (known or unknown) confounders, which might have 
been the true prognostic predictors. This limitation refers to factors like the use of 
intracranial recording and febrile seizures. Last, the changing techniques and opera-
tive procedures might have affected seizure outcome preventing comparisons of 
studies done in different epochs.  

    The Effects of Epilepsy Surgery Beyond Seizure Control 

 To provide a comprehensive counseling to surgical candidates and their families, 
the impact of surgery should be assessed beyond seizure control and should include 
the effects of treatment on cognitive, psychosocial and behavioral functions, quality 
of life, mortality, and costs. All these outcome variables have been assessed by 
Spencer and Huh [ 16 ] in a comprehensive review of epilepsy surgery. The authors 
found that up to 4 % of adults with anterior mesial temporal lobectomy and up to 
10 % of children with focal resection had neurological complications. Mortality 
related to surgery and late postoperative deaths were estimated at 0–2 % and were 
higher in children than in adults. Most studies described signifi cant decline in verbal 
memory, mostly after dominant temporal resections. The methods and timing of 
neuropsychological assessments documenting these changes were, however, het-
erogeneous. Some studies reported improvements in verbal memory and full-scale 
IQ after resection of the non-dominant temporal lobe; however, the degree of con-
tribution of the retest effect and the longevity of these fi ndings was unclear. Between 
40 and 50 % of children with epilepsy had high rates of comorbid learning disabili-
ties, developmental delay, psychiatric and behavioral diffi culties, and psychosocial 
problems. After surgery, 4–30 % of patients developed new affective disorders. 
1–5 % developed psychosis, although reports from the past decade showed lower 
incidences than earlier studies. Most studies trying to defi ne the effects of surgery 
on psychiatric disturbances and the risk factors for sequelae did not include presur-
gical and postsurgical assessments. Most studies of developmental and cognitive 
results of medial temporal resections in children suggested a lack of signifi cant 
change in IQ or verbal memory. Seizure-free outcome was not always clearly related 
to cognitive outcome. 

 Although studies provide valuable information on the improvement of quality of 
life after surgery and indicate seizure freedom as the strongest and most consistent 
predictor for quality of life improvement, the lack of preoperative comparisons and 
absence of true control populations in most studies limits the validity of the results. 
The review by Spencer and Huh (2008) [ 16 ] did not compare surgical to medical 
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outcomes. A number of studies have, however, compared surgical to medical ther-
apy in terms of seizure control, cognitive status, psychosocial complications, qual-
ity of life, and mortality. These studies were carefully examined by Perry and 
Duchowny [ 17 ] who concluded that, based on limited evidence, successful epilepsy 
surgery, defi ned by complete seizure freedom, has the potential to improve cogni-
tive functions, quality of life, and mortality, and may even prove cost-effective. 
However, the authors acknowledged that in these studies surgical and medical 
groups were signifi cantly different at baseline (the latter being often unsuitable sur-
gical candidates), the fi ndings were frequently inconsistent, and the purported ben-
efi ts of surgery on cognitive and psychosocial functions and on quality of life were 
mostly mediated by seizure freedom and reduction of the pharmacological burden. 

 One must also consider the use of different outcome measures. A critical 
appraisal of the quality of evidence on neuropsychological outcomes after epilepsy 
surgery has been recently published [ 18 ] and can be summarized here. The authors 
examined 147 articles and verifi ed the application of 45 items used as measures of 
neuropsychological outcome of surgery. Among the socio-demographic character-
istics of the patients, education was reported only by 54 % of studies and ethnicity 
and employment in rare instances. Only 16 % of studies reported on presurgical and 
14 % on postsurgical drug treatment. Blinding of clinicians and/or assessors was 
almost never performed and an independent blind outcome assessment was never 
performed. Reasons for loss to follow-up were given in only 31 % of studies. 
Postsurgical defi cits were indicated in only 25 % of reports. Quantitative measures 
of changes were applied in only 64 % of studies. Validated measures of change were 
used in 26 % of studies. The study results could be generalized in only 23 % of 
cases. Randomization of treatment was rare and a predefi ned sample size calcula-
tion was almost never performed. A quality assessment of psychosocial outcome 
measures was not performed. 

 In summary, assessment of surgical outcome in epilepsy beyond seizure control 
has received little attention in terms of rating of the quality of evidence using the 
principles of evidence-based medicine. A correct determination of the neuropsy-
chological outcomes after surgery is relevant in helping the identifi cation of patients 
at risk for postoperative cognitive decline.  

    Requirements of Studies on Prognosis of Epilepsy Surgery 
and Prognostic Indicators 

 Observational studies are a useful complement to the results of randomized trials 
and, if well-designed, can identify clinically important differences among therapeu-
tic options (including surgery) and are the only ways to provide long-term data on 
the risk:benefi t ratio of epilepsy surgery. However, in order to improve the quality 
of the information from observational studies, precise recommendations must be 
imparted to increase the external validity of published reports. An international 
group of methodologists, researchers, and journal editors developed a set of 

E. Beghi



13

guidelines to improve the reports of observational studies. These recommendations 
are summarized in the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) [ 19 ,  20 ]. The checklist of items included in the STROBE 
statement is reported in Table  2.2 . The recommendations refer to the reporting of 
observational studies and to the three main study designs. They can be usefully 
applied to studies on the outcome of epilepsy surgery.

   The design of an ideal study on the prognosis of epilepsy surgery should have 
the following prerequisites: (1) well-defi ned criteria for the inclusion of patients; 
(2) standard (homogeneous) defi nitions of the prognostic predictors and outcome 
measures; and (3) adequate duration of follow-up and proper statistical methods to 
adjust for drop-outs and limited periods of observation. The criteria for the  inclusion 

   Table 2.2    The STROBE Statement—Checklist of items to be addressed in reports of observational 
studies   

 Title and abstract 
 Indicate the study’s design with a commonly used term in the title or the abstract; provide in 
the abstract an informative and balanced summary of what was done and what was found 
 Introduction 
  Background and rationale : Explain the scientifi c background and rationale for the investigation 
being reported 
  Objectives : State specifi c objectives, including any prespecifi ed hypotheses 
 Methods 
  Study design : Present key elements of study design early in the paper 
  Setting:  Describe the setting, locations, and relevant dates, including periods of recruitment, 
exposure, follow-up, and data collection 
  Patients : (a) Cohort study—Give the eligibility criteria, and the sources and methods of 
selection of participants. Describe methods of follow-up. (b) Case-control study—Give the 
eligibility criteria, and the sources and methods of case ascertainment and control selection. 
Give the rationale for the choice of cases and controls. (c) Cross-sectional study—Give the 
eligibility criteria, and the sources and methods of selection of participants 
  Controls : (a) Cohort study—For matched studies, give matching criteria and number of exposed 
and unexposed. (b) Case-control study—For matched studies, give matching criteria and the 
number of controls per case 
  Variables : Clearly defi ne all outcomes, exposures, predictors, potential confounders, and effect 
modifi ers. Give diagnostic criteria, if applicable 
  Data sources and measurement : For each variable of interest, give sources of data and details of 
methods of assessment (measurement). Describe comparability of assessment methods if there 
is more than one group 
  Bias:  Describe any efforts to address potential sources of bias 
  Study size : Explain how the study size was arrived at 
  Quantitative variables : Explain how quantitative variables were handled in the analyses. If 
applicable, describe which groupings were chosen, and why 
  Statistical methods : (a) Describe all statistical methods, including those used to control for 
confounding. (b) Describe any methods used to examine subgroups and interactions; (c) Explain 
how missing data were addressed. (d) Cohort study—If applicable, explain how loss to 
follow-up was addressed. Case-control study—If applicable, explain how matching of cases and 
controls was addressed. Cross-sectional study—If applicable, describe analytical methods taking 
account of sampling strategy. (e) Describe any sensitivity analyses 

(continued)
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of the patients should be in keeping with the requirement that patients must be 
representative of the underlying surgical candidates. The authors should provide a 
clear description of the stage of disease at which patients entered the study and 
describe the source of their patients, to minimize referral and selection bias. The 
use of homogeneous (preferably standard) defi nitions for the commonest prognos-
tic indicators is encouraged. Details should be also given of all putative prognostic 
predictors, to provide a comprehensive overview of the prognosis of the disease in 
question and give the best explanation of the results after controlling for the known 
prognostic indicators. Prolonged follow-up is required with an attempt to obtain 
information on the surgical outcome in all patients. In order to adjust for the dura-
tion of follow-up, survival tables and curves should be used in order to censor 
patients who did not achieve a predefi ned outcome measure (e.g., seizure relapse 
over time) at the time of the last observation. 

 Outcome measures should be clearly defi ned and, if possible, reliable. Proper 
statistical methods should be employed to assess the independent role of each prog-
nostic predictor. Multivariate analysis models are encouraged. 

Table 2.2 (continued)

 Results 
  Participants : (a) Report the numbers of individuals at each stage of the study—e.g., numbers 
potentially eligible, examined for eligibility, confi rmed eligible, included in the study, 
completing follow-up, and analyzed. (b) Give reasons for non-participation at each stage. 
(c) Consider use of a fl ow diagram 
  Descriptive data : (a) Give characteristics of study participants (e.g., demographic, clinical, 
social) and information on exposures and potential confounders. (b) Indicate the number of 
participants with missing data for each variable of interest. (c) Cohort study—Summarize 
follow-up time (e.g., average and total amount) 
  Outcome data : Cohort study—Report numbers of outcome events or summary measures over 
time. Case-control study—Report numbers in each exposure category, or summary measures 
of exposure. Cross-sectional study—Report numbers of outcome events or summary measures 
  Main results : (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 
and their precision (e.g., 95 % confi dence intervals) 
 Make clear which confounders were adjusted for and why they were included. (b) Report 
category boundaries when continuous variables were categorized 
 (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful 
time period 
  Other analyses : Report other analyses done—e.g., analyses of subgroups and interactions, and 
sensitivity analyses 
 Discussion 
  Key results : Summarize key results with reference to study objectives 
  Limitations : Discuss limitations of the study, taking into account sources of potential bias or 
imprecision. Discuss both direction and magnitude of any potential bias 
  Interpretation : Give a cautious overall interpretation of results considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and other relevant evidence 
  Generalizability : Discuss the generalizability (external validity) of the study results 
 Other information 
  Funding : Give the source of funding and the role of the funders for the present study and, if 
applicable, for the original study on which the article is based 

  Reprinted from: Vandenbroucke et al. [ 20 ]. Creative Commons Attribution (CC BY) license  
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 These recommendations are consistent with the evidence classifi cation scheme 
of the American Academy of Neurology (AAN) for a therapeutic article [ 21 ]. 
Based on the quality of evidence, the AAN identifi ed four classes, Class I being 
represented by prospective, randomized, controlled clinical trials with masked 
outcome assessment in representative populations, and (at the other extreme) 
Class IV by uncontrolled studies, case series, case reports, or expert opinions 
(Table  2.3 ).

       Issues to Be Considered When Combining Data in 
Meta- analyses of Epilepsy Surgery 

 As previously indicated, a meta-analysis incorporates all the defects of the original 
studied. For this reason, attempts should be made to minimize all sources of het-
erogeneity and pool the data only from studies with similar design and methods. 
The strategy of a systematic review should be fi rst outlined in an ad hoc study 
protocol in which the methods of assessment of the eligible studies are clarifi ed, 
any effort should be made to include fairly large (sub)populations at risk, reliable 
outcome measures, and clear (and homogeneous) defi nitions of the variables to be 
selected as prognostic predictors of epilepsy surgery. Selection bias is a relevant 
source of erroneous inferences in open studies, particularly from surgical series. 
This is even greater when small samples of patients are being considered. 
Homogeneity of diagnostic fi ndings and surgical procedures should be also assured 
because a systematic review of published studies tends to cover a prolonged time 
span, during which diagnostic and surgical procedures may vary signifi cantly. For 
these reasons, the neuroimaging techniques used should be clearly reported and 
data pooling should be limited to studies employing the same (hopefully the most 
updated) diagnostic aids. However, as the reliability of these diagnostic procedures 

   Table 2.3    American academy of neurology evidence classifi cation scheme for a therapeutic article   

  Class I : Prospective, randomized, controlled clinical trial with masked outcome assessment, in 
a representative population 
 The following are required: (a) primary outcome(s) is/are clearly defi ned; (b) exclusion/
inclusion criteria are clearly defi ned; (c) adequate accounting for drop-outs and crossovers with 
numbers suffi ciently low to have minimal potential for bias; (d) relevant baseline characteristics 
are presented and substantially equivalent among treatment groups or there is appropriate 
statistical adjustment for differences 
  Class II : Prospective matched group cohort study in a representative population with masked 
outcome assessment that meets a–d above OR a randomized, controlled trial in a representative 
population that lacks one criteria a–d 
  Class III : All other controlled trials (including well-defi ned natural history controls or patients 
serving as own controls) in a representative population, where outcome assessment is 
independent of patient treatment 
  Class IV : Evidence from uncontrolled studies, case series, case reports, or expert opinion 

  With permission: Engel et al. [ 21 ], Table 1. Wolters Kluwer  
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is suboptimal, one should always consider the possibility of inter-rater disagree-
ment when comparing data from different centers (even in the same study). This is 
particularly important when dealing with some imaging fi ndings, like mesial tem-
poral sclerosis or cortical dysplasia. Patients with and without underlying epilepto-
genic lesions should be identifi ed and assessed separately and each putative lesion 
should tentatively undergo separate analysis. Other prognostic predictors (like 
febrile seizures, CNS infections or other neurological disorders occurred in the 
patient’s past history) require proper predefi nition as they mostly rely on history, in 
the absence of imaging or pathologic fi ndings. In each study, details should be 
given of age at onset of seizures, family history of epilepsy, history of febrile sei-
zures, etiology, disease severity (i.e., seizure frequency), preoperative EEG, imag-
ing and (where available) pathological fi ndings, disease duration, age at surgery, 
surgical factors (type and extent of surgery) including resection volume, and post-
operative clinical (i.e., seizure frequency) and EEG fi ndings. The outcome of sei-
zures after epilepsy surgery must be assessed using valid, reliable and standard 
criteria. In the large majority of the surgical series, the Engel’s four categories were 
used [ 13 ]. The reliability of this classifi cation still needs verifi cation. Another 
important issue is the duration of the follow-up, which is strongly correlated to 
seizure outcome. In that sense, prolonged observation and the use of actuarial 
methods (survival tables and curves) are strongly encouraged to provide meaning-
ful fi ndings. Multivariate analysis models should be used to assess seizure outcome 
and all the above prognostic indicators should be included to assess the indepen-
dent predictors and control for confounding and interactions. Finally, each study’s 
results must be assessed for heterogeneity, which must be low before drawing 
 conclusions based on the meta-analysis.  

    Future Perspectives 

 An increasing number of surgical options have been used in the last decades. 
These include, among others, vagus nerve stimulation and deep brain stimula-
tion. Along with classical resective and palliative surgery, these techniques 
require long-term outcome assessment. As indicated above, future studies on the 
prognosis of epilepsy surgery should have minimum evidence-based require-
ments to provide acceptable results. These include a prospective design, the 
inclusion of representative study populations and well-defi ned inception cohorts, 
a prolonged and complete follow-up, and a standard defi nition of prognostic fac-
tors and outcome measures. Multicenter studies are a valuable alternative to 
increase sample size and to compare different countries, institutions, and techni-
cal approaches. As with meta-analyses, pooling data from different sources 
implies the use of study protocols fulfi lling all the previously discussed require-
ments and the accomplishment of the recommendations of evidence-based 
medicine.     

E. Beghi



17

   References 

    1.    Wiebe S, Blume WT, Girvin JP, Eliasziw M, Effectiveness and Effi ciency of Surgery for 
Temporal Lobe Epilepsy Study Group. A randomized, controlled trial of surgery for temporal 
lobe epilepsy. N Engl J Med. 2001;345:311–8.  

    2.    Engel Jr J, McDermott MP, Wiebe S, Langfi tt JT, Stern JM, Dewar S, Sperling M, Gardiner I, 
Erba G, Fried I, Jacobs M, Vinters HV, Mintzer S, Kieburtz K. Early surgical therapy for drug- 
resistant temporal lobe epilepsy. JAMA. 2012;307:922–30.  

    3.   National Institutes of Health Consensus Conference. Surgery for epilepsy. JAMA. 
1990;264:729–33.  

    4.    Schmidt D, Stavem K. Long-term seizure outcome of surgery versus no surgery for drug- 
resistant partial epilepsy: a review of controlled studies. Epilepsia. 2009;50:1301–9.  

     5.    Tellez-Zenteno JF, Dhar R, Wiebe S. Long-term seizure outcomes following epilepsy surgery: 
a systematic review and meta-analysis. Brain. 2005;128:1188–98.  

    6.    Sillanpaa M, Schmidt D. Natural history of treated childhood-onset epilepsy: prospective, 
long-term population-based study. Brain. 2006;129:617–24.  

    7.    Shorvon SD, Goodridge DMG. Longitudinal cohort studies of the prognosis of epilepsy: con-
tribution of the National General Practice Study of Epilepsy and other studies. Brain. 
2013;136:3497–510.  

    8.    Luciano A, Shorvon SD. Results of treatment changes in patients with apparently drug- 
resistant chronic epilepsy. Ann Neurol. 2007;62:375–81.  

   9.    Callaghan B, Schlesinger M, Rodemer W, Pollard J, Hesdorffer D, Hauser WA, French 
J. Remission and relapse in a drug-resistant epilepsy population followed prospectively. 
Epilepsia. 2011;52:619–26.  

    10.    Neligan A, Bell GS, Sander JW, Shorvon SD. How refractory is refractory epilepsy? patterns 
of relapse and remission in people with refractory epilepsy. Epilepsy Res. 2011;96:225–30.  

    11.    Engel Jr J, Van Ness PC, Rasmussen TB, Ojemann LM. Surgical treatment of the epilepsies 
outcome with respect to epileptic seizures. In: Engel Jr J, editor. Surgical treatment of the 
epilepsies. 2nd ed. New York: Raven; 1993. p. 609–21.  

    12.    Wieser HG, Blume WT, Fish D, Goldensohn E, Hufnagel A, King D, et al. ILAE commission 
report. Proposal for a new classifi cation of outcome with respect to epileptic seizures following 
epilepsy surgery. Epilepsia. 2001;42:282–6.  

     13.    Engel Jr J. Approaches to localization of the epileptogenic lesion. In: Engel Jr J, editor. 
Surgical treatment of the epilepsies. New York: Raven; 1987. p. 75–96.  

    14.    McIntosh AM, Wilson S, Berkovic SF. Seizure outcome after temporal lobectomy: current 
research practice and fi ndings. Epilepsia. 2001;42:1288–307.  

    15.    Tonini C, Beghi E, Berg AT, Bogliun G, Giordano L, Newton RW, Tetto A, Vitelli E, Vitezic 
D, Wiebe S. Predictors of epilepsy surgery outcome: a meta-analysis. Epilepsy Res. 
2004;62:75–87.  

     16.    Spencer S, Huh L. Outcomes of epilepsy surgery in adults and children. Lancet Neurol. 
2008;7:525–37.  

    17.    Perry MS, Duchowny M. Surgical versus medical treatment for refractory epilepsy: outcomes 
beyond seizure control. Epilepsia. 2013;54:2060–70.  

    18.    Hrabok M, Dykeman J, Sherman EMS, Wiebe S. An evidence-based checklist to assess neu-
ropsychological outcomes of epilepsy surgery: how good is the evidence? Epilepsy Behav. 
2013;29:443–8.  

    19.    von Elm E, Altman DG, Egger M, Gøtzsche PC, Pocock SJ, Vandenbroucke JP, STROBE 
Initiative. The Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) statement: guidelines for reporting observational studies. PLoS Med. 2007;4:e296.  

     20.    Vandenbroucke JP, von Elm E, Altman DG, Gøtzsche PC, Mulrow CD, Pocock SJ, Poole C, 
Schlesselman JJ, Egger M, STROBE Initiative. Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE): explanation and elaboration. PLoS Med. 2007;4:e297.  

2 Methodological Demands on Observational Studies of Outcomes 



18

     21.    Engel Jr J, Wiebe S, French J, Sperling M, Williamson P, Spencer D, Gumnit R, Zahn C, 
Westbrook E, Enos B, Quality Standards Subcommittee of the American Academy of 
Neurology; American Epilepsy Society; American Association of Neurological Surgeons. 
Practice parameter: temporal lobe and localized neocortical resections for epilepsy: report of 
the Quality Standards Subcommittee of the American Academy of Neurology, in association 
with the American Epilepsy Society and the American Association of Neurological Surgeons. 
Neurology. 2003;60:538–47.    

E. Beghi



19© Springer International Publishing Switzerland 2015 
K. Malmgren et al. (eds.), Long-Term Outcomes of Epilepsy Surgery in Adults 
and Children, DOI 10.1007/978-3-319-17783-0_3

    Chapter 3   
 Long-Term Seizure and Antiepileptic Drug 
Outcomes After Epilepsy Surgery in Adults 

             Kristina     Malmgren      ,     Anna     Edelvik     , and     John     S.     Duncan    

    Abstract     Epilepsy surgery is an effi cacious treatment for selected persons with 
drug-resistant focal epilepsy, rendering many seizure-free and others signifi cantly 
improved. There is Class I evidence for short-term effi cacy of epilepsy surgery from 
two randomized controlled studies of temporal lobe resection. In order for patients to 
make an informed decision about the treatment option of epilepsy surgery, they also 
need data on the probability of long-term remission or improvement. Long- term lon-
gitudinal observational studies are necessary in order to obtain valid outcome data. 
From a number of such studies, the proportion of patients who have been continu-
ously free from seizures with impairment of consciousness since resective surgery 
seems to be 40–50 % after 10 years, while a higher proportion have been seizure-free 
at least a year at each time-point assessed. The best longitudinal data are in patients 
who have undergone temporal lobe resection and in whom the histopathology was 
mesial sclerosis, and in these patients the majority of relapses occur within 5 years. 
Whether this course is applicable to other resection types and pathologies is not clear. 
There is much less information on the longitudinal course in patients who have 
undergone other resection types and have other causes. For many resection types, the 
number of patients in single-center long-term follow-ups is limited and for almost all 
studies there is a lack of controls. Multicenter observational studies following both 
operated and nonoperated patients are needed in order to obtain more robust data.  
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        Introduction 

 Surgical treatment for epilepsy has long been recognized as a valuable treatment 
option for carefully selected patients with drug-resistant focal epilepsy. In adults, 
most operations are temporal lobe resections (TLR), with smaller numbers of 
patients having frontal lobe resections (FLR) or other extratemporal resections. 
Very few adults undergo multilobar resections or hemispherectomies. In some 
patients in whom resective surgery is not possible, palliative procedures such as cal-
losotomy or other dissociative procedures may be indicated. Until recently, the 
knowledge about seizure outcomes after different epilepsy surgery procedures has 
been based on 1–2-year follow-ups. Epilepsy surgery candidates, however, are 
mainly young adults and along with information about the short-term chances of 
seizure control versus risks (complications as well as expected adverse effects), they 
need detailed advice about likely long-term seizure outcome before deciding to 
undergo brain surgery. Many patients also have expectations to withdraw antiepi-
leptic drugs (AEDs) after successful surgery [ 1 ] since side effects of AEDs contrib-
ute to poor quality of life [ 2 ]. Realistic expectations concerning long-term seizure 
and AED outcomes are part of the information they need to consider (see also Chap. 
  17     of this volume). 

 There are no randomized controlled trials (RCTs) for long-term follow-up and for 
obvious reasons such trials would be practically and ethically diffi cult to implement. 
In the absence of RCTs, observational cohort studies are important. In order to com-
pare data from different observational studies, defi ned quality criteria are needed. A 
number of requirements for well-conducted studies on the prognosis after epilepsy 
surgery have been suggested: representative study populations, well- defi ned incep-
tion cohorts, satisfactory and complete follow-up, prospective design, and standard 
defi nition of prognostic factors as discussed in Chap.   2     of this volume [ 3 ].  

    Reporting of Seizure Outcomes 

 One problem when assessing the literature on seizure outcomes after epilepsy sur-
gery is how seizure outcome and especially seizure freedom is defi ned. The most 
commonly used scheme is the Engel classifi cation; another is the International 
League Against Epilepsy (ILAE) outcome scale [ 4 ,  5 ]. While the Engel classifi ca-
tion assesses the seizure outcome taking account of the whole postoperative period, 
the ILAE classifi cation refers to the seizure outcome the last year of follow-up and 
the seizure outcome class should be determined for each year at annual intervals 
after surgery. However, both classifi cations make it possible to identify those 
patients who have been completely seizure-free without auras since the operation 
(Engel class I A, and ILAE class 1a). In the Engel classifi cation class I B identifi es 
those patients who have had auras only but no seizures with impairment of con-
sciousness since surgery (Engel class I B) but this is not possible in the ILAE clas-
sifi cation. Both classifi cations exclude early postoperative seizures. 
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 Most studies report seizure outcome the last year of follow-up and do not distin-
guish patients with sustained seizure freedom since surgery, although this is the 
most important patient group to identify in order to advise surgical candidates about 
their chances of good outcome. Seizure freedom is most often defi ned as freedom 
from seizures with impairment of consciousness, or Engel I (which also includes 
patients who have had some seizures with impairment of consciousness after sur-
gery but then been seizure-free at least 2 years and patients who have had secondary 
generalized tonic-clonic seizures (SGTCS) on antiepileptic drug (AED) with-
drawal). Some studies differentiate into completely seizure-free (Engel I A or ILAE 
Class 1a) or include patients with auras only in the category of seizure-free (Engel 
I A and B or ILAE Class 1a and 2). In the following, we will therefore as far as pos-
sible state how seizure freedom is defi ned in the studies reviewed. Although both 
scales include a possibility to note worsening of seizure frequency postoperatively, 
this is seldom reported. 

 Seizure outcome after epilepsy surgery is not only a question of having sustained 
seizure freedom or relapse of seizures. More recently, different patterns of remis-
sion have also been described, which will be further commented on.  

    Class I Evidence for Short-Term Seizure Outcomes 

 There is Class I evidence for short-term effi cacy of epilepsy surgery from two ran-
domized controlled studies (RCTs) of TLR [ 6 ,  7 ]. In the Canadian intention to treat 
RCT 58 % of the 40 patients who were randomized to presurgical evaluation (64 % 
of those operated) were free from seizures with impairment of consciousness after 
12 months compared with 8 % of the 40 patients randomized to optimized medical 
treatment [ 6 ]. These results were shown in the American Academy of Neurology 
practice parameter to be practically identical to those from 24 class IV series of 
TLR, which led a recommendation of epilepsy surgery as the treatment of choice for 
drug-resistant temporal lobe epilepsy (TLE) [ 8 ]. Other systematic reviews have 
shown similar short-term outcomes. 

 Late referral for epilepsy surgery remains a major problem [ 9 – 11 ] and the 
ERSET (Early Randomized Surgical Epilepsy Trial) study including 16 US epi-
lepsy surgery centers was therefore designed to determine whether surgery soon 
after failure of two AEDs in people with drug-resistant mesial temporal lobe epi-
lepsy is superior to continued medical treatment in controlling seizures. Even 
though this study was prematurely terminated due to slow accrual, the benefi ts of 
early surgery were demonstrated: none of the 23 patients in the medically treated 
group versus 11/15 in the surgical group were free from seizures with impairment 
of consciousness during the 2 years of follow-up [ 7 ]. 

 The limitations of these RCTs are that they only concern TLR and are therefore 
not generalizable to other resective procedures. 

 Worsening of seizures was not reported in the Canadian study [ 6 ], while in the 
ERSET study the seizure frequency during the 2-year study period was tabulated for 
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each patient, showing that none of the 15 operated patients had a worsening in sei-
zure frequency compared to 3/23 in the medical group [ 7 ]. In studies without con-
trol groups, it is diffi cult to interpret an increase in seizure frequency, since this 
could represent variation over time without any causal relationship with the resec-
tion. Some patients, however, do not only continue to have their habitual seizures 
but also have new-onset SGTCS after surgery. In a retrospective study from the 
Cleveland Clinic investigating seizure worsening in 276 patients with postoperative 
seizure recurrence, 1.4 % of the patients had new-onset SGTCS after surgery [ 12 ].  

    Long-Term Seizure Outcomes 

 During the last decade, an increasing number of epilepsy surgery centers have 
reported long-term outcomes in cohorts of patients following a variety of surgical 
interventions. The studies which best fulfi ll the requirements for well-conducted 
studies as outlined in Chap.   2     have been summarized in Table  3.1 . A summary table 
of all the referenced studies of long-term outcomes after resective epilepsy surgery 
in adults can be found after the chapter ( Appendix ).

   Long-term outcome after resective epilepsy surgery is often reported cross- 
sectionally, which makes it diffi cult to discern temporal trends. In a meta-analysis 
from 2005 based on 78 studies, 66 % of TLR patients, 46 % of patients who had 
parietal or occipital resections (P/OLR) and 27 % of FLR patients were seizure-free 
at follow-up ≥5 years postsurgery, but the authors point out that few studies reported 
sustained seizure freedom from surgery; most report seizure status last year of fol-
low- up. Almost all studies described patient cohorts without controls [ 13 ]. 

 Several recent studies with prospectively collected long-term data on seizure 
outcome have provided better information about the chances of sustained seizure 
freedom. In the largest of these, which is a single-center study of 1,160 patients 
(adults and children) with a cross-sectional follow-up of at least 2 years (mean fol-
low- up 5.4 years, range 2.0–20.5 years), 50.5 % were continuously seizure-free 
without auras [ 9 ]. In another single-center longitudinal follow-up of 615 adults, 
52 % of all patients remained free from seizures with impairment of consciousness 
from the time of surgery (using an outcome classifi cation which equals Engel I A 
and B) 5 years after surgery and 47 % at 10 years [ 14 ]. In a population based national 
study of 278 patients who had 5 or 10 year follow-up 190 were adults [ 15 ]. This 
study had a control group of 80 adults who had been presurgically evaluated but not 
had surgery. At long-term 41 % of the operated adults had sustained seizure freedom 
(Engel I A and B) since surgery, compared to none of the controls. 
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    Long-Term Seizure Outcome After Temporal Lobe Resections 

 A number of recent longitudinal long-term outcome studies report sustained seizure 
freedom after TLR. Most are retrospective single-center series, only a few are pro-
spective. Sustained seizure freedom is reported as Engel I [ 4 ,  16 ,  17 ], Engel I A [ 18 , 
 19 ], or Engel I A and B [ 20 ], and in a few studies as ILAE class 1 and 2 [ 14 ,  21 ]. 
The proportion of patients with sustained seizure freedom around 5 years postop-
eratively varies between 44 and 55 % [ 14 ,  15 ,  17 ,  18 ,  21 ] and 60–80 % [ 16 ,  19 ,  20 , 
 22 ]. Among the studies with more moderate rates of sustained seizure freedom three 
of fi ve are prospective [ 14 ,  15 ,  21 ]. All studies reporting higher rates of sustained 
seizure freedom were retrospective. 

 A few studies report longitudinal follow-up until 10 years. In one retrospec-
tive single-center study in 325 patients (adults and children), 48 % were continu-
ously seizure-free (defi ned as Engel I A, B and D) after 5 years and 41 % after 10 
years [ 17 ]. In the earlier mentioned study of 615 adults, 497 had TLR and 55 % 
of them were seizure-free (without or with auras) after 5 years and 49 % after 10 
years [ 14 ]. 

 TLR constitute the majority of resective epilepsy surgery procedures in adults. It 
is therefore not surprising that most of the long-term outcome studies and especially 
those presenting longitudinal outcome data using survival methods concern TLR. It 
is possible to study the long-term prognosis in this more homogenous group of 
patients. Many factors may infl uence seizure outcomes, for example, referral bias, 
epilepsy center experience and resources, time period, and histopathology. In 
Fig.  3.1 , we present a Kaplan-Meier analysis of time to fi rst seizure (defi ned as 
seizures with impairment of consciousness) in adult patients (18 and older) who 
have undergone any variety of TLR and in whom the main histopathology was 
mesial sclerosis. The analysis includes data from three large epilepsy centers from 
three continents and with data partly from different time periods. The patients from 
Austin Health, Melbourne, Australia were enrolled 1979–1998 (courtesy for shar-
ing these data to Drs Anne McIntosh and Sam Berkovic), those from Jefferson 
Comprehensive Epilepsy Center, Philadelphia, USA, were included 1987–2014 
(courtesy for sharing these data to Drs Ali Asadi-Pooya and Michael Sperling), and 
the patients from UCL, London, UK 1990–2008.  

 As seen in Fig.  3.1 , the curves are remarkably similar, with most relapses in the 
fi rst 5 years and then some fl attening of the gradient. The similarity between the 
curves from three large single-center series from three continents indicates that 
although factors such as referral or selection bias and differences in presurgical 
evaluation or surgical procedures may infl uence outcomes, there are in these patient 
populations common underlying risks for relapse.  
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    Long-Term Seizure Outcome After Frontal Lobe and Other 
Extratemporal Resections 

 In a recent systematic review of long-term outcomes after FLR, the authors identifi ed 
21 articles from 1991 to 2010 containing data from 1,199 patients (adults and chil-
dren) with a mean or median follow-up of at least 4 years [ 23 ]. All studies were ret-
rospective or prospective single-center series and the seizure-free rates at long term 
varied from 20 to 78 % across individual studies with no signifi cant trend towards 
better outcomes over time. The overall rate of postoperative seizure freedom reported 
as Engel I was 45 %. The seizure outcome at 5 years defi ned as Engel I in the two 
studies that provided longitudinal data were 47 % and 27 %, respectively [ 24 ,  25 ]. 
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  Fig. 3.1    Kaplan-Meier curve for continuous seizure freedom (allowing auras) after temporal lobe 
resection for hippocampal sclerosis. Data from three large epilepsy surgery centers: Austin Health, 
Melbourne, Australia (Courtesy of Drs A. McIntosh and S. Berkovic), Jefferson Comprehensive 
Epilepsy Center, Philadelphia, USA (Courtesy of Drs A. Asadi-Pooya and M. Sperling), and UCL, 
London, UK. The data from UCL were collected at each anniversary after surgery, hence the step-
wise appearance of the curve       
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 In a few of the studies published after 2010, the reports of long-term outcomes in 
patients after FLR or other extratemporal resections include information on sus-
tained seizure freedom since surgery. Five years postoperatively these proportions 
range from 14.7 % (Engel I) [ 26 ], 27 % (Engel I) [ 25 ], 35 % after FLR, and 33 % in 
other extratemporal resections (Engel I A and B) [ 15 ] to 47 % (Engel I, 34.8 % 
Engel I A) [ 24 ]. In one cross-sectional FLR study with a mean of 6 years follow-up, 
24 % were reported to have sustained seizure freedom (Engel I A) [ 27 ]. In another 
study focusing on patients who had undergone MEG as part of their workup, 48 % 
were reported to be seizure-free (Engel I A) after a mean of 5 years [ 28 ]. 

 In long-term seizure outcome studies of extratemporal resections, seizure free-
dom rates vary from 14 % (mostly patients with focal cortical dysplasia) at 5 years 
(Engel I A and B) [ 26 ] to 52 % at 5 and also at 10 years (Engel I, mostly patients 
with lesional etiology) [ 29 ].  

    Long-Term Seizure Outcome After Palliative Epilepsy Surgery 
Procedures 

 Corpus callosotomy (anterior or complete) is a palliative surgical procedure per-
formed in both children and adults, most commonly because of traumatizing drop 
attacks (tonic or atonic). Most follow-up studies are single-center, retrospective, and 
report outcome cross-sectionally with different outcome measures making compari-
sons diffi cult. Series including both children and adults have outcomes comparable 
to the purely pediatric series [ 30 ]. In the only purely adult series comprising 15 
adults with a mean follow-up of 2.6 years (range 0.6–10.2 years), 5 patients (33 %) 
reported >60 % reduction in all seizures while 7 (47 %) reported >60 % reduction 
in drop attacks [ 31 ]. One long-term outcome study of 95 patients, children and 
adults, with a minimum follow-up of 5 years reported improvement in GTCS in 
77.3 % and in drop attacks in 77.2 % [ 32 ]. In another long-term study of 78 patients 
(27 adults) with a median follow-up of 8 years, 61/73 patients with drop attacks 
were reported free from these at follow-up (84 %) [ 33 ]. A recent long-term follow-
 up, which is population-based, multicenter, and prospective [ 34 ], also included both 
children and adults ( N  = 31). In this study, there was a sustained reduction in seizure 
frequency at long term, which even improved over time. At the long-term follow-up 
(5 or 10 years), 10 of the 18 patients with preoperative drop attacks were free of 
these attacks. 

 Surgical treatment of patients with hypothalamic hamartomas is another mainly 
palliative procedure that can be performed as open surgery, radiosurgery, or as a 
disconnective procedure. As for callosotomies, series are often single-center and 
retrospective with limited sample sizes. In a series of 24 children and adults who 
underwent interstitial radiosurgery 46% had an Engel I or II outcome after a mean 
follow-up of 2 years [ 35 ]. In a recent study of 40 adults who underwent gamma 
knife treatment, 29 % were reported to be seizure-free in the long term (mean 
4.8 years) [ 36 ].   
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    Predictors of Remission and Relapse at Long-Term After 
Resective Epilepsy Surgery 

 Predictors for seizure freedom (positive) or seizure recurrence (negative) at long 
term (at least 4 years) have been sought by several investigators. While some found 
no remaining predictors in multivariate analysis [ 18 ,  21 ,  27 ], others have identifi ed 
a number of predictors. Commonly identifi ed predictors for seizure freedom or 
“good outcome” are positive MRI and histopathology (varying depending on types 
of pathology included in analysis) [ 14 – 17 ,  25 ,  26 ,  37 ,  38 ]. Positive predictors in 
patients at least 4 years after FLR were lesional epilepsy, abnormal MRI, localized 
resection as opposed to more extensive frontal or multilobar resections [ 23 ]. In 
lesional cases, gross-total resection (as opposed to subtotal resection) led to better 
seizure outcome. In the study evaluating the predictive value of MEG, monofocal 
MEG and nondominant side resections were predictive of seizure freedom [ 28 ]. 

 Several factors have been identifi ed as predictors negatively related with long- 
term seizure freedom: SGTCS at baseline [ 17 ,  39 ,  40 ], long epilepsy duration [ 9 , 
 15 ,  38 ,  41 – 43 ], higher age at surgery [ 14 ,  29 ,  40 ], high baseline seizure frequency 
[ 15 ,  44 ], postoperative interictal epileptiform discharges [ 37 ,  41 ,  45 ], and early 
postoperative seizures [ 25 ,  26 ,  46 ]. 

 The one predictive factor that is tractable – epilepsy duration before undertaking 
presurgical investigation – has repeatedly been shown not to have shortened signifi -
cantly over the years [ 7 ,  9 ,  47 ]. These results from long-term outcome studies 
underline the importance of earlier identifi cation of good candidates for resective 
epilepsy surgery. 

 The duration of epilepsy in adults referred for presurgical evaluation is still 
15–20 years [ 48 ], a time period that for many of the young adults referred is more 
than half of their lives. Earlier epilepsy surgery has the important potential to 
decrease or even prevent many of the disabling psychological and social conse-
quences of epilepsy.  

    Patterns of Remission and Relapse 

 Although seizure outcome is often reported as a static measure (seizure-free or not 
at a certain time-point), seizure outcomes after epilepsy surgery are more compli-
cated. Several studies have pointed out the changing pattern of seizure control over 
time that complicates the process of evaluating surgical outcomes. In a retrospective 
study of 175 patients who had been seizure-free for 1 year after resective epilepsy 
surgery, 63 % never relapsed during a mean follow-up of 8.3 years. The likelihood 
of remaining seizure-free declined to 56 % over 10 years, but half of the patients 
who relapsed had at most one seizure per year [ 49 ]. 

 In a US multicenter follow-up of 223 patients who at some point during follow-
 up (2–7 years) had entered a 2-year remission, 25 % relapsed later. Patients who 
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entered a 2-year remission immediately after surgery were less likely to relapse later 
than those who had a 2-year remission at a later time [ 39 ]. In another study of 285 
patients who had 1 year of postoperative seizure freedom, 18 % had relapsed by 5 
years and 33 % by 10 years, but at last follow-up (after a mean of 8 years), only 
13 % were not seizure-free [ 40 ]. 

 In the UCL long-term follow-up of 615 adults, 68–73 % of patients had been 
seizure-free (or had only aura) the previous year at any time during follow-up. 
Most patients were stable, but 3–15 % changed seizure status. Patients who 
were seizure- free 2 years after surgery, had an 80 % chance of still being sei-
zure-free after another 5 years, and those who were continuously seizure-free 5 
years postoperatively had an 89 % chance of still being seizure-free after another 
5 years. So the longer the preceding seizure-free period was, the less likely it 
was that the patients would relapse, even if they would never be completely free 
of risk for recurrence [ 14 ]. Of those who were not seizure-free in the fi rst 2 
years after surgery, 24 % were seizure- free for the next 5 years. Of those who 
were not seizure-free in the fi rst 5 years after surgery, 20 % were seizure-free 
for the next 5 years.  

    Long-Term Outcomes of Antiepileptic Drug Treatment 

 There are no systematic studies of the optimal timing of postoperative drug with-
drawal in adults. The proportion of seizure-free adults (and children) in whom 
AEDs have been withdrawn after successful epilepsy surgery varies widely across 
studies. In a meta-analysis from 2007, nine studies were identifi ed and a pooled 
analysis showed that 27 % of seizure-free children and 19 % of seizure-free adults 
had discontinued AEDs at a mean follow-up of 7 years [ 50 ]. However, in an Indian 
study, AED withdrawal was systematically planned for all seizure-free patients after 
TLR and was successful in 63 % of 258 patients who were followed for at least 5 
years [ 37 ]. 

 In a cross-sectional follow-up study after neocortical resections, 61/223 (27 %) 
had stopped AEDs after a mean of 7 years [ 51 ], which is the same proportion as in 
the UCL study where 104 of 365 (28 %) seizure-free individuals were off AEDs at 
the latest follow-up (median 8 years) [ 14 ]. 

 In a study of outcomes in 106 patients after extratemporal (mainly lesional) 
resections in adults and children, 59 % were seizure-free without aura (ILAE 1) 
during the last year of follow-up. Twenty-fi ve percent had stopped AEDs (and had 
been off AEDs for at least 1 year) after a mean of 4.6 years, and another 40 % had 
reduced the number of AEDs [ 41 ]. 

 In the prospective-population-based Swedish long-term follow-up study, 43 % 
of the adults who were seizure-free 10 years postsurgery had stopped AED treat-
ment [ 15 ].   Figure  3.2  illustrates the proportion of patients who are off AEDs 10 
years after surgery but also the numbers of seizure-free patients who had reduced 
polytherapy 10 years after epilepsy surgery [ 52 ].   
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    Conclusions and Future Directions 

 Epilepsy surgery is an effi cacious treatment for selected persons with drug-resistant 
focal epilepsy, rendering many seizure-free and others signifi cantly improved. For 
many years, follow-up data were limited to a few years after surgery. However, most 
adults who undergo epilepsy surgery are young and in order for them to make an 
informed decision about the treatment option of neurosurgery, they need not only 
short-term data but also data on the probability of long-term remission or improve-
ment. In order to make their own risk-benefi t assessment, they also need informa-
tion on many other outcome aspects, many of which are discussed in other chapters 
of this volume. 

 Long-term longitudinal observational studies are necessary in order to obtain 
valid outcome data. From a number of such studies, the proportion of patients who 
have been continuously free from seizures with impairment of consciousness since 
resective epilepsy surgery seems to be 40–50 % after 10 years, while a higher pro-
portion have been seizure-free at least a year at each time-point assessed. The best 
longitudinal data are in patients who have undergone TLR and in whom the histo-
pathology was mesial sclerosis, and from these data (Fig.  3.1 ) it seems that the 
majority of relapses occur within 5 years, and after that there is a lesser relapse rate. 
Whether this course is applicable to other resection types and pathologies is not 
clear. 

 There is much less information on the longitudinal course in patients who have 
undergone other resection types and have other causes. For many resection types, 
the number of patients in single-center long-term follow-ups is limited and for 
almost all studies there is a lack of controls. Multicenter observational studies 
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  Fig. 3.2    ( a ,  b ) Number of antiepileptic drugs at the start of preoperative investigations, and 2 and 
10 years after surgery. Panel  a : Adult patients who were seizure-free at least the year before the 
10-year follow-up ( n  = 116). Panel  b : Adult patients with sustained seizure freedom since surgery 
at the 10-year follow-up ( n  = 66).  AED  antiepileptic drug       
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 following both operated and nonoperated patients are needed in order to obtain 
more robust data. 

 In general, the visualization of structural lesions on MRI and certain specifi c 
histopathological fi ndings predict good seizure outcomes, while negative predictors 
include biomarkers of more severe epilepsy such as SGTCS and higher seizure fre-
quency at baseline. Shortening the duration of epilepsy at surgery by referring 
patients for presurgical investigation earlier is the single most important factor pos-
sible to infl uence that can improve the prognosis for good seizure outcome of epi-
lepsy surgery. Even if earlier evaluation for epilepsy surgery does not per se carry a 
higher remission rate, earlier evaluation for surgery would also help preventing 
many of the psychosocial problems related to long-standing drug-resistant 
epilepsy.      

K. Malmgren et al.
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    Chapter 4   
 Long-Term Seizure and Antiepileptic Drug 
Outcomes After Epilepsy Surgery in Children 

             Evan     Cole     Lewis      and     Michael     Duchowny     

    Abstract     Seizure outcomes in children are typically assessed using the Engel clas-
sifi cation system. However, they may be reported at variable duration of follow-up, 
often a wide range in individual studies. Completeness of resection is the major 
predictor of seizure freedom for all epilepsy cases; otherwise, positive and negative 
predictors depend on specifi c presurgical, surgical, and postsurgical variables. 
Lobar seizure-free outcomes are variable: frontal (33.7–66 %), insular (about 80 %), 
occipital (30–69.2 %), parietal (40–82 %), and temporal (63.2–85 %) in the longer 
term from data available. Rates of seizure freedom in temporal lobe epilepsy (TLE) 
are better than for extratemporal lobe epilepsy (ETLE) and comparable to adult 
rates. Hemidisconnection outcomes range from 41 to 83 % which is better than for 
tailored multilobar approaches. For seizure foci not amenable to focal resection, 
corpus callosotomy (CC) remains a potential treatment option for children with 
atonic seizures. Early decisions should be made about weaning of medication to 
determine which children require antiepileptic drugs (AEDs) in the longer term.  

  Keywords     Epilepsy surgery   •   Hemispherectomy   •   Corpus callosotomy   •   Drug-
resistant epilepsy   •   Seizure outcome   •   Focal epilepsy   •   Pediatric epilepsy   •   Outcome 
assessment   •   Temporal lobe surgery  

        Introduction 

 Seizure    freedom, or at the very least seizure reduction, remain the primary aims of 
epilepsy surgery in childhood, accepting secondary aims may include improvement 
in neurodevelopment, behavior, and quality of life. Data on long-term seizure 
outcomes from epilepsy surgery in childhood are limited; many studies report on 
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types of surgery or pathologies with a wide range of follow-up, as well as being 
inclusive of both adults and children. Late recurrence of seizures may be seen fol-
lowing surgery, although may be more likely in certain pathologies. There is also a 
wide variation as to how seizure outcome is reported, meaning comparison between 
studies is diffi cult. Determining longer-term outcomes beyond 3–5 years from sur-
gery is important to appropriately counsel families with regard to expectation, fol-
low-up, and medical contact. Further, informed decisions will need to be made 
about withdrawal of medication.  

    How Is Seizure Outcome Assessed? 

 Seizure freedom after surgery is assessed using either the Engel or International 
League Against Epilepsy (ILAE) classifi cation system (Figs.  4.1  and  4.2 ). The 
Engel classifi cation, developed in 1993 [ 1 ] is the most widely used but has been 
criticized for its interpretive ambiguity by utilizing terms such as “worthwhile” and 
“disabling,” its inability to facilitate direct comparison with antiepileptic drug 
(AED) trials which commonly use 50 % seizure reduction as a primary outcome 
measure, and its lack of distinct categorizations for absolute seizure freedom and 
postsurgical worsening.   

 For these reasons, the ILAE proposed a classifi cation system in 2001 [ 2 ] that 
addressed the shortcomings of the Engel system. Specifi cally, the introduction of 
“seizure days,” referring to the incidence of at least one seizure in a 24-h period is 

  Fig. 4.1    Engel classifi cation of postoperative seizure outcome       
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thought to be more clinically meaningful and addresses patients who occasionally 
have clusters of seizures or episodes of status epilepticus. 

 To utilize the ILAE system correctly for surgical patients, baseline seizure days 
for the 12-month period prior to surgery must be known. This makes the ILAE sys-
tem applicable to individuals and populations both on a year-by-year basis and 
cumulatively to the last documented outcome. However, ILAE outcome determina-
tion for retrospective studies is not possible if baseline data is unavailable. This 
latter point may explain why the Engel system continues to be popular in epilepsy 
surgery studies as most published series are retrospective and baseline data for the 
preceding 12-month period is often unknown. Further, there may be a relatively 
high frequency of seizures in young children in whom benefi t may not be captured 
utilizing the ILAE scheme. 

 Only one published study has compared the ILAE and Engel classifi cation systems 
[ 3 ]. Independent interpreters assessed a mixed cohort of 76 patients that included 25 
children and both systems were found to have high inter-rater agreement. 

 There currently is no pediatric-specifi c outcome scale and reliance on either the 
Engel or ILAE classifi cation systems is acceptable [ 4 ]. However, the Engel system 
is the most widely employed outcome measure and has adequate inter-rater reliabil-
ity. The Engel system is, therefore, utilized throughout this chapter to maintain 
 consistency across interpretation of data unless referenced studies specifi cally 
applied the ILAE classifi cation system. 

 The Engel and ILAE classifi cation systems address only seizure outcome and do not 
assess psychosocial, behavioral, cognitive, or vocational development, all vital to gaug-
ing the utility of epilepsy surgery [ 4 ,  5 ]. Discussion of these measures and their relation-
ship to quality of life is beyond the scope of this chapter and are discussed in detail in 
other chapters. Further, the system does not specify or include duration of follow-up at 
the time of reporting, meaning direct comparison between studies is not possible.  

  Fig. 4.2    ILAE classifi cation system of postoperative seizure outcome. Seizure outcome class 
determined for each year at annual intervals after the date of surgery. *Differentiates from Class 1 
which refers to seizure freedom within the last year of follow-up       
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    Predictors of Seizure Outcome 

 Predicting seizure freedom after epilepsy surgery in childhood is imperative for guid-
ing candidate selection and family counseling. This can be a challenging task as chil-
dren have unique clinical, developmental, and pathological variables that make 
comparisons with adults diffi cult [ 6 ]. Furthermore, factors that infl uence surgical out-
come in adults such as temporal lobe location and presence of a gross structural lesion 
are less important in childhood [ 6 ]. An understanding of both positive and negative 
predictors of seizure freedom greatly assists in candidate selection. Table  4.1  presents 
various clinical and peri-operative factors associated with seizure outcome.

      Presurgical Predictors of Seizure Freedom 

   Patient Demographics 

 Most preoperative clinical features do not predict seizure freedom [ 6 – 9 ]. There 
is no reported association of sex, age at surgery, duration of epilepsy, seizure 
frequency, seizure type (partial or secondarily generalized) or presence of 

   Table 4.1    Factors that result in favorable and unfavorable outcomes or have no effect on 
postsurgical seizure freedom in all types of epilepsy in children   

 Presurgical  Surgical  Postsurgical 

 Favorable 
outcome 

 Abnormal MRI 
 Presence of MRI lesion 
 Focal interictal 
discharges 
 Regionalized ictal 
discharges 
 MEG clusters within 
ictal onset zone 

 Completeness of 
resection 
 Temporal 
resections 

 Focal cortical dysplasia 

 No effect on 
outcome 

 Sex 
 Age at surgery 
 Duration of epilepsy 
 Seizure frequency 
 Seizure type (partial or 
generalized) 
 Cognitive impairment 
 Normal/non-focal MRI 
 PET 
 SPECT 

 Tuberous sclerosis 
 Low grade tumor 

 Unfavorable 
outcome 

 No MEG Clusters 
within ictal onset zone 
 Multiple MEG clusters 
overlapping the ictal 
onset zone 

 Interictal discharges within/
near resection cavity 
 Interictal discharges 
lateralized to side of 
resection 
 Nonspecifi c histopathology 
 Postencephalitic 
histopathology 
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cognitive impairment with postsurgical seizure status [ 6 – 8 ]. In contrast, a single 
preoperative seizure semiology is an important predictor in MR-negative cases 
[ 8 ,  10 ] and the absence of generalized seizures also correlates with favorable 
outcome in TLE and ETLE [ 11 ,  12 ]. The effect of age at onset of epilepsy and 
subsequent postsurgical seizure freedom is often confounded by the underlying 
substrate. For instance, surgical success is less likely in patients who present in 
early life with focal cortical dysplasia possibly due to associated atypical wide-
spread epileptogenic networks that are established prenatally or in early postna-
tal life [ 13 ,  14 ].  

   Presence of MRI Lesion 

 Data on investigative predictors of outcome are limited. The presence of a discrete 
lesion on MR imaging has been shown consistently to correlate with a favorable 
seizure outcome [ 11 ,  12 ,  15 ]. MR abnormalities provide anatomical landmarks 
for intracranial electrode placement, assist in determining resection margins and 
confi rm localizing fi ndings derived from other presurgical investigations. These 
factors all contribute to completeness of resection and surgical success [ 6 ]. 
Seizures associated with highly demarcated MRI lesions such as hamartomas, 
vascular malformations or developmental tumors are often alleviated by lesionec-
tomy alone. In contrast, non-lesional or subtle pathological substrates such as 
infection, trauma, or degenerative disorders are typically associated with a more 
diffuse insult with potential secondary areas of epileptogenesis that may activate 
after initial resection [ 12 ].   

   Interictal Discharges 

 Focal interictal discharges on scalp and video EEG positively predict seizure free-
dom while ictal patterns more often only lateralize or regionalize the epilepto-
genic zone [ 16 ,  17 ]. In a mixed cohort of adult and pediatric patients (mean age 
30.8 years; range, 8–57 years) with HS or non-lesional MTLE, seizure freedom 
correlated with regionalized ictal onset, the absence of contralateral propagation 
and lateralization of interictal discharges to the operated temporal lobe. When 
these features are present the likelihood of postoperative seizure freedom is 
increased [ 16 ]. 

 Conversely, postoperative persistence of interictal discharges is linked to poor 
outcome with a 71 % negative-predictive value for seizure freedom [ 18 ]. Rathore 
and Radhakrishnan (2010) reviewed 1,345 adults and children from 20 studies and 
noted that postoperative interictal discharges were associated with unfavorable sei-
zure outcome for all resections (odds ratio 3.3, 95 % CI: 2.5–4.5). Further 
 classifi cation by anatomical location showed that the odds of poor seizure outcome 
was more likely for extratemporal resections (odds ratio 5.6; 95 % CI: 3.9–9.3) 
compared to temporal resections (odds ratio 2.5; 95 % CI: 1.6–4.0) if postoperative 
interictal discharges were present [ 18 ].  
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   Neurophysiological Findings 

 The predictive power of scalp interictal and ictal activity is in part related to their 
assistance with intracranial electrode placement to precisely delineate the epilepto-
genic zone [ 6 ,  17 ]. This is particularly relevant in MRI negative cases. Jayakar    et al. 
(2008) examined 102 pediatric patients with normal or non-focal MRI scans and 
identifi ed two variables predicting seizure freedom- convergent focal interictal spikes 
on scalp EEG and completeness of resection. The defi nition of completeness of 
resection included electrophysiologic delineation of the ictal onset zone by intracra-
nial EEG fi ndings consisting of focal transformations into rhythmic activity, bursts of 
high frequency discharges, repetitive spiking or electrodecremental patterns [ 17 ]. 
Abnormal intracranial EEG fi ndings are more predictive of seizure freedom when 
they are concordant with anatomical abnormalities. In the pediatric cohort described 
by Paolicchi et al. (2000), completeness of resection of the abnormal anatomic and 
electrographic region was the only predictor of seizure freedom [ 6 ]. 

 The overall utility of further neurophysiological investigations remains contro-
versial and unclear. There are no outcome studies evaluating the role of EEG source 
localization in children. A meta-analysis of adult and pediatric studies of magneto-
encephalography found insuffi cient evidence to support a positive relationship 
between MEG and seizure freedom [ 19 ], whereas subsequent reclassifi cation pro-
duced the opposite fi nding [ 20 ].   

    Surgical Predictors of Seizure Freedom 

    Completeness of Resection 

 Completeness of resection is the primary determinant of postoperative seizure free-
dom [ 6 – 8 ,  21 ]. Most studies defi ne completeness of resection as the complete removal 
of the epileptogenic zone defi ned by intraoperative or extraoperative subdural EEG 
and, in lesional patients, removal of the lesion based on the postoperative MRI. 

 Patients with incomplete resections can still do well [ 21 ]. Thus, children should 
not be excluded from surgical consideration based on the likelihood that surgery 
would result in an incomplete resection of either the ictal onset zone or the lesion. 
In most cases, proximity to eloquent cortex limits the resection boundaries and is 
responsible for residual tissue. For patients with incomplete resection, factors 
including unilobar procedures, temporal resection, and the fi nding of a contiguous 
lesion on MRI are associated with seizure freedom [ 21 ].  

    Site of Resection: Temporal Versus Extratemporal 

 Higher rates of seizure freedom are observed in children undergoing temporal 
compared to extratemporal resections, a fi nding consistent across all age groups 
[ 11 ,  12 ,  14 ,  15 ,  22 – 26 ]. Completeness of resection with diffuse lesions in extra-
temporal lobe epilepsy, compared to common focal lesions of the temporal lobe 
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such as hippocampal sclerosis, can be more diffi cult to achieve due to more com-
plicated localization and surgical access issues. In addition, the anterior temporal 
lobe is more amenable to aggressive resections which increases the likelihood of 
completeness and contributes to the superior prognosis [ 10 ,  14 ]. Positive and 
negative predictors of seizure-free outcome in temporal lobe epilepsy are shown 
in Table  4.2 

        Postsurgical Predictors of Seizure Freedom 

    Histopathology 

 Histopathologic substrate is variably reported as a predictive outcome factor in large 
mixed cohorts of postoperative patients which makes it diffi cult to defi nitively 
defi ne its role in seizure outcome in children. Two studies reported improved out-
comes in pediatric patients with glial-neuronal tumors and focal cortical dysplasia 
while infl ammation, polymicrogyria, and “normal tissue” correlated with dimin-
ished rates of seizure freedom [ 10 ,  14 ]. For temporal lobe epilepsy, children with 
HS and tumors fare better than all other reported substrates [ 12 ]. 

 Other studies have generated confl icting fi ndings. D’argenzio et al. (2012) created 
Cox proportional hazard model survival plots for seizure recurrence in relation to 
etiology in a cohort of 80 pediatric ETLE patients (Fig.  4.3 ) [ 27 ]. Nonspecifi c pathol-
ogy (scar tissue, gliosis, atrophy, perinatal injury, and normal brain) was the only 
variable signifi cantly associated with a higher risk of seizure recurrence  compared to 
focal cortical dysplasia; whereas, the presence of a low-grade tumor or tuberous 
sclerosis complex revealed no comparative difference. Similar poor outcomes have 
been demonstrated in lesional TLE when the histopathology is unremarkable [ 28 ].  

 Postencephalitic epilepsy in children tends to be quite intractable and is associ-
ated with particularly poor outcomes despite localization of seizure foci with exten-
sive presurgical evaluation and invasive monitoring [ 29 – 31 ] 

 The wide variation in seizure outcome in relation to histopathology suggests an 
indeterminate correlation and need for more data.    

   Table 4.2    Positive and negative predictors of postsurgical seizure freedom in temporal lobe 
epilepsy in children    [ 12 ,  22 ,  28 ]   

 Positive Predictors  Negative Predictors 

 Lesion on MR 
 Lateralized interictal or ictal EEG abnormality 
(not necessarily localized to temporal lobe) 
 At least one semiology sign of temporal lobe origin at 
onset of the habitual seizure 

 Sensory motor defi cit 
 Intellectual disability 
 MRI abnormalities extending outside 
of temporal lobe 
 History of generalized seizures 
 Status epilepticus 
 Unremarkable histology 
 Acute postop seizures 
 Ipsilateral epileptiform activity on 
postoperative EEG 
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    Type of Surgery 

    Hemispherectomy, Hemispherotomy, and Multilobar Surgery 

 Hemidisconnection procedures involve the surgical removal of a portion of one 
cerebral hemisphere or the disconnection of the lobes within that hemisphere. The 
classic anatomic hemispherectomy procedure has been modifi ed in an effort to 
improve outcomes and reduce complications [ 32 ]. Typically, hemidisconnection is 
performed in patients with drug-resistant epilepsy arising from one cerebral hemi-
sphere with evidence of concurrent hemiparesis and hemianopic visual fi eld defect. 
For all patients under consideration for a hemidisconnection, the possibility of new 
neurologic defi cits arising from the surgery is weighed against the potential neuro-
developmental benefi ts of seizure control [ 33 ]. 

 The largest review to date reported seizure freedom or Engel Class Ia outcomes 
in 66 % (112/170) of patients at mean follow-up of 5.3 years [ 33 ]. Major improve-
ment (>90 % reduction in seizures or greater) was obtained in 80 % of this cohort at 
4.8 years median follow-up. This result is consistent with reported seizure-free out-
comes ranging from 41 to 83 %. 

 Seizure freedom tends to be enduring in hemidisconnection patients. Moosa et al. 
(2013) used a Kaplan-Meier survival analysis to estimate seizure-free rates at 1, 2, and 
5 years postsurgery at 76, 71, and 63 %. The majority of patients who fail 
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  Fig. 4.3    Cox proportional hazards model survival plots depicting seizure freedom with respect to 
histopathology. ( a ) Survival plot up to 36 months for the whole study population ( n  = 80). ( b ) 
Survival plot from 24 to 72 months for patients with a follow-up of 2 years or more ( n  = 50). The 
table shows the number of patients at risk of seizure relapse by year of observation and etiology 
(With Permission: John Wiley and Sons, D’Argenzio et al. [ 27 ], Fig. 2.1)       
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 hemidisconnection do so in 4–6 months, whereas, seizure freedom persists in patients 
who are seizure-free at 6 months postoperatively. Patients who are seizure- free at 
6 months have a 98, 92, and 81 % chance of seizure freedom at 1, 2, and 5–10 years, 
respectively [ 33 ]. 

 The relationship between substrate and seizure outcome in hemidisconnection 
patients is less clear as studies reveal contradictory results [ 34 ,  35 ]. Many studies sepa-
rate substrates into developmental (e.g., hemimegelencephaly), acquired (e.g., enceph-
alomalacia as a sequelae of stroke) and progressive (e.g., Rasmussen encephalitis). 

 Studies that have established a relationship between seizure freedom and sub-
strate report poorer seizure outcomes for developmental lesions, especially hemi-
megalencephaly [ 36 ,  37 ], whereas, acquired and progressive substrates are associated 
with better seizure outcomes [ 35 – 37 ]. In the latter study, older age at surgery pre-
dicted seizure freedom but the authors recognized that older children were more 
likely to undergo hemidisconnection for acquired rather than developmental sub-
strates. Seizures due to developmental substrates present earlier in life and are oper-
ated on at an earlier age, especially hemimegalencephaly, falsely indicating that 
older children fair better in terms of seizure outcomes [ 35 ]. Notable negative predic-
tors of seizure outcome for hemidisconnection include bilateral PET abnormalities 
[ 33 ] and early postoperative seizures [ 33 ,  35 ]. Bilateral interictal and ictal EEG and 
bilateral MRI abnormalities do not correlate with seizure outcomes [ 33 – 35 ,  38 ]. 

 Multilobar surgery is performed more often in childhood [ 6 ,  14 ,  39 ]. In three 
different large pediatric epilepsy surgery cohorts, reported seizure-free rates after 
multilobar resection were 15 % (64/425), 22 % (25/113), and 69 % (43/62 posterior 
cortex surgeries) [ 14 ,  40 ,  41 ] compared to 11.5 % (16/139) and as low as 3 % in 
other series reporting on mixed cohorts of adults and children [ 42 ,  43 ]. Long-term 
seizure freedom after childhood multilobar resections ranges from 55 to 68 % [ 14 , 
 40 ] with resections within the posterior cortex resulting in better outcomes than in 
anterior locations [ 41 ]. Importantly, in a cohort of 63 pediatric and adult patients, 
Sarkis et al. (2012) showed that seizure freedom for multilobar resections typically 
decreased over time [ 43 ]. The likelihood of seizure freedom was 71 % at 6 months 
followed by 64, 52 and 41 % at 1, 5 and 10 years (Fig.  4.4 ).  
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 Epileptologists recommending hemidisconnection often consider more restricted 
multilobar resections to spare patient morbidity such as hemiparesis or visual fi eld 
defi cit. No studies have directly compared hemidisconnection to multilobar resec-
tion in the pediatric age group but Cossu et al. (2008) found that a tailored “wide 
multilobar” approach aiming to spare eloquent cortex resulted in relatively poor 
outcomes compared to hemispherectomy [ 14 ].  

    Focal Resections: Extratemporal and Temporal Lobes 

 A global summary of seizure-free outcomes by anatomical lobe of origin is given in 
Table  4.3  and a summary of outcomes of the major studies referenced in this chapter 
can be found in the  Appendix .

      Frontal Lobe 

 Reported rates of postoperative seizure freedom in frontal lobe epilepsy (FLE) in 
mixed adult-pediatric series are highly variable, ranging from 20 to 60 %. There is 
little information regarding FLE surgical outcomes in childhood populations and all 
existing data are derived from retrospective case series or uncontrolled meta- 
analyses. Rates of seizure freedom in the pediatric population range from 34 to 
66 % at a mean age of 9–11 years; variable follow-up from a minimum of 1–2 years, 
and/or mean follow-up from 34 to 40 months [ 9 – 11 ,  44 – 46 ]. 

 Predictors of FLE seizure freedom include the presence of a gross structural 
lesion, abnormal preoperative MRI, and localized ictal fi ndings with total resection 
of the lesion being the most signifi cant single predictor of seizure freedom [ 44 ,  45 ]. 
However, the presence of a lesion does not guarantee a better outcome [ 9 ] and non- 
lesional FLE surgery outcomes are poorer than non-lesional posterior cortex surgeries [ 10 ]. 
This difference may be related to the establishment of complex neuronal networks 

  Table 4.3    Reported percent 
seizure-free outcomes by 
anatomical site  

 Lobe  Seizure-free outcomes (%) 

 Frontal  33.7–66 
 Cingulate  100 
 Insular  ~80 
 Occipital  30–69.2 
 Parietal  40–82 
 Temporal  63.2–85 

  Cingulate = small case series and case reports 
 Insular = small mixed series 
 Occipital = mixed adult-pediatric cohorts 
 Parietal = mixed adult-pediatric cohorts  
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in the frontal lobe and the surgical constraints conferred by language and motor 
cortex. These factors also likely contribute to the poorer outcomes in lesional and 
non-lesional FLE in comparison to temporal lobe epilepsy (TLE) [ 9 ,  10 ].  

    Cingulate Epilepsy 

 Due to its deep anatomical location and various inter-neuronal connections, local-
ization of ictal onset within the cingulate gyrus is challenging and associated with 
seizure outcomes in children that are likely underreported [ 47 ]. Data is limited to 
small series and individual case reports with consequently limited follow-up. In a 
large mixed adult-pediatric cohort [ 47 ] that included three anterior and two poste-
rior cases, all cases were lesional and had mixed neoplastic and non-neoplastic 
pathology. All patients were seizure-free between 1 and 11 years postsurgery.  

    Insular Lobe 

 Reported seizure outcomes after insular resection are variable and based on small 
pediatric cohorts in long-term epilepsy surgery studies. More recent case reports 
describe good outcomes [ 48 – 50 ]. Von Lehe et al. (2009) reported six children in a 
mixed pediatric-adult sample with follow-up ranging from 12 to 164 months [ 51 ]. 
Four patients had lesions localized solely to the insula; fi ve were seizure-free, and 
one achieved a 50 % seizure reduction.  

   Occipital Lobe 

 There is a paucity of studies in the adult and mixed adult-pediatric literature 
reporting occipital lobe epilepsy (OLE) surgery, and only one study explored sur-
gical outcomes for OLE in a pure pediatric cohort [ 41 ]. All other reports describe 
either mixed adult-pediatric cohorts or mixed anatomical surgical locations (i.e., 
“posterior cortex” surgery) encompassing the parietal and occipital lobes or mul-
tilobar resections. The small number of studies is due to the low incidence of focal 
lesional, “pure” occipital lobe epilepsy, and the diminished reliability of standard 
investigations to localize occipital lobe ictal onset [ 52 ]. The incidence of occipital 
lobe epilepsy in children is unknown but believed to be rare with only one large 
case series, albeit an older study, showing an incidence of 8 % [ 53 ,  54 ]. 
Investigations including video EEG, SPECT, and MRI are unreliable predictors of 
occipital seizure onset [ 55 ]. 

 Surgery for OLE is less successful than temporal lobe epilepsy surgery. Studies 
reporting outcomes in OLE are variable due to non-standardized inclusion criteria, 
mixed underlying substrates, and inconsistent use of seizure outcome scales [ 52 ]. 
The current literature suggests a range of seizure freedom from 50 to 69.2 % in 
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mixed cohorts of adult and pediatric patients with OLE with follow-up ranging from 
13 to 157 months [ 41 ,  52 ,  55 – 57 ]. 

 Pediatric outcomes can be extracted from two studies [ 41 ,  56 ]. The fi rst is a 
series of pediatric posterior cortex surgeries of which eight patients had surgery for 
“pure” OLE; all were seizure-free at follow-up [ 41 ]. Mean age of seizure onset was 
8.5 years but specifi c duration of follow-up was not reported. The second study 
(Tandon et al., 2009) reported a mixed adult-pediatric sample with 11/21 patients 
under age 17 years [ 56 ]. This cohort was followed from 34 to 157 months with 55 % 
seizure-free at the last follow-up. 

 There is a trend in the adult and pediatric literature that particular clinical fea-
tures can be associated with anatomical features of OLE. OLE is more likely to 
present with preoperative visual fi eld defi cits in comparison to parietal or multilobar 
occipital epilepsies but the defi cit tends to be less clinically signifi cant [ 52 ,  56 ]. 
Medial or lobar occipital lesions have a higher likelihood of preoperative visual 
fi eld defects while lateral or basal occipital lesions are more likely to present with 
visual auras and concordant lateralized scalp EEG onset [ 57 ]. Jobst et al. (2010) 
found better outcomes in patients with inferior occipital lobe seizure onset [ 55 ].  

   Parietal Lobe 

 Outcomes of PLE surgery in children have been reported only rarely as a distinct 
cohort. Gleissner et al. (2008) described 15 children who underwent parietal lobe 
surgery for epilepsy of various pathological diagnoses [ 58 ]. At 1-year follow-up, 
87 % (13/15) were seizure-free. Long-term follow-up with a mean interval of 4.4 years 
(range: 2–9 years) was available for 11 patients with seizure freedom of 82 %.  

   Temporal Lobe 

 The pediatric epilepsy surgery literature typically separates out temporal lobe epi-
lepsy (TLE) and discusses extratemporal lobe epilepsy (ETLE) as a collective cohort 
although TLE accounts for only 15–20 % of epilepsy cases in children [ 12 ,  59 ]. 
Similarities and differences exist in presentation of TLE in young children, older chil-
dren, and adults. Despite these differences, children have similar outcomes as adults 
and surgery for TLE in children has been proven to be safe and effective [ 23 ]. 

 One consistently identifi ed difference between children and adults is TLE etiol-
ogy. Whereas, hippocampal sclerosis (HS) is the most common cause of intractable 
TLE in adults, TLE etiologies in children are more variable [ 12 ]. In a recent system-
atic review of TLE surgery, children with HS and tumors are more likely to experi-
ence long-term seizure freedom [ 12 ]. 

 There are no published randomized control trials in pediatric TLE surgery and all 
published studies are either retrospective or prospective observational studies with 
the vast majority having a cross-sectional or longitudinal design with no control 
group. Skirrow et al. (2011) analyzed long-term TLE surgery outcomes against a 

E.C. Lewis and M. Duchowny



55

small nonsurgical control group ( n  = 11) and found improved outcomes in the cohort 
of 42 patients comprising the surgical group (86 % vs. 36 %, respectively) at mean 
follow-up of 9 years [ 60 ]. 

 Individual published cohorts of TLE surgery in children ranging from 19 to 130 
patients with follow-up of 1–23 years reveal rates of seizure freedom between 63.2 
and 85 % which are comparable to the published adult fi ndings [ 23 ,  28 ,  59 ,  61 – 65 ]. 
A recent review by Englot et al. (2013), covering the period between 1993 and 
2012, accumulated data on 1,318 pediatric patients from 36 studies and found that 
76 % (1,002/1,318) were seizure-free at last postsurgical follow-up with a minimum 
follow-up of 1 year. Ages of the patients ranged from 0 to 19 years (mean [±SEM] 
10.7 ± 0.3 years). 

 Lopez-Gonzalez et al. (2012) showed that seizure freedom rates typically 
decrease over time in children. This group used a Kaplan-Meier seizure-freedom 
curve to show that the rate of seizure freedom in their population was 76, 72, 54, and 
41 % at 1, 2, 5, and 12 years postsurgery (Fig.  4.5 ). Although an explanation for this 
fi nding is not forthcoming, it is possible that secondary epileptogenesis or incom-
plete resection of the ictal onset zone was responsible.  

 Age of the pediatric patient is an essential factor to consider in TLE surgery 
evaluation and has been analyzed extensively [ 12 ,  28 ,  63 ,  65 ,  66 ]. It is important to 
acknowledge that cortical maturation likely plays a role in the presentation of TLE 
[ 66 ] and incorrect interpretation of semiology in young patients may impede surgi-
cal evaluation by falsely identifying a concordant semiology as a non-concordant 
one. Younger children tend to have fewer auras and dyscognitive features and more 
prominent motor manifestations; some have been reported to present with epileptic 
spasms [ 28 ,  63 ]. 

 A recent systematic review of TLE surgery outcomes in children did not stratify 
outcomes by age, but this data can be found in some of the studies they included 
[ 12 ]. Developmental substrates, malignant tumors, and dual pathology (hippocam-
pal plus extrahippocampal fi ndings) tend to predominate in younger children and 
are all associated with less favorable seizure-free outcomes [ 12 ,  23 ,  63 ]. Despite 
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this, it appears that even in young children seizure-free outcome rates still approxi-
mate those in older children and adults. Mittal et al. (2005) separated their cohort 
into children (<12 years old) and adolescents (13–18 years old) and found that, at 
the last follow-up, 84.8 % of children were seizure-free compared to 79.4 % of 
adolescents (median follow-up of 11.3 years). The rate of persistent seizures (Engel 
Class III or IV) was comparable at 13.0 and 14.3 %, respectively. The group from 
the Hospital for Sick Children in Toronto, Canada reported no differences in out-
comes in 106 TLE surgery patients based on age [ 22 ]. Maton et al. (2008) analyzed 
a cohort of pediatric patients less than 5 years of age (mean age, = 26 months) with 
at least 2 years of follow-up and found that 65 % of patients were seizure-free and 
15 % had >90 % seizure reduction.   

    Corpus Callosotomy 

 For patients with drug-resistant seizures that are not amenable to focal resection, 
corpus callosotomy (CC) can be a useful treatment option in appropriately selected 
patients whose predominant seizure type is drop attacks. Often there may be dis-
cussion about the merits of callosal section vs. vagal nerve stimulation (VNS); 
comparative studies suggest superiority of callosotomy over VNS for atonic sei-
zures. VNS alternatively may result in improvement in a wider range of seizure 
types [ 67 ,  68 ] 

 CC is primarily indicated for atonic drop attacks but is also benefi cial for 
complex partial seizures with rapid secondary generalization without a defi ned 
epileptogenic focus [ 69 ]. Disconnecting the corpus callosum blocks the inter-
hemispheric spread of seizures; thus, the primary aim of callosal sectioning is to 
reduce seizure intensity and decrease seizure burden rather than eliminate sei-
zures completely [ 70 ,  71 ]. 

 Observational studies support the effectiveness of CC for drop attacks and GTC 
seizures [ 69 – 71 ]. A prospective mixed adult-pediatric cohort with a mean age at 
surgery of 13 years (range: 2–41 years), went from 190 drop attacks per month 
presurgery to 100 per month at 2 year follow-up and 20 per month between 5 and 
10 years [ 69 ]. Seizure freedom was obtained in 10/18 patients and 3 of the remain-
ing 8 patients achieved a >75 % seizure reduction. 

 Sunaga et al. (2009) reported that complete callosotomy increases seizure free-
dom for drop attacks in comparison to partial sectioning. In 78 patients (51 patients 
less than 18 years of age), 90 % who underwent complete callosotomy were free of 
drop attacks with a relapse rate of 7 % at 6 years in comparison to 54 % seizure 
freedom after partial callosotomy and a relapse rate of 31 % at 6 years. Twenty-one 
percent of patients developed new postural seizures. 

 GTC seizures improved after callosotomy in a retrospective review of 95 mixed 
adult-pediatric patients (mean age of 24 years) [ 70 ]. Forty-two percent were seizure- 
free at a mean follow-up of 17 years and 35 % were free from drop attacks over the 
same time period.   
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    Antiepileptic Medications and Long-Term Seizure Freedom 

 Prior to undergoing epilepsy surgery, most studies report that pediatric patients are 
taking two or more antiepileptic drugs (AED) in keeping with the ILAE defi nition 
of drug-resistant epilepsy [ 72 ]. Eventual weaning of AEDs is a key objective for 
patient’s who ultimately undergo epilepsy surgery; therefore, understanding the 
likelihood of achieving this is important to assist patients and their families in the 
decision making process. 

 Patients with substrates and clinical fi ndings that require larger resections,  such 
as multilobar procedures or hemidisconneciton, tend to be using a greater number 
of AEDs at baseline and surgery can have a meaningful impact on reducing this 
number [ 36 ]. In a cohort of 33 patients who underwent hemispherectomy, 16 were 
no longer taking AEDs at a median of 3.4 years follow-up and the remaining 17 
patients signifi cantly reduced the amount of AEDs they were using [ 36 ]. 

 Regardless of type of surgery, most pediatric patients will require less AEDs over 
time [ 27 ,  33 ,  38 ,  40 ,  41 ]. Hemb et al. (2010) demonstrated this in their 22 year 
cohort in which the number of AEDs per patient decreases with increased time from 
surgery. In patients who underwent temporal lobectomy reported by Miserocchi 
et al. (2013), 35 % had been weaned with mean follow-up of 67.2 months, 43 % 
with mean follow-up of 31.2 months were tapering AEDs, and 22 % with mean 
follow-up of 22.3 months were maintaining their presurgical regimen. Other studies 
have shown this trend over long-term intervals following various types of resec-
tions. For example, discontinuation of AEDs has been reported in 37.5 % (15/40) of 
seizure-free children with extratemporal resections (median follow-up, 3 years), 
77 % (41/53) of seizure-free children with lobar/multilobar posterior cortex resec-
tions (median follow-up, 6.92 years), and 57 % of seizure-free children with tempo-
ral lobe resections (mean follow-up, 9 years) [ 27 ,  41 ,  65 ]. 

 There remains a risk for postsurgical seizure recurrence even with the use of 
AEDs. Lopez-Gonzalez et al. (2012) reported that over the 12-year follow-up period 
in their temporal lobectomy cohort, seizures recurred at one point in 54 patients 
(41 %) and only 33 % (18/54) of these were associated with an attempt to withdraw 
AEDs. By adjusting medication they were able to re-establish seizure freedom in 
half (27/54) of all the individuals. Because the risk of recurrence despite AED use 
is now well established, it is not surprising to see that proportionately higher AED 
use was observed in the fi rst 2 years of follow-up in a cohort of patients from UCLA 
who underwent epilepsy surgery after 1997 compared to the group who received 
surgery prior to 1997 [ 40 ]. This probably refl ects the more current shift in practice 
to maintain AEDs following surgery until patients have demonstrated long- term 
seizure freedom which is typically considered to be about 1–2 years. However, for 
both cohorts at 5 years follow-up, AED use was similar and, overall, 40 % of all 
patients were seizure-free and no longer required antiepileptic medication. However, 
the evidence regarding the risk of postsurgical seizure recurrence and timing of 
AED withdrawal is confl icting and there are no guidelines or standards of care in 
pediatric epilepsy surgery. For example, Kim et al. (2008) reported no recurrence of 
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seizures due to antiepileptic medication withdrawal attempts in their large mixed 
cohort of 134 patients at a mean follow-up of 5.2 years [ 73 ]. One large multicenter 
retrospective European study found that 728 of 766 children who had undergone 
surgery and had initiated an AED reduction, after a mean postoperative follow-up 
of 61.6 months, were seizure-free for at least 12 months [ 74 ].  The time interval 
from surgery to the start of AED reduction and complete discontinuation was not 
related to seizure freedom, cure at fi nal follow-up or the ability to regain seizure 
freedom after restarting treatment. The conclusion was that early AED withdrawal 
following surgery did not affect long-term outcome or cure but that it could unmask 
incomplete surgical success sooner.  

    Conclusions 

 Children undergoing epilepsy surgery make up a heterogeneous group. The under-
lying substrates for their epilepsy differ proportionately to what is observed in 
adults and they experience a range of different types of surgical procedures. There 
is little consistent longitudinal data with regard to seizure outcome. There is a sug-
gestion that outcome at 12 months is in part an indicator of longer-term outcome but 
some attrition occurs over time, more so in nonspecifi c and gliotic pathologies than 
ischaemic lesions or cortical malformations. A key question is when and if medica-
tion can be withdrawn. Recent data indicate that earlier rather than later withdrawal 
should be considered in seizure-free patients; this is not likely to affect longer-term 
outcome but will unmask those in whom continued medication is likely to be 
required. Further prospective studies consisting of homogeneous cohorts are 
required for accurate data to be collected about long-term seizure outcome and its 
true relationship to other outcome measures.      
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    Abstract     The literature on the long-term (>5 years) changes in cognitive function 
in people who undergo epilepsy surgery is small and currently limited to series who 
have undergone temporal lobe resections. This refl ects both pragmatic and cultural 
factors. Longitudinal studies suggest that the majority of epilepsy surgery candi-
dates have stable memory functions at assessments conducted more than 5 years 
after surgery, with scores comparable to those they obtained 12–24 months after the 
operation. There is a subset of patients in whom ongoing seizures are associated 
with progressive memory impairment. These individual patterns of change are 
obscured in group analyses. Left temporal lobe resections are consistently identifi ed 
as a risk factor for progressive deterioration in verbal memory decline, particularly 
in those with good preoperative function. However, “fl oor effects” on the standard-
ized tests used to assess cognitive function, evident prior to surgery or soon after-
wards, may mask long-term deterioration in a considerably larger proportion of 
these patients than the literature currently suggests. Some improvements in verbal 
memory function have been reported at long-term follow-up in patients who have 
undergone right temporal lobe resections. More research is urgently needed to iden-
tify those most at risk of long-term deterioration in memory function following a 
temporal lobe resection and to examine the long-term trajectories of cognitive func-
tion following extratemporal surgeries.  

  Keywords     Memory   •   Temporal lobe epilepsy   •   Reliable change indices   •   Prediction   • 
  Long-term outcome   •   Cognitive function   •   Neuropsychological tests  

mailto:s.baxendale@ucl.ac.uk


72

       Introduction 

 Although cognitive change is second only to seizure control with respect to the 
outcome literature in epilepsy surgery, long-term follow-up studies of cognitive 
outcome are scarce. A PubMed search using the terms “Epilepsy Surgery” and 
“Outcome” and “Cognitive” or “Memory” conducted in December 2014 
returned a list of over 350 studies of potential interest. Of these, less than 3 % 
utilized a follow- up period of 5 years or more. Over 75 % of the studies of neu-
ropsychological change following epilepsy surgery report results from assess-
ments that have been conducted within 12 months of the surgery, with many 
reporting test results from assessments conducted within 6 months of the 
operation. 

 The prevalence of short-term follow-up studies refl ects a number of prag-
matic and cultural factors. Epilepsy surgery is a specialist procedure and surgi-
cal candidates may travel many miles for treatment at a national specialist center. 
While patients may be followed up by the surgical team for a year after surgery, 
they may revert to their local services for ongoing care after that, particularly if 
they are seizure free, and subsequently be lost to research follow-up. In some 
parts of the world, postoperative neuropsychological assessments may be seen 
as primarily a research tool, rather than a clinical requirement. The procedure is 
not always covered in countries that rely on medical insurance for health provi-
sion. This may explain, at least in part, the relative lack of long-term studies 
from North America, given the signifi cant contribution that surgical series from 
the region have made to the neuropsychological outcome literature as a whole. It 
is also the case that neuropsychological follow-up studies are often the subject 
of PhD thesis; research projects that are typically completed over a 3-year time 
frame. 

 This chapter reviews the literature on long-term neuropsychological outcomes 
following epilepsy surgery. Long-term was defi ned as a 5-year follow-up or 
longer.  

    Search and Eligibility Criteria 

 To be included in this review, studies had to fulfi l the criteria presented in 
Table  5.1 .

   Although some neuropsychological outcomes have been reported within more 
comprehensive reports of long-term surgical outcome, details tend to be limited and 
the specifi c follow-up periods for the postoperative neuropsychological assessments 
are not always clear or are based on earlier postoperative assessments [ 1 – 4 ]. These 
reports were not therefore included in the fi nal review.  
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    Results 

 Seven studies met our eligibility criteria [ 5 – 11 ]. The results are summarized in the 
chapter  Appendix . Excluding multiple reports from the same center, the long-term 
neuropsychological data on adults from just fi ve different epilepsy surgery series 
have been reported to date, with data reported on a total of only 400 patients world-
wide. Four of these series are from Europe (Germany [ 10 ], the Netherlands [ 5 ], 
Sweden [ 6 ,  7 ,  9 ], and the UK [ 8 ]) and one is from the USA [ 11 ]. All of the partici-
pants in these long-term outcome studies had undergone temporal lobe surgery. 
Althausen et al. [ 12 ] have recently reported long-term outcomes, including cogni-
tive changes, in patients who underwent hemispherectomy, but the cognitive out-
comes were based on data from a postal questionnaire rather than neuropsychological 
tests and so the study did not fulfi l the inclusion criteria for this review.  

    Study Designs 

 It is inevitable that some patients will be lost to follow-up in longitudinal studies. 
However a number of these series are limited by systematic bias in the sample stud-
ied. Long-term neuropsychological follow-up was only a routine part of the postop-
erative follow-up in one surgical series (the Swedish studies). In the German study, 

   Table 5.1    Inclusion criteria for the review   

 1. Published in a peer review journal 
 Anecdotal or descriptive reports of neuropsychological function, published in book chapters 
were excluded 
 2. Include adult participants 
 Studies with mixed pediatric and adult samples whose outcomes could not be distinguished 
from each other were excluded, due to the diffi culties in comparing adult neuropsychological 
outcomes to those in children where a developmental perspective is critical in the interpretation 
of changes in neuropsychological test scores 
 3. Have a follow-up period of at least 5 years 
 A number of studies have reported the results of patients who have been followed up over a 
mixed time frame (e.g., from 1 year to 20 years). These studies were included wherever 
meaningful data about the long-term follow-up could be extracted from the report. However, 
they were excluded where it was not possible to determine from the report when the 
neuropsychological follow-up had been conducted 
 4. Report standardized neuropsychological test results 
 Studies that reported qualitative neuropsychological outcomes such as parental ratings of 
intelligence were excluded 
 5. Reports on all types of elective epilepsy surgery were eligible for inclusion 
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patients were offered fi nancial compensation to return for a follow-up neuropsycho-
logical assessment and comprised 70 % of the surgical series [ 10 ], while in the UK 
study, only 25 % of eligible postoperative candidates underwent a repeat neuropsy-
chological assessment 5 years or more after their operation [ 8 ]. These participants 
were patients who remained under the care of the specialist hospital in London, a 
national center for epilepsy surgery, and therefore were more likely to have ongoing 
seizures than those who had been discharged back to their local neurology services. 
Only two of the studies used medically treated epilepsy controls [ 10 ,  11 ] and only 
the Swedish series employed a healthy control group [ 6 ,  7 ,  9 ]. 

 Two long-term series, those from the Netherlands [ 5 ] and Sweden [ 6 ,  7 ,  9 ] report 
longitudinal data with neuropsychological assessments conducted at specifi ed time 
intervals following surgery. In these series, the long-term outcome was assessed at 
6 years and 10 years respectively. In the other series, the long-term assessments 
were conducted at different time points for the candidates with the greatest range 
being between 5 and 17 years following the surgery [ 8 ]. Combining data from a 
wide range of follow-up points since surgery into a single measure of “long-term 
follow-up” may obscure patterns in the trajectory of change over time. 

 All of the studies reported data from patients who had undergone both right and 
left temporal lobe resections. In the Swedish studies, the patients were dichoto-
mized by language dominance rather than a right vs. left distinction, that is, domi-
nant vs. non -dominant resection. In all but one of the studies, the surgical candidates 
had undergone a standard temporal lobe resection. The outcome data in the Dutch 
series is based upon a series of patients who underwent a selective amygdalo- 
hippocampectomy [ 5 ]. 

 The majority of studies reported changes at a group level, that is, type of surgery 
by time of assessment. The German, UK, and Swedish studies also reported data 
using reliable change indices for individual patients.  

    Long-Term Neuropsychological Outcomes 

 The majority of patients in these series had stable memory function at the long-term 
follow-up assessment, although as Baxendale et al. [ 8 ] report, many were function-
ing below the 15th percentile on the test norms preoperatively with little capacity 
for further decline, particularly when defi ned by rigorous reliable change criteria. 

 There are confl icting fi ndings regarding the relationship between progressive 
memory decline and continuing seizures in the long-term outcome literature. 
Generally, studies that have employed group level analyses have failed to fi nd a 
signifi cant relationship [ 5 ,  6 ] while those that have looked at individual trajectories 
suggest that ongoing seizures after surgery are associated with a progressive dete-
rioration in memory skills [ 8 ,  10 ]. These fi ndings suggest that there is a subset of 
surgical patients in whom ongoing seizures are associated with progressive memory 
impairments. These patterns are obscured in group analyses. Surgery on the left or 
language dominant side is consistently identifi ed across the long-term outcome 
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studies as a risk factor for progressive deterioration in verbal memory decline, par-
ticularly in those with ongoing seizures following surgery and good preoperative 
function. When compared to a medically treated control group, surgery appears to 
accelerate memory decline and exceeds it when performed on the left, or if seizures 
continue postoperatively [ 10 ]. 

 Some improvements in verbal memory function have been reported at long-term 
follow-up in patients who have undergone right or non-dominant temporal lobe 
resections [ 7 ,  10 ] although Alpherts et al. [ 5 ] suggest that these improvements may 
not always be sustained in the long-term. Practice effects are rarely considered or 
adequately controlled for in longitudinal studies. Even when reliable change indices 
are employed to determine change over time, they are rarely based on the same time 
intervals as those used in the longitudinal study. 

 The long-term data suggests that the memory functions of most patients who 
undergo temporal lobe surgery for epilepsy, stabilize within the fi rst few years after 
the operation and that they subsequently follow normal age-related decline gradi-
ents [ 13 ]. The extent of the stepwise postoperative decline, and its subsequent accel-
eration, will determine when the patient will eventually develop clinically signifi cant 
memory defi cits. (See Fig.  5.1 .) The majority of patients who have been studied to 
date had surgery in their late twenties or early thirties. Even at their long-term fol-
low- up they have a mean age (across the studies) in their forties. Normal age-related 
cognitive declines are noticed in healthy individuals toward the end of the fi fth 
decade and accelerate thereon [ 14 ]. The effects of this normal age-related 

  Fig. 5.1    Schematic of postoperative changes in memory function following surgery. Patients with 
temporal lobe epilepsy follow the same trajectories of age related decline in memory function but 
start from a lower level of function. Surgery precipitates a stepwise decline in function. Age related 
deterioration may continue at a similar rate to that in the healthy aging brain but the cut-off for 
clinical impairment is reached at an earlier age (See Elger et al. [ 13 ])       
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deterioration in function in the latter life of postoperative patients remain a critical 
unknown. Indeed, little is known about the trajectories of cognitive function in peo-
ple with longstanding epilepsy in their seventh decade and beyond.   

    Limitations of the Literature 

 Many surgical candidates already function below the second percentile on standard-
ized memory tests prior to surgery [ 8 ]. Postoperative deteriorations in memory func-
tion in either the short- or longer term will not be detected in group studies or in studies 
that utilize reliable change indices to measure individual change, as these patients are 
already functioning at, or very close to, the fl oor of standardized tests. It is therefore 
likely that outcome studies have underestimated the true extent of postoperative mem-
ory deterioration. There is a need to develop new measures that are sensitive to change 
in this group; these may well rely on more behaviorally based indices of function. 

 We know that postoperative memory capacity is a function of the integrity of the 
structures removed during surgery against the reserve of those left in situ [ 15 ]. A 
number of studies have utilized biomarkers to quantify this reserve and capacity in 
multivariate models to predict postoperative memory function [ 16 – 23 ]. These have 
yet to be employed in long-term outcome studies, which will also need to incorporate 
postoperative factors that indicate the likely focus of the postoperative seizures. The 
focus of postoperative seizures is likely to be a critical factor in determining postop-
erative memory patterns. Postoperative seizures with contralateral involvement may 
be associated with a progressive decline in memory function, whereas those with a 
residual focus in the operated hemisphere may experience less deterioration. 

 Despite over half a century of successful epilepsy surgery, knowledge of the 
long-term neuropsychological consequences of extra temporal resections remains 
limited to clinical experience. The long-term data that is available has focused pri-
marily on memory and intellectual functions following temporal lobe surgery, very 
little is known about the long-term impact of the surgery on language and executive 
functions. The special considerations that have been highlighted in the outcome 
literature for those with a low IQ [ 24 – 26 ] or older patients [ 27 ,  28 ] have yet to be 
explored in the long-term cognitive literature.  

    Guidelines for Future Research 

 Generating large samples in longitudinal follow-up studies is challenging. 
Presurgical neuropsychological protocols may change over time, together with the 
clinical characteristics of patients who are offered surgery. Cumulative numbers of 
patients become lost to follow-up over time. These are not usually random losses. 
Patients who do well postoperatively, that is, those who become seizure free, and 
who eventually cease medication following surgery are less likely to keep in contact 
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with specialist epilepsy services and may be more likely to be lost to follow-up than 
patients who continue to experience seizures. 

 In order to ensure that surgical candidates are able to make as informed a choice 
as possible with respect to epilepsy surgery, we need to provide a longitudinal per-
spective on cognitive change. At present the evidence base for this advice is thin and 
limited to temporal lobe resections. In order to make a clinically meaningful contri-
bution to the long-term literature, future studies should meet a number of minimum 
requirements. These are outlined in Table  5.2 .

       Conclusions 

 The literature on the long-term cognitive functions of patients who undergo epi-
lepsy surgery is small and limited to series who have undergone temporal lobe 
resections   . This refl ects pragmatic and cultural factors. Longitudinal studies suggest 
that the majority of patients have stable memory function at the long-term follow-up 

   Table 5.2    Ideal    requirements for long-term cognitive outcome studies   

 1. Follow- up 
   (a) Fixed intervals after surgery 
   (b) Within specifi c time bands (eg 5–10 years; 10–15 years; 15–20 years) 
   (c) Mixed follow-up intervals after a specifi c time point (eg. >5 years) 
   (d) Mixed follow-up including patients assessed <1 year after surgery 
 2. Participants 
   (a) Whole population follow-up 
   (b) Random sample 
   (c) Biased sample 
   (d) Self-selected group (clinical referrals) 
 3. Neuropsychological measures 
   (a)  Standardized tests, alternative versions at each assessment, measures that are sensitive to 

change and avoid fl oor effects 
   (b) Standardized clinical tests/z scores 
   (c) Qualitative measures (interview, questionnaire, unstandardized behavioral measures) 
 4. Analyses 
   (a)  Must take into account capacity to decline, must include analyses of change at an 

individual level, must include widest possible range of predictors (neurophysiology, 
neuroimaging, pre and postoperative clinical history, psychiatric comorbidities) 

   (b) Group level analyses 
 5. Discussion 
   (a) Results should be set in the context of the wider outcome literature (<5 year follow-up) 

  (a) Gold standard 
 (b) Some useful information 
 (c) Use with caution, may limit the conclusions that can be drawn from the data 
 (d) May introduce signifi cant confounds  
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assessment, with scores comparable to those they obtained 12–14 months after sur-
gery. There is a subset of surgical patients in whom ongoing seizures are associated 
with progressive memory impairments. These patterns are obscured in group analy-
ses. Surgery on the left or language dominant side is consistently identifi ed as a risk 
factor for progressive deterioration in verbal memory decline, particularly in those 
with good preoperative function. However “fl oor effects” on the standardized tests, 
evident prior to surgery or soon afterwards, may mask long-term deterioration in a 
considerably larger proportion of these patients. Some improvements in verbal 
memory function have been reported at long-term follow-up in patients who have 
undergone right or non-dominant temporal lobe resections. More research is 
urgently needed to identify those most at risk of long-term deterioration in memory 
function following a temporal lobe resection and to delineate the long-term trajec-
tories of cognitive function following other surgical procedures.      
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    Chapter 6   
 Long-Term Cognitive Outcomes After 
Epilepsy Surgery in Children 

                Torsten     Baldeweg       and     Caroline     Skirrow    

    Abstract     Here we examine the evidence for long-term changes in cognitive func-
tions after epilepsy surgery in studies published mostly since 2010. Specifi cally, we 
looked for evidence of developmental “catch-up” as indicated by an increase in IQ 
scores in comparison with preoperative values. About half of the studies report sig-
nifi cant increase in IQ scores in the surgical group over time or in comparison with 
a nonsurgical control group. Better cognitive outcomes are linked to greater overall 
level of seizure freedom and partially to medication reduction. When taking into 
account the large variability in sample sizes and seizure freedom between studies, a 
modest correlation of improved cognitive outcomes with longer follow-up duration 
can be observed. Further research is urgently needed which relates preoperative 
cognitive changes with postoperative development and identifi es clinical and educa-
tional factors which facilitate cognitive outcomes after epilepsy surgery in 
children.  
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surgery   •   Temporal lobe surgery   •   Hemispherectomy  

        T.   Baldeweg ,  MD      (*) •    C.   Skirrow ,  PhD   
  Cognitive Neuroscience and Neuropsychiatry Section, Developmental Neurosciences 
Division ,  Institute of Child Health, University College London ,   London ,  UK    

  Great Ormond Street Hospital NHS Trust ,   London ,  UK   
 e-mail: t.baldeweg@ucl.ac.uk   

mailto:t.baldeweg@ucl.ac.uk


86

        Introduction 

    Surgical intervention may be offered as a treatment for children with epilepsy in 
whom seizures cannot effectively be controlled by medication. Neuropsychological 
function in these children is an area of signifi cant concern, since cognitive impair-
ment is frequently associated with childhood-onset epilepsy [ 1 – 3 ] and mounting 
evidence implicates continuing seizures in progressive deterioration of cognitive, 
academic, and adaptive skills [ 4 – 6 ]. However, the possible positive impact of relief 
from seizures must be weighed up against potential risks to cognitive function posed 
by resective brain surgery. 

 In children, in whom developmental changes are rapid and ongoing, long-term 
follow-up studies are required to assess the balance of risks and benefi ts of epilepsy 
surgery. Postsurgical cognitive development is subject to a multitude of intervening 
factors, such as potential seizure recurrence, fl uctuating antiepileptic drug (AED) 
use, and importantly: different educational challenges, transition to adulthood, and 
independent living. These factors interact with continuing brain development and 
plasticity. 

 However, assessing cognitive change in children with epilepsy comes with spe-
cifi c challenges. Measures of intellectual function (IQ) are typically normed in 
relation to a healthy peer group, and to maintain IQ levels, a child must continu-
ously acquire new skills and information over time. However, children with epi-
lepsy may not acquire skills as rapidly or to the same level as healthy peers, as 
shown for IQ [ 7 ] and memory [ 8 ]. Moreover, while in adults, a decline in IQ 
mostly indicates a loss of skills, this is not the case for children (see Ref. [ 9 ] for a 
detailed discussion), where this may refl ect either loss of skills, plateauing of 
skills (thereby failing to keep up with peers), or even developmental progress 
(increased skills but not in line with their peer group). In contrast, unchanged IQ 
scores post-surgery may indicate continuation of a child’s previous trajectory or 
even an end to seizure-related cognitive decline and resumption of normal 
development. 

 In this context, Smith and colleagues [ 10 ] describe three categories of potential 
change in cognitive function after epilepsy surgery, which can be summarized as the 
following: (1)  no developmental change : surgery has no impact and the child pro-
gresses at the same developmental rate as before; (2)  developmental slowing:  pre-
operative cognitive functions decline with seizures and surgery halts cognitive loss 
but the child nevertheless develops more slowly than healthy peers; and (3)  surgery- 
related cognitive impairment:  cognitive decline due to the removal of functionally 
intact brain tissue. Two further possibilities can be added in the context of long-term 
follow-up after surgery: (4) “ catch-up” development:  surgery-related seizure reduc-
tion enables accelerated brain maturation leading to cognitive improvement; and (5) 
 growing into a defi cit:  cognitive defi cits emerge over time, in the context of 
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 diminishing potential for brain plasticity, and late emerging skills and functions as 
children progress into adulthood [ 11 ]. 

 In this chapter, we summarize recent evidence of cognitive outcome after epi-
lepsy surgery. We aim to clarify patterns of postsurgical outcome at extended 
 follow- up, and determine the consistency of evidence associating seizure freedom 
and AED withdrawal with improved cognition. We focus on change in intellectual/
developmental function and memory function, which are most frequently reported. 
We start with the historical context of this research, followed by the main conclu-
sions and issues highlighted in recent review articles of short-term postsurgical 
outcome, and then we conduct a review of the literature with an emphasis on iden-
tifying original research on long-term outcomes after surgical intervention 
(≥4 years post- surgery). Data from this research is then analyzed to evaluate if 
longer postsurgical follow-up times are associated with greater “ catch-up” devel-
opment . Our hypothesis is based on the consideration that a major alteration of 
developmental trajectory would require a considerable period of time and educa-
tional input, and has been supported by evidence from our own long-term follow-
up study [ 12 ].  

    Historical Context and Overview of Research to Date 

 In 1890, Victor Horsley gave a detailed account of his experience of performing 
pioneering neurosurgery on patients with focal epilepsy. He observed (Ref. [ 13 ], 
p. 1291) an “immediate and progressive improvement in the mental condition.” He 
further suggested that “a fi nal answer can be given on the permanency of the free-
dom from epilepsy until each case has been observed for about fi ve years, but if the 
attacks are only mitigated in severity, and not absolutely cured, a notable relief is at 
once the clearest evidence and the most desirable result.” 

 Davidson and Falconer [ 14 ] were the fi rst to document long-term outcomes in a 
cohort of children who had temporal lobe surgery in London hospitals, with follow-
 up periods of up to 25 years. Positive adaptations into adult life were reported in 
many patients, but no supporting neuropsychological evidence was presented. 
Similarly, Lindsay and colleagues [ 15 ] provided careful long-term observations 
from the Park Hospital for Children in Oxford. They noted (p. 584) that “of those 
who were tested (using neuropsychological assessments), none has demonstrated a 
signifi cant fall in intelligence; indeed, in a small number we found a steady rise in 
IQ scores over fi ve or six years. Our experience thereby accords with that of Sir 
Victor Horsley in 1890.” 

 Subsequent studies, usually with much shorter follow-up periods, have been less 
conclusive in support of early observations of postsurgical cognitive improvement. 
The short- to intermediate-term cognitive outcomes (1–2 years) after epilepsy 
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surgery are well documented and have been reviewed extensively [ 10 ,  16 – 18 ]. More 
general clinical outcomes in the context of surgery in adults and children, including 
cognition and behavior have also been previously discussed [ 19 – 22 ]. Here we sum-
marize the three main points highlighted in previous reviews:

    1.     Is epilepsy a progressive cognitive disease? Lah [ 17 ] concluded that “intractable 
seizure disorders that start early in life and require aggressive pharmacological 
treatment have a cumulative, negative impact on cognitive development of 
 individuals with epilepsy. This may not be the case for less aggressive seizure 
disorders.” This view was confi rmed by van Schooneveld and Braun [ 18 ] 
reviewing the evidence that presurgical cognitive function is determined by age 
at onset, underlying epileptogenic etiology, duration of epilepsy, presence of 
epileptic spasms, the number of AED trials, gender, and the development of an 
epileptic encephalopathy. The authors stressed that since postoperative outcome 
is closely correlated with preoperative levels, these variables may all determine 
postoperative functioning.   

   2.     What is the short-term outcome after surgery? Most reviews conclude that there 
is very little change in intellectual functions at the group level. At an individual 
level, different patterns of cognitive change after surgery have been observed, 
which include the patterns of cognitive change outlined above ( no developmen-
tal change, developmental slowing, surgery related cognitive impairment,  and 
 “catch-up” development).  Seizure freedom and completeness of resection 
appear to benefi t cognitive development most consistently [ 17 ,  18 ]. Very few 
studies have reported on outcomes after more than 4 years and the existing evi-
dence is contradictory.   

   3.     What are the primary methodological limitations? Most previous studies are 
subject to the common shortcomings of observational studies [ 23 ], such as retro-
spective designs (case note reviews), use of referral populations, small samples 
size, differing follow-up durations within samples, and wide inclusion criteria 
(i.e., samples with mixed etiologies). In addition, Smith et al. [ 10 ] requested that 
future studies report on risk-associated and protective factors, include a nonsur-
gical epilepsy control group, and report on longer follow-up periods.    

      Literature Review 

 This chapter focuses on studies that report cognitive outcome after childhood epi-
lepsy surgery with a longer follow-up period nearing or beyond 4 years. We con-
ducted a PubMed search with the terms of “epilepsy surgery in children” and 
“cognitive outcome” (including memory and intelligence, language or attention) 
supplemented by references from previous reviews. Studies of outcome in cognitive 
faculties other than memory and intelligence were few and even fewer long-term 
outcome studies were available. These other outcomes will therefore not be dis-
cussed here. Only studies of surgery in childhood (i.e., <18 years) with at least ten 
participants and which incorporated both pre- and postsurgical cognitive data 
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(allowing the evaluation of postsurgical cognitive change) are reviewed, see 
 Appendix . 

    Intellectual/Developmental Outcome 

 For intellectual/developmental outcome, we report on composite measures of cog-
nitive function (full-scale intelligence quotient [FSIQ], or where this was unavail-
able verbal IQ [VIQ], or performance IQ [PIQ], as in previous work [ 18 ], or 
developmental quotient [DQ]). In  Appendix    , we present: (1) long-term studies with 
a mean follow-up nearing or beyond 4 years and (2) studies with shorter follow-up 
durations published since 2010, most of which have not been included in previous 
reviews (see above). 

 We identifi ed a total of 31 studies fulfi lling the above criteria. These studies con-
tained a total of 1,119 patients (mean 37 per study). Twelve studies reported on 
long-term outcomes after epilepsy surgery. These studies contained a total of 312 
patients (mean 27 patients per study). Mean follow-up ranged from 3.9 years to 
10 years (average 6.1). Half of the studies investigated specifi c surgical targets such 
as anterior temporal lobe resections ( n  = 3) or hemispherectomy ( n  = 3). The remain-
der contained a mixture of surgical targets (including focal, multilobar, and hemi-
spheric resections,  n  = 6). Age at surgery was either early (<7 years,  n  = 6), later 
(>7 years,  n  = 1) or included a wide range of surgical ages ( n  = 5). Not surprisingly, 
most of the focal surgery studies were in the older age group and conversely, more 
mixed surgery, and hemispherectomy cohorts had early surgery, refl ecting the 
pathology mix of patients who present with severe epilepsy at different ages. 

 In addition, we identifi ed 19 studies published since 2010 fulfi lling the above cri-
teria; except that they reported intellectual or developmental outcomes after a shorter 
interval post-epilepsy surgery (<3.9 years). These short-term outcome studies con-
tained a total of 798 participants (mean 42 participants per study). Follow-up ranged 
from 1 year to 3.5 years (mean 1.8 years). These studies again contained cohorts with 
mixed ( n  = 9) and specifi c surgical targets ( n  = 6), and there was a greater focus on 
exploring outcomes after specifi c pathological diagnoses (total  n  = 4, e.g., hypotha-
lamic hamartoma  n  = 1, dysembryoplastic neuroepithelial tumors (DNT)  n  = 1, glio-
neuronal tumors  n  = 1, tuberous sclerosis  n  = 1). Mean age at surgery was later 
(>7 years) in all studies with the exception of Ref. [ 24 ], which focused on surgery in 
infancy and Ref. [ 25 ] which focused on outcomes after hemispherectomy only. 

    Intellectual/Developmental Outcome: Analysis of Published Studies 

   Pre- to Postoperative IQ/DQ Changes: Individual Data 

 First, we analyzed the association of follow-up period with respect to the proportion 
of patients with reported changes in their cognitive status. Defi nitions of individual 
change differed between studies (see  Appendix , and Ref. [ 18 ] for common 
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defi nitions). Data was therefore analyzed within all studies, and repeated in a subset 
of studies with a high IQ change cut-off: reporting individual changes of IQ with 
minimum increase or decrease of ten IQ points. 

 Individual change data was reported in 21 studies, across which 30 % of patients 
improved, 12 % deteriorated, and 58 % showed no signifi cant change in IQ/DQ 
scores. More homogenous data was provided in 15 studies with a high IQ change 
threshold (≥10 IQ/DQ points). These provided more modest indices of IQ change 
(21 % improved, 14 % deteriorated). Postsurgical AED cessation was linked to rates 
of increase in IQ/DQ in all studies at a trend level ( r  = .48,  p  = .09), remaining so for 
the more homogeneous studies ( r  = .53,  p  = .09). A notable association was that 
across 14 studies in the homogeneous subsample, the reported percentage of seizure 
freedom correlated with increasing proportion of patients who improved cognitively 
( r  = .64,  p  = .01). 

 Because the number of participants in each study varied widely (from 10 to 206), 
we also calculated indices of change weighted by sample size (by multiplying 
change rates [or group-level change] by participant numbers). Analysis using these 
weighted change indices confi rmed correlations of increased IQ with AED with-
drawal and seizure freedom. When examining the infl uence of follow-up duration 
after controlling for differences in seizure freedom between studies, we observed a 
positive correlation with percentage of participants who improved at follow-up 
( r  = .55,  p  = .009). Equally, the relative proportion of patients who improved com-
pared to those who declined positively correlated with longer follow-up duration 
( r  = .60,  p  = .007). 

 Overall it appeared that greater improvements were seen in cohorts with focal 
resections or mixed surgical targets (including focal resections, hemispherectomy, 
and palliative surgeries) than in cohorts with hemispherectomy only. A greater pro-
portion of patients from studies of focal resections and mixed surgical targets expe-
rienced increased IQ/DQ, and fewer losses were seen postsurgically compared with 
hemispherectomy-only studies (focal resection,  n  = 7: increase 31 %, decline 9 %; 
mixed surgery,  n  = 8: increase 37 %, decline 11 %; hemispherectomy,  n  = 6: increase 
15 %, decline 15 %). However, these differences were nonsignifi cant.  

   Pre- to Postoperative IQ/DQ Change: Group-Level Comparisons 

 Subsequently, we report on studies, which statistically tested at group level for 
changes in IQ/DQ across the follow-up period in the surgical sample or between 
surgical and nonsurgical patients. Among the 17 studies where a statistical compari-
son of IQ/DQ longitudinally within the surgical group was performed, six studies 
reported a signifi cant change (all increases in IQ/DQ scores) in the surgical group, 
while 11 failed to do so. We tested if there were any systematic differences in basic 
study characteristics (number of patients, age at surgery, percentage seizure free-
dom, percentage of AED) between those studies, but failed to detect any. Across all 
studies reporting change in IQ over follow-up ( n  = 25), there was a mean increase of 
2.1 IQ/DQ points per participant. Studies with long-term follow-up were not more 
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likely to fi nd positive IQ change, which was noted only in two out of fi ve studies. 
However, in line with the observed relationship with individual change in IQ noted 
above, duration of follow-up was also correlated with the weighted mean change in 
IQ scores ( r  = .41,  p  = .028).  

   Pre- to Postoperative IQ/DQ Change in Relation to Seizure Freedom 

 Among the eight studies which tested the effect of seizure freedom on cognition, 
four reported signifi cant IQ improvements in seizure free surgical patients, while 
four failed to do so. Furthermore, 9 out of 20 studies reported either an IQ improve-
ment in the surgical group or reported better outcomes in the seizure-free group 
compared to those with continuing seizures in the surgical sample. Again, there was 
no striking difference in terms of study characteristics compared to those studies 
that did not fi nd such effects. The importance of postoperative seizure freedom for 
cognitive and adaptive/behavioral outcome was nevertheless demonstrated by a 
number of recent studies with larger samples sizes [ 24 ,  26 ,  27 ].  

   Pre- to Postoperative IQ/DQ Change: Effect of AED Withdrawal 

 Among the seven studies which formally tested the effect of postoperative AED 
withdrawal on cognition, only one reported such an effect. Notably, this study [ 12 ] 
reported this effect also in those patients who were seizure free, which removes the 
potential confound of seizure frequency. Van Eeghen et al. [ 6 ] reported a negative 
correlation between cognitive change and number of AEDs in a small surgical 
cohort with tuberous sclerosis ( n  = 8).   

   Memory Outcome After Epilepsy Surgery 

 Memory outcome within a few years after epilepsy surgery has been consistently 
evaluated and reviewed [ 11 ,  17 ] and here we report on four studies with a longer 
follow-up of at least 4 years after surgery [ 28 – 31 ]. In mixed cohorts of temporal and 
extratemporal surgery, no evidence for memory decrements was reported [ 29 ] while 
improvements were found for vocabulary [ 29 ] and verbal learning [ 30 ]. 

 Studies which specifi cally evaluated the impact of temporal lobe surgery noted 
verbal memory decline shortly after left-sided resections [ 32 ,  33 ,  9 ]. Nevertheless, 
this verbal memory loss appears to normalize from about 1 year after surgery [ 11 ], 
supported by follow-up studies at 2 years [ 34 ], 4 years [ 31 ], and 9 years [ 28 ]. The 
study of Skirrow and colleagues examined two forms of declarative memory (epi-
sodic and semantic) function at a minimum of 5 years after surgery. While there 
were no signifi cant pre-to postoperative memory decrements, there were, in con-
trast, signifi cant gains in verbal episodic memory after right temporal lobe surgery, 
and visual episodic memory improved after left temporal lobe surgery. This indicates 
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a functional release in the unoperated temporal lobe from the impact of seizure 
activity. Furthermore, similar release effects were seen for IQ-derived semantic 
memory scores in the left temporal surgery group. A detailed MRI-based analysis 
of extent of neocortical and hippocampal resections revealed that better verbal epi-
sodic memory at follow-up was linked to greater postsurgical residual hippocampal 
volumes, most robustly in left surgical participants. Better semantic memory at 
follow-up was associated with smaller resections and greater temporal pole integ-
rity after left temporal surgery, in keeping with the role of the anterior temporal 
lobes in adult semantic memory dysfunction. Results were independent of postsur-
gical IQ and language lateralization. These fi ndings indicate postsurgical material- 
specifi c improvement in memory functions in the intact temporal lobe. However, 
outcome was linked to the anatomical integrity of the temporal lobe memory sys-
tem, indicating that compensatory mechanisms are constrained by the amount of 
tissue which remains in the operated temporal lobe.    

    Discussion 

 All reviewed studies agree that the majority of patients do not show signifi cant 
changes in IQ scores postoperatively, i.e., they remain on a stable developmental 
trajectory in parallel with normal development (trajectory A in Fig.  6.1 , modifi ed 
after Ref. [ 18 ]). Although their preoperative trajectory is generally not reported, one 
could surmise from published reports [ 35 ] and clinical observations that a signifi cant 
proportion of children who are being considered for neurosurgical treatment do in 
fact show progressive loss of IQ scores, often in parallel with exacerbation of their 
seizure disorder (see Fig.  6.1 , labeled “epileptic encephalopathy”). In this context, 
the fi nding of unchanged IQ can be considered a positive effect of the treatment, as 
it indicates a normalization of cognitive development. This pattern has been reported 
in a proportion of children who showed preoperative IQ declines [ 36 ]. Clearly, the 
relationship of pre- and postoperative cognitive trajectories deserves further study.  

 Only a minority of patients showed a signifi cant drop in IQ or developmental 
scores, more often in those studies that reported on surgery in younger children. 
Some authors have commented on those children who experienced a drop in stan-
dardized developmental scores (e.g., Ref. [ 24 ]) as they nevertheless often do show 
developmental progress albeit at a slower pace than their healthy peers (see limita-
tions below). On the positive side is that about twice as many patients improved 
postoperatively than showed cognitive deterioration. Many studies reported a ben-
efi cial IQ effect of either surgery or seizure freedom associated with surgery. 
Nevertheless, the potential benefi t of signifi cant seizure reduction has not been suf-
fi ciently considered. The impact of AED withdrawal can be demonstrated in some 
studies but is not universally seen. This is likely due to the coarseness of the AED 
analysis conducted, e.g., reduction in number of drugs used and the contribution of 
individual drugs have not been considered. There is nevertheless compelling evi-
dence of AED impacting on cognition [ 18 ]. 
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 A direct comparison of studies with long- versus short-term follow-up did not 
support our prediction of improved outcomes with longer follow-up. Although the 
expected trends were seen, those did not reach signifi cance, perhaps due to the large 
variability in study characteristics. When taking into account the variability in par-
ticipant numbers by computing weighted indices, modest support for this associa-
tion was indeed observed, in particularly when statistically controlling for the large 
differences in reported seizure freedom between studies (from 35 to 100 %). 

 A key caveat is that the majority of studies did not specify a minimum follow-up 
time, which meant that most studies had a mixture of very short and very long post-
surgical periods, with the inevitably possibility for bias (see limitations below). Two 
studies included a minimum follow-up period of over 5 years, but came to different 
conclusions regarding IQ change [ 12 ,  30 ]. The study of Skirrow and colleagues 
examined outcome in patients who had undergone temporal lobe surgery in child-
hood after a mean follow-up of 9 years (range 5–15 years). They report improved 
IQ in the surgical group, a change not observed in a non-surgery epilepsy control 
group. Greater IQ improvements were found among patients with lower IQs before 
surgery. Discontinuation of AEDs was a positive predictor of IQ change. An analy-
sis of interim follow-up data points (available in a proportion of patients only) sug-
gested that the IQ increase was only observed after 6 or more years post-surgery. In 
contrast, a 10-year follow-up of a heterogeneous cohort of 17 patients (including 
temporal and extratemporal resections, callosotomy, multiple subpial transections) 
by Viggedal and colleagues [ 30 ] did not report any signifi cant group-level changes 
in IQ, although the absolute degree of change was similar to that of Skirrow et al. 

Neurodevelopment in epilepsy surgery candidates

Normal development

Delay due to epileptogenic pathology

Epilepsy
onsetBirth

Epileptic encephalopathy

Surgery Outcome

C: 30 %

A: 58 %

B: 12 %

  Fig. 6.1    Neurodevelopmental trajectories of epilepsy surgery candidates (Adapted from: van 
Schooneveld and Braun [ 18 ] ,  by indicating proportions of children showing different postoperative 
cognitive trajectories):     A  stable development in parallel with healthy peers, no change in IQ scores, 
 B : IQ decline: can indicate loss of skills or slower pace of development compared with healthy 
peers.  C : “catch-up” development at a faster pace than healthy peers, resulting in IQ score increase. 
The indicated proportions are means derived from  Appendix        
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[ 12 ]. Notwithstanding the differing study populations (temporal lobectomy vs 
mixed sample), the cohorts also differed much with respect to seizure freedom 
(86 % vs 35 %) and proportion of AED discontinuation (57 % vs 18 %). The dis-
crepancy in study conclusions is not incompatible with the impact of those postop-
erative factors as demonstrated above.  

    Limitations and Recommendations 

 The large number of studies reporting on a mixture of early and later surgeries as 
well as multiple surgical targets (including focal resection and palliative proce-
dures) severely limits the level of inference that can be drawn from this chapter. 
Furthermore, in contrast to studies of adult surgical patients, the investigation of 
children is complicated by the fact that epilepsy and surgery interact with rapid 
brain development. The inclusion of a nonsurgical control group, matched for basic 
illness characteristics at baseline assessment, would allow one to estimate the devel-
opmental trajectory without surgical intervention. In addition, such group is also 
helpful for estimation of retest effects and changes in test versions with progression 
into adulthood. Unfortunately, such comparison groups, however imperfect they 
might be, are rarely included in follow-up studies. In addition, a healthy control 
group (preferably siblings or otherwise closely matched, see Ref. [ 37 ]) would allow 
an estimation to which degree a restoration of the normal developmental trajectory 
can be achieved, which has not been reported for surgical samples. 

 The mode of participant recruitment is seldom clearly stated, and the inclusion 
of a very wide range of follow-up periods (months to over 10 years) suggests that 
retrospective chart review is the main source of data points. Neuropsychological 
assessments are often requested for clinical indication which can bias the sample 
toward the more severe end of the clinical and neuropsychiatric spectrum [ 6 ]. Few 
studies report on the representativeness of their sample for the wider clinical popu-
lation seen at each institution. Finally, due to restrictions in sample size, the joint 
statistical estimation of different etiological and clinical factors such as duration of 
epilepsy, age at surgery, seizure control, and AED withdrawal is often not possible. 
Hence the inference made here about the impact of these factors is likely to be 
biased and limited. One more time we need to repeat the call made previously by 
Smith et al. [ 10 ] that better designed studies are urgently needed. 

 Nevertheless, the emerging evidence from the recent literature reviewed here and 
previously [ 10 ,  18 ] suggests that the majority of children show a stabilization of 
their cognitive trajectory after surgical treatment and that a signifi cant proportion 
even do show signs of cognitive “catch-up.” The degree of improvement appears to 
be correlated with postoperative seizure control and to some degree with antiepilep-
tic medication reduction. There is suggestive evidence that compensatory processes 
for memory functions after temporal surgery are completed after 1–2 years, while 
change in intellectual functions require a more prolonged period of brain develop-
ment unencumbered by seizure activity and polypharmacy. The impact of clinical 
factors which are likely to interact with developmental changes in brain plasticity, 
such as age at surgery and the extent of resection, requires further research.      
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    Abstract     Psychiatric aspects of epilepsy surgery are very complex and have a pleo-
morphic expression, as an anterotemporal lobectomy (ATL) can be followed by 
remission, exacerbation in severity or recurrence of a presurgical psychiatric disorder, 
or the development of de novo psychopathology. Furthermore, presurgical psychiatric 
history appears to be associated with postsurgical persistence of epileptic seizures. 

 There is a dearth of studies on the long-term (>5 years) psychiatric trajectories of 
epilepsy surgery candidates. Most studies in this fi eld report follow-up periods of 
2 years or less. Postsurgical depression and/or anxiety disorders are the most fre-
quent psychiatric disorders identifi ed after resective surgeries, particularly follow-
ing ATL, as 30 % are expected to experience depressive and/or anxiety episodes 
within the fi rst 3–6 months. A presurgical psychiatric history has been found to be 
associated with an increased risk of postsurgical recurrences or exacerbations. In a 
majority of patients, symptoms are expected to remit by 1 year, though persistent 
psychopathology has been found in up to 15 % of patients. De novo postsurgical 
psychotic episodes and psychogenic non-epileptic seizures (PNES) on the other 
hand have been identifi ed with a relatively low frequency. 

 Despite the relatively high frequency of postsurgical psychiatric complications 
(PPC), they remain under-recognized and undertreated. Furthermore, patients and 
families are often not informed of their potential occurrence. In this chapter, we 
review the prevalence of the various postsurgical psychiatric complications and 
their risk factors.  

  Keywords     Major depressive episodes   •   Generalized anxiety disorder   •   Postictal 
psychosis   •   Treatment-resistant epilepsy   •   Mesial temporal sclerosis  
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        Introduction 

 The lifetime and cross-section prevalence rates of psychiatric comorbidities in epi-
lepsy are relatively high in patients with epilepsy (PWE), ranging between 30 and 
35 % [ 1 ,  2 ] and it is even higher in patients who are being evaluated for epilepsy 
surgery, ranging from 43 to 80 % [ 3 – 6 ]. In fact, psychiatric comorbidities and epi-
lepsy have a very complex relation, which is clearly illustrated in the pleomorphic 
psychiatric aspects of epilepsy surgery. For example, anterotemporal lobectomies 
(ATLs) can be associated with a remission of presurgical psychiatric disorders or 
postsurgical psychiatric complications (PPC), which include a recurrence and/or an 
exacerbation in severity of presurgical psychiatric disorders, or the development of 
de novo psychiatric episodes. Postsurgical psychiatric complications were initially 
reported by Hill et al. in 1957 [ 7 ], who described depressive episodes occurring 
independently of seizure outcome and which remitted within 18 months. 

 In the last 30 years, epilepsy surgery has been recognized as a leading therapeu-
tic modality in the management of treatment-resistant focal epilepsy. Postsurgical 
psychiatric complications have been recognized in approximately 30 % of patients 
undergoing an ATL [ 8 ,  9 ]. Yet despite this relatively high prevalence, they remain 
unrecognized and untreated in many epilepsy surgery programs worldwide. In this 
chapter, we review the negative and positive impacts of epilepsy surgery on presur-
gical psychiatric disorders as well the available data on the development of de novo 
postsurgical psychopathology.  

    Postsurgical Psychiatric Complications: A Relatively 
Frequent Occurrence 

 Postsurgical mood and anxiety disorders are the most commonly recognized PPC, 
and with signifi cantly lower frequency psychotic episodes, obsessive-compulsive 
disorders (OCDs), and psychogenic non-epileptic seizures (PNES). The following 
study illustrates the pleomorphic aspects of psychiatric aspects of epilepsy 
surgery: 

 The study included 100 consecutive patients (60 men and 40 women) age, who 
had undergone an anterotemporal lobectomy (ATL) for the management of 
treatment- resistant temporal lobe epilepsy (TLE) at the Rush Epilepsy Center in 
Chicago. Patients were followed postsurgically for a period of 8.3 ± 3.3 years [ 10 , 
 11 ]. During their presurgical evaluation, a lifetime psychiatric history was identifi ed 
in 56 patients; 21 had a depressive disorder, and 25 mixed depression and anxiety 
disorders, while 12 patients had other (non-psychotic) psychiatric disorders. Among 
the 100 patients, 41 experienced a PPC: 22 developed a de novo psychiatric episode, 
which consisted of a depressive/anxiety disorder in nine, a psychotic episode in 
four, PNES in seven and somatoform disorder in two. Twenty-six patients experi-
enced an  exacerbation  in severity or recurrence of a presurgical depressive/anxiety 
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disorders. Among the four patients who developed a de novo psychotic episode, 
these occurred within the fi rst 6 months after an ATL, consisting of a manic episode 
in two and a paranoid episode in the other two patients. Two of these patients had 
lesional epilepsy, caused by a dysembryoplastic neuroepithelioma (DNET) in one 
and a ganglioglioma in the other. Symptoms remitted in two patients with pharma-
cotherapy without the need for hospitalization while the other two had to be hospi-
talized in a psychiatric unit. In one patient, symptoms remitted after the fi rst 
admission, whereas the second patient had to be hospitalized twice. Two years after 
the ATL, psychiatric disorders were reported by 30, consisting of depressive with 
and/without anxiety episodes in 26 patients, while 11 had other type of psychiatric 
disorders (several patients had more than one psychiatric disorder). In 18 of these 30 
patients, the PPC were severe and persistent despite multiple therapeutic interven-
tions. At the time of the last contact (mean follow-up period of 8.3 ± 3.3 years), 16 
patients continued to experience a persistent psychiatric disorder, 15 of whom had 
a depressive/anxiety disorder. Multivariate regression model identifi ed a presurgical 
history of depression as predictors of persistent and severe postsurgical psychiatric 
complications. The ATL was associated with a reduction in the prevalence of psy-
chiatric disorders by 40 % 2 years after surgery and by 71 % by the last contact. 

 Among the 100 patients, 7 developed de novo PNES. A presurgical lifetime psy-
chiatric history was signifi cantly associated with the development of postsurgical 
PNES. Interestingly enough, PNES were not reported in seizure-free patients; in 
fact, persistent seizures were signifi cantly associated with the development of de 
novo PNES. Furthermore, failure to obtain gainful employment was not associated 
with the development of PNES. These fi ndings differ from long-held assumptions 
that the development of a postsurgical PNES must be caused by the “stress” associ-
ated with a “seizure-free” life in patients with chronic epilepsy who are not “emo-
tionally, physically, or economically ready to face their own or their families” 
increased expectations. 

 Likewise, the presurgical lifetime history of depression was associated with a 
worse postsurgical seizure outcome. Indeed, only 12 % of patients who became free 
of auras and disabling seizures after surgery were found to have a lifetime history of 
depression; in contrast, 79 % of patients with less than 90 % seizure reduction had 
a presurgical lifetime history of depression [ 11 ]. The fi ndings of this study have 
been replicated in other studies, as shown below. 

    Postsurgical Depressive and Anxiety Disorders 

 As stated above, depressive and anxiety disorders are the most frequent PPCs. Most 
case series had a relatively short postsurgical follow-up period that ranged between 
3 months and 1 year. In a recent review of prospective studies published in the litera-
ture, Rayner and Wilson concluded that postsurgical major depressive and anxiety 
episodes are likely to occur in approximately 30 % of patients undergoing an 
ATL. Most depressive episodes are diagnosed within the fi rst 3–6 months after 
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surgery and may persist for periods ranging between 6 and 12 months [ 9 ]. A presur-
gical history of mood and anxiety disorders has also been found to be a risk factor 
for the development of postsurgical anxiety episodes. While some authors have 
associated persistent postsurgical symptoms of depression with failure to achieve a 
seizure-free state [ 12 ], this has not been a uniform fi nding. 

 Postsurgical depressive and anxiety symptoms can be identifi ed within the fi rst 
4–6 weeks after surgery. For example, in a study of 62 patients, 43 who had an 
ATL and 19 an extratemporal lobectomy (ETL), Wrench et al. identifi ed symp-
toms of anxiety and/or depression in 66 % of ATL and 19 % of ETL patients, 
respectively [ 13 ]. At 3 months, 54 % of ATL and 33 % of ETL patients were still 
symptomatic with 30 % of ATL and 17 % of ETL patients still experiencing a 
depressive episode. By that time, 13 % of ATL patients had developed a de novo 
depressive episode and 15 % a de novo anxiety disorder, whereas 18 % had devel-
oped other types of de novo psychiatric disorders. In contrast, only 17 % of ETL 
patients had developed de novo anxiety, but not depression or other psychopathol-
ogy. Likewise, Ring et al. [ 14 ] found that 45 % of 60 consecutive patients who 
underwent an ATL experienced emotional lability and anxiety in the fi rst 6 weeks 
after surgery; in 22 % of these patients, it presented as a de novo phenomenon. 
These symptoms had remitted by 3 months or improved signifi cantly. In a study of 
44 patients who underwent an ATL, Glosser et al. [ 15 ] found that by the fi rst month 
after surgery, 12 patients (31 %) had developed de novo depression and/or anxiety 
disorders or recurrence of a disorder that had been in remission during the 6 
months preceding the surgical procedure. By 6 months, they were still symptom-
atic but signifi cantly improved, and by 1 year all but two patients had become free 
of symptoms. 

  Can postsurgical depressive and anxiety disorders be anticipated?  
 As stated above, a presurgical history of mood and/or anxiety disorder has been 

identifi ed in patients who go on to develop postsurgical episodes. For example, a 
preoperative history of depression and poor postoperative family dynamics (at 1, 6, 
and 12 months) were predictive of depression after surgery in the study by Wrench 
et al. cited above [ 13 ]. In a separate study of 107 patients, 90 of whom underwent 
an ATL and 17 an ETL, and who had a postsurgical follow-up period of 1 year, 
Quigg et al. [ 16 ] found that preoperative depressive traits predicted worse postop-
erative scores on scales measuring symptoms of depression. Likewise, in a study of 
150 patients who underwent epilepsy surgery, Barbieri et al. found that the only 
predictive variable included a presurgical history of depressive episodes and older 
age at surgery [ 17 ]. 

 Other potential predictive variables include epilepsy-related signs and symptoms 
such as  ictal  fear. For example, Kohler et al. found that, compared to patients with-
out auras or with auras different than ictal fear, patients with preictal fear were more 
likely to exhibit postsurgical depressive and anxiety episodes [ 18 ]. Furthermore, 
while postoperative mood and anxiety disorders were more common in patients 
with persistent seizures, they were equally frequent in seizure-free patients who had 
experienced presurgical ictal fear. In addition, a majority of patients with ictal fear 
required the use of psychotropic medication after surgery. 
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 Suicide is a PPC which has also been identifi ed more frequently among patients 
who undergo an ATL than in the general population. For example, 27 of 360 patients 
who underwent an ATL died during a 5-year follow-up period [ 19 ]. Four of these 
deaths resulted from suicide, yielding a standardized mortality ratio (compared with 
suicides in the US population and adjusted for age and gender) of 13.3 (95 % 
CI = 3.6–34.0). Accordingly, a presurgical psychiatric evaluation in every surgical 
candidate is of the essence to identify those patients who may have a potential risk 
of postsurgical depressive and anxiety episodes. Prevention of postsurgical episodes 
of depression and anxiety can be achieved in such patients by introducing antide-
pressant medication with a selective-serotonin reuptake inhibitor or a selective 
serotonin- norepinephrine reuptake inhibitor at the fi rst manifestation of the psychi-
atric symptomatology. Unfortunately, to date there are no studies on the pharmaco-
logic treatment of postsurgical mood and anxiety disorder and this recommendation 
is based on expert consensus [ 20 ].  

    Obsessive-Compulsive Disorder (OCD) 

 Obsessive-compulsive disorder (OCD) is a rare postsurgical complication reported 
following ATL. Indeed, the development of de novo or aggravation of OCD was 
reported in a small case series of fi ve patients with treatment-resistant TLE and 
“obsessive traits,” who were followed after undergoing an ATL [ 21 ]. Within the fi rst 
2 months after surgery, two patients fulfi lled OCD diagnostic criteria. While all of 
these patients became seizure free, they reported a signifi cant worsening of their 
quality of life after surgery. In a separate case report, a 31-year-old man with dual 
pathology consisting of right mesial temporal sclerosis (MTS) and right occipital 
encephalomalacia experienced de novo obsessive-compulsive symptoms following 
resection of the right hippocampus and right occipital pole. He started to experience 
compulsions consisting of fear of contamination, constant hand washing, checking 
things, repeating rituals, and his symptomatology met criteria for OCD [ 22 ]. 

  Postsurgical Psychotic Complications  

 Postsurgical psychotic complications have been identifi ed in an average of 3 % with 
some case series of patients undergoing an ATL reporting frequencies of 1 % and 
others up to 10 % [ 11 ,  23 – 32 ]. Most consist of de novo postsurgical psychotic epi-
sodes presenting as schizophreniform-like disorders, manic episodes, and postictal 
psychotic episodes. Psychotic symptomatology tends to appear within the fi rst year 
in all patients [ 23 ]. In some case series, postsurgical psychotic episodes occur after 
seizure remission [ 24 ], while in others they are associated with persistent seizures. 

  Postsurgical manic  episodes are also psychiatric complications of ATL, as dem-
onstrated in a study of 415 consecutive patients, 16 of whom (3.8 %) experienced a 
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de novo manic episode [ 29 ] within the fi rst year after an ATL. These episodes were 
short-lived in all but one patient. 

 In addition, the risk of postsurgical psychotic episodes has been associated with 
right temporal seizure foci. For example, Mace and Trimble [ 26 ] reported seven 
consecutive patients who developed de novo psychotic episodes following an ATL, 
six of whom had an epileptogenic area in the right temporal lobe: one developed a 
delusional depression, four developed a schizophrenic-like psychosis, and one 
patient was diagnosed with Capgras syndrome. 

 The presence of gangliogliomas or DNET has also been associated with the 
development of de novo postsurgical psychotic disorders. Andermann et al. reported 
six patients from four centers who experienced a de novo psychotic disorder and 
estimated a risk of 2.5 % for the development of de novo psychosis (1 in 39) in 
patients with this type of lesion who undergo an ATL [ 27 ]. 

 A schizotypal personality disorder has also been identifi ed as a potential risk for 
the development of de novo postsurgical psychotic episodes in a small case series 
of three patients with MTS who after undergoing an ATL developed an acute psy-
chotic episode the fi rst year after surgery, diagnosed as “a schizoaffective disor-
der,” “a brief psychotic disorder,” and “a delusional disorder,” respectively [ 28 ]. Of 
note, all patients were free of seizures after surgery. Whether or not the develop-
ment of de novo postsurgical psychotic episodes refl ects a phenomenon of forced 
normalization has been the source of signifi cant debate that has yet to be settled.  

    Psychogenic Non-epileptic Seizures 

 Ferguson and Rayport were the fi rst authors to describe the occurrence of postsurgi-
cal de novo PNES [ 33 ]. In all case series, the prevalence rates of postsurgical PNES 
have been low, ranging between 1.8 and 12 %. For example, Ney et al. identifi ed de 
novo postsurgical PNES in 5 out of 96 patients who underwent epilepsy surgery 
[ 34 ]. They suggested that a low full-scale IQ, preoperative psychiatric comorbidity, 
and major surgical complications could be potential risk factors. In a study of 220 
patients, 22 (10 %) developed postsurgical de novo PNES [ 35 ]. In this study, preop-
erative psychopathology was not identifi ed, in contrast to the other studies and our 
own data (see above) [ 11 ].  

    Somatoform Disorder 

 Somatoform disorder is a rare (but possibly under-recognized) PPC. To date there has 
been one case series of 10 patients who developed a somatoform disorder after an ATL 
[ 36 ]. Seven of the 10 patients developed an undifferentiated somatoform disorder, one 
had pain and body dysmorphia, another had pain disorder, and another had body dys-
morphia alone. Of note, among the 10 patients, nine had undergone a right ATL.   
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    The Therapeutic Effect of Epilepsy Surgery on Presurgical 
Psychiatric Disorders 

 Several studies have demonstrated that in a signifi cant number of patients, presurgi-
cal psychiatric disorders may improve signifi cantly or even remit following an 
ATL. For example, 6 of 44 patients who underwent an ATL had been found to suffer 
from depression and anxiety before surgery became asymptomatic postsurgically 
[ 15 ]. Twenty-one patients were unchanged in their psychiatric status: eight who 
were symptomatic and 13 who were asymptomatic before surgery. Among the 
patients who continued to be symptomatic after surgery, their symptom severity 
measured with the Brief Psychiatric Rating Scale had improved signifi cantly. In a 
study by Altshuler et al. [ 37 ], 17 out of 49 patients (35 %) had a lifetime history of 
at least one major depressive episode. Eight of these patients never experienced 
another major depressive episode postsurgically. Devinsky et al. reported the results 
of a study of 360 patients from seven epilepsy centers in the USA; 89 % underwent 
an ATL [ 12 ]. Psychiatric syndromes were identifi ed at baseline and 2 years after 
surgery with a structured interview, the Composite International Diagnostic 
Interview (CIDI). Presurgically, 75 patients (22 %) met criteria for a diagnosis of 
depression, 59 (18 %) of anxiety disorders, and 12 (4 %) of other psychiatric disor-
ders, including bipolar illness and schizophrenia. At the 2-year postsurgical evalua-
tion, only 26 patients (9 %) met diagnostic criteria for depression, 20 (10 %) for 
anxiety, and 3 patients (1 %) met criteria for other psychiatric diagnoses. Thus, 
epilepsy surgery had resulted in symptom remission in more than 50 % of patients. 
In this study, the presence of an anxiety or depressive disorder postsurgically was 
not associated with seizure outcome. 

 Remission of OCD identifi ed presurgically has been reported to remit following 
an ATL. For example, a 35-year-old woman with a 28-year history of treatment- 
resistant TLE secondary to right mesial temporal sclerosis had also had been suffer-
ing from a 10-year history of treatment-resistant OCD, consisting of obsessions of 
an urge to hurt her children every time she saw a sharp object [ 38 ]. Three weeks 
after a right ATL, she reported a complete remission of her obsessive symptoms and 
has remained symptom- and seizure-free. A second case consisted of a 28-year-old 
patient with treatment-resistant TLE who developed OCD symptoms shortly after 
the onset of TLE associated with a lesion in the right posterior temporal region [ 39 ]. 
After undergoing a lesionectomy and right ATL, she became seizure free and exhib-
ited almost complete remission of her OCD. 

 The impact of ATL on the postsurgical course of the psychotic disorder has var-
ied from unchanged (in a majority of cases), though some authors have reported an 
improvement of the presurgical psychotic disorder and/or level of functioning. For 
example, in a case series of six patients with a presurgical psychotic disorder who 
became seizure free after an ATL, Marchetti et al. found a relative improvement in 
the psychotic disorder of fi ve of these patients [ 40 ]. These same authors reported an 
additional case of a 45-year-old female patient with a 30-year history of epilepsy 
and recurrent postictal psychotic episodes since the age of 35, which evolved to a 
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chronic refractory interictal psychosis [ 41 ]. After having a right ATL she became 
seizure free, with remission of the psychotic disorder. 

 Improvement in psychogenic non-epileptic seizures after epilepsy surgery has 
also been reported. For example, Reuber et al. identifi ed 13 patients with epileptic 
seizures and PNES before undergoing an ATL. After surgery, PNES improved sig-
nifi cantly in 11 patients [ 42 ].  

    Impact of Presurgical Psychiatric Illness on 
Postsurgical Seizure Outcome 

 Several studies have documented an association between a presurgical psychiatric 
history and postsurgical seizure outcome as illustrated in our own study cited above 
[ 10 ,  43 – 45 ]. Furthermore in one study of 121 patients who underwent an ATL, 
those with a lifetime psychiatric history exhibited a worse postsurgical seizure 
 outcome than those without [ 43 ]. In another study of 186 patients with treatment-
resistant TLE secondary to MTS were followed for a 6-year period after undergoing 
an ATL [ 46 ]. Seventy-seven (41.4 %) patients had a presurgical Axis I diagnosis, 
including depression, interictal dysphoric disorder, interictal psychosis, postictal 
psychosis, anxiety disorders, and 23 had a personality disorder. The investigators 
found that preoperative anxiety disorders and personality disorders were associated 
with a failure of a seizure-free state. In two other studies that included 280 and 115 
patients with TLE secondary to MTS, a preoperative psychiatric diagnosis was 
associated with a signifi cantly lower postsurgical seizure-free state [ 8 ,  45 ]. This was 
not confi rmed in a study of 72 patients with MTS only [ 46 ]. This study differed 
from the others by the shorter postsurgical follow-up period, which may account for 
the differences.  

    Concluding Remarks and Future Directions 

 The data reviewed in this chapter is indicative of a high prevalence of psychiatric 
comorbidity in epilepsy surgery candidates. This psychiatric comorbidity, whether 
present at the time of the presurgical evaluation or preceding it, has signifi cant 
implications in the patients’ risks of PPC, psychosocial adjustment as well as sei-
zure outcome. Unfortunately, despite the relatively high prevalence of presurgical 
psychiatric comorbidities and PPC, most major epilepsy centers have failed to inte-
grate a psychiatric evaluation into their presurgical workup. Instead, most centers 
have relied on neuropsychological evaluations, which while complementing a psy-
chiatric evaluation, are not a substitute for them. Accordingly, clinicians are 
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ill- prepared in identifying patients at risk for PPC. Often, patients and families are 
not advised on the potential risk of these complications and hence, their consent for 
surgery is based on incomplete information (See Chaps.   16     and   17     in this volume). 
Needless to say, failure to prepare patients and families for such complications can 
result in potential medicolegal problems. 

 The other side of the coin, however, is the remission of presurgical psychiatric 
comorbidities following ATL. As shown in our study, 40 % of patients with presur-
gical psychiatric disorders had become symptom free 2 years after their ATL and 
70 % at the last contact (8.3 ± 3.3 years) [ 11 ]. This information must be also dis-
cussed with patients and their families as it constitutes another therapeutic benefi t 
of epilepsy surgery. 

 Unfortunately, relative to the number of surgeries performed in major epilepsy 
centers, there is still a signifi cant paucity of data on psychiatric aspects of epilepsy. 
This is refl ected in the quasi absence of studies in extratemporal epilepsy surgery (in 
particular frontal lobe resections), all of which are another consequence of the fail-
ure to perform pre- and postsurgical psychiatric evaluations in  every  patient. In fact, 
this lack of data also limited our review to PPC occurring within the fi rst 6–12 months 
after surgery and sadly, we could not achieve the aims to review the long-term 
PPC. Alas, these data are not available! Given the fl uctuating nature of psychiatric 
conditions, longitudinal data are critical to accurately track the long-term trajecto-
ries in this patient population. 

 The fi eld of psychiatric aspects of epilepsy surgery is still in its infancy, with 
most questions yet to be answered in a comprehensive manner. These include the 
identifi cation of prevalence rates and risks factors of PPC in the different age groups 
and in particular in children and adolescents, and in elderly patients. In addition, the 
impact of epilepsy surgery on premorbid psychiatric disorders and the association 
(if any) of any previous psychiatric history on the postsurgical seizure outcome 
needs to be examined in prospective studies. The association of extratemporal epi-
lepsy surgery (in particular in frontal lobe structures) with PPC, including the iden-
tifi cation of their risk factors, remains practically unknown. Finally, the data 
reviewed in this chapter illustrates the complex relations between psychiatric disor-
ders and epilepsy. A better understanding of the risks factors for PPC or the remis-
sion of presurgical psychiatric disorders after an ATL can yield valuable data on our 
understanding of potential pathogenic mechanisms operant in both types of 
disorders. 

 In summary, epilepsy surgery is associated with PPC which should be openly 
discussed with patients and family members with as much detail as the other surgi-
cal risks. Patients should be advised of the risk of postsurgical depressive and anxi-
ety episodes occurring within the fi rst 3–6 months which have a tendency to remit 
by 12–24 months in particular, in patients with a previous history of a mood disor-
der. However, patients need to be warned about the risk of de novo depressive and 
anxiety disorders and psychotic disorders.     
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    Chapter 8   
 Long-Term Psychiatric and Behavior 
Outcomes in Children Following 
Epilepsy Surgery 

             Ailsa     McLellan     

    Abstract     Epilepsy surgery is undoubtedly effective in reducing seizure fre-
quency, and in many cases stopping seizures, in carefully selected children with 
drug- resistant epilepsy. However, seizure control clearly is not the only outcome 
from epilepsy surgery, and there are other outcomes which are arguably more 
important in some children including improved development, behavior, and qual-
ity of life. 

 Mental health problems are common in children with epilepsy (CWE), and 
are very frequently seen in children undergoing epilepsy surgery. Following 
surgery, there can be improvements in the mental health of some children, but 
there are others for whom there is no improvement, or indeed deterioration in 
their preexisting psychiatric symptoms. Furthermore, there are children who 
develop new psychiatric problems postoperatively. In this chapter, mental 
health problems in children undergoing epilepsy surgery will be reviewed and 
psychiatric outcome considered, with particular emphasis on what is known 
about long-term outcomes.  

  Keywords     Pediatric epilepsy   •   Psychopathology   •   Temporal lobe resection   • 
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        Mental Health Problems in Children with Epilepsy 

 Mental health problems are 4.7 times more common in children with epilepsy 
(CWE) compared to the general population [ 1 ]. Psychiatric disorders are reported in 
28–58 % of CWE compared to 7–9 % in the general pediatric population and 
11–12 % of children with chronic illnesses which do not involve the central nervous 
system [ 2 ,  3 ]. Psychiatric disorders are a signifi cant problem for the child and fam-
ily, often more so than the seizures themselves, and have a huge impact on quality 
of life. The range of psychiatric diagnoses seen in children with epilepsy includes 
conduct disorders, emotional disorders, attention defi cit hyperactivity disorder 
(ADHD), pervasive developmental disorder (PDD), psychosis, and conversion 
disorders. 

 There are many risk factors associated with psychopathology in children with 
epilepsy including structural brain abnormality, seizure frequency, cognitive impair-
ment, effects of antiepileptic drugs (AEDs), and social and family factors [ 4 ]. 
Children with structural brain abnormalities are at particular risk of psychopathol-
ogy with reported rates of 58 % children having a psychiatric diagnosis [ 2 ] and 
therefore inevitably high rates of mental health problems are seen in children being 
considered for epilepsy surgery. 

 Identifi cation of psychopathology in children with epilepsy is important in order 
to then consider appropriate treatments with anticipated benefi t on quality of life 
and therefore access to effective psychiatric services is key. There may be some 
situations in which the symptoms may be improved by straightforward interven-
tions such as a change in AED or treatment of electrical status epilepticus of sleep 
(ESES) and therefore it is important to consider all potentially reversible factors. 
However, the majority of mental health problems in children with epilepsy are mul-
tifactorial and multidisciplinary working with input from different professionals 
including pediatric neurology and mental health services is crucial.  

    Mental Health Problems in Children Undergoing 
Epilepsy Surgery 

 Children undergoing resective epilepsy surgery are presumed to have structural 
brain abnormalities and are therefore at very high risk of mental health problems. 
Psychiatric disorders have been reported in 36–80 % of children undergoing evalu-
ation for epilepsy surgery [ 5 ,  6 ] with most series reporting rates of mental health 
problems at the upper end of this range [ 7 ,  8 ]. The range of psychiatric diagnoses 
in pediatric epilepsy surgery candidates include attention defi cit hyperactivity dis-
order (ADHD), anxiety disorder, depression, pervasive developmental disorder 
(PDD), and disruptive behavior disorder (DBD). A signifi cant proportion of chil-
dren with mental health problems have more than one psychiatric diagnosis (28–
57 %) [ 6 – 8 ]. 
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 Mental health problems in children contribute signifi cantly to the overall disability 
experienced by CWE. Therefore, in evaluating outcomes from epilepsy surgery, it is 
important to consider the effects of epilepsy surgery on psychopathology. However, 
few prospective studies evaluating psychiatric outcome in the short and long terms 
after epilepsy surgery have been published historically and there is a lack of control 
data. A simple hypothesis would be that mental health problems will improve follow-
ing epilepsy surgery if the seizures are controlled, and while some children have an 
improvement in behavior postoperatively [ 8 – 10 ], this is not universally the case. 
Given that psychopathology in CWE is due to a complex interplay of many factors, 
seizure freedom will not always be associated with improved mental health. 

 The nociferous cortex, or “neural noise” hypothesis suggests that seizure activity 
can disrupt more extensive neural networks that extend beyond the irritant zone of the 
seizure [ 11 ] and has been postulated as a mechanism for mental health problems in 
epilepsy. It has been suggested that in temporal lobe epilepsy, the epileptogenic cortex 
may adversely affect the extratemporal regions that mediate executive function abili-
ties with resultant impact on behavior [ 12 ]. If this concept is correct then the abnormal 
brain tissue causing epilepsy can affect the function of normal brain and therefore 
removal of the abnormal brain should have a benefi cial effect on behavior [ 13 ]. 

 Given that there are few long-term prospective studies of psychiatric outcome 
following epilepsy surgery in children, information is limited with respect to spe-
cifi c surgeries. However, what is known about outcomes is summarized below with 
some further details on effects of age at surgery and long-term psychiatric out-
comes. In addition, there are some cases illustrating some of the psychiatric out-
comes following epilepsy surgery in children.  

    Psychiatric Outcomes Following Temporal Lobe Resections 

 Children undergoing temporal lobe resections have higher rates of preoperative psy-
chiatric diagnoses than children with extratemporal lesions. In a study by Salpekar 
et al. [ 6 ] of children being evaluated for epilepsy surgery, 87 % of children with 
temporal foci had a clinically signifi cant score on the Child Behavior Checklist 
(CBCL), compared with 63 % of children with extratemporal foci. There are few 
studies however looking at psychiatric outcome following temporal resection for 
epilepsy. In a study of 60 children undergoing temporal lobectomy reported by the 
Great Ormond Street Epilepsy Surgery Programme [ 8 ], 83 % of children had a psy-
chiatric diagnosis at some stage – 72 % preoperatively and 72 % postoperatively. 
These children had a mean age of epilepsy onset of 3.4 years, underwent surgery at 
a mean age of 10.6 years, and had been followed up for a mean of 5.1 years (range 
2–10 years). The range of psychiatric disorders is summarized in Table  8.1 . 
Psychiatric comorbidity was common with 45 % of children having two or more 
psychiatric disorders preoperatively and 57 % postoperatively. Psychiatric disorders 
resolved postoperatively in 16 % but 12 % of children developed a psychiatric dis-
order for the fi rst time postoperatively, having been free of mental health problems 
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preoperatively. New psychiatric diagnoses emerged postoperatively in 37 % and 
psychiatric symptoms deteriorated postoperatively in 25 %. There was no relation-
ship between the emergence of new psychiatric diagnoses and seizure control as had 
been reported in adult study of temporal lobectomy and mental health [ 14 ] or indeed 
a small series of 16 children undergoing temporal lobectomy [ 7 ]. Furthermore, a 
systematic review of psychiatric outcome following epilepsy surgery, which 
included predominantly studies in adults, found that one of the two main predictors 
of psychiatric outcome was seizure freedom [ 15 ]. However, another study in chil-
dren with follow- up of 1 year also found no relation between seizure status postop-
eratively and psychiatric outcome [ 16 ], so the literature is inconsistent and there is 
a need for large, long-term prospective studies of psychiatric outcome in epilepsy 
surgery cases to further investigate this relationship.

   In the Great Ormond Street study [ 8 ], there was an emergence of emotional dis-
orders postoperatively with 20 % of children developing emotional disorders post-
operatively, the majority of whom were children with normal cognition who were 
seizure free (see Case  1 ). It is not clear why some children develop new psychiatric 
disorders postoperatively, even if they are seizure free, but it could be related to a 
number of factors including the wider neural networks involved, the change in elec-
trophysiology when seizure focus has been removed, or even psychosocial adjust-
ments to life without epilepsy and possibly AEDs (Case  1 ).  

    Psychiatric Outcomes Following Extratemporal 
Lobe Resections 

 There is little data in the literature examining postoperative psychiatric outcome from 
extratemporal lesions in children. Rates of mental health problems appear lower than 
for children undergoing temporal lobectomy [ 6 ], but are still signifi cant. In a study of 
psychiatric outcome at least a year following surgery (range 12 months to 12 years) 

   Table 8.1    Great Ormond Street Epilepsy Surgery Programme [ 8 ]   

 Preoperative (total 60)  Postoperative (total 57) 
 Affected at any 
time 

 PDD  23 (38 %)  21 (37 %)  23 (38 %) 
 ADHD  14 (23 %)  13 (23 %)  16 (27 %) 
 ODD/CD  13 (22 %)  12 (21 %)  16 (27 %) 
 DBD  24 (40 %)  25 (42 %)  30 (50 %) 
 Emotional disorder  5 (8 %)  12 (21 %)  15 (25 %) 
 Eating disorder  1 (2 %)  2 (4 %)  2 (4 %) 
 Conversion disorder  1 (2 %)  1 (2 %)  2 (4 %) 
 Psychosis  0  1 (2 %)  1 (2 %) 

  DSM-IV diagnosis preoperatively, postoperatively, and total at any point in children undergoing 
temporal lobe surgery for epilepsy 
  PDD  Pervasive developmental disorder,  ADHD  attention defi cit hyperactivity disorder,  ODD/CD  
oppositional defi ant disorder/conduct disorder,  DBD  disruptive behavior disorder  
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in 71 children undergoing extratemporal resection (predominantly frontal resec-
tions), one or more psychiatric diagnoses was present in 31/71 (44 %) children pre-
operatively and 32/71 (45 %) postoperatively [ 17 ]. Mental health problems improved 
postoperatively in eight (11 %) children, of these, fi ve (7 %) completely resolved; in 
6/71 (9 %) children with no preoperative diagnosis, a DSM-IV diagnoses evolved 
postoperatively. The nature of the psychiatric diagnoses is summarized in Table  8.2 . 
There was no association between any change in psychopathology (positive or nega-
tive) and seizure outcome, or indeed any other factors such as pathology, location of 
surgery, etc. As with surgery in the temporal lobe, the removal of the epileptic focus 
producing epileptic discharges could result in marked improvement in behavior, par-
ticularly in the frontal lobe cases. Equally removal of frontal lobe tissue could cause 
disinhibition and other problems leading to behavioral disturbance [ 18 ].

   A smaller study of 34 patients undergoing extratemporal resection found high 
rates of behavior problems in the children that underwent neuropsychology testing 
(18/34) pre- and postoperatively (1 year postop) using the CBCL to assess behav-
ioral problems [ 19 ]. Overall, these children were found to score highly in the domain 
of attentional problems reported by parents and greater than normal in domains of 
somatic complaints, social problems, and anxiety/depression. Postoperatively, there 
were no measureable improvements in these areas, despite overall seizure freedom 
of 68 % of patients though parents did report some improvements.  

    Psychiatric Outcomes Following Hemispherectomy 

 Children undergoing hemispherectomy seem to have better behavioral outcomes 
postoperatively than those undergoing temporal lobectomy. Historically, hemi-
spherectomy was reported to lead to remarkable behavioral improvements with a 
report by Wilson [ 20 ] describing 50 patients of whom 80 % had behavioral prob-
lems of whom following surgery, 94 % had a normalization of behavior. In the more 

   Table 8.2    Great Ormond Street Epilepsy Surgery Programme [ 17 ]   

 Diagnoses 
 Preoperative, 
 n  (%) 

 Postoperative, 
 n  (%) 

 Lost 
diagnosis 
postop 

 Developed 
diagnosis 
postop 

 No 
change 

 ADHD  4 (6)  7 (10)  0  3  4 
 ODD/CD  9 (13)  10 (14)  0  1  9 
 DBD (NOS)  4 (6)  4 (6)  1  1  3 
 Change of 
behavior due to a 
general medical 
condition 

 9 (13)  6 (9)  4  1  5 

 Emotional disorder  10 (14)  12 (17)  0  2  10 
 ASD  9 (13)  10 (14)  0  1  9 
 Other major 
disorder 

 2 (3)  3 (4)  0  1  2 

  DSM-IV diagnoses pre- and postoperatively in children undergoing extratemporal resections  
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recent literature, Pulsifer et al. [ 21 ] reported a series of 71 patients with hemispher-
ectomy, 53 of whom underwent follow-up at a mean of 5.4 years postoperatively. 
The CBCL was used to assess behavioral problems and the overall score was not 
consistent with clinical problems. However, on the subscales of clinical problems 
with attention and thought problems, the scores were consistent with a clinically 
signifi cant problem, but these scales improved signifi cantly after surgery. In another 
large series of pediatric hemispherectomy [ 5 ], with a median follow-up 3.4 years, 
behavior diffi culties were present in 12 children (36 %). The most common problem 
was diffi culty with concentration (75 %), followed by fl uctuating mood with or 
without socially intrusive behavior (66 %). Ninety-two percent of children had 
improvement in behavior post hemispherectomy who had been found to have pre-
operative behavioral problems. Five children were reported to have behavioral prob-
lems postoperatively having not experienced them preoperatively. The emergence 
of behavioral problems was neither related to seizure outcome nor to the cognitive 
abilities of the child. 

 The mechanisms leading to behavioral problems in children undergoing hemi-
spherectomy, as with other epilepsy surgery candidates, are likely to be multifacto-
rial. The role of epileptic discharges may be important in hemispherectomy 
candidates, as frequent, widespread epileptic discharges are common. 
Hemispherectomy prevents the spread of epileptic discharges to the unaffected 
hemisphere and may be one reason why behavioral problems may improve postop-
eratively in some children (Case  2 ).  

    Psychiatric Outcomes Following Corpus Callosotomy 

 In palliative surgery for epilepsy, it is also important to consider wider outcomes 
than just seizure control. Corpus callosotomy is performed as a palliative procedure 
with the aim of stopping, or at least reducing “drop” seizures which are associated 
with injury. It would not be expected that this type of surgery would lead to seizure 
freedom as children who have “drop” seizures typically have other seizure types. 
No brain tissue is removed during surgery, so the concept of removing abnormal 
brain tissue and the epileptic focus thereby improving behavioral problems does not 
apply. However, corpus callosotomy can prevent the spread of epileptic discharges 
from one hemisphere to another, so the concept of limiting the extent of electrical 
disturbance and evaluating whether this leads to an improvement in functioning has 
been considered. Yonekawa et al. [ 22 ] investigated 15 children undergoing corpus 
callosotomy with EEG and used the CBCL to assess their behavior. They were fol-
lowed after just under a year (mean 0.8 years). The attention problem scale and total 
CBCL score signifi cantly improved in children who had an improvement postopera-
tively in their EEG. Other studies [ 23 – 26 ] have also demonstrated improvements in 
behaviors (particularly attention, hyperactivity, and aggressive behaviors) post cal-
losotomy with mean periods of follow-up ranging from 19 to 40 months after 
surgery.  
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    Hypothalamic Hamartoma Surgery and Psychiatric Outcome 

 Behavioral problems are seen frequently (50–62 %) in children under evaluation in 
epilepsy surgery programs who have hypothalamic hamartoma and epilepsy [ 27 , 
 28 ]. Harvey [ 27 ] followed up a series of 29 children for a mean period of 30 months 
(range 12–70 months) and found that 18/29 (62 %) had behavioral problems preop-
eratively, which were associated with an improvement if they were seizure free 
postoperatively. There was an emergence of mood problems in a small number of 
children (3/29; 10 %) all of whom were seizure free, which has some similarities to 
the emergence of new mood problems postoperatively in children who have had 
temporal lobectomy. Two children (7 %) developed psychosis. Seizure freedom 
therefore seems to be associated with an improvement in behavior in the clinical 
syndrome of hypothalamic hamartoma, but there is the possibility of the emergence 
of new psychiatric disorders even if seizures are well controlled.  

    Age at Surgery and Behavioral Outcome 

 It is recognized that children, and indeed adults, are coming to epilepsy surgery 
many years after their presentation with epilepsy. The impact of ongoing epileptic 
seizures on the developing brain and the possibility of reorganization of function 
due to brain plasticity have led clinicians to consider surgery at an earlier stage than 
it has been historically, in order to improve developmental and psychosocial out-
comes. It is reasonable to consider then whether earlier surgery does lead to better 
psychiatric outcome. One of the diffi culties in evaluating this is the lack of long- 
term prospective studies with standardized assessments of psychopathology and 
other variables and the identifi cation of an appropriate control group. The best cur-
rent evidence of advantages of earlier surgery from the point of view of develop-
mental and psychiatric outcomes is from positive outcomes in these areas following 
hemispherectomy in young children and the knowledge that longer duration of epi-
lepsy correlates negatively with developmental and behavioral outcomes, whereas 
earlier age at surgery is associated with better outcomes [ 29 ].  

    Treatment of Mental Health Problems in Children Following 
Epilepsy Surgery 

 Children and families need careful counseling about the range of mental health 
outcomes from epilepsy surgery, and psychiatric assessment should be an integral 
part of a comprehensive epilepsy surgery program. It is particularly important to 
discuss the possibility of the late emergence of mental health problems, as children 
may not be under regular review by the epilepsy surgery center several years after 

8 Long-Term Psychiatric and Behavior Outcomes in Children Following Epilepsy Surgery



122

surgery, and families need to know how to access appropriate mental health ser-
vices. Close liaison between the psychiatrist in the comprehensive epilepsy surgery 
program and the local psychiatric services is crucial as the local team will take the 
lead role in providing ongoing assessment and management of any mental health 
problems and will be able to link in more effectively to local pediatric services and 
education. Mental health problems in children with epilepsy should be managed 
using the same treatments and management strategies as children who do not have 
epilepsy as there is no evidence that children with epilepsy respond differently to 
conventional psychiatric therapies. Behavioral problems have signifi cant impact 
and therefore effective management of mental health problems can enhance quality 
of life and overall outcome from epilepsy surgery.  

    Summary 

 Mental health problems are common in children with epilepsy, and are very preva-
lent in children being evaluated for all types of epilepsy surgery. Psychiatric assess-
ment therefore should be an integral part of an epilepsy surgery program. Psychiatric 
disorders signifi cantly impact children and their families and contribute signifi -
cantly to the overall disability experienced by children with epilepsy. While the 
primary outcome of epilepsy surgery is seizure control, cognitive, behavioral, and 
quality of life outcomes are also hugely important. Psychiatric outcomes, however, 
are not clearly predictable and children and their families need to be carefully coun-
seled about this. Ongoing psychiatric assessment and access to evidence-based 
treatments and psychosocial support are important for children with epilepsy, par-
ticularly those in epilepsy surgery programs. There is a need for long-term, multi-
center, prospective case-control studies in order to better understand the psychiatric 
outcomes in the longer term and provide accurate prognostic information with 
regard to psychiatric outcome.  

  Case 1 
 A previously well boy presented with focal epilepsy at the age of 7. MRI 
revealed a left temporal lesion, with characteristics of a developmental tumor. 
Epilepsy continued despite adequate trials of three AEDs and he was then 
evaluated in an epilepsy surgery program at the age of 8. Preoperative evalu-
ation did not identify any psychiatric diagnosis. He underwent a lesionectomy 
of the left temporal lesion, a ganglioglioma. He became seizure free postop-
eratively and remains seizure free, off AEDs now 4 years postsurgery. There 
is no recurrence of his ganglioglioma. Nine months after surgery, he devel-
oped an anxiety disorder which improved initially following input from men-
tal health services. This has deteriorated in the last year (nearly 3 years 
following surgery) and he has also developed depression. 
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    Abstract     This chapter reviews publications on long-term mortality after epilepsy 
surgery. Overall, eight studies based on epilepsy surgery cohorts from six differ-
ent centers in the USA, the UK, or Brazil were identifi ed. In addition, two nation-
wide population-based studies, from Sweden and Norway, respectively, were 
reviewed. The number of surgery cases in the cohorts ranged from 202 to 596. 
The studies were very heterogeneous in terms of age groups, types of epilepsy 
and surgery, methods for reporting mortality outcomes as well as comparison 
groups. 

 The interpretation of studies is further hampered by their observational nature, 
whether comparisons are made with refractory epilepsy patients found unsuitable 
for surgery or between epilepsy surgery patients with favorable and unfavorable 
seizure outcomes. 

 In the surgery cohorts, the cause of death was epilepsy related in on average 
50 % of the cases with sudden unexpected death (SUDEP) being the most common. 
Most studies report lower mortality among those rendered seizure free versus those 
with recurrent seizures after surgery, while the trend in the same direction was non-
signifi cant in the two population-based studies.  

  Keywords     Epilepsy surgery   •   Outcome   •   Observational study   •   Mortality   • 
  Standardized mortality ratio   •   Survival   •   Cause of death  
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        Introduction 

 Life expectancy has been reported to be reduced [ 1 ] and overall mortality rate 
increased among people with epilepsy [ 2 ]. The latter is commonly described using the 
measure standardized mortality ratio (SMR), defi ned as the ratio of the observed num-
bers of deaths in the study population (with epilepsy) to the expected number of deaths 
estimated by standardization to the reference population. The SMR ranges from 2 to 
3 in community-based studies of incident cases of epilepsy from high income coun-
tries [ 2 ] thus demonstrating a two- to threefold increased mortality rate among people 
with epilepsy in general. The highest SMRs are seen during the fi rst years after seizure 
onset [ 2 – 5 ], and are to a large extent related to underlying causes and comorbidities of 
epilepsy [ 6 ]. However, a signifi cant excess mortality is observed also decades after 
seizure onset [ 2 – 7 ]. Patients with chronic refractory epilepsy have particularly high 
mortality rates, and in such populations the causes of death are also more related to the 
epilepsy and the seizures than to the cause of epilepsy [ 8 ,  9 ]. The specifi c causes vary 
with the setting, but sudden unexpected death in epilepsy (SUDEP) and seizure-
related accidents are more prevalent in particular among epilepsy surgery candidates 
[ 10 – 13 ]. As an example, the incidence of SUDEP has been reported to be as high as 
9 per 1,000 patient years among epilepsy surgery candidates [ 14 , for review see  15 ]. 

 As this volume is about long-term outcomes, this chapter will not discuss the low 
perioperative mortality, but rather focus on mortality as reported in long-term fol-
low- up after epilepsy surgery. An assessment of the long-term outcome of surgery in 
terms of mortality would ideally be based on a randomized controlled study compar-
ing the outcome in those randomized to surgery versus those randomized to no sur-
gery. The only available study of this kind randomized 80 patients to immediate 
surgery or after the regular one-year waiting list for surgery [ 16 ]. During the one- 
year follow-up one patient died (of SUDEP) in the non-surgery group versus none 
among those that had undergone surgery. The sample size and follow-up time is 
clearly insuffi cient for a meaningful comparison of mortality, which was not the 
primary end-point of the study. Other available information on mortality after sur-
gery is based on prospective observational studies, or sometimes retrospective analy-
ses of epilepsy surgery cohorts from individual centers or in a couple of cases data 
from nationwide epilepsy surgery registries. Outcome has unfortunately been 
reported in a non-standardized manner, as proportion deceased, as mortality rates, or 
SMRs. Some have not provided any comparisons, others have compared mortality in 
those who underwent surgery with epilepsy patients that for some reason were con-
sidered unsuitable for surgery or who declined the procedure. Due to this heteroge-
neity in study design each reviewed study is reported individually in the following.  

    Single Center Studies 

 An early report comprised a consecutive and complete cohort of adults and adoles-
cents who had entered evaluation for surgery for intractable epilepsy at the 
University of California, Los Angeles (UCLA), from 1974 to early 1990. Overall 
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outcome data were fi rst reported in 1995 [ 17 ] and with some more elaboration on 
mortality in 1997 [ 18 ]. Of 248 patients admitted, 202 were considered surgery 
patients. Of these, one drowned before scheduled surgery, three died in complica-
tions of presurgical invasive diagnostic procedures, and one died from a complica-
tion of resective surgery outside the program; 175 had anterior temporal resections 
and 22 extratemporal resections. Of the remaining 46 non-surgery patients, an epi-
leptogenic region could not be localized in 42, two had contraindications for sur-
gery, and two eventually declined surgery. The mean follow-up time for surgery 
patients was 5.8 years (during which 11 patients had repeat operations) and for the 
non-surgery cases 5.7 years. There were overall 18 deaths during follow-up in addi-
tion to the 5 deaths during the presurgical or perioperative evaluation mentioned 
above. In total, 14 of the 202 surgery patients were dead at follow-up (7 %), 9 of 
which occurred during the extended follow-up of the 197 patients that had survived 
pre- or immediate postoperative period (5 %). In contrast 9 of the 46 non-surgery 
patients (20 %) were deceased at follow-up. Unfortunately, causes of death were not 
systematically analyzed in this study. Some information on seizure control was 
available for 16 of the 18 deaths during follow-up. Two or more seizures had been 
experienced by 13 of the 16 deceased patients (81 %) over the last year preceding 
follow-up compared with 47 % among the survivors. 

 Salanova et al. [ 19 ] included 215 consecutive patients (age 8–57 years at sur-
gery) with refractory temporal lobe epilepsy that had been treated surgically by the 
same neurosurgeon at a single US center between 1984 and 1999. The follow-up 
time ranged from 1–15 years; mean 7 years. There was no immediate surgical mor-
tality. Eleven of the 215 patients died during follow-up (5 %) 1–9 years after sur-
gery. One patient died of breast cancer, two committed suicide, two died in accidents, 
three died during seizures, three “suddenly and for unexplained reasons.” The latter 
six might be compatible with a diagnosis of SUDEP, but suffi cient detail is lacking. 
Of the 11 deaths, 3 occurred among the 148 that were seizure free (2 %) compared 
with 8 of the 67 patients who continued to have seizures after surgery (12 %). The 
SMR for seizure free patients was calculated to 1.7 (0.35–5.0) compared with 7.4 
(3.2–14.5) for those with continued seizures. These investigators did not provide 
any comparison with patients that had declined surgery or that were considered 
unsuitable. 

 A third US single center study from Jefferson Comprehensive Epilepsy Center in 
Philadelphia published follow-up data on 393 patients in 1999 [ 10 ] and an extended 
series from the same center in 2005 [ 11 ]. The latter publication comprised all 583 
patients who had undergone epilepsy surgery for refractory seizures between 
February 1st, 1986 and June 30th, 2000. The neurosurgical procedures included 
resections, multiple subpial transections (altogether 521), and partial or complete 
corpus callosum sections ( n  = 62). Follow-up after surgery ended on September 15, 
2000. At the end of follow-up 19 of the 583 patients had died (3 %). One case died 
in the perioperative phase, SUDEP was the cause of death in 10, cancer outside the 
CNS in 3, suicide in 2, motor vehicle accident, pneumonia, and myocarditis, the 
cause of death in one case each. Twelve deaths were observed among the 265 
patients with recurrent seizures after surgery (5 %), whereas, only one of the 256 
seizure free patients died (0.4 %, in breast cancer). The SMR for patients with 
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 recurrent seizures was 5.75 (3.51–9.27) compared with 0.45 (0.02–2.94) among 
those rendered seizure free. SMR appeared to be higher among people with recur-
rent seizures after corpus callosotomy, 11.9 (4.84–27.36) compared with after 
resection or subpial transection, 4.56 (2.47–8.21), although the confi dence intervals 
overlapped. 

 Bell and colleagues audited survival status in patients with intractable focal epi-
lepsy evaluated for epilepsy surgery since 1989 at the National Hospital for 
Neurology and Neurosurgery in London, UK [ 20 ]. Two cohorts were included, (1) 
all 561 patients (aged 16–64 years) that undergone epilepsy surgery at the center, 
and (2) all 641 patients (aged 15–71 years) that were evaluated for epilepsy surgery 
but were deemed unsuitable after investigation, those who declined, those who died 
before surgery, and those still awaiting surgery. Included were only patients with a 
minimum follow-up of 0.8 years from the date of surgery or initial presurgical eval-
uation in the second group. The maximum follow-up time in the surgery group was 
17.4 years and 15.4 years in the non-surgery group. Information on the types of 
surgical procedures is not provided. There were 40 known deaths in the nonsurgical 
group (during 3,365 years of follow-up) and 19 deaths in the surgery group (3,905 
person years), the risk of dying being more than twice as high in the non-surgery 
cohort, Hazard Ratio 2.5 (1.5–4.4). Causes of death in the non-surgery group were 
considered to be epilepsy-related (SUDEP, drowning or status epilepticus) in 24 (20 
of which in SUDEP), compared with in 7 for the surgery group. The surgery patients 
were divided according to seizure outcome after surgery into those who were com-
pletely seizure free or only had auras (“seizure free”) versus those with seizures. 
Those with seizure at follow-up 1 year after surgery were 4.0 times (1.2–13.7, 
adjusted HR) more likely to die than those considered seizure free at 1 year 
follow-up. 

 Mortality outcomes have also been assessed in patients of all ages who under-
went temporal resections for drug-resistant temporal lobe epilepsy at Maudsley 
Hospital, London, UK, between December 1st, 1975 and December 1st, 1995. The 
fi rst report analyzed survival status of 299 of 305 consecutive patients followed up 
to December 1st 1997 [ 12 ]. At that time of follow-up 20 patients had died. Three 
deaths were considered a result of a direct operative complication. Thirteen of the 
deaths were considered to be epilepsy-related of which six were SUDEP, two in 
status epilepticus, two drowning, two in aspiration, and one accident. Only three of 
these 13 patients were seizure free after surgery until death. The overall SMR after 
surgery was 4.5 (3.2–6.6). 

 A second audit investigated late mortality in more or less the same cohort, epi-
lepsy patients who had undergone temporal lobe surgery at Maudsley 1975–1995. 
In this audit deaths occurring after December 1st, 1997 until December 1st, 2009 
were evaluated [ 21 ]. In the originally analyzed cohort of 305 patients, 21 were 
missing, but these were included in the extended follow-up. Excluded from the 
new analysis, however, were the 20 patients who died during the fi rst audit period. 
The 306 patients included in this second analysis had an average follow-up of 
11.7 years (range 2.3–12 years) adding up to a total of 3,569 patient-years. During 
this second audit period 19 patients died, of which 14 were males. The SMR was 
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2.01 (1.27–3.13) for male patients and 1.68 (0.70–4.03) among female patients. 
Six of the 19 deaths were considered epilepsy-related, all SUDEP. Only 2 of the 6 
SUDEP patients were seizure free. 

 A single center study analyzed the incidence of SUDEP in a cohort of 550 
patients with refractory epilepsy followed up by the Epilepsy Surgery Programme 
of the University Hospital of PUCRS, Porto Alegre, Brazil [ 22 ]. This cross- sectional 
study, carried out between January 1992 and July 2002, included 166 patients with 
refractory focal epilepsy that were epilepsy surgery candidates awaiting presurgical 
evaluation, and 384 patients that had already undergone epilepsy surgery (temporal 
lobe surgery in 221 and extratemporal in 163). The health status of the patients in 
the two groups was assessed by a telephone interview. There were no deaths sec-
ondary to the surgical procedure. Of the 384 surgery patients 14 (3.7 %) had died in 
probable SUDEP compared with 2 out of the 166 non-surgery patients (1.2 %).No 
other types of deaths were reported, but it is not clear if other deaths were excluded 
a priori .  Of the 14 SUDEP cases in the surgery group, 12 were considered Engel 
Class I, i.e., seizure free (86 %). Among the 370 alive surgery patients 339 (92 %) 
were seizure free. However, the report does not state whether this refers to seizure 
outcome ever since surgery or a more limited time period. The observations from 
this study are indeed diffi cult to interpret as information on follow-up time and 
number of patient years in the two groups is missing. This is a major limitation 
since it is reasonable to assume that the observation time per patient in the surgery 
group is longer than for the patients awaiting presurgical assessment (non-surgery 
group).  

    Population-Based Studies 

 In contrast to these single center studies, Nilsson and collaborators [ 13 ] analyzed 
mortality in a population-based cohort of epilepsy surgery patients. The report is 
based on the nationwide Swedish National Epilepsy Surgery Register, which 
includes prospective data from all six operating centers in the country. All patients 
who were operated for epilepsy ( n  = 596, and 651 surgical procedures) or entered 
presurgical evaluation not leading to an operation ( n  = 212) between January 1990 
and December 1998, were followed in the Cause-of-Death Register until December 
1998. All ages were included. The most common surgical procedure was temporal 
lobe resections (57 %), followed by extratemporal resections (22 %) and callosoto-
mies (12 %). Of the surgery patients 14 died during follow-up (2.3 %). One death 
was in a surgical complication, six of the deaths were in SUDEP, one in drowning, 
and the remaining in different malignancies. Among the non-surgery patients fi ve 
died (2.4 %) of which four in SUDEP. In the surgery cohort, the SMR was 4.9 
(2.7–8.3) compared with 7.9 (2.6–18.4) in the non-surgery group. The SUDEP inci-
dence was 2.4 per 1,000 patient years in the surgery group and 6.3 per 1,000 patient 
years among non-surgery patients. Data on seizure outcome were limited to 2-year 
postoperative seizure control, which was available for 500 of the surgery patients. 
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This hampered attempts to evaluate mortality by seizure outcome, SMR was 3.8 
(1.3–9.0) among those seizure free at 2-year follow-up compared to 4.3 (1.6–9.4) in 
the group with recurrent seizures. However, a more detailed analysis of the SUDEP 
cases including their medical records revealed that 5 of the 6 cases had recurrent 
seizures after surgery. 

 Another population-based nationwide study compared survival of patients that 
had been operated for focal epilepsy in Norway between 1948 and 1988, with a 
matched (for time, age, sex, seizure type) control group of patients with intractable 
focal epilepsy with medical management ( n  = 139), and matched individuals from 
the general population ( n  = 196) [ 22 ]. Out of the original 240 epilepsy surgery 
patients, 39 were excluded because the indication for surgery was a known brain 
tumor, and fi ve that died from brain tumor within 5 years after surgery, leaving 196 
surgery patients, aged 4–60 years at surgery, for evaluation. Only resective surgery 
for focal epilepsy was included. Resections were temporal in 106 (56 %), and fron-
tal in 43 (23 %). The average follow-up time after surgery was 25 years and survival 
status determined by record linkage to the Death Certifi cate Register of Norway. 
The risk ratio for death in the surgery group was 0.63 (0.38–1.05) compared with 
the matched non-surgery epilepsy controls. For surgery patients that were seizure 
free 2 years after surgery, the risk ratio was 0.50 (0.17–1.18) compared with their 
matched controls ( n  = 50 pairs). There were in total 34 deaths in the surgery group 
and 45 in the matched epilepsy group. The causes of death, in the two groups were 
considered similar based on ICD codes in the register. In the surgery group fi ve died 
in accidents or suicide, four in SUDEP, and 4 in epilepsy (not further specifi ed), 
these epilepsy-related death accounting for 39 % of the deaths. 

 Survival of the epilepsy surgery patients was lower than for the controls from the 
general population, risk ratio for death was 6.22 (3.08–12.58). The risk ration for 
those seizure free 2 years after surgery was 6.00 (1.34–26.81) compared with the 
matched general population, and 7.75 (2.74–21.96) for those with seizures at 2 
years.  

    Conclusions 

 The interpretation of studies on mortality after surgery is hampered by their obser-
vational nature, whether comparisons are made with refractory epilepsy patients 
found unsuitable for surgery or between epilepsy surgery patients with favorable 
and unfavorable seizure outcome. Most of the single center studies attempted to 
assess mortality by seizure outcome (See  Appendix ). However, in many cases 
(including the Swedish and Norwegian population- based studies) seizure outcome 
status was assessed at a specifi c time point after surgery, typically 2 years, whereas 
follow-up of survival may extend over many decades. 
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 Having more than one seizure over the last year was more common among 
the deceased compared with survivors [ 17 ], and deaths occurred more frequently 
in the group with seizures after surgery than among seizure free patients [ 11 ,  19 , 
 20 ]. Although the population-based studies did not fi nd a signifi cant difference 
in overall mortality between those seizure free and those with seizures 2 years 
after surgery, the trend was in the direction of lower mortality among seizure 
free [ 13 ,  22 ]. 

 During follow-up mortality was higher among patient found unsuitable for sur-
gery compared with the surgery groups in the two single center studies where this 
was properly assessed [ 18 ,  20 ], whereas the two population-based studies showed 
nonsignifi cant trends for lower mortality in the surgery cohort compared with non-
surgery controls of patients with refractory epilepsy [ 13 ,  22 ]. 

 Causes of death in the surgery cohorts were reported in eight of the reviewed 
studies (See  Appendix ). Excluding one study that only reported SUDEP [ 23 ], the 
causes were epilepsy related (including SUDEP, seizures/status epilepticus, acci-
dents, drowning, and suicide) in 50 % on average (range 37–91 %). 

 Overall, despite the methodological limitations with these observational studies, 
the data demonstrate that epilepsy surgery patients with refractory epilepsy to a 
large extent die from epilepsy- and seizure-related causes, and suggest that success-
ful epilepsy surgery resulting in seizure freedom is likely to reduce the risk of pre-
mature mortality.    
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    Chapter 10   
 Long-Term Educational and Vocational 
Outcomes of Adults After Epilepsy Surgery 

             Sarah     J.     Wilson       and     Honor     Coleman   

    Abstract     People with epilepsy typically have higher rates of unemployment and 
underemployment when compared to healthy peers or individuals with other chronic 
illnesses. It is unsurprising then, that patients often hope that epilepsy surgery will 
improve their postoperative vocational functioning. This chapter reviews published 
research examining the longer-term educational and vocational outcomes of adults 
undergoing epilepsy surgery. Since studies specifi cally investigating educational 
and vocational outcomes in adults are scarce, much of our knowledge comes from 
work looking at broader psychosocial outcomes. This makes it diffi cult to draw 
strong conclusions about factors, other than seizure outcome, that may impact voca-
tional and employment outcomes after surgery, such as premorbid cognitive ability 
or behavioral coping strategies, among others. In general, seizure freedom is the 
strongest predictor of improvement in occupational status after surgery, followed by 
presurgical educational attainment and employment status, with those who are 
studying or working full-time before surgery continuing to show better functioning 
after surgery. Our review of the literature highlights the need for longer-term, longi-
tudinal studies to accurately track individual trajectories of educational and voca-
tional outcomes relative to medically treated patients and healthy controls to 
determine whether surgery results in signifi cant improvements, or whether out-
comes are primarily accounted for by presurgical functioning. The effectiveness of 
postoperative vocational rehabilitation strategies also requires systematic research. 
We argue that adopting a lifespan perspective is important for determining what 
constitutes a successful educational or vocational outcome for different individuals, 
and the range of factors that may lead to this outcome.  
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        Introduction 

 There are many studies examining the psychosocial and quality of life outcomes of 
adult patients undergoing epilepsy surgery within the early months to years after 
surgery [ 1 ]. Moreover, the range of postoperative psychosocial adjustment issues 
faced by patients and their families has been well documented, particularly within 
the fi rst 24 months [ 2 ,  3 ]. These diffi culties may prove disruptive to the process of 
acquiring and maintaining stable employment post-surgery, particularly if the indi-
vidual has limited education or vocational skills before surgery. Consistent with 
this, studies have demonstrated that especially for patients who are unemployed 
before surgery, it can take more than 2 years following surgery to fi nd employment 
[ 4 ]. Researchers have therefore acknowledged the importance of longer-term out-
come studies (i.e., over 5 years post-surgery) to gain a more stable view of the 
vocational prognosis of epilepsy surgery [ 5 – 7 ]. In this chapter, we review published 
research examining the educational and vocational outcomes of adults 5 or more 
years after surgery. 

 At the outset, it should be noted that many studies follow patients from child-
hood or adolescence into adulthood, blurring the distinction between pediatric and 
adult vocational outcome studies. It is often important to traverse these age groups 
when considering a patient’s progression in education and employment, as late ado-
lescence and early adulthood represent the formative years of education, vocational 
training and employment, providing a foundation for later adulthood [ 8 ]. A further 
challenge to assessing longer-term vocational outcome studies is their frequent use 
of cross-sectional outcome designs, such that even if the average follow-up is 5 
years, this can represent the combined educational and vocational outcomes of 
patients from 6 months to 10 years post-surgery [ 9 ]. In addition, those studies limit-
ing their assessment of outcome to adult samples typically include patients ranging 
in age anywhere from 17 to 60 years at the time of surgery [ 10 ]. This is problematic 
because normal developmental processes and adjustment issues associated with life 
after surgery can differ widely across this age range, making it diffi cult to determine 
what constitutes a “successful” educational or vocational outcome for a given indi-
vidual. For instance, the issues faced by a 17-year-old patient who is attempting to 
enter the workforce 5 years post-surgery, will differ markedly to those faced by a 
60-year-old considering retirement, irrespective of their surgical outcomes. 
Lifespan-oriented, longitudinal studies therefore provide the ideal method of fol-
low- up to track an individual’s educational and vocational trajectory relative to pre-
operative levels of functioning and the developmental tasks associated with the 
individual’s particular phase of the lifespan post-surgery [ 10 ]. 

 Even when considering both cross-sectional and longitudinal studies, there is a 
scarcity of research directly examining the longer-term educational and vocational 
outcomes of adult epilepsy surgery patients. This is because the bulk of research to 
date has sought to examine broad, quantitative indices of psychosocial functioning, 
with questions pertaining to education and vocational opportunities briefl y can-
vassed alongside of measures of personal or fi nancial independence and driving [ 11 , 
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 12 ]. For example, studies often assign patients to broad categories of educational 
and vocational status, such as “student,” “part-time employment,” “full-time 
employment,” or “sick-pay/ pension,” to capture general changes pre- to post- 
surgery [ 12 ]. However, this provides minimal information about the nature of edu-
cation or employment change for a given individual, or the factors most relevant to 
producing this change. Moreover, there is limited research comparing employment 
outcomes for different types of surgical resections or neuropathology, or associating 
employment outcomes with other post-surgery variables, such as psychiatric out-
come [ 12 ,  13 ].  

    The Importance of Educational and Vocational Outcomes 

 Despite intellectual functioning predominantly within the average range, individu-
als with chronic epilepsy have a higher incidence of unemployment or underem-
ployment [ 6 ,  14 ,  15 ]. Underemployment has been used to refer to an individual who 
is employed, but not in the desired capacity, in terms of remuneration, hours of 
employment, or level of skill and experience. Both unemployment and underem-
ployment have been found to signifi cantly impact on the quality of life of people 
with epilepsy [ 6 ]. Surveys from the United States and Great Britain suggest that 
between 25 and 46 % of people with epilepsy may be unemployed, compared with 
an estimate of 19 % for an age and sex-matched population without epilepsy [ 16 ]. 
Furthermore, a Canadian survey demonstrated that people with epilepsy show 
decreased rates of employment compared to both healthy peers and individuals with 
other chronic conditions. The number of annual disability days taken by people 
with epilepsy (41 ± 5) was much higher than those taken by people with other 
chronic illnesses (26 ± 1), the general population (17 ± 1), and healthy people 
(0.5 ± 0.25) [ 17 ]. 

 Education and employment provide a range of benefi ts, from fi nancial security, 
to social interaction, to improved feelings of independence and competence that can 
promote a positive self-image [ 15 ]. Employment has been positively correlated with 
quality of life [ 18 ,  19 ] and higher self-effi cacy in people with epilepsy [ 20 ], while 
unemployment has been identifi ed as a contributing factor to depression [ 21 ,  22 ]. It 
is not surprising then, that in adults deemed eligible for epilepsy surgery, employ-
ment is a commonly cited reason for electing to undergo surgery. Both patients and 
their families identify educational and vocational outcomes as important, with 
expectations of improvements post-surgery [ 7 ,  23 – 27 ]. Following the operation, 
studies have demonstrated that employment outcomes are directly relevant to patient 
satisfaction with surgery up to 10 years later [ 7 ]. 

 When considering a patient’s educational and vocational goals, the timing of 
surgery is often pertinent and should be evaluated relative to the patient’s age and 
phase of psychosocial development [ 24 ,  28 ]. For instance, in some cases an adoles-
cent or young adult may wish to delay undergoing surgery until the fi nal year of 
school or university has been completed to minimize any disruption of surgery and 
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postoperative recovery on educational outcomes. Alternatively, in other cases an 
earlier operation might be sought to minimize the effects of drug-resistant seizures 
and high dose pharmacotherapy on cognition, and therefore educational attainment. 
As for all treatment expectations, educational and vocational issues need to be care-
fully discussed between the treating team and the patient and family prior to surgery 
to ensure that expectations are realistic, that the timing of surgery is optimal, and 
that any relevant postoperative rehabilitation supports are in place [ 19 ,  24 ].  

    Educational and Vocational Outcomes: A Review 
of the Evidence 

 A recent systematic review of the long-term social outcomes following anterior 
temporal lobectomy (ATL) identifi ed employment and driving as the two most com-
monly studied outcomes [ 12 ], yet there is still a relative paucity of data relating to 
these outcomes. This chapter reviews the available literature examining long-term 
educational and vocational outcomes following all types of epilepsy surgery (sum-
marized in the  Appendix ). Databases including Medline, PubMed, PsychINFO, and 
ScienceDirect were searched for peer-reviewed studies published in English 
between 1980 and 2014 using various combinations of the following search terms: 
 long-term, psychosocial, education, vocational, employment, outcomes,  and  epi-
lepsy surgery.  A total of 116 studies were identifi ed. After duplicates were removed, 
studies were excluded if they had ≤20 participants, or participants aged ≤13 years 
at surgery. Inclusion criteria were an average follow-up time of 5 years or more, or 
an average close to 5 years and a range that extended beyond 5 years. 

 As shown in the  Appendix , this resulted in a total of 16 studies included in the 
review, published between 1984 and 2013. Two of these studies relate to pediatric 
surgical candidates [ 9 ,  29 ], one to a mixed cohort of children and adults [ 30 ], and 
13 to adult candidates [ 4 ,  7 ,  10 ,  32 – 41 ]. Ten (63 %) studies were conducted in the 
United States, two (13 %) in the United Kingdom, and one (6 %) each in Canada, 
France, Norway, and Sweden. Only three of the studies focused solely on employ-
ment status pre- to post-surgery [ 4 ,  33 ,  35 ]. The remaining 13 studies investigated 
employment outcomes alongside measures of quality of life [ 10 ,  36 ], driving and 
socioeconomic status [ 30 – 32 ,  37 – 39 ,  42 ], mood [ 7 ,  41 ] and social functioning [ 34 , 
 40 ], or were part of a longer-term follow-up of pediatric patients, also investigating 
social and behavioral outcomes [ 9 ,  29 ]. Studies directly focusing on vocational out-
comes allowed more in-depth descriptions of occupational histories or the utiliza-
tion of more fi ne-grained categories of employment outcome, such as differentiating 
between patients who were voluntarily unemployed (homemakers) and those who 
were involuntarily unemployed after surgery [ 4 ,  33 ,  35 ]. 

 Of the 16 studies, ten (63 %) studies assessed outcome after temporal lobectomy 
[ 4 ,  9 ,  10 ,  30 ,  32 ,  35 ,  37 – 40 ], while the remaining six (37 %) included both temporal 
and extratemporal resections [ 7 ,  33 ,  34 ,  36 ,  41 ] and/or hemispherectomies [ 29 ]. 
Only three (19 %) studies utilized a nonsurgical, medically managed control group, 
despite the importance of this group for assessing the impact of surgery over and 

S.J. Wilson and H. Coleman



139

above the impact of long-standing epilepsy and its pharmacological treatment [ 5 ,  6 ]. 
The use of healthy controls can help to contextualize patient vocational outcomes 
relative to healthy peers progressing through similar life stages. Despite this, only 
one study used a healthy control group [ 32 ]. They were able to demonstrate that up 
to 10 years post-surgery, even though patients who were seizure free were more 
likely to be employed than those with recurrent seizures, overall, patients were still 
working signifi cantly less than healthy controls (61 % compared to 96 %) [ 32 ]. 
Across all studies, age of epilepsy onset ranged from 1 to 58 years, with an average 
age of 10.7 years, 1  while age at surgery ranged from 3 to 64 years, with an estimated 
average of 28.4 years. The average follow-up period across studies was 7 years 
(ranging from 1 to 28 years). In other words, while the literature on vocational out-
comes of adult epilepsy surgery considers an “average” patient with chronic epi-
lepsy (>15 years) undergoing surgery in young adulthood, there is substantial 
variation in both age at surgery and length of follow-up, limiting the strength of the 
conclusions that can currently be drawn for any particular age group. 

 Overall, the majority of studies (75 %) suggest improved vocational outcomes 
[ 7 ,  9 ,  10 ,  29 – 33 ,  35 ,  36 ,  38 – 40 ], however, one study reported a decline in the num-
ber of patients employed full-time following surgery [ 41 ], and three (19 %) sug-
gested a mix of improvements and reductions in occupational status [ 4 ,  34 ,  37 ]. In 
particular, a study by Asztely and colleagues [ 41 ] demonstrated a reduction in full-
time employment status from pre- to post-surgery; however, this was collapsed 
across seizure free and seizure recurrent patients. On closer inspection, those who 
attained seizure freedom following surgery maintained relative levels of employ-
ment from pre-surgery (82 %) to long-term follow-up (74 %), with a small increase 
in full-time employment (20 pre-surgery to 22 at long-term follow-up) [ 41 ]. In com-
parison, the number of employed patients with recurrent seizures was halved at 
long-term follow- up (30 %) compared to baseline levels (63 %). Studies reporting 
mixed fi ndings also assessed vocational outcomes collapsed across all patients [ 37 ], 
used unique seizure outcome groupings [ 4 ], or extended follow-up periods without 
accounting for the impact of retirement [ 34 ]. 

 Three studies investigated educational outcomes in pediatric samples [ 9 ,  29 ,  30 ], 
while three studies compared the percentage of adult patients studying pre- to post- 
surgery [ 35 ,  37 ,  41 ]. Two of the pediatric studies showed improvements in educa-
tional domains in ≥60 % of patients [ 9 ,  30 ], while all three adult studies demonstrated 
a decrease in the number of patients studying post-surgery [ 35 ,  37 ,  41 ]. The latter 
most likely refl ects age-appropriate transitions from educational to vocational 
realms, again highlighting the importance of adopting a lifespan perspective. 
A cross-sectional study conducted by Mizrahi et al. [ 30 ] directly compared pediatric 
and adult outcomes, revealing that younger patients had greater improvements in 
educational and vocational status (62.5 %) compared to adult patients (37.5 %). 
This appears to be a consistent fi nding in the literature [ 8 ,  43 ]; however, prospective 
longitudinal studies are needed to map the translation of educational achievements 
to occupational gains from childhood to young adulthood. 

1   This, and other estimates, do not account for studies where age of onset/age at surgery were not 
reported. 
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 In support of the effi cacy of surgical treatment, the three studies comparing sur-
gery to ongoing medical management demonstrate a trend towards higher 
employment following surgery [ 36 ,  38 ]. For two of these studies, however, there 
were signifi cant baseline differences in seizure frequency, which was higher in the 
medically managed group [ 36 ,  38 ]. Nonetheless, following surgery, Jones et al. [ 38 ] 
reported a signifi cantly higher number of patients (69 %) in full-time employment 
(69 % surgical, 39 % medical), while Vickrey and colleagues [ 36 ] reported a non-
signifi cant trend towards higher employment (59.6 % surgical, 51.1 % medical) 
after adjusting for those patients who had died. The third study by Guldvog and 
colleagues [ 34 ] found that a signifi cant change in employment status was only 
observed in patients who were already in regular employment or education before 
surgery. In particular, around 60 % of surgically treated patients maintained full- 
time employment, compared to around 40 % of medically managed patients, lead-
ing the authors to conclude that surgical treatment, at the very least, ensures the 
maintenance of full-time employment [ 34 ]. These patients, however, underwent 
surgical treatment between 1949 and 1988 [ 34 ] and thus, may not refl ect the benefi ts 
of recent advances in surgical techniques for cognition and vocational functioning 
[ 44 ,  45 ]. Despite the effi cacy of surgery for improving vocational outcomes, long- 
term  full-time  employment rates vary between 54 and 74 % across studies [ 10 ,  38 ]. 
For those who experience seizure recurrence after surgery, lower rates of educa-
tional and vocational improvements are experienced [ 4 ,  7 ]. 

    Predictors of Improved Vocational Outcomes After Surgery 

 Research to date has identifi ed seizure control as the strongest predictor of employ-
ment status post-surgery [ 4 ,  7 ]. Both before and after surgery, educational and voca-
tional functioning have been linked to seizure control in terms of the impact of 
habitual seizures on cognitive functioning [ 46 ], and their restrictions on employ-
ment and educational choices [ 14 ]. Patients who attain seizure freedom following 
surgery are signifi cantly more likely to gain full-time employment or make progress 
in their employment when compared to those who continue to experience seizures 
following surgery [ 4 ,  7 ,  35 ]. For instance, one study indicated that the odds of work-
ing full-time 10 years following surgery are 9.5 times higher for seizure free patients 
compared to seizure recurrent patients. This improvement was not associated with 
side of resection, mood, nor impaired verbal memory, strongly implicating seizure 
outcome as the main driver of occupational change [ 32 ]. 

 Differences in defi ning “seizure freedom” versus “seizure recurrence,” however, 
make it diffi cult to compare fi ndings across studies. For example, some studies 
defi ne seizure freedom as a complete absence of seizures with or without auras [ 41 ], 
while others defi ne seizure freedom as an absence of disabling seizures (allowing 
auras or nocturnal seizures) [ 37 ]. Alternatively, Sperling et al. [ 4 ] classifi ed patients 
into three groups: (1) those completely seizure free following surgery, (2) those with 
a “mixed outcome” comprising some years of seizure freedom and some years with 
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seizures, and (3) those with persistent seizures at around 5 years post-surgery. The 
seizure free group performed the best in terms of occupational outcomes, followed 
by the mixed group and fi nally, the persistent seizure group. No group differences 
were observed in pre-surgery education, occupational status, full-scale IQ, or global 
memory scores, leading the authors to propose an absence of confounding variables 
on the relationship between seizure control and occupational outcomes [ 4 ]. This 
suggests that studies utilising a stricter defi nition of seizure freedom may report 
greater improvements in vocational outcomes than those that adopt a less stringent 
defi nition, such as ≥75 % seizure improvement, or no disabling seizures. 

 In general, the relevance of other variables to vocational outcomes has been 
inconsistently reported. One study identifi ed a number of factors signifi cantly asso-
ciated with postsurgical full-time work. These included presurgical education, work 
experience, employment factors, never having been in receipt of a disability pen-
sion, and postsurgical factors such as driving, further education, and improved sei-
zure outcome. Of nine identifi ed factors, those independently associated with 
full-time work following surgery included: (1) being a student or working full-time 
in the year before surgery (odds ratio of 16.2), (2) driving after surgery (odds ratio 
of 15.2), and (3) obtaining further education after surgery (odds ratio of 9.2) [ 37 ]. 
These point to the importance of having vocational skills in place before surgery, as 
well as providing vocational rehabilitation and support post-surgery [ 37 ]. 

 Improving a patient’s odds of gaining employment post-surgery via the use of 
postsurgical rehabilitation programs has only recently been investigated. In particu-
lar, Thorbecke and colleagues [ 13 ] conducted a two-year follow-up study assessing 
the effects of a rehabilitation program implemented over two stages. The fi rst stage 
involved a broad, interdisciplinary program 2  provided in the fi rst 3 weeks after sur-
gery. The second stage was typically initiated around 6 months post-surgery and 
was oriented towards work integration and on-the-job-training for 2–3 weeks. The 
results were encouraging, with the rehabilitation group showing higher rates of 
postoperative employment compared to a control group, even after the signifi cant 
effect of preoperative employment status had been taken into account [ 13 ]. 

 In light of the signifi cant advantages reported for patients with preoperative 
employment skills, Thorbecke and colleagues [ 13 ] suggested that patients who are 
unemployed before surgery may require a more intensive or extended intervention 
in order to acquire basic vocational skills and make gains post-surgery [ 13 ]. In par-
ticular, to maximize postsurgical vocational and educational outcomes, careful pre-
surgical planning should be undertaken with the patient and the family. This may 
include engagement of the patient in prevocational counselling or skills training as 
well as postsurgical services such as those implemented by Thorbecke et al. [ 13 ]. 
Rehabilitation programs that provide comprehensive, multi-disciplinary services 
have been identifi ed as creating the optimal environment for patients to realize their 
educational and vocational goals [ 47 ], and may directly contribute to perceptions of 
surgical success.   

2   Rehabilitation services included, among others, medical review, neuropsychological counselling, 
physiotherapy, speech therapy, social work counselling, and occupational therapy [ 13 ]. 
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    Conclusions 

 In summary, while surgery is generally thought to result in improvements in educa-
tional and vocational domains compared to medical therapy and, in particular, sei-
zure freedom has been associated with the best outcomes, fi ndings in the literature 
are mixed. Some studies support seizure outcome as the main driver of vocational 
change [ 4 ,  32 ], while others suggest that presurgical factors, such as educational 
and vocational attainments, play a similarly signifi cant role [ 13 ,  37 ,  38 ]. 
Methodological limitations in the current literature, including limited use of com-
parison groups, and differences in age at the time of surgery and length of follow-
 up, likely contribute to variability in the current data. 

 There are still a number of relatively unexplored areas in the literature. For 
instance, while seizure freedom has been associated with improvements in occupa-
tional status, seizure freedom is also associated with improvements in self-esteem, 
reduced perceptions of stigma, and increased feelings of mastery [ 7 ]. Since gaining 
employment is dependent on a range of psychological and emotional skills, research 
is required to investigate the role that these psychological variables play over and 
above the cessation of seizures. Conversely, psychiatric comorbidities may have a 
negative impact on the ability of an individual to fi nd and maintain employment, in 
line with broader fi ndings from nonsurgical epilepsy studies [ 13 ]. This is particu-
larly relevant for patients who experience seizure recurrence, as they tend to show 
poorer psychiatric outcomes, and thus, may benefi t from increased psychological 
and vocational supports. 

 Finally, further research primarily focusing on educational and vocational out-
comes is needed to enable clinicians to identify the factors most relevant to promot-
ing positive changes in an individual’s educational and vocational functioning 
post-surgery. A lifespan perspective provides a suitable framework for understand-
ing the adjustment processes and life skills required by individuals to successfully 
achieve their educational and vocational goals after surgery. This, in turn, will assist 
in the development of more tailored rehabilitation programs that better equip 
patients for the changes that follow surgery relative to their phase of psychosocial 
development.      
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    Chapter 11   
 Educational and Employment Outcomes 
Following Epilepsy Surgery in Childhood 

             Caroline     Skirrow       and     Torsten     Baldeweg    

    Abstract     Childhood-onset epilepsy is associated with educational under- 
attainment and underemployment. In some children, surgical intervention may be 
offered as treatment for medication-resistant seizures. Successful treatment may 
halt seizure-related cognitive and academic deterioration, providing opportunity for 
greater success in school and work. This chapter examines published research on 
four Indicators of educational and employment outcomes after epilepsy surgery in 
childhood (surgery age ≤ 18): (1) special educational provision (2) qualifi cations 
attained, (3) unemployment, and (4) fi nancial independence. Few reports are avail-
able: research to date describes outcomes after temporal lobe surgery, hemispherec-
tomy, and mixed surgical cohorts (resective and palliative surgeries). Better 
long-term outcomes across all four indicators are seen for patients who are seizure 
free postsurgically, and better outcome is associated with shorter lifetime duration 
of epilepsy. Long-term postsurgical employment outcomes in children are reported 
as superior to those of adults. Findings indicate that early surgery leading to seizure 
cessation may promote outcome. However, few studies compare outcomes of sur-
gery with continued pharmacotherapy. Lack of longitudinal data makes it diffi cult 
to preclude that superior seizure and psychosocial outcomes simply refl ect better 
presurgical function. More generally, duration of follow-up is often too brief to 
capture outcomes of epilepsy surgery in children, in whom these are continuing to 
emerge.  
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        Introduction 

 Seizures in childhood are linked to educational under-attainment and underemploy-
ment later in life [ 1 – 4 ]. Epilepsy impacts on school attendance, school performance, 
and academic attainment [ 5 – 7 ]. In turn, educational impairment, alongside the 
behavioral and cognitive problems and stigma associated with epilepsy, are likely to 
limit prospects for employment [ 8 ,  9 ]. 

 Some children with medication-resistant epilepsy respond well to surgical inter-
vention. Early intervention may protect children from the continual interruption of 
studies and the cognitive impact of seizures during critical periods of development, 
and allow them to complete schooling before their ability to study and work becomes 
compromised [ 8 ,  10 – 13 ]. 

 Here we explore four key indicators of educational and employment outcomes 
which are frequently reported in the literature. These include: (1) special educa-
tional provision, (2) qualifi cations attained, (3) unemployment rates, and (4) fi nan-
cial independence/gainful employment. These outcome measures from studies 
focusing on surgery in childhood only (age ≤ 18) are presented in the  Appendix .  

    Surgical and Clinical Variability 

 Children with epilepsy form a complex and diverse group [ 14 ] with varying seizure 
severity and heterogeneous clinical presentations, which can be caused by a range 
of underlying conditions. A variety of surgical procedures are available, which are 
tailored to the underlying pathology of each patient. These include temporal and 
extratemporal resections, hemispherectomy, multiple subpial transections, and cor-
pus callosotomy [ 15 ]. Resective surgery can be offered as treatment for well- 
localized focal medication-resistant epilepsy, yielding seizure freedom in 50–60 % 
of children at ≥5 years postsurgery (temporal and extratemporal surgery, and hemi-
spherectomy [ 16 ]). Multiple subpial transections and corpus callosotomy are pri-
marily palliative measures, aiming to reduce rather than eliminate seizures [ 15 ]. 

 Postsurgical cognitive and physical impairment, and seizure outcome vary in 
relation to different surgical interventions, and these factors are likely to infl uence 
long-term educational and employment prospects. The majority of studies on voca-
tional and educational outcomes after epilepsy surgery in childhood focus on tem-
poral lobe surgery [ 10 ,  17 – 22 ], fewer studies focus on outcomes after 
hemispherectomy exclusively [ 23 – 25 ], and some studies report on outcome in 
mixed cohorts of children who underwent different surgical interventions [ 26 – 29 ].  

    The Context of Childhood Epilepsy 

 Childhood epilepsy impacts on educational and occupational outcomes, even where 
seizures remit over time [ 1 ,  4 ,  30 ]. Seizures are not the only factor leading to psycho-
social impairment: intellectual impairment, behavioral disorders, and social 
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rejection also play major roles [ 8 ]. Intellectual disabilities are prevalent in childhood 
epilepsy [ 31 – 33 ] and are major determinants of outcome, since they place a cap on 
the course of an individual’s educational and vocational trajectory [ 1 ,  3 ]. However, 
educational and occupational problems remain prevalent in individuals with child-
hood-onset epilepsy and normal intelligence [ 9 ], and academic impairments often 
exceed those expected by intellectual function [ 7 ]. Behavioral problems and disor-
ders, which commonly co-occur with childhood epilepsy, are likely to be an impor-
tant contributor to an academic and vocational underachievement [ 1 ,  7 ,  33 ]. 

 Surgery for epilepsy may support behavioral recovery alongside seizure reduc-
tion (e.g., [ 19 ,  22 ,  34 ]), but it does not necessarily result in resolution of accompa-
nying pre-morbid problems [ 34 – 36 ]. A comparison group is therefore vital to 
isolating potential benefi ts and costs associated with surgery in the context of sei-
zures and the co-occurring problems associated with childhood epilepsy [ 37 ]. As 
outlined by Smith et al. [ 13 ], a medically treated comparison group is vital for iden-
tifying whether outcome is related to one or more of the following contributing 
factors: (a) epilepsy surgery, (b) ongoing development, (c) the natural course of the 
seizure disorder, or (d) effects of retesting. However, in practice, few studies include 
such a control group.  

    Educational Development and Special Educational Provision 

 Academic impairments often precede surgery: presurgical investigation of children 
with focal epilepsy show signifi cant reading impairment in 38–47 %, with perfor-
mance below levels predicted by intellectual function, and greater impairment in 
older children [ 38 ]. In line with these elevated rates of academic impairment, rates 
of special educational provision are high in children with intractable epilepsy (23–
30 % [ 32 ,  39 ]), with population studies indicating a strong relationship of special 
educational provision with intellectual disability in childhood epilepsy [ 2 ,  40 ]. 

 In children who undergo epilepsy surgery, rates of special education are higher 
in individuals with continuing seizures or more severe seizures postsurgery [ 17 ,  26 , 
 28 ,  35 ]. A study by Gleissner and colleagues [ 39 ] reported little change in school 
placement after a 1-year follow-up in 63 children who underwent temporal lobe 
surgery. Decline in school placement was seen in fi ve cases, with two individuals 
transferring to special education, one transferring to a lower type of secondary 
school, and two repeating a grade. These children were more likely to experience 
continuing seizures (4/5 cases). 

 Similarly, most research indicates that shortly after surgery, children are likely to 
continue progressing on the same educational trajectory. A 1-year follow-up study of 
children with temporal and extratemporal seizures found no differences in academic 
attainment between children who did and did not undergo surgery [ 13 ]. Another study 
of children and adults with focal epilepsy (excluding callosotomy, hemispherectomy, 
and IQ < 77) found that 49 % of those in school at time of surgery became trainees or 
employees in positions which corresponded to their level of education, and another 
42 % showed stable development in school at an average follow-up of 3 years [ 12 ]. 
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Mizrahi et al. [ 21 ] report on eight children who underwent temporal lobe surgery, and 
returned to school postoperatively at the level of their preoperative placement. At 
follow-up, roughly 6 years later, of the four individuals who remained in education, 
two reported improved performances and two reported no change. 

 Hemispherectomy is a treatment which may best be considered separately from 
other resective surgeries, since it is associated with more marked cognitive and 
physical disability presurgically [ 24 ]. A study by Pulsifer and colleagues [ 41 ] in 
children and young adults (age at surgery ≤ 20) highlights that the underlying neural 
pathology may be an important contributor to educational outcome, documenting 
worse intellectual function, and more frequent provision of special education after 
hemispherectomy for dysplasia than for Rasmussen’s encephalitis or vascular disor-
ders. Moosa and colleagues [ 25 ] report on outcomes 6 years after hemispherectomy 
with favorable rates of seizure freedom (61 %). Their work highlights that special 
educational facilities may not be provided in a suffi cient number of children who 
undergo hemispherectomy: only 27 % attend special schools, but basic reading 
abilities are not achieved in 54 %. Impaired reading was predicted by children with 
younger age of epilepsy onset, cortical abnormalities in the contralateral hemi-
sphere on MRI, and seizure recurrence after surgery. However, fi ndings by Althausen 
and colleagues [ 23 ] indicate that although intellectual function is impaired in many 
children who undergo hemispherectomy, many may also show improvements post 
surgery (38 % improvement vs only 9 % decline), with similar rates showing 
improvement in school performance (40 %).  

    Qualifi cations or Educational Level Attained 

 The studies reviewed indicate that persistent seizures lead to greater educational 
problems and increased the need for special educational provision. In line with 
these fi ndings, studies also reveal that individuals with ongoing seizures tend to 
obtain fewer educational qualifi cations. This is shown across different surgical 
interventions [ 17 ,  26 ,  28 ]. 

 However, there are two primary caveats that arise in the interpretation of results 
from these studies. First, intellectual disability has a strong relationship with medi-
cal intractability: prospects for postsurgical seizure freedom may be worse for 
patients with intellectual disability [ 39 ,  42 ] and presurgical intellectual dysfunction 
may be an important unexplored confounder in studies of educational outcome 
(e.g., [ 17 ,  26 ]). For example, as reported by Keene et al. [ 28 ], children with good 
postsurgical seizure outcome obtain higher educational qualifi cations, but also more 
commonly have normal intelligence (80 % with Engel I, vs 60 % with Engel II–IV). 
Second, the type of surgical intervention and the associated underlying pathology 
may strongly infl uence postsurgical outcome. Continuing seizures are more com-
monly experienced by children with palliative surgery (e.g., [ 26 ]). Moreover, better 
outcomes are reported in children with temporal and extratemporal resections than 
in children with hemispherectomy [ 29 ]. 
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 Two studies comparing educational qualifi cations in pharmacologically and sur-
gically treated children report no signifi cant differences between groups [ 22 ,  35 ]. 
Moreover, the study of temporal lobe epilepsy by Skirrow et al. [ 22 ] investigates 
only children with a temporal lobe lesion, and reports an absence of pre-morbid dif-
ferences in intellectual function between groups. The Lach et al. [ 35 ] study indi-
cates that benefi ts of temporal and extratemporal surgery may be seen only in 
individuals who become seizure free, with rates of higher education and recent 
engagement in education being lowest in individuals with surgery and continuing 
seizures. However, this study did not investigate pre- or postsurgical intellectual 
function.  

    Employment and Financial Independence 

 A general issue with most studies investigating outcome after surgical intervention 
for epilepsy in childhood is the lack of outcome data within employment-age adult-
hood. Most studies report on employment outcome when subjects are in their late 
teens and early twenties, excepting Jarrar et al. [ 18 ] who follow up patients with 
temporal lobe surgery for a minimum of 15 years. Overall, the long-term outcome 
of these patients is positive, with 78 % in gainful employment and only 9 % ( n  = 3) 
unemployed. Continuing seizures are the primary reason for unemployment in only 
one individual, with severe arthritis and severe depression accounting for unem-
ployment in the remaining two. 

 For studies with shorter follow-up durations, the overall rates of unemployment 
and independent living may not adequately refl ect the long-term prospects for chil-
dren with epilepsy surgery. For example, Engelhart et al. [ 26 ] identify rates of 
unemployment and fi nancial independence as relatively low for individuals with 
epilepsy surgery and seizure remission (11 and 11 %, respectively) and those with 
continuing seizures (29 and 4 %, respectively). However, when they isolate those of 
employment-age and those for whom independent living would be age-appropriate, 
the rates of unemployment are comparatively elevated (seizure free: 21 % unem-
ployed and 42.8 % independent living; continuing seizures: 53 % unemployed and 
10 % independent living). Similar issues are revealed by Lewis et al. [ 19 ], where 
rates of unemployment after temporal lobe surgery are relatively low within the 
entire sample investigated (13 %), but of the nine individuals who graduated from 
high school and were not in higher education, only 55 % were in full-time 
employment. 

 Studies comparing employment or fi nancial independence in relation to postsur-
gical seizure control fi nd better employment outcome associated with seizure remis-
sion [ 17 ,  26 ,  28 ]. One study comparing temporal lobe surgery to pharmacological 
treatment found slightly higher rates of employment and independent living in sur-
gically treated children, the majority of whom were seizure free [ 22 ]. This is sup-
ported by fi ndings from another study [ 35 ], showing lowest unemployment rates in 
a cohort of seizure-free individuals who had undergone temporal or extratemporal 
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surgery during childhood (19 %). Unemployment was elevated in a pharmacologi-
cally treated comparison group (26 %), but highest in those who were surgically 
treated with continuing seizures (36 %). Moreover, number of months employed 
was positively correlated with age at onset and inversely related to proportion of life 
with epilepsy. 

 In line with fi ndings from educational outcome, prospects appear worse for indi-
viduals who undergo hemispherectomy than for those with extratemporal or tempo-
ral resections. The mixed surgical cohort study by Van Oijen et al. [ 29 ], reports that 
of patients followed up beyond age 16, 65 % are in paid employment, all of whom 
underwent temporal or extratemporal resection in childhood. Although patients who 
underwent hemispherectomy comprise nearly a third of this sample, none are 
employed at follow-up. In the study by Moosa and colleagues [ 25 ], no unemploy-
ment is seen after hemispherectomy. However, in those who were assessed at 
employment-age ( n  = 24), only 20 % (all with right hemispherectomy) are gainfully 
employed. Unemployment rates are low due to provision of specialized education 
or day workshops which were attended by the remainder of the adult sample. 

 Surgery in childhood may be more benefi cial than surgical intervention in adult-
hood. Two studies comparing employment rates after childhood and adulthood tempo-
ral lobe surgery fi nd better employment rates after surgery in childhood [ 20 ,  21 ]. Jensen 
[ 20 ] reports that temporal lobe surgery prior to age 18 favorably infl uences postopera-
tive working capacity. Similarly, Mizrahi et al. [ 21 ] report greater improvements in 
educational and vocational status after surgery in childhood (in 62.5 % vs 37.5 % in 
adult surgery). Larger studies with combined child and adult surgeries support these 
fi ndings. Lendt et al. [ 12 ] report patients with a younger age of temporal and extratem-
poral surgery have a greater chance of fi nding or retaining a job at 1–5-year follow-up. 
More recently, Zarroli et al. [ 43 ] fi nd that unemployment is associated with fewer years 
of seizure freedom postsurgery. The authors propose that the earlier age of surgery 
allows participants to complete schooling, providing the tools for gainful employment.  

    Discussion 

 Overall, research indicates that educational and employment outcomes are pro-
moted after surgery which successfully eliminates seizures in childhood. Lower 
rates of special educational provision, higher academic attainment, less unemploy-
ment, and higher rates of fi nancial independence are noted after surgery-related 
seizure cessation. Moreover, early onset of seizures and longer duration of epilepsy 
are consistently associated with worse outcomes. Comparisons with adult surgical 
cohorts also indicate that early surgery and reduction of seizures may be more 
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benefi cial. Findings are consistent with studies of childhood epilepsy reporting cog-
nitive and academic impairment associated with early seizure onset [ 38 ,  44 ], and 
progressive deterioration of academic skills and cognitive function with ongoing 
seizures [ 45 ,  46 ]. 

 However, there are a number of serious limitations of research to date that require 
further elucidation, which are outlined in turn below:

    1.    It is not clear whether benefi ts or risks of surgery exceed those of continuing 
pharmacotherapy, particularly in children in whom seizures persist postsurgically. 
Suggest that surgery without seizure remission may add an additional obstruction 
to educational and vocational development.  In the study by Lach et al. [ 35 ], chil-
dren with surgery and continuing seizures had educational qualifi cations, rates of 
employment, and income below those with nonsurgically treated epilepsy.   

   2.    Almost all studies present outcomes without reference to presurgical educational 
or intellectual function. Children with impaired intellect may be less likely to be 
seizure free postsurgically [ 39 ,  42 ]. Moreover, better postsurgical psychosocial 
outcome has been associated with better presurgical function [ 12 ,  19 ,  27 ]. Group 
differences at outcome may therefore simply refl ect differences which are pres-
ent but unmeasured presurgically.   

   3.    Evidence of outcomes after some surgical procedures (e.g., multilobar resec-
tions, callosotomy, and multiple subpial transections) is lacking, or cannot be 
isolated since they are reported only in the context of mixed surgical cohorts. 
Research is required to investigate outcomes after these interventions.   

   4.    Studies are limited by the short duration of follow-up. Most studies report on 
outcomes in late adolescence and early adulthood, which is a time of transition 
in which many young adults are completing their education, and beginning their 
working career.   

   5.    Further studies are required to establish whether employment is commensurate 
with education or training, pays adequately to sustain the costs of daily living, 
and provides adequate job satisfaction. With the exception of a few studies, 
most do not qualify employment beyond the level of whether a patient has a 
job or not.     

 Overall, research indicates that where seizures are successfully controlled by 
surgery, educational and employment outcomes are enhanced. Advantages of post-
surgical seizure cessation may be greatest for individuals with earlier intervention 
and the shortest duration of epilepsy. However, in the context of surgical interven-
tions which eliminate seizures in only a proportion of patients, much further research 
is required to provide clear indications on the long-term educational and employ-
ment prospects for children with epilepsy surgery in relation to continued pharma-
cological treatment.      
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    Chapter 12   
 Quality-of-Life Outcomes in Adults Following 
Epilepsy Surgery 

             Jana     E.     Jones       and     Melissa     Hanson    

    Abstract     People with epilepsy often report the negative impact of their condition 
on many aspects of quality of life (QOL). While surgical intervention is aimed at 
reducing or stopping seizures, there is an implicit assumption among both patients 
and physicians that successful surgery will result in benefi cial changes in quality-of- 
life measures (see Chap. 16). This chapter reviews the quality-of-life (QOL) out-
come literature in epilepsy surgery. The majority of studies in this fi eld have utilized 
follow-up intervals of no more than 1–2 years. The literature is diverse and a wide 
range of surgical procedures, QOL measures, sample sizes, ages at onset, follow-up 
intervals, and controlled versus noncontrolled study designs have been reported. 
Improvements in QOL do not automatically accompany seizure freedom, in the 
short term at least. Psychiatric comorbidities, employment status, ability to drive, 
and antiepileptic drug (AED) cessation appear to be better predictors of health- 
related quality-of-life measures than seizure freedom alone. Improvements in QOL 
measures may be more common following right versus left temporal lobe resections. 
There is a complex relationship between measures of cognitive decline and seizure 
freedom following surgery with respect to their impact on QOL measures. At pres-
ent, little is known about the impact of surgery at different stages in adulthood. It is 
likely that QOL changes are different for those who have surgery in the 20s com-
pared to those in middle age or later. Future research in this area should incorporate 
standardized measures of seizure outcome and QOL measures with normative data. 
Studies must also employ valid measures that capture meaningful change in QOL 
from the patient’s perspective at different time points after epilepsy surgery. It is 
likely that meaningful changes in QOL will take many years to develop after sur-
gery, particularly for those patients who have lived most of their lives with epilepsy. 
Outcome studies with follow-up periods of 12–24 months are likely to underesti-
mate the benefi ts of seizure freedom conferred by surgery. Only studies with longer-
term follow-ups are able to accurately measure the impact in this domain.  

  Keywords     Quality of life   •   Health-related quality of life   •   Epilepsy surgery   • 
  Surgical outcomes   •   Temporal lobectomy   •   Seizure freedom  

        J.  E.   Jones ,  PhD      (*) •    M.   Hanson ,  BS    
  Department of Neurology ,  University of Wisconsin School of Medicine and Public Health , 
  1685 Highland Ave Room 7229 ,  Madison ,  WI   53705 ,  USA   
 e-mail: jejones@neurology.wisc.edu  

mailto:jejones@neurology.wisc.edu


166

  Abbreviations 

   ESI-55    Epilepsy Surgery Inventory-55   
  ILAE    International League Against Epilepsy   
  IQ    Intelligence quotient   
  QOL    Quality of life   
  QOLIE    Quality of Life in Epilepsy   
  SF-36    Short Form Health Survey-36   
  SHE    Subjective Handicap of Epilepsy   
  VNS    Vagus nerve stimulator   
  US    United States   

          Introduction 

 Epilepsy surgery is the treatment option of choice for a selected group of individuals 
with epilepsy, particularly those who have medically refractory seizures [ 1 ,  2 ]. 
Greatly reduced seizure frequency or seizure freedom is often the main outcome 
and focus of outcome studies in epilepsy. The literature has examined secondary 
outcomes like cognition, employment, driving, psychiatric aspects, and quality of 
life (QOL). Epilepsy disrupts many aspects of life and is commonly believed to 
reduce self-reported QOL [ 3 ,  4 ]. Notably, the literature reports some inconsistent 
fi ndings regarding the impact of surgery on QOL. This chapter reviews the fi ndings 
reported in the literature in order to understand the impact of surgery on QOL 
among adults with epilepsy, to identify gaps in the literature, and to make recom-
mendations for future investigations. 

 The studies included in this chapter were selected based on the following crite-
ria: (a) all studies included individuals at least 16 years of age, (b) use of validated 
measures of QOL, and (c) controlled and noncontrolled studies were included but 
were reviewed separately. We excluded the following studies: (a) mixed samples 
with children 15 years old and younger, (b) review articles, (c) inclusion of indi-
viduals with nonepileptic events, and (d) studies reporting overlapping participants. 
If the same research group had more than one publication, the most recent paper 
was reported. 

 Each study was characterized in terms of the following results: (a) longitudinal 
studies versus cross-sectional results; (b) types of surgery performed; (c) sample 
size; (d) description of control sample; (e) follow-up interval; (f) age at onset, age at 
surgery, and/or age at follow-up; (g) seizure outcome; (h) measures of QOL and 
results; and (i) predictors of QOL (see Appendices  12.1  and  12.2  where the charac-
teristics and results of the reviewed studies are summarized).  
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    Quality of Life After Surgery 

    Controlled Studies 

    Study Characteristics 

 A total of 32 studies were included in this chapter, and 17 studies were controlled 
(Appendix  12.1 ). Among the controlled studies, two studies were from randomized 
controlled trials [ 5 ,  6 ], 11 studies had either pre-surgery baseline and follow-up 
assessments or repeated follow-up evaluations, and six were cross-sectional studies. 
The majority of surgical procedures performed were temporal lobectomy, amygdalo-
hippocampectomy, or anterior temporal lobectomy with four studies also reporting 
extratemporal resections as part of the sample [ 7 – 10 ], and two studies included one 
participant each with a hemispherectomy [ 10 ,  11 ]. Two studies did not report the 
type of surgical procedure performed [ 12 ,  13 ], and Stavem et al. [ 14 ] reported only 
that the surgical procedure used was for focal epilepsies. The mean sample size of the 
surgery group was 69.8 with sample sizes ranging from 10 to 202. Similarly, the 
mean sample size for the no-surgery control group was 57.5 with sample sizes rang-
ing from 9 to 253. One study utilized a vagus nerve stimulator (VNS) comparison 
group [ 11 ]. Three studies also used a healthy control group in addition to a no- surgery 
group [ 9 ,  12 ,  15 ], and two studies specifi ed utilizing waitlist control groups [ 15 ,  16 ]. 
In terms of the follow-up interval, studies reported a range from 3 months [ 5 ,  12 ] to 
an average of 15 years [ 14 ]. Most studies reported a follow-up interval of 1–2 years.  

    Surgical Outcomes 

   Age at Onset, Surgery, and Follow-Up 

 Age of onset of epilepsy was not reported in seven studies [ 5 ,  10 – 13 ,  15 ,  17 ] and ten 
studies reported age of seizure onset prior to age 18. Age at surgery or surgical 
evaluation was only provided in two studies [ 14 ,  16 ]. In terms of study age reported 
in the controlled studies, one study did not report an age [ 16 ], and the mean age in 
the surgery group across the remaining 15 studies was 32.2 years.  

   Seizure Free Versus Not Seizure Free 

 There was signifi cant variability in the classifi cation systems and defi nitions used to 
defi ne “seizure freedom.” The Engel [ 18 ] and International League Against Epilepsy 
(ILAE) [ 19 ] surgical outcome seizure classifi cation systems were only used in three 
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studies [ 9 ,  10 ,  20 ]. The studies reported seizure freedom in the context of the previ-
ous year prior to the follow-up evaluation or since surgery. As a result of the varying 
defi nitions it is diffi cult to systematically compare seizure freedom across studies. 
However, based on each studies report of “seizure freedom” in the surgery group the 
rates range from 38 to 88 %, and the average rate of seizure freedom across all stud-
ies was 63.1 %. Notably, two studies did not report rates of seizure freedom [ 11 ,  12 ].  

   Quality of Life 

 There were 14 studies that used epilepsy-specifi c measures of quality of life (QOL) 
and three studies that used generic measures of QOL. Among these controlled stud-
ies, six used the Quality of Life in Epilepsy-89 (QOLIE-89) [ 21 ], and two used the 
QOLIE-31 [ 22 ], and one used the QOLIE-10 [ 23 ], six used the Epilepsy Surgery 
Inventory-55 (ESI-55) [ 24 ], three used the Short Form Health Survey (SF-36) [ 25 ], 
and one used the World Health Organization QOL-BREF-26 (WHOQOL-BREF-26) 
[ 26 ]. Kellet et al. [ 8 ] utilized a model of QOL proposed by Baker et al. [ 27 ] which 
uses multiple measures to assess QOL, including an overall QOL rating. 

 Overall among the controlled studies, QOL was found to be higher when comparing 
individuals who had surgery to those who did not have surgery. Interestingly, Vickrey 
et al. [ 7 ] examined a sample from the United States of 202 adults and adolescents who 
had surgery, and 46 individuals who did not have surgery and reported mixed results. 
Vickrey et al. [ 7 ] found signifi cant differences in 5 of 11 subscales on the ESI-55 
between the surgery and no-surgery groups, but there was no signifi cant difference 
between the two groups in overall QOL or employment outcomes. Additionally, in a 
sample from Sweden, Taft et al. [ 10 ] followed 96 individuals who had surgery and 45 
who did not have surgery at a 2-year follow-up using the SF-36 to measure QOL. Taft 
and colleagues reported mixed results with most QOL domains falling in the average 
range at follow-up with the exception that there was no improvement in the social func-
tioning domain of QOL. Uniquely, Taft et al. [ 10 ] and Fiest et al. [ 6 ] examined QOL in 
the context of clinically meaningful change in order to more closely examine the extent 
of the improvement and not only the statistically signifi cant differences between the 
surgery and no-surgery groups. Both studies reported higher rates of meaningful change 
in QOL in the surgery group compared to those in the medically managed group. 

 Frequently, QOL results were reported in the context of seizure freedom. 
Individuals who were considered seizure free had higher QOL compared to those 
who continued to have seizures. In addition, McLachlan et al. [ 28 ] followed a 
Canadian surgical group and a medically managed group over 24 months at baseline, 
6, 12, and 24 months to monitor QOL using the ESI-55. Seizure freedom was defi ned 
as having no seizures over the study interval. Auras or simple partial seizures were 
excluded from the seizure-free group. Individuals who had a 90 % or greater reduc-
tion in seizures and individuals with less than 90 % reduction in seizures were also 
included in the analyses. At 24 months, it was reported that individuals who were 
seizure free and those who had a greater than 90 % seizure reduction had improved 
overall QOL. Additionally, it was reported that individuals who did not have at least 
a 90 % reduction in seizure frequency actually had a decline in QOL. In contrast, 
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Kellet et al. [ 8 ] followed 94 individuals who had surgery and 36 who did not have 
surgery in the United Kingdom, and used a theoretical model of quality of life [ 27 ]. 
It was reported that individuals in the surgery group who were still having seizures 
had improved QOL but to a lesser degree than those who were seizure free. Seizure 
freedom was defi ned as no seizures in the year prior to the follow-up evaluation, and 
auras or simple partial seizures were considered seizures and were excluded from 
the seizure-free group. On the contrary, Gilliam et al. [ 16 ] also used the ESI-55 in a 
sample of 125 individuals who had surgery and 71 wait-list controls from the United 
States. The authors reported they did not fi nd a relationship between QOL and sei-
zure freedom. Seizure freedom was defi ned as no seizures in the year prior to the 
follow-up evaluation, and auras or simple partial seizures were included in the sei-
zure-free group. It is important to note that all three of the studies had different defi -
nitions for seizure freedom, which likely impacted the different fi ndings reported.  

   Predictors of Quality of Life 

 Several of the controlled studies examined factors other than seizure freedom or 
reduced seizure frequency as predictors for improved quality of life. Gilliam et al. [ 16 ] 
reported that mood status, employment, driving, and antiepileptic drug (AED) cessa-
tion were better predictors of health-related quality of life than seizure freedom. IQ 
was also not associated with changes in QOL. In a sample from Turkey, Aydemir et al. 
[ 29 ] followed 21 individuals who had surgery compared to 20 individuals who were 
waiting to have surgery. The authors reported that in addition to seizure frequency that 
medical comorbidities and antiepileptic medications negatively impacted overall qual-
ity of life. In contrast to the fi ndings of Taft et al. [ 10 ] reported above, social function-
ing improved in this sample. Helmstaedter et al. [ 30 ] followed 147 German individuals 
who had surgery and 102 medically managed individuals at baseline and 2–10 years 
after surgery. Helmstaedter and colleagues did not fi nd a signifi cant relationship 
between QOL and cognitive outcomes including memory, attention, and fl uency. 
Additionally, there was no relationship between QOL and depression. In summary, 
when comparing individuals who had surgery with those who did not, QOL appears to 
be positively impacted by surgery and reduced seizure frequency and seizure freedom. 
However, there are indicators that other factors like employment, AEDs, and other 
medical conditions may have a greater infl uence on QOL than seizure freedom alone.    

    Noncontrolled Studies 

   Study Characteristics 

 As mentioned previously, a total of 32 studies were included in this chapter, and 15 
studies were noncontrolled (Appendix  12.2 ). Among the noncontrolled studies, 
nine were longitudinal and six were cross-sectional studies. The majority of surgical 
procedures performed were temporal lobectomy, amygdalohippocampectomy, or 

12 Quality-of-Life Outcomes in Adults Following Epilepsy Surgery



170

anterior temporal lobectomy with six studies reporting extratemporal resections as 
part of the sample [ 31 – 36 ], and one study reported data on an adult sample with 
hemispherectomy as the only surgical procedure [ 37 ]. The mean sample size was 
55.6 with sample sizes ranging from 21 to 132. In terms of the follow-up interval, 
studies reported a range from 3 months [ 38 ] to an average of 26 years [ 36 ]. Most 
studies reported follow-up intervals of 1–2 years.  

   Surgical Outcomes 

   Age at Onset, Surgery, and Follow-Up 

 Age of onset of epilepsy was not reported in four studies [ 34 ,  39 – 41 ]. The age of 
onset of epilepsy was in childhood for the majority of studies with a mean of 
10.4 years for ten studies, and one study reported epilepsy onset in adulthood 
with an average onset age of 25 years [ 42 ]. Age at surgery was provided for nine 
of the studies with a mean age of 32 years reported at the time of surgery [ 31 ,  33 , 
 35 – 39 ,  42 ,  43 ]. In terms of study age in the noncontrolled studies, the mean age 
across ten studies was 32.4 years, and a total of fi ve studies did not report study 
age [ 36 – 39 ,  42 ].  

   Seizure Free Versus Not Seizure Free 

 As in the controlled studies, there was no uniform utilization of the classifi cation 
systems or defi nition used to defi ne “seizure freedom.” Studies reported seizure 
freedom in the context of the previous year prior to the follow-up evaluation or sei-
zures since surgery. The Engel [ 18 ] classifi cation of surgical outcome seizure clas-
sifi cation was most commonly used in seven studies [ 34 ,  36 ,  39 – 43 ] and one study 
[ 37 ] used the International League Against Epilepsy (ILAE) [ 19 ] surgical outcome 
seizure classifi cation system, and one study [ 31 ,  44 ] utilized Vickrey et al. [ 7 ] sei-
zure classifi cation. As a result, it is diffi cult to systematically compare seizure free-
dom across the noncontrolled studies. However, based on each studies report of 
“seizure freedom” the rates range from 44 % to 100 %, and the average rate of sei-
zure freedom across all studies was 62.9 %. Notably, one study did not report rates 
of seizure freedom [ 38 ].  

   Quality of Life 

 Among the noncontrolled studies, there were 12 studies that used epilepsy-specifi c 
measures of QOL, and three studies that used generic measures of QOL [ 31 ,  32 , 
 38 ]. The following measures were used to measure QOL – in order of frequency: 
the QOLIE-31 [ 22 ] ( n  = 5), Epilepsy Surgery Inventory-55 (ESI-55) ( n  = 3) [ 24 ], 
Quality of Life in Epilepsy-89 (QOLIE-89) ( n  = 2) [ 21 ], and just single studies 
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employed the following measures, QOLIE-31 version [ 23 ], the Subjective Handicap 
of Epilepsy (SHE) [ 45 ], Short Form Health Survey (SF-36) [ 25 ], the Quality of Life 
Assessment Schedule (QOLAS) [ 32 ], and the World Health Organization QOL-
BREF-26 (WHOQOL-BREF-26) [ 26 ]. Similar to one controlled study, Reid et al. 
[ 33 ] utilized a model of QOL proposed by Baker et al. [ 27 ], which utilizes multiple 
measures to factor into QOL, including an overall QOL rating. 

 In the noncontrolled studies, the majority of overall quality-of-life ratings 
improved following surgery. In a Canadian sample, Tanriverdi et al. [ 43 ] followed 
63 individuals who had temporal lobe surgery at preoperative baseline, 6 months, 2 
years, and 12 years after surgery using the QOLIE-10 to monitor the status of QOL 
overtime. Tanriverdi and colleagues reported that overall QOL was not better at 6 
months compared to 12 years after surgery. There were only two QOL subscales 
that were improved at 12 years, which included reporting fewer medication side 
effects and fewer memory problems. Individuals who were seizure free had better 
QOL compared to those who continued to have seizures at all three time points. 
This study also noted ongoing social diffi culties across all time points. In Germany, 
in a sample of 21 adults followed 1-year post-surgery, Buschmann et al. [ 34 ] 
reported that improvements in QOL, based on the SHE, were detected in individuals 
who were seizure free but also in those who continued to have seizures at a lower 
frequency after surgery. In a sample of 25 individuals with temporal lobe epilepsy 
from Portugal, Cunha, and Oliveira [ 41 ] followed these individuals at 1 month, 3 
months, 6 months, and annually 1 year through 5 years post-surgery using the 
QOLIE-31 to monitor changes in quality of life. These authors reported both the 
seizure-free and the non–seizure-free groups demonstrated improved QOL after 
surgery, but those who were seizure free made greater gains in QOL. Among 36 
individuals from India, Ahmad et al. [ 40 ] assessed QOL using the QOLIE-31 and 
reported signifi cant improvement in overall QOL in both the seizure-free group and 
those who continued to have seizures. Additional QOL improvements were noted 
on subscales of seizure worry, emotional well-being, and social functioning. In con-
trast, Cankurtaran et al. [ 38 ] followed a sample of 22 individuals from Turkey pre-
operatively and postoperatively at 3 and 6 months, respectively, using the 
WHOQOL-BREF. The authors reported no difference in preoperative and postop-
erative QOL, but improvements were noted on social functioning scales.  

   Predictors of Quality of Life 

 A number of noncontrolled studies have examined factors other than seizure freedom 
or reduced seizure frequency as predictors for improved quality of life. In a Canadian 
sample of 47 individuals who had a temporal lobectomy, Rose et al. [ 44 ] used the 
ESI-55 preoperatively and at 24 months postoperatively, and the authors reported 
that preoperative QOL was a better predictor of postoperative QOL more so than 
seizure outcomes. Individuals with low or medium QOL at preoperative evaluation 
were likely to have the most improvement in reported QOL after surgery. Individuals 
with higher QOL scores preoperatively continued to endorse high QOL at both time 
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points but did not have improved change scores postoperatively. In a sample from 
Germany, Elsharkawy et al. [ 35 ] reported that seizure freedom and no additional 
medical comorbidities were the most important predictors of improved quality of life 
even more so than AEDs and their side effects, which had a moderate impact on 
QOL. In this same sample, age at onset had only a small effect on QOL. Additionally, 
Tanriverdi et al. [ 43 ] also reported better quality of life in those individuals who had 
a discontinued or reduced AEDs at 2 and 12 years after surgery. Langfi tt et al. [ 46 ] 
and Buschmann et al. [ 34 ] found no relationship between neuropsychological results 
and QOL. Langfi tt et al. [ 46 ] also highlighted the additional fi nding that declines in 
cognition correlated with lower QOL only if seizures were not reduced. Cunha and 
Oliveira [ 41 ] reported that individuals without presurgical psychiatric problems had 
better QOL following surgery. Additionally, these authors reported better QOL in 
individuals with right temporal lobe resections as compared to left, and there was no 
relationship between QOL and age of onset or age at surgery. 

 In summary, noncontrolled studies report similar fi ndings when compared to 
controlled studies; the majority of studies report that reduced seizure frequency and/
or seizure freedom improve overall quality of life. Additional medical comorbidi-
ties also have a signifi cant negative effect on QOL. AEDs appear to be consistent 
predictors of poorer QOL but cognitive changes do not appear to impact QOL after 
surgery.     

    Discussion 

 Despite the differences in surgical procedures, QOL measures utilized, sample 
sizes, age at onset, and follow-up intervals, or controlled versus noncontrolled study 
designs, QOL appears to improve after surgery particularly in the context of seizure 
freedom or signifi cantly reduced seizure frequency. There were two studies that 
contradicted this fi nding of a relationship between seizure freedom and improved 
quality of life [ 16 ,  38 ]. Several studies [ 34 ,  41 ,  43 ] indicated that there was improve-
ment in QOL postoperatively, and this fi nding did not require seizure freedom. 
Preoperative QOL was demonstrated as a predictor of improved postoperative QOL 
by Rose et al. [ 44 ] with the most improvement noted in those with low and medium 
QOL prior to surgery. AEDs and other medical comorbidities appear to negatively 
impact QOL postoperatively. Memory measures and other cognitive measures have 
not consistently been correlated with postoperative changes in QOL [ 30 ,  34 ]. Social 
aspects of quality of life were noted to improve in one study [ 40 ] but no improve-
ment was noted in social aspects of QOL in a larger controlled study [ 10 ]. It is likely 
that meaningful changes in QOL will take many years to develop after surgery (see 
Chap.   10    ), particularly for those patients who have lived most of their lives with 
epilepsy. Outcome studies with follow-up periods of 12–24 months are likely to 
underestimate the benefi ts of the seizure freedom, conferred by surgery on measures 
of QOL. This is particularly the case with studies that assess outcome at 12 months. 
In most countries, patients will need to be seizure free for at least year before they 
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can learn to drive or regain their driving license. The ability to drive is consistently 
listed by adult patients as one of their primary expectations of epilepsy surgery (see 
Chap.   14    ). The independence conferred by a driving license and the subsequent 
benefi ts to QOL will not be picked up in studies that only look at outcome at 1 year. 
Only studies with longer-term follow-ups are able to accurately measure the impact 
in this domain. 

 To continue to identify signifi cant elements that impact QOL following epilepsy 
surgery, it will be important for researchers to incorporate several factors in future 
studies. First, as indicated in a systematic review of the QOL literature, Seiam et al. 
[ 3 ] stated that the most informative studies are those that are longitudinal with eval-
uations before and after surgery and illustrate comparisons to no-surgery controls. 
In addition and similar to Kim et al. [ 12 ] and Mikati et al. [ 9 ] studies, it will be 
equally important to consider the use of healthy controls as a comparison group in 
order to allow comparisons with healthy individuals in addition to the patient popu-
lation. In an attempt to identify clinically signifi cant changes in QOL, more than 
just statistically signifi cant differences, Fiest et al. [ 6 ] and Taft et al. [ 10 ] examined 
minimum clinically important change, in order to capture this concept of a mean-
ingful change in QOL from the patient’s perspective. This is an important addition 
to the literature since it provides the individual’s perspective of the importance of 
the changes in QOL. It is important to follow individuals over longer intervals to 
determine if there are different factors infl uencing QOL years after surgery. 
McLachlan et al. [ 28 ] monitored individuals with and without surgery at 6, 12, and 
24 months after surgery and found more improvements in QOL at the 2-year follow-
 up, indicating that it may take more time to capture change or differences in QOL. At 
present, little is known about the impact of surgery at different stages in adulthood. 
It is likely that QOL changes are different for those who have surgery in the twenties 
compared to those in middle age or later. The current use of several classifi cation 
systems, which may or may not include auras in the defi nition of seizure freedom, 
as well as the time frame that defi nes seizure freedom in the past year or total num-
ber of seizures since surgery, makes it diffi cult to understand the true impact of 
seizure freedom or reduced seizure frequency on QOL. There should be a debate 
regarding the selection of QOL measures to be utilized to capture postoperative 
outcomes. If healthy controls are to be utilized, this may broaden the debate regard-
ing general or epilepsy-specifi c QOL measures. Epilepsy-specifi c measures may be 
more sensitive to detecting epilepsy-specifi c change, but a generic QOL measure 
like the WHOQOL [ 26 ] or SF-36 [ 25 ] allows for more cross-cultural comparisons, 
and it provides clinically meaningful change results of QOL compared to the gen-
eral population and possibly other disease groups. This task could be accomplished 
in the context of a multicenter study designed to systematically compare frequently 
used QOL measures and make recommendations for particular outcome studies. 
Finally, it will be important to systematically examine predictor variables of QOL 
outcomes including psychiatric comorbidities, employment status, cognition, social 
support, and coping in order to better understand the factors that play a role in QOL 
after surgery, in the context of premorbid factors. These are inconsistently incorpo-
rated across studies at the present time.      
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    Chapter 13   
 Quality of Life and Psychosocial Outcomes 
in Children Following Epilepsy Surgery 

             Mary     Lou     Smith       and     Klajdi     Puka    

    Abstract     Quality of life (QOL) and psychosocial functioning of children dimin-
ishes with the onset of seizures. The adult outcomes of patients show some improve-
ments with good seizure control but impairments in some areas remain. Epilepsy 
surgery in childhood has the potential to eliminate seizures, which may lead to 
improvements in QOL and psychosocial functioning. This chapter reviews recent 
work on the long-term QOL and psychosocial outcomes following epilepsy surgery 
in childhood. The few studies that have examined these outcomes fi nd overall 
improvements in QOL, but are not always concordant as to which QOL domains 
show improvements. Similarly, although improvements are found in overall psy-
chosocial functioning, there is no consensus on which domains improve. 
Improvements in QOL and psychosocial functioning, when evident, are consistently 
associated with seizure freedom. More recently, mood and affective symptoms have 
been found to be integral in ratings of QOL. Further work is needed to identify spe-
cifi c affective symptoms that lead to diminished QOL and psychosocial functioning 
and to identify other variables that may be involved, such as IQ or memory, and 
family function.  

  Keywords     Quality of life   •   Psychosocial   •   Social   •   Comorbidities   •   Education   • 
  Mood   •   Affect   •   Internalizing disorders   •   Depression   •   Anxiety   •   Emotion   •   Cognition  

     Health-related quality of life (QOL) has become a key outcome in the medical and 
surgical treatment of people with epilepsy [ 1 – 4 ]. Measurement of QOL is a recom-
mended aspect of clinical trials for medications, devices, surgery, and other 
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treatments. In recent years, QOL has been increasingly used in the evaluation of the 
impact of surgery. 

 Most health researchers have adopted the World Health Organization defi nition 
of QOL [ 5 ], which has several key components. First, the individual’s subjective 
perception is core to the concept. Second, QOL is a broad construct, encompassing 
many aspects of life, including physical health, psychological well-being, social 
function, and independence. Health-related QOL has been seen as most relevant to 
understanding the impact of epilepsy and its treatment on the individual. In this 
context, researchers have taken a multidimensional approach, examining the impact 
of epilepsy on domains such as the patient’s physical, psychological, social, and 
cognitive function. QOL questionnaires are not synonymous with diagnostic instru-
ments that measure symptoms or defi cits [ 1 ], but rather examine the individual’s 
perception of the infl uence of their epilepsy on function. 

    What Is the QOL and Psychosocial Function of Children 
and Adolescents with Epilepsy? 

 It has become increasingly recognized that epilepsy is a disorder beyond just sei-
zures. This recognition has been reinforced by the documentation of the comorbidi-
ties of epilepsy; children with epilepsy (CWE) have an increased risk of cognitive, 
academic, behavioral, psychiatric, and social disorders, some of which may be pres-
ent at, or predate, the time of seizure onset [ 6 ,  7 ]. It is also known that epilepsy of 
childhood onset is associated with an elevated risk of comorbid disorders that lasts 
well into adulthood, and these disorders may remain even if seizures remit or are 
well controlled by medication [ 8 – 11 ]. The presence of what can be an unpredictable 
disease course, the impact of seizures, medication side effects, and the stigma of 
epilepsy can in addition pose compromise to QOL. It has been demonstrated that 
children with epilepsy have poorer QOL than children with other chronic illnesses 
[ 12 – 14 ], and that the decreased QOL is evident at seizure onset [ 14 ]. 

 Both youth with epilepsy and their parents have provided compelling evidence of 
the impact of epilepsy on QOL. When patients and parents were asked to list their 
concerns about living with or caring for their children with epilepsy, a wide variety 
of issues common to both parents and children were raised [ 15 ]. Their main con-
cerns are medication side effects, cognitive and academic struggles, safety, the 
effect of the seizures on the brain, physical and mental development, the unpredict-
ability of seizures and social problems. Parents revealed worries about their chil-
dren’s future with respect to health, self-esteem, and social prospects. The children 
also indicated a strong hatred for seizures and dislike of hospital visits. 

 A small number of studies have used individual or group interviews of children 
and teens to explore their experiences of epilepsy and its impact on QOL. Elliott 
et al. [ 16 ] used open-ended questions to elicit responses within four domains of 
QOL: physical, psychological (emotional/behavioral), social, and  cognitive/aca-
demic. In the physical domain, the youth reported excessive fatigue that made it 
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diffi cult for them to be involved in academic and social endeavors. The majority 
described periods of intense emotional distress related to their sense of the unpre-
dictability of their seizures and the resultant sense of loss of control over their bod-
ies. They also identifi ed worry about and fear of seizures, sadness and depression, 
and anger and frustration, the latter related to the seizures, medications, and the 
extent of parental monitoring. A major concern expressed by the group was their 
sense of social isolation, imposed by internal factors such as lack of self-confi dence 
and feeling of being different from their peers, and by external factors such as teas-
ing, exclusionary behavior by peers, and restriction of activities and monitoring by 
parents. The majority of the participants reported cognitive problems, mainly poor 
memory and diffi culties learning in school; these diffi culties were compounded by 
the feeling of being physically and mentally unable to learn. The overarching theme 
arising from this study was that the youth viewed epilepsy as a barrier to 
normality. 

 A qualitative study with focus groups of adolescents revealed that teens have a 
number of concerns related to identity formation [ 17 ]. In this realm, they identifi ed 
the following key issues: peer acceptance, development of autonomy, school-related 
issues, worries about the future, and incorporating epilepsy into their sense of self 
(both its negative and positive consequences). The adolescents also raised a number 
of epilepsy-related topics, involving medication, the fear of and experience of sei-
zures, their own and others’ knowledge of epilepsy and their sense of uncertainty 
regarding having seizures in the future. Similar methodology with 7–12-year-old 
children also revealed major concerns about the social impact of epilepsy, and about 
the direct effects of epilepsy such as the impact of seizures, medications, and the 
possibility of persistence of epilepsy in the future [ 18 ]. An international survey 
revealed a number of issues common to children, teenagers, and their parents, the 
most notable of which were worries about independence and future prospects for 
employment [ 19 ].  

    QOL Outcomes 

    Long-Term QOL Outcomes Without Surgery 

 To set the context for understanding the changes in QOL that may occur after epi-
lepsy surgery, in this section we review studies on evolution of QOL over time in 
individuals (with childhood-onset epilepsy) who have not had surgery. A diagnosis 
of epilepsy in childhood often results in frequent doctor visits, the intake of count-
less medications, and limitations to daily activities imposed by the condition and by 
parents. As well, the fear of having epileptic seizures and enduring the associated 
stigma can be emotionally burdensome. Such a diagnosis may cause drastic and sud-
den changes to the individual’s life leading to a lowered QOL, which may recover 
with time as seizure control improves and as the individual learns to cope with daily 
limitations and accepts the diagnosis. The fi ndings of Speechley et al. [ 20 ] are 
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indicative of this developmental course: although patients had signifi cantly lower 
scores compared to the normative population on most QOL domains postdiagnosis, 
scores improved rapidly during the fi rst 6 months and then gradually plateaued over 
the 2-year follow-up period. At 2 years follow-up, subscale scores were more simi-
lar to the population norms. Postdiagnosis and at 2 years follow-up, the largest dif-
ference between the patients and the normative population was on the emotional 
impact on parents scale. The presence of cognitive problems, more AEDs, poor 
family functioning, and increased family demands were predictive of poorer QOL at 
the 2-year follow-up. Of note was the fi nding that epilepsy-specifi c variables such as 
seizure severity or frequency were not found to be predictive [ 20 ,  21 ]. 

 In the long term, 9 years after initial diagnosis, Baca et al. [ 22 ,  23 ] found signifi -
cantly better QOL scores for seizure-free patients relative to patients with active sei-
zures. However, no differences were found between patients who were seizure- free 
for at least 1 year compared to those seizure-free for at least 5 years, suggesting that 
the course of QOL improvement once seizure freedom is attained is not linear but 
plateaus with time. This fi nding is mirrored in adult surgical cohorts [ 24 ]. Additionally, 
chronic comorbidities such as psychiatric disorders, particularly internalizing disor-
der, were associated with worse QOL in most domains reported by the parent and 
patient. The presence of a neurodevelopmental spectrum disorder was signifi cantly 
associated with worse parental ratings of QOL. These fi ndings suggest that poor 
QOL may be driven by factors beyond epilepsy and seizure factors, a conclusion sup-
ported by the generally better outcome of patients with uncomplicated epilepsy, or 
epilepsy not associated with any other neurological impairments [ 25 ,  26 ]. 

 Similarly, Sillanpaa et al. [ 27 ] followed 92 patients, of which 81 % were in 
remission (seizure-free for the past 5 years), for >30 years, fi nding that patients in 
remission and off AEDs had better scores than patients in remission who continued 
to take AEDs and patients who were not in remission. No signifi cant differences 
were found between patients and healthy controls in terms of any QOL domains or 
the total score. 

 These studies illustrate that although children experience signifi cantly lower 
QOL following an epilepsy diagnosis, improvements are evident over time, particu-
larly in the fi rst few months following diagnosis, as the patient and parent come to 
terms with the condition, learn coping strategies, form support networks, and gain 
improvements in seizure control. Unfortunately, it seems that QOL does not con-
tinue to increase linearly following diagnosis or once seizure freedom is attained 
and begins to plateau with time. Nonetheless, patients with uncomplicated epilepsy 
and patients who are seizure-free or in remission tend to show similar QOL as the 
normative population. Cohort studies of children with epilepsy fi nd that long-term 
outcomes are more similar to the normative population but adverse effects persist 
particularly associated with psychiatric and neurological comorbidities, AED use, 
and continued seizures. Although QOL outcomes improve in some patients, it is 
important to note that adverse effects are persistent even in patients who entered 
adulthood seizure- and medication-free, suggesting that interrupted neurological 
and social/emotional development continue to have adverse effects well into 
adulthood.  
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    Long-Term QOL Outcomes Following Epilepsy Surgery 

 The majority of long-term follow-up studies that have assessed QOL outcomes follow-
ing pediatric epilepsy surgery have variable follow-up periods due, in part, to the dif-
fi culty associated with following large cohorts of patients over many years. Moreover, 
several studies do not analyze patients with shorter and longer follow-up periods sepa-
rately. Many studies do not include a nonsurgical epilepsy control group, which is 
essential in long-term follow-up studies to identify the effects of surgery, as opposed to 
the natural progression of the disorder or development of the child. This point is espe-
cially important as long-term follow-up studies of pediatric epilepsy patients who do 
not undergo surgery show improvements in several areas. Hence, without a compari-
son group improvements may be erroneously attributed to surgery. An additional con-
found is the lack of preoperative assessment that is characteristic of almost all long-term 
follow-up studies, without which it cannot be determined whether the patient improved, 
deteriorated, or experienced no change following surgery. Nonetheless, the research 
conducted thus far assessing the long- term QOL outcomes following pediatric epi-
lepsy surgery is generally concordant and overall shows promising outcomes for 
patients. We will fi rst review studies that combine short- and long-term outcomes and 
then review studies that restrict the follow-up period to a minimum of 2 years.  

    Studies Combining Short- and Long-Term Follow-Up 

 Mikati et al. [ 28 ] compared QOL outcomes of 19 surgical patients at least 1 year after 
surgery (mean: 3.84, SD: 2.26 years), 19 nonsurgical epilepsy patients and 19 healthy 
controls. In comparison to nonsurgical patients, surgical patients had signifi cantly 
better scores in the QOL behavioral domain and The Hague Side Effects Scale [ 29 ]; 
in contrast, the total QOL score and all other QOL domains were not signifi cantly 
different. In comparison to healthy controls, surgical and nonsurgical patients scored 
signifi cantly lower in total QOL score, general health, and physical domain; how-
ever, when the surgical seizure-free patients (79 %) were examined separately, they 
were found to score similarly to healthy controls in all domains. Moreover, better 
QOL was associated with higher IQ, fewer side effects of medications, and lower 
severity of seizures. Similarly, Gilliam et al. [ 30 ] reported scores similar to the nor-
mative population on some, but not all, QOL domains in a group of 33 patients who 
underwent pediatric epilepsy surgery 6 months to 7 years prior (mean: 2.7 years). 

 More recently, Gagliardi et al. [ 31 ] followed 13 patients with temporal lobe epi-
lepsy (TLE) from pre- to postsurgery (7 months to 10 years later; mean 3.8 years). 
QOL was measured using a semi-structured questionnaire examining various 
aspects of QOL. At follow-up, all patients reported very good seizure control and 
improved QOL scores in general health, medication effects, and environmental 
infl uences scales. Physical issues, emotional behavior, cognition, social function-
ing, and schooling remained unchanged at follow-up. However, almost all patients 
showed signifi cantly improved QOL total scores. 
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 Roth et al. [ 32 ] examined outcomes of 39 patients with tuberous sclerosis com-
plex 3 months to 12 years after surgery (mean: 3.2 years), in terms of seizure con-
trol, language, social development/interaction, school performance, independence 
with daily activities, family QOL, and time spent on epilepsy therapy. Rating their 
child’s current condition compared to before surgery, moderate or major improve-
ments in each outcome category were reported by 46–85 % (mean 65 %) of parents; 
deterioration was observed in one patient who did not achieve seizure freedom. 
Additionally, seizure freedom (71.8 %) was signifi cantly associated with higher 
scores in each category, with the exception of language. 

 Determining the length of seizure freedom that is associated with improvements 
in QOL is diffi cult to extrapolate based on studies that do not restrict the follow-up 
period. The large range of follow-up periods postsurgery adds variability that ought 
to be controlled if one is to determine the long-term QOL outcomes of pediatric 
epilepsy surgery. Despite limitations of sample size and lack of nonsurgical con-
trols, these studies are among the few that have examined QOL in the long-term and 
provide valuable clues regarding prognosis.  

    Studies Restricting Follow-Up to Two or More Years 

 Keene et al. [ 33 ] studied 64 surgical patients, at least 2 years after surgery (mean 
7.6 years, SD 3.8 years) with the Quality of Life in Epilepsy questionnaire (QOLIE- 31; 
[ 34 ]). Patients seizure-free for more than 2 years (55 %) scored signifi cantly better on 
all domains (see Table  13.1 ). Those with greater than 50 % reduction in seizures 
(83 % of the sample) had better outcomes than those who had no signifi cant improve-
ment in the seizure worry, overall QOL, cognitive function, and social function scales. 

 Although other long-term outcome studies fi nd overall improvements, improve-
ments are not evident across all domains. Elliott et al. [ 35 ] studied young adults 
(ages 18–30) who had undergone epilepsy surgery in childhood a minimum of 2 
years before (mean: 8.86, SD: 4.93). They found that surgical seizure-free patients 
had better QOL in most, but not all, domains of the QOLIE-31 relative to surgical 
patients with active seizures, and a nonsurgical epilepsy comparison group (see 
Table  13.1 ). Additionally, surgical seizure-free patients had better scores relative to 
nonsurgical patients with active seizures in the QOLIE-31 seizure worry scale and 
the SHE (Subjective Handicap of Epilepsy Scale) [ 36 ] physical scale. Number of 
AEDs was also signifi cantly predictive of QOLIE-31 medication effects, and sex 
was signifi cantly predictive of higher scores for males in the QOLIE-31 energy- 
fatigue and the SHE physical effects subscales. Similarly, Puka and Smith [ 37 ] 
found that 4–11 years (mean 6.93 years) after pediatric epilepsy surgery, or baseline 
evaluation for nonsurgical patients, seizure-free patients (51 %), regardless of surgi-
cal status, showed signifi cantly better scores in most QOL domains (see Table  13.1 ). 
   Additionally, surgical patients, independent of seizure status, showed signifi cantly 
better scores in the seizure worry and medication effects subscales. AED use was 
independently associated with lower scores on the social functioning subscale; 
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other variables – number of years of follow-up and IQ – were not signifi cantly pre-
dictive of any QOL domain. 

 Overall, studies of long-term QOL outcomes following pediatric epilepsy sur-
gery fi nd signifi cant improvements associated with seizure freedom in most QOL 
domains, although there is variability as to which domains do improve. Of the long- 
term follow-up studies, few have restricted the follow-up period to at least 2 years; 
an important factor as QOL may increase rapidly during the fi rst 6 months to 2 years 
following surgery and plateau with time [ 20 ,  24 ]. Additionally, few studies have 
compared surgical and nonsurgical patients, and only one has compared pre- and 
postoperative ratings of QOL. In evaluating the long-term QOL outcomes following 
pediatric epilepsy surgery, future studies should address these gaps and evaluate key 
variables that may lead to improved QOL (See  Appendix ).  

    What Infl uences QOL Outcome in Addition to Seizure Control? 

 Comprehensive models of QOL in childhood epilepsy have been proposed, 
largely out of recognition that seizure control alone does not completely explain 
the experience of QOL [ 12 ,  20 ,  21 ,  39 ]. These models address the impact of a 

     Table 13.1    Summary of QOL results of studies restricting follow-up period to at least 2 years   

 Keene et al. [ 33 ]  Elliot et al. [ 35 ]  Puka and Smith [ 37 ] 

 QOLIE-31/QOLCE 
   Total score  A  A  A 
   QOL item  –  n.s  A 
   Cognitive function  A  A  n.s 
   Energy/fatigue  A  n.s  n.s 
   Social functioning  A  A a   A 
   Emotional functioning  A  n.s  n.s 
   Seizure worry  A  B  A, C 
   Medication effects  A  n.s  C 
   Health perception  –  –  A 
 SHE 
   Self-perception  –  A  – 
   Physical  –  B  – 
   Life satisfaction  –  n.s  – 

   A  Seizure-free patients scored signifi cantly better than patients with continued seizures; regardless 
of surgical or nonsurgical status 
  B  Surgical seizure-free patients scored signifi cantly better than nonsurgical patients with continued 
seizures 
  C  Surgical patients scored signifi cantly better than nonsurgical patients 
  n.s  not signifi cant 
 – Domain was not measured 
  a Reported by Lach et al. [ 38 ]  
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number of variables, such as those associated with seizures (e.g., duration of 
epilepsy, age of onset, medication), child variables (e.g., behavior, cognition, 
psychosocial function), family variables (e.g., family function, stress, maternal 
anxiety/depression), and community variables (school, availability of social 
support, the health system). To date, none of the studies on outcome after epi-
lepsy surgery have utilized such a comprehensive model. Although studies have 
consistently examined at least a subset of the seizure-related variables, only a 
few have examined the impact of the other categories of variables, specifi cally 
the impact of patient affective symptoms. This variable is particularly impor-
tant, as research has shown that young adults who have undergone surgery in 
childhood continue to experience psychological distress, even in those who are 
seizure-free [ 40 ]. Signifi cant associations with mood and affective symptoms 
with QOL have also been demonstrated in the literature on surgery in adulthood 
[ 41 – 44 ]. 

 The study by Elliott et al. [ 35 ] was the fi rst among pediatric long-term outcome 
studies to incorporate patients’ mood, as measured by the Profi le of Mood States 
[ 45 ], which assesses anxiety, depression, anger, energy, and confusion. Mood was 
signifi cantly and independently predictive of 8 out of the 10 QOL subscales exam-
ined (QOLIE-31 total score, overall QOL rating, cognitive function, energy/fatigue, 
emotional functioning, and the SHE self-perception, physical and life satisfaction 
scales). More recently, Puka and Smith [ 37 ] examined the relationship between 
QOL and affective symptoms, as measured by the internalizing behavior summary 
score of the Adult- and Child- Behaviour Checklist [ 46 ,  47 ]. A mediation analysis 
was utilized to determine whether the commonly reported association between sei-
zure freedom and QOL is determined by a third variable, the presence of affective 
symptoms, such that seizure freedom does not directly affect QOL but it leads to an 
improvement in affective symptoms which in turn leads to an improvement in QOL 
ratings. A mediating effect of affective symptoms was signifi cant for all subscales 
examined: overall QOL, QOL item, cognitive functioning, energy/fatigue, and emo-
tional functioning, social functioning, and health perception. Such fi ndings empha-
size the integral role of affective symptoms on QOL in patients with childhood-onset 
epilepsy.   

    Psychosocial Outcomes 

 Due to the high rate of comorbidities, children with epilepsy may experience chal-
lenges in a number of domains of psychosocial function, including emotional and 
behavioral disorders, compromised social behaviors and experiences, and limita-
tions on their educational and vocational opportunities. Many of these topics are 
discussed in depth in other chapters in this book; thus, our discussion here concen-
trates mainly on the social realm. 
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    Long-Term Psychosocial Outcomes Without Surgery 

 Patients with pediatric-onset epilepsy show residual social diffi culties in adulthood 
that remain despite good seizure outcomes. Following a Japanese cohort of 148 
patients with childhood-onset epilepsy over 6–37.5 years (mean 19 years), 
Wakamoto et al. [ 48 ] found lower rates of marriage, education, and employment, 
despite the fact that 63 % of patients were in remission. However, when examining 
patients with normal intelligence, the education and employment differences were 
no longer signifi cant. Similarly, a group of patients from Finland followed for 
>30 years had worse social and educational outcomes in comparison to healthy 
controls, and patients not in remission were at high risk of having lower socioeco-
nomic status [ 8 ,  27 ,  49 ]. Patients were also less likely to be married, to live with 
someone, or to have children. However, patients with “epilepsy-only” had better 
outcomes in each measure relative to patients with epilepsy and other disabilities, 
although they were more likely than controls to feel lonely and to have lower per-
ceived control over their lives. Additionally, “epilepsy-only” patients taking multi-
ple AEDs reported lower life satisfaction and poorer health relative to controls. 
Other studies of long-term psychosocial outcomes reveal similar results [ 50 ,  51 ]. It 
is also important to note that these adverse social situations remained even in 
patients who entered adulthood seizure- and medication-free. 

 Given the persistence of social problems among individuals with childhood- 
onset epilepsy, an important question is whether surgery and associated seizure out-
comes have an impact on social outcomes. To date, there has been little research to 
address this question.  

    Long-Term Psychosocial Outcomes Following Surgery 

 Hum et al. [ 52 ] found that 1.5–3.4 years (mean 2.4 years) following surgery, youth 
with persistent seizures did not report an improvement in their social function, 
whereas mixed results were found among seizure-free patients. Those who reported 
improvements commented on the contribution of their decreased fear of having sei-
zures, their perception of feeling normal and increased autonomy (less parental 
monitoring). Those with continued peer diffi culties reported on the lingering stigma 
and discrimination associated with epilepsy. Similarly, Park et al. [ 53 ] found that 
social adaptation, assessed by the number of intimate friends, was signifi cantly 
associated with seizure control and school performance 1–5.3 years (mean 3.2) 
years postsurgery. 

 Lach et al. [ 38 ] utilized various subscales of the QOLIE-31 and SHE to examine 
the psychosocial outcomes of 71 surgical patients and a control group of 31 nonsur-
gical patients with active seizures, a minimum of 2 years (mean: 8.86, SD: 4.93) 
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following surgery. General social well-being was found to be signifi cantly better in 
surgical seizure-free patients compared with patients with active seizures. 
Additionally, surgical seizure-free patients were less likely to report the perception 
that their epilepsy posed a handicap in social and personal functioning, and had bet-
ter scores pertaining to work and activities. The groups did not differ in the number 
of friends they had, the number of times they had contact with friends on a weekly 
basis, how well they knew their neighbors, or in their principal activity (i.e., student, 
employed or unemployed). However, the surgical seizure-free patients were more 
likely to be involved in a romantic relationship, to have taken a recent extended trip 
with friends, and to belong to community clubs or organizations. 

 Keene et al. [ 54 ] also found that at least 2 years after surgery (mean 7.6 years, SD 
3.8 years) better social outcomes were associated with a greater than 50 % reduction 
in seizure frequency; such patients were more likely to have stable relationships, be 
fi nancially independent, and have a higher level of education. This relationship was 
only signifi cant when patients under the age of 18 ( n  = 20) were excluded from the 
analysis. Interestingly, correlating the social outcome of fi nancial independence, 
level of employment, and marital/relationship status with ratings of improved QOL 
(reported in [ 33 ]) did not yield signifi cant results, suggesting that patients’ reports 
of improved QOL may not translate to improved social and socioeconomic status. 

 Similar to the long-term QOL outcomes, overall social functioning improves fol-
lowing pediatric epilepsy surgery. When evident, improvements in social function-
ing have been associated with seizure freedom or reduction. However, improvements 
are not seen in all domains even in seizure-free patients and different studies fi nd 
different areas that improve and areas that remain diminished in the long term. 
Where social functioning remains diminished, lingering stigma and discrimination 
have been reported. It is also important to note, that the few studies that have exam-
ined long-term social outcomes have not explored the relationship between social 
outcomes and various family variables (e.g., family function, stress) and child vari-
ables (e.g., affective symptoms).   

    Conclusions and Future Directions 

 This chapter reveals that QOL and psychosocial function improve in individuals 
who obtain seizure freedom after epilepsy surgery in childhood. Given that improve-
ments have been associated with seizure freedom in individuals who have not 
undergone surgery, surgical status itself appears to have little effect on QOL and 
psychosocial outcomes. The QOL and psychosocial domains that improve in the 
long-term remain unclear, refl ecting the complex nature of such outcomes. 

 A number of questions await further investigation. Research shows that the QOL 
trajectories after seizure onset vary, and this situation is likely to be the case after 
surgery as well. Such trajectories have not yet been explored. To date, few studies 
have systematically examined long-term outcomes, and the infl uence of time since 
surgery, age at surgery, and age at follow-up. The infl uence of other variables (such 
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as child and family variables), shown or hypothesized to be related to QOL out-
comes, await research in pediatric surgical samples. We do know that perception of 
QOL after surgery is highly infl uenced by mood or affective state. It is of the utmost 
importance to not only treat epileptic seizures as early as possible to but to provide 
support with the social and emotional challenges that arise during childhood, ado-
lescence, and with the transition into adulthood. Strong social support and coping 
strategies to overcome epilepsy-specifi c and emotional diffi culties may be essential 
in attaining improved psychosocial and QOL outcomes into adulthood.      
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    Chapter 14   
 Subjective Experiences of Epilepsy Surgery 
in Adults 

             Kristina     Malmgren      ,     Anneli     Ozanne     , and     Sarah     J.     Wilson    

    Abstract     This chapter reviews the limited literature on patients’ subjective expec-
tations and experiences of epilepsy surgery. Patients with drug-resistant epilepsy 
have widespread fears and misconceptions about epilepsy surgery and often see it 
as a “last resort.” Their expectations of epilepsy surgery include driving, employ-
ment, greater independence, and a better social life, as well as less likely changes 
such as improved memory and cognition. Patients with more practical expectations 
have been shown to be more likely to consider surgery a success. Certain gender and 
racial differences have also emerged in a few studies. Adjustment to life after sur-
gery, especially the need to discard the sick role for those who become seizure-free, 
has been shown to take several years. 

 Studies of patient-perceived memory changes after temporal lobe resection (TLR) 
fail to show signifi cant relationships between subjective and objective postoperative 
memory function. Perceived sexual changes after TLR include improvement in sexu-
ality in those seizure-free but also hypersexuality in some. Patients’ perceptions of 
recurrence of seizures after epilepsy surgery are dominated by psychological issues 
(perceived loss of self-control, reduced self-confi dence, day-to- day stress, and 
altered expectations for the future) but are also related to the presence of seizure 
improvement. While the majority of patients report satisfaction after epilepsy 
 surgery, how this should be interpreted is not entirely clear, with a focus on dissatis-
faction potentially providing more information. 
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 There are as yet no published studies of patient experiences with a follow-up of 
more than 2 years. In one recent preliminary report with a mean follow-up of 13 
years, long-term perceptions of the impact of epilepsy surgery in principle equaled 
the perceptions at the 2-year follow-up. Further studies of patients’ long-term expe-
riences after epilepsy surgery are needed.  

  Keywords     Patient experiences   •   Epilepsy surgery   •   Long-term outcomes   • 
  Qualitative study  

        Introduction 

    Assessments of outcomes after epilepsy surgery include many aspects, as exempli-
fi ed in this volume. Apart from medical outcomes concerning seizures, complica-
tions, and cognition, the last decades have seen an increasing amount of 
patient-related outcome measures such as psychosocial outcomes, health-related 
quality of life, and mood. However, a surprisingly small number of studies focus on 
patients’ subjective expectations and own narratives of their experiences after sur-
gery compared to the literature in other domains. 

 This chapter will focus on these issues and is therefore mostly limited to qualita-
tive studies, which deal with patient descriptions obtained via interviews and focus 
groups, with the exception of a few very relevant questionnaire-based studies. In 
those studies that have employed a mixed-methods approach (combining qualitative 
and quantitative methods), the focus will be on the qualitative data. A broad range 
of databases were searched to identify relevant studies, including Pubmed, CINAHL, 
PsychINFO, and Scopus.  

    Perceptions About Epilepsy Surgery in Patients 
with Drug- Resistant Epilepsy 

 In the last decade, several qualitative studies have explored perceptions about epi-
lepsy surgery in patients with drug-resistant epilepsy. Using focus groups, one study 
identifi ed that many patients with intractable epilepsy had a negative attitude 
towards epilepsy surgery. Patients also felt that their health care providers portrayed 
epilepsy surgery negatively [ 1 ]. In a questionnaire-based study, brain surgery was 
rated as having a mean dangerousness of 8.3 (on a scale of 1–10) by 94 patients with 
no history of neurosurgery. In addition, 51 % of these patients would not consider 
surgical treatment even if it were guaranteed to stop their seizures without causing 
defi cits [ 2 ]. In a multicenter questionnaire study of 228 patients attending epilepsy 
clinics across Italy, widespread fears and misconceptions about epilepsy surgery 
were disclosed [ 3 ]. 
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 In a recent study from Canada, in which a brief questionnaire was administered 
to consecutive adults with focal epilepsy seen in an epilepsy clinic, 55.4 % of the 
107 participants (response rate: 83 %) perceived epilepsy surgery to be “very or 
moderately dangerous” and 61 % agreed with the statement “Brain surgery should 
be considered a last resort.” Sixty percent incorrectly identifi ed the risk of overall 
serious side effects from epilepsy surgery to be over 10 %. By contrast, over half of 
the patients had not heard of sudden unexpected death in epilepsy [ 4 ]. 

 Choi and colleagues conducted focus groups with patients who had undergone 
epilepsy surgery in order to develop a patient decision aid for temporal lobe resec-
tion (TLR). On refl ecting on their own experiences prior to surgery, patients 
described limited availability of individualized information on the Internet and had 
a desire for more detailed descriptions of what it would be like to live with the pos-
sible negative consequences of surgery. Once patients had received more thorough 
information, they felt more willing to accept the possibility of experiencing negative 
outcomes [ 5 ].  

    Patient Expectations and Hopes 

 In a study of the expectations of 70 presurgical candidates, a rating scale with 20 
descriptive terms covering personality, cognitive, and emotional dimensions was 
used. Patients rated themselves at the time of presurgical investigation and were also 
asked to rate how they believed they would be if the surgery was successful. The 
analysis showed that patients were expecting signifi cant positive changes in many 
dimensions postoperatively, such as having an improved memory, and being more 
skillful and clever. The authors recommended that such implicit assumptions should 
be identifi ed and addressed preoperatively, so that candidates can make truly 
informed decisions about surgery [ 6 ]. 

 Taylor and colleagues emphasized the importance of the surgical team undertak-
ing a preoperative interview with patients and their families to derive a list of 
agreed-upon aims of epilepsy surgery [ 7 ]. In a further study using in-depth inter-
views, the aims of 69 patients and carers were analyzed, identifying fi ve commonly 
endorsed aims: desire for work, driving, independence, socializing, and freedom 
from drugs [ 8 ]. Using a standardized, in-depth, semi-structured clinical interview, 
Wilson and colleagues explored the spontaneously generated reasons of 60 patients 
for seeking surgery. Seventy-two percent reported seizure freedom, followed by 
driving (45 %), the development of new activities (38 %), and employment oppor-
tunities (35 %), with less emphasis on expectations of a psychosocial nature [ 9 ]. In 
a US multicenter cohort study of 389 adults undergoing resective epilepsy surgery, 
potential gender differences in expectations were explored using a list of 12 items 
based on the literature and clinical experience. Men and women both ranked 
 anticipated changes in driving and memory as most important. Women rated driv-
ing, physical activity limitations, and economic worries as less important, and 
fatigue and pregnancy concerns as more important than men [ 10 ]. In another study 
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from the same group, racial differences in expectations were explored using open-
ended questions, allowing expectation themes to be rank-ordered. Among 391 
respondents, the two most frequently endorsed expectations were driving (62 %) 
and job/school (43 %). Nonwhites were found to endorse job/school and cognition 
more frequently and driving less frequently than whites [ 11 ]. 

 A recent study by Patton and colleagues explored the use of “hope language” in 
epilepsy surgery candidates. Thirty-eight adult patients completed a semi-structured 
interview 1 day prior to surgery, with transcripts coded thematically using standard 
qualitative analysis. Ninety-two percent of participants used the word “hope” or one 
of its derivatives. In 25 participants, hope was used to express optimism associated 
with the term, whereas in 27 participants, hope inversely expressed forms of dread, 
tempered expectations, and uncertainty about surgery. The investigators recom-
mended that health care professionals should clarify use of the word “hope” when 
assessing patient beliefs, goals, and understanding of surgery [ 12 ].  

    Patient-Perceived Impact of Epilepsy Surgery 

    Short-Term Outcome After Surgery 

 In a follow-up study by Wilson and colleagues [ 13 ], medical and psychosocial fac-
tors independently contributing to perceived surgical success were examined. 
Patient perceptions of the impact of surgery were related to their preoperative 
expectations. Seizure outcome made the largest independent contribution, but post-
operative affect and preoperative expectations made additional unique and signifi -
cant contributions to perceived success. Twenty-six patients (43 %) clearly identifi ed 
the operation as a success at a 6-month review. Patients emphasizing practical 
expectations prior to surgery (i.e., driving, employment, activities) were more likely 
to consider the operation a success than those who expected it to enhance personal 
independence, family, or social relationships. A predictive model of perceived sur-
gical success emerged, which highlighted the multidimensionality of outcome, 
including the importance of discarding sick role behaviors associated with chronic 
epilepsy after surgery [ 13 ] (Fig.  14.1 ).   

    Longitudinal Assessment up to Twenty-Four Months 

 In a longitudinal study by Wilson and colleagues [ 14 ], 90 in-depth, semi-structured 
clinical interviews were conducted with the patient and family, with the aim of 
exploring the longitudinal course of postoperative adjustment. In particular, they 
mapped the incidence of symptoms of “the burden of normality” over a period of 2 
years, examining symptom occurrence relative to seizure outcome. These 
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symptoms comprise changes commonly reported by patients and families after sur-
gery as they adapt to living without epilepsy [ 15 ]. Psychologically, patients often 
describe feeling and thinking differently about themselves (e.g., having greater self- 
confi dence), including a sense of being “cured” or “transformed” now they no lon-
ger have seizures. This may be accompanied by an increase in expectations that 
patients place on themselves to be “normal” or well, and a desire to catch-up on 
missed opportunities or time lost due to the effects of chronic epilepsy. It can also 
lead to signifi cant changes in family roles, particularly as the patient moves towards 
greater personal independence and new vocational and social activities. Alternatively, 
some patients may avoid taking on new roles and experience a sense of loss of their 
epilepsy and some of the benefi ts it provided. 

 In total, Wilson and colleagues [ 14 ] showed that 66 % of patients reported symp-
toms of the burden of normality at some time within the fi rst 2 years of surgery. At 
the 24-month review, patients who had been seizure-free or experienced auras only 

Pre-op
expectations

Post-op
affect

9 %

33 %

7 %

r = 0.36

r = 0.13

r = 0.27

φ = 0.57

φ = 0.31

= phi (φ) association

Key:

= zero order correlation
= partial order correlation

Seizure
outcome

Perceived
success

Discarding the
sick role

  Fig. 14.1    Multidimensional model of surgical outcome showing the independent contributions of 
seizure outcome, preoperative expectations, and postoperative mood to patient perceptions of sur-
gical success. Note that the patient’s ability to discard sick role behaviors also contributes to per-
ceived success but is dependent on being rendered seizure-free (Reprinted from [ 13 ] ,  Figure 2 with 
permission from Elsevier)       
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were signifi cantly more likely to report symptoms compared to patients who had 
experienced seizures, supporting the notion that the burden of normality arises from 
a process of adjustment as the patient learns to become well. It has also been shown 
to be greater in patients with seizure onset before or during adolescence, with these 
patients reporting greater changes in their self-identity, which can ultimately have 
positive effects for health-related quality of life [ 16 ].  

    Long-Term Outcome After Surgery 

 In Sweden, Taft and colleagues recently reported the results of a 2-year outcome 
study of a national sample of 96 patients assessed before and after epilepsy surgery 
using health-related quality of life questionnaires, and satisfaction with surgery 
rated on a 7-point Likert scale [ 17 ]. Eighty of these patients (83 %) also answered 
open-ended questions at baseline, 77 (96 %) at 2 years, and 54 (67.5 %) at a mean 
long-term follow-up of 13 years after surgery (range 10–16 years) [ 18 ]. Preoperative 
questions tapped patients’ hopes and worries concerning epilepsy surgery, and 
questions at the follow-ups focused on whether surgery had led to benefi t and/or 
harm. Data were analyzed by qualitative content analysis. Preoperatively, patients 
expressed both expectations (seizure freedom, less medication, a richer social life, 
better self-confi dence) and fears of surgery (continued seizures, complications). 
Interestingly, the results from the long-term follow-up were mostly consistent with 
the 2-year follow-up, providing limited support for a long-term reprioritization 
effect in quality-of-life domains [ 19 ]. In particular, patients reported increased inde-
pendence, a new life, and better self-confi dence. Eighty-seven percent reported 
positive experiences at the 2-year follow-up and 94 % at the long-term follow-up. 
Some patients, however, also or only had negative experiences of surgery: they felt 
that life had changed for the worse through psychological problems and or physical 
complications (25 % after two years, and 19 % at the long-term follow-up). Some 
seizure-free patients reported diffi culties “fi nding oneself” consistent with the bur-
den of normality [ 15 ].  

    Subjective Experiences of Memory Change 
After Epilepsy Surgery 

 Several studies have explored the relationship between objective memory change 
after TLR and patient report of memory change. In one study of 65 patients under-
going TLR, the prevalence of signifi cant subjective memory decline 1 year after 
surgery ranged from 3 to 7 %, whereas the prevalence of signifi cant objective mem-
ory decline ranged from 26 to 55 % [ 20 ]. In another study of 290 patients followed 
1 year after TLR, no signifi cant relationships were found between subjective ratings 
of postoperative memory function and objective indices of change [ 21 ]. 
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 A meta-analysis of subjective memory complaints derived from 465 TLR patients 
and 171 informants suggests that following TLR, most patients do not report 
changes in their memory function. As a result, the authors recommended that a 
comprehensive discussion of surgical risks and benefi ts should incorporate both 
patient impressions and objective memory outcomes [ 22 ].  

    Patient-Perceived Sexual Change After TLR 

 Christianson and colleagues investigated changes in sexuality and life satisfaction 
through a cross-sectional survey and obtained answers from 53/91 operated, 15/15 
nonoperated patients with drug-resistant epilepsy, and 50/200 healthy controls. 
Specifi c questions regarding sexuality revealed a lower sex drive among epilepsy 
patients compared to controls. In most cases, there were no differences between the 
operated and the nonoperated patients, although the seizure-free group rated a 
higher level of life satisfaction and sexuality than the non-seizure-free group [ 23 ]. 

 Another study reported 7 patients out of a series of 60, who spontaneously 
reported hypersexuality after unilateral TLR. All of the patients had signifi cant dif-
fi culties with postoperative psychosocial adjustment that preceded the onset of 
hypersexuality, leading the researchers to conclude that hypersexuality following 
TLR most likely represents a complex interaction of biological and psychosocial 
factors [ 24 ]. In a study exploring the relationship between the amygdala and sexual 
drive, 21/45 patients reported a sexual increase after TLR, 14 did not describe any 
sexual change, and 10 reported a sexual decrease [ 25 ]. 

 In a recent survey of 50 married males before and after TLR and 50 healthy con-
trols, self-perceived sexual desire and satisfaction were low in patients compared to 
controls. Although the majority of the sexual domains improved after TLR, even 
after a median duration of 5 years, the sexual status of the patients did not match that 
of controls. Patients who were seizure-free and either AED-free or on monotherapy 
at the last follow-up, reported a better sexual outcome [ 26 ].  

    Patient Experiences of Seizure Recurrence 

 There is limited understanding of a patient’s experience of the recurrence of sei-
zures after surgery. One in-depth interview study of 15 patients, on average 6 years 
after surgery, identifi ed key themes using content analysis of patient spontaneous 
reports of the experience of seizure recurrence. The results showed a prominence of 
psychological issues over medical concerns. The four most frequently expressed 
themes were perceived success of surgery, medication, acceptance of seizure recur-
rence, and personal independence. Despite seizure recurrence, patient sentiments 
were not universally negative. There was heterogeneity of views, with some report-
ing ambivalence and others a sense of satisfaction with outcome. Patients with 
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substantial seizure improvement (9/9) were signifi cantly more likely to report posi-
tive subthemes of surgical success than patients with no substantial seizure improve-
ment (1/6) [ 27 ]. 

 A recent review of the broader literature on suboptimal results after medical 
interventions (including epilepsy surgery) identifi ed 22 qualitative studies of 
patients experiencing a range of suboptimal outcomes. In order of frequency, the 
most common patient experiences included altered social dynamics and stigma, 
unmet expectations, negative emotions, use of coping strategies, hope and opti-
mism, perceived failure of the treating team, psychiatric symptoms, and control 
issues. The authors concluded that knowledge of common patient experiences can 
assist in the delivery of patient follow-up and rehabilitation services tailored to dif-
fering outcomes after epilepsy surgery [ 28 ].  

    Family Experiences 

 Several of the qualitative studies described above include assessment of family 
experiences. In one in-depth interview study focusing on six families before and 
6–8 months after epilepsy surgery, the concept of “sudden health” was described. 
The fi ndings indicated that families were organized in two primary ways (nesting 
and crisis) to deal with the epilepsy and the aftermath of surgery. The patient’s “sud-
den health” postsurgery had differing effects on these two types of families that 
depended on their organizational style, emotional communication, and develop-
mental dynamics [ 29 ].  

    Patient Satisfaction 

 Since most patient satisfaction surveys in health care settings show high rates of 
satisfaction, the interpretation of satisfaction as the outcome of an active evaluation 
has been increasingly called into question. In a study using unstructured in-depth 
interviews with users of mental health services, many expressions of “satisfaction” 
were shown to hide a variety of reported negative experiences. The authors con-
cluded that “dissatisfaction” rates may be a more useful indicator of a minimum 
level of negative experience and, therefore, of potential use in benchmarking exer-
cises [ 30 ]. Consistent with this, in a study of the predictors of satisfaction, a lack of 
unmet expectations was shown to be a powerful predictor of satisfaction at all time- 
points [ 31 ]. 

 A systematic review of eight studies published up to June 2009 focused on 
patient satisfaction with all types of epilepsy surgery [ 32 ]. Satisfaction was assessed 
using one or more global questions from which four themes emerged: (1) satisfi ed 
or dissatisfi ed, (2) perceived success or failure, (3) overall positive or negative 
impact, and (4) willingness to repeat surgery or regretting surgery. Overall, 71 % of 
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patients were satisfi ed; 64 % considered surgery a success; it had a positive effect 
for 78 %; and 87 % would repeat surgery. Seizure freedom was the most common 
predictor of epilepsy surgery satisfaction, whereas the presence of postoperative 
neurologic defi cits predicted dissatisfaction. In a recent prospective study of a rep-
resentative national sample of 96 Swedish patients before and 2 years after epilepsy 
surgery, 80 % were satisfi ed with having had surgery and 86 % considered that they 
had benefi ted, whereas 20 % thought that surgery caused some harm [ 17 ].   

    Conclusions and Future Directions 

 The literature on patients’ subjective expectations and experiences of epilepsy sur-
gery is limited and most longitudinal studies are limited to follow-ups of 6 months 
to 2 years (see  Appendix ). The aspects studied range from preoperative expectations 
(hopes as well as fears) to how social and psychological changes infl uence patient 
perceptions of the success of epilepsy surgery. Since most patients who undergo 
epilepsy surgery have had epilepsy half of their lives, it is conceivable that it takes 
several years until their life situation has stabilized. There are, however, as yet no 
published studies with a longer perspective than 2 years. There is one recent pre-
liminary report with a mean follow-up of 13 years, in which the long-term percep-
tions of the impact of epilepsy surgery in principle equaled the perceptions at the 
2-year follow-up. Patients’ long-term subjective experiences of the effects of epi-
lepsy surgery across different domains of life need further study in order to provide 
epilepsy surgery candidates with realistic counseling, and to consider the need for 
postoperative rehabilitation efforts.   

14 Subjective Experiences of Epilepsy Surgery in Adults
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    Chapter 15   
 Subjective Experiences of Children 
and Parents After Epilepsy Surgery 

             Siobhan     Hannan     

    Abstract     There are few studies examining the child and parent experience of epi-
lepsy surgery, in the shorter or longer term. From the studies available, achievement 
of seizure freedom is associated with a higher degree of patient satisfaction while 
ongoing postoperative neurological defi cit and/or associated psychosocial and 
behavioral concerns are associated with lower satisfaction. The small number of 
studies may refl ect challenges with measuring this construct. A systematic evalua-
tion of patient satisfaction, however, should be considered as an additional compo-
nent when evaluating the effi cacy of epilepsy surgery. 

 Studies considering outcomes in terms of neurological and cognitive, psychiatric 
and behavioral outcomes, health-related quality of life, and psychosocial outcomes 
are discussed in other chapters.  

  Keywords     Pediatric epilepsy surgery   •   Child and parent subjective experience   • 
  Patient satisfaction   •   Health outcomes  

     Satisfaction with epilepsy surgery can be broadly defi ned as the child and parent’s 
evaluation of the process of undergoing epilepsy surgery and its associated out-
comes [ 1 ]. The child and parent’s subjective or personal experience of surgery are 
infl uenced by a number of factors including seizure freedom, neurological and cog-
nitive sequelae, psychiatric and behavioral outcomes, health-related quality of life, 
and psychosocial outcomes. There are few pediatric studies examining patient sat-
isfaction alone. 

 A study reviewing surgical outcomes and parental satisfaction in 48 children 
with encephalopathy who underwent epilepsy surgery included a telephone inter-
view with parents to review functional outcomes and parental satisfaction 1 year 
after surgery [ 2 ]. No information is provided as to whether the telephone interview 
consisted of open-ended or closed survey questions. Twenty-seven out of thirty-one 
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parents (87.1 %) reported overall satisfaction with surgery. All parents (100 %) 
whose children became seizure-free were reportedly satisfi ed with the surgery. Of 
the 18 children who were not seizure-free 14 (77.8 %) were satisfi ed, due to 
improvement in alertness, hyperactivity, concentration, facial expression, and 
responsiveness. The satisfaction rate was 83.3 % in parents whose children under-
went resective surgery and 92.3 % in those who had palliative surgery. 

 Iwasaki et al. examined the benefi t of corpus callosotomy in terms of parental 
satisfaction and seizure outcome and found improvements in frequency, intensity, 
and duration of seizures were correlated with the level of parental satisfaction [ 3 ]. 
The study included 16 children with early childhood onset epilepsy who underwent 
one-stage total corpus callosotomy. Length of follow-up ranged from 6 to 45 months 
(median 24 months). The survey consisted of eight open-ended and two closed (yes/
no) questions. In the open-ended questions, specifi c behavioral changes were 
described by ten parents; eight with positive, one with neutral, and one with nega-
tive comments. Satisfaction was attributed to seizure improvement by eight parents, 
to the behavioral improvement by fi ve and to both by two parents. The highest level 
of satisfaction was only reported in patients who achieved seizure freedom from all 
seizures or drop attacks. 

 An uncontrolled case series of 13 children demonstrated postoperative reduc-
tions in the severity and impact of emotional and behavioral symptoms, following 
epilepsy surgery, during follow-up of up to eight and a half years [ 4 ]. This study also 
included qualitative data on parental experience via a telephone interview 7.5–
8.5 years after surgery. The interview consisted of a series of 16 closed (yes/no) and 
open-ended questions relating to seizure frequency, overall well-being following 
surgery, the child’s behavior and psychosocial functioning, whether parents regret-
ted surgery or felt it had been successful, and whether parental aims of surgery 
documented prior to surgery had been met. Documented parental goals for surgery 
were seizure freedom or a reduction in seizures, with secondary aims for an improve-
ment in developmental progress and/or improvement in behavior and quality of life. 
Presurgical goals were met in 8 out of 13 subjects and partially met in a further 5 out 
of 13 subjects. Overall, no parents expressed regrets about their child undergoing 
surgery and most (70 %) expressed satisfaction with the outcomes for their child 
following surgery. The biggest predictor of parental satisfaction was seizure free-
dom, while ongoing prosocial behaviors (conduct disorder, inattention, and hyper-
activity; emotional symptoms) was associated with parental dissatisfaction. 

 Keene et al. conducted a telephone satisfaction survey of 63 patients who had under-
gone an earlier resection before 18 years of age; mean length of follow-up 7.6 years [ 5 ]. 
The survey consisted of a series of open-ended questions. When asked what if any posi-
tive benefi ts or negative effects they had experienced since surgery, almost 80 % reported 
some positive effects, 59 % no signifi cant negative effect, and 16 % some negative 
effects. When asked to rate, on a scale of 0–9, their satisfaction as a result of having had 
surgery, 52 % reported high satisfaction (6–9); 30 % were indifferent (5); and 17 % 
were dissatisfi ed (0–4). The biggest predictor of satisfaction was seizure outcome, with 
strong positive correlation found between seizure control and degree of satisfaction and 
between perceived postsurgical neurological defi cits and dissatisfaction. 
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 Engelhart et al. reviewed how adolescents and their caregivers looked back on 
epilepsy surgery performed early in life [ 6 ]. The study cohort consisted of 111 par-
ticipants; 53 children and parents, 3 children only and 55 parents only. The length 
of follow-up was between 1 and 10 years. The questionnaire asked three principle 
questions: “Would you do it again?” “With the benefi t of hindsight, would you opt 
again for epilepsy surgery?” “What is the main motive behind your response to the 
former question?” and “How do you now evaluate the surgical outcome?” The ques-
tions were framed as a series of open-ended, multiple-choice and “yes,” “no,” or 
“not applicable” questions. Data were processed separately for children seizure-free 
and those in whom seizures recurred. Of the 56 participating children, 46 (82 %) 
were seizure-free. Almost all (93 % of the seizure-free children and nine out of ten 
children with seizures in the previous year) responded “defi nitely yes” or “probably 
yes,” and one with seizure recurrence responded they would defi nitely not re-opt for 
surgery. Three seizure- free children were unsure whether they would opt again for 
surgery. Among the parents whose children were seizure-free, three (96 %) would 
defi nitely or probably re-opt for surgery, whereas 23 (85 %) of those whose children 
experienced seizures felt the same. Three parents of seizure-free children and two 
parents with current seizures were unsure whether they would re-opt for surgery and 
two children with current seizures said they would probably not opt again for sur-
gery. The biggest predictor of satisfaction was seizure outcome, with strong positive 
correlation found between seizure freedom and a change in “well-being” and degree 
of satisfaction and between perceived postsurgical recurrence of seizures and neu-
rological defi cits and dissatisfaction. 

 In all of these studies a higher degree of patient satisfaction was consistently 
associated with overall seizure freedom, while lower satisfaction was associated 
with ongoing postoperative neurological defi cit and psychosocial or behavioral con-
cerns. There are, however, many limitations to these studies including, the heteroge-
neous nature of patients and lack of uniformity in questionnaires. 

 Epilepsy surgery has been shown to be an effective treatment for improving sei-
zure control [ 7 ,  8 ]. Studies have also demonstrated cognitive, psychiatric, behav-
ioral, quality of life, and psychosocial improvements as outcomes of surgery [ 9 ,  10 ]. 
Less attention has been directed toward the subjective experience of children and 
parents following surgery. Patient satisfaction is a signifi cant aspect of collaborative 
models of patient-centered health care. Measuring patient satisfaction has an impor-
tant role in informing the planning, delivery, and evaluation of care [ 11 ,  12 ]. 
Satisfaction measures provide patient input regarding the effectiveness of medical 
treatment, have been shown to infl uence an individual’s health-related decision 
making, and are important indicators of how well treatment has met patient expecta-
tions [ 13 ,  14 ]. Patient level of satisfaction with received health care services has also 
been shown to predict treatment success, compliance, and appropriate use of ser-
vices [ 15 ,  16 ]. 

 Subjective data enable clinicians to measure whether parental goals of surgery 
obtained preoperatively are met in the longer term. This approach is a method of 
maintaining quality control and recording the overall performance of epilepsy sur-
gery programs [ 17 ]. From a health-economics perspective, patient satisfaction is 
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also considered an important outcome variable when evaluating treatment effective-
ness, and may guide funding decisions regarding health care delivery [ 18 ,  19 ]. 

 The small number of studies on parent and child satisfaction with epilepsy sur-
gery may refl ect challenges with measuring this construct [ 1 ]. Research examining 
treatment outcomes demonstrates patient satisfaction is a multidimensional con-
struct incorporating patient-related variables such as treatment expectations, age, 
gender, and treatment-related variables such as procedure-type; clinician providing 
treatment, which are accounted for in its assessment [ 20 – 23 ]. In addition, the patient 
perspective can be measured in many different formats with different methods of 
data collection and methods of question administration such as the use of closed 
yes/no or open-ended responses and each of these assessment methods may infl u-
ence the quality and type of information obtained [ 1 ]. 

 Macrodimitris et al. [ 1 ] have proposed preliminary guiding principles for mea-
suring satisfaction after epilepsy surgery. Principles suggested include using a spec-
ifi ed theoretical model or framework of patient satisfaction, defi nition of satisfaction, 
description of possible predictors of postsurgical satisfaction, inclusion of different 
dimensions of satisfaction, and establishing a specifi c response format (Table  15.1 ). 
The development of a validated tool for measuring child and parent experience and 
satisfaction would enable a methodical approach to collection of data.

   In summary, there are few studies examining the child and parent subjective 
experience of epilepsy surgery (see  Appendix  for a summary of the studies dis-
cussed in this chapter). Seizure freedom is associated with a higher degree of patient 
satisfaction while ongoing postoperative neurological defi cit and behavioral con-
cerns are associated with lower satisfaction. The small number of studies on parent 
and child satisfaction with epilepsy surgery may refl ect challenges with measuring 
this construct. Development of a validated tool for measuring child and parent expe-
rience and satisfaction after epilepsy surgery may facilitate the systematic evalua-
tion of patient satisfaction as an additional component of its effi cacy – an important 
aspect of collaborative models of patient-centered health care.     
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   Table 15.1    Proposed guiding principles for measuring satisfaction after epilepsy surgery   

 Use and specify a theoretical model or framework of patient satisfaction to guide the 
assessment of satisfaction with epilepsy surgery (e.g., a model from the general medical 
literature, or derived specifi cally for epilepsy surgery) 
 Defi ne satisfaction specifi cally (e.g., satisfaction with epilepsy surgery can be broadly defi ned as 
the patient’s evaluation [whether positive or negative] of the entire process of undergoing 
epilepsy surgery and its associated outcomes) 
 Describe possible predictors of postsurgical satisfaction and if possible assess their impact on 
satisfaction. These include: Patient characteristics (e.g., age, age at surgery, gender) 
 Type of surgery (e.g., dominant hemisphere, temporal vs. extratemporal) 
 Seizure outcome: Presence or occurrence of risk factors (e.g., unrealistic expectations, 
postoperative neurological defi cit, mood disorders), Protective factors (e.g., established plans for 
postsurgical adjustment; employment) 
 Include different dimensions of satisfaction, such as (1) how satisfi ed are you with surgery 
overall? (2) do you perceive surgery to be a success? (3) do you perceive surgery to be a failure? 
(4) was the overall impact of surgery positive? or whether questions such as “would you have 
surgery again in the same circumstances?” are appropriate given the research or clinical question 
 Establish a specifi c response format. Ideally, this will be a Likert scale with more than 3 but 
<10 response options, and provide the scale and wording of response options. If dichotomous 
analyses (e.g., Yes/No Satisfi ed/Not satisfi ed) are done based on responses with >2 response 
options or gradations, e.g., Likert-type responses), specify the cutoff used for determining 
what constitutes a negative and a positive response Assess satisfaction longitudinally (e.g., at 
repeated time points including after 24 months postsurgery) 

  Table from Macrodimitris et al. [ 1 ]. Courtesy of John Wiley & Sons, Inc.  
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    Chapter 16   
 Informed Consent for Epilepsy Surgery 

             Ying     Meng      and     George     M.     Ibrahim     

    Abstract     Informed consent is a critical ethical tenet that is required in order to 
safeguard patient dignity and autonomy during medical treatment. This chapter 
explores both the universal and unique challenges involved in obtaining informed 
consent for epilepsy surgery. We emphasize that patients with epilepsy represent a 
vulnerable patient population due to the effects of the disease on capacity, agency, 
and identity. Individuals may be highly motivated to undergo established and exper-
imental surgical procedures due to the medical and psychosocial burden of the ill-
ness. Moreover, unique challenges to informed consent may arise in the conduct of 
pediatric epilepsy surgery and in the context of surgical innovation. An approach to 
informed consent with discussion of commonly encountered ethical challenges is 
presented with a view towards facilitating the provision of patient-centered care.  
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       Introduction 

 With growing awareness of the benefi ts of surgical treatment over continued medi-
cal therapy, there is increasing acceptance among clinicians and patients alike of 
surgical intervention for medically intractable epilepsy [ 1 ,  2 ]. Resective surgical 
treatments result in a greater likelihood of seizure freedom, compared to ongoing 
medical treatment in subgroups of patients with localization-related epilepsy [ 3 ]. 
Patients without an obvious epilepsy focus may also benefi t from palliative strate-
gies aimed at modulating neural circuitry to reduce seizure burden and improve 
quality of life (see Chaps.   12     and   13    ). In addition to the need for high-quality evi-
dence in guiding appropriate treatment strategies, the enthusiasm to treat patients 
with intractable epilepsy surgically must be tempered by pragmatism and ethical 
principles. 

 Although many of the ethical concepts pertaining to the conduct of epilepsy sur-
gery are common to other medical procedures, there are also important consider-
ations that are unique to patients with intractable epilepsy. First, epilepsy, as an 
intrinsic disorder of brain function, may affect an individual’s capacity, agency, and 
identity. Second, patients with epilepsy comprise a vulnerable patient population, 
who may be highly motivated to undergo surgical intervention due to the medical and 
psychosocial morbidities associated with the disease. Finally, established and experi-
mental surgical strategies, which aim to resect, disconnect, or modulate the brain’s 
circuitry, may be associated with considerable and often irreversible iatrogenic 
injury, which must be balanced against an uncertain likelihood of seizure freedom. 

 While clinicians may encounter multifaceted and complex ethical dilemmas dur-
ing the care of patients with epilepsy, this chapter will exclusively explore the spe-
cifi c challenge of informed consent. The evidence guiding the decision to proceed 
with surgical treatment must be understood and presented within the context of the 
patient’s subjective experience with epilepsy through the informed consent process. 
Informed consent is a dynamic, bidirectional process, which is modifi ed by various 
factors, including whether the treatment is established or experimental or whether 
the intervention is life-saving or elective. In this chapter, we fi rst introduce a general 
approach to informed consent. Subsequently, we discuss challenges in obtaining 
informed consent from patients with epilepsy undergoing resective and palliative 
procedures. Finally, we explore diffi culties that may be encountered in pediatric 
patients and those undergoing experimental surgical treatments. Illustrative cases 
are presented throughout to highlight commonly encountered ethical challenges.  

    General Approach to Informed Consent 

 Medical bioethics is guided by four pillars: respect for autonomy, benefi cence, non-
malefi cence, and justice. Informed consent is integral to the respect for patient 
autonomy, the inalienable right to self-determination to make decisions without 
undue infl uence or coercion [ 4 ]. The requirements of informed consent are (a) full 
disclosure, (b) lack of undue infl uence, and (c) a capable patient. 
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 The concept of full disclosure often refers to discussion of common and material 
risks, as explanation of all possible risks is often not feasible [ 5 ]. As defi ned in the 
case of  Canterbury v Spence , a risk is said to be material “ when a reasonable person 
in what the physician knows or should know to be the patient’s position would be 
likely to attach signifi cance to the risk or cluster of risks in determining whether or 
not to undergo the proposed therapy”  [ 6 ] .  A general approach is to consider what a 
reasonable person would want to know to make a sound judgment under those cir-
cumstances. The requirement of capacity relates to whether an individual under-
stands and appreciates the procedure, its purpose, and associated risks. Finally, the 
decision to proceed with treatment must be free of coercion from any external party, 
a concept that becomes paramount especially when approaching patients for 
involvement in clinical research. 

 Informed consent is critical to the success of the therapeutic doctor-patient rela-
tionship, which is typically asymmetric with greater vulnerability on the side of the 
patient [ 7 ]. Within the framework of this relationship, the requirement of physicians 
to speak truthfully to patients regarding surgical treatments, alternatives, risks, and 
benefi ts is self-evident. Practically speaking, however, informed consent may be 
affected by cultural, social, and personal considerations [ 7 ]. A “relational” view of 
autonomy has been proposed, whereby the patient’s internal moderating factors are 
taken into account during this discussion [ 8 ,  9 ]. One example of this is withholding 
information from patients who do not wish to hear all the risks of the procedure. 
Informed consent may therefore be viewed as a bidirectional process, which evalu-
ates and addresses the patient’s position and contextualizes material risks to his/her 
life circumstances.  

    Informed Consent for Resective Surgery in Eloquent Cortex 

   Illustrative Case 1     A 19-year-old male presents with intractable localization- 
related epilepsy originating from the left central region. Invasive monitoring reveals 
a peri-Rolandic seizure-onset zone. The medical team meets with the patient to 
discuss the procedure.  

    Risks and Benefi ts: Contextualization of Harm During 
Informed Consent 

 As exemplifi ed by Illustrative Case  1 , one challenge in obtaining informed consent 
from patients with epilepsy is the discussion of risks and benefi ts, given that epi-
lepsy surgery may lead to a predictable iatrogenic injury, which is justifi ed by the 
possibility of seizure freedom [ 10 ]. The perception that the risks of surgery are too 
great to justify its utility is one factor responsible for the low rates of patient referral 
for potentially curative surgical treatments [ 2 ,  11 ]. The lack of consideration of 
surgical treatments may in turn lead to unnecessary patient suffering and disability. 
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The confl ict between benefi cence (providing an opportunity to achieve seizure free-
dom) versus nonmalefi cence (avoiding interventions that may result in a disability) 
can be mitigated by identifying a hierarchy of need satisfaction during the informed 
consent discussion [ 12 ]. Such an approach demands recognition of the patient’s 
unique experience with the illness. 

 Contemporary deontologist Frances Kamm defi nes a principle of “permissible 
harm” whereby an intervention with signifi cant expectant harmful (i.e., resections 
near or within eloquent brain regions) is justifi ed if it is an effect or aspect of the 
greater good. The defi nition of harm is therefore a contextually signifi cant judg-
ment and must encompass the risks of not treating epilepsy. That is to say, the 
patient’s subjective experience with epilepsy must inform the discussion of risks 
and benefi ts during the informed consent process. A patient with frequent, dis-
abling seizures may be more willing to accept the risk of an iatrogenic neurological 
defi cit compared to a patient with rare, nondisabling events. However, it is 
extremely diffi cult to quantify likely success. Moreover, whether a particular com-
plication is an acceptable risk is individual to each patient. For example, resection 
of motor area in the presence of existent hemineglect may be acceptable, but resec-
tion of the distal hand regions in an otherwise normal individual cannot be quanti-
fi ed and would seem unacceptable. This triage of the need satisfaction is critical to 
the informed consent discussion, and to guiding the implementation of surgical 
strategies in circumstances where risks are high or involve foreseeable iatrogenic 
injuries.   

    Informed Consent for Palliative Procedures 

    Illustrative Case 2     A 21-year-old female with an 18-year history of intractable, 
nonlocalization-related epilepsy and severe cognitive impairment presents with 
over 50 seizures per day, of which a substantial proportion are drop attacks causing 
frequent injury. The multidisciplinary team discusses the benefi ts of a palliative 
surgical procedure, such as corpus callosotomy.  

    Capacity 

 Capacity, as a sociolegal construct, is variable across different jurisdictions, yet is 
comprised of two essential elements: the ability to “understand” and “appreciate” 
risks [ 13 ]. The ability to understand risks describes a person’s capacity to compre-
hend and retain information. Conversely, appreciation of risk entails the attachment 
of personal meaning to factual information during the decision-making process. 
Assessing a patient’s capacity to consent to treatment may be a particular challenge 
in epilepsy surgery, given that the underlying disorder may alter his/her agency. 
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As exemplifi ed by Illustrative Case  2 , cognitive defi cits are common comorbidities 
in epilepsy [ 14 ], which may render a patient incapable of providing informed con-
sent to undergo a surgical procedure. 

 Capacity is domain specifi c and thus must be evaluated independently for differ-
ent decisions. For instance, a patient’s level of cognitive defi cit may preclude him/
her from making fi nancial decisions yet he/she may be capable of consenting to 
medical treatment. Moreover, when assessing a patient’s capacity, clinicians must 
be mindful of their ability to retain information and gauge their risk perception. 
Patients often underestimate the risks of medical procedures [ 15 ], and those with 
neurological illnesses specifi cally are known to poorly retain information in a man-
ner directly related to the disease severity [ 16 ]. During the informed consent pro-
cess, clinicians should have an appreciation of the degree to which epilepsy 
interferes with cognition. In fact, the intersection of neurological illness and cogni-
tion is gaining increasing prominence in the study of medical bioethics. Although 
beyond the scope of this chapter, the burgeoning fi eld of “neuroethics” specifi cally 
addresses the unique ethical challenges encountered in the context of disorders of 
the brain, which is the seat of identity and substrate of agency and capacity.  

    Goals of Treatment: Quality of Life and Double Jeopardy 

 During the informed consent process, the goals of surgery must also be clearly out-
lined. Case  2  illustrates a situation where seizure freedom is not an expected out-
come from surgery, but patient may derive substantial improvement in their quality 
of life with decreased seizure frequency and consequent injury. Reluctance to con-
sider a palliative procedure for such groups of patients may subject them to a “dou-
ble jeopardy” [ 17 ] whereby they fi rst suffer as a result of their illness and second 
due to the low priority given to improve their quality of life. Substitute decision- 
makers may also choose to provide consent to palliative treatments if reduced sei-
zure frequency may facilitate better care for the patients [ 10 ]. As with resective 
surgical procedures, the patient’s (and the patient’s caregivers’) subjective experi-
ence with epilepsy must be captured during the informed consent process and guide 
treatment decisions.   

    Informed Consent in the Pediatric Patient 

   Illustrative Case 3     An 11-year-old girl presents with a temporal ganglioglioma 
and intractable epilepsy. The parents are hesitant about proceeding with surgical 
treatment as they would prefer the child to make her own decision regarding treat-
ment when she is older. The surgical team meets with the patient and family to 
discuss options.  
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    Pediatric Capacity and Assent 

 During particular stages of their development, children are described as egocentric, 
lacking the ability to understand differing beliefs and opinions, and generalizing 
subjective experience as societal norm. Views of children as prerational and prem-
oral have been discredited by an increasing body of work establishing their maturity 
and understanding of illness. Experience is increasingly recognized as a more 
important predictor of competence than age or ability [ 18 ]. Assent, a lesser standard 
of acquiescence to treatment, is typically therefore obtained from children [ 19 ]. 

 As described in Illustrative Case  3 , surrogate decision-makers, namely parents, 
often provide consent (with the child’s assent) for treatment. While autonomy, the 
ethical tenet of self-determination, is central to informed consent, in the case of the 
child, the idea of his/her best interest is often invoked. This is because children may 
have never been adequately mature to declare their treatment preferences [ 20 ]. The 
informed consent discussion in these cases, therefore, appeal to the protection of the 
child’s welfare, rather than his//her right to self-determination. 

 Informed consent based on this premise may seem intuitive, yet is often diffi cult 
to obtain in the setting of epilepsy surgery. In cases of life-threatening illness (i.e., 
obstructive hydrocephalus due to posterior fossa tumors), the best interest of the 
child is clearly to undergo surgical treatments. Conversely, the decision to undergo 
epilepsy surgery is often value-laden and encompasses the patient’s subjective 
experience with the illness (as previously described). The challenge for clinicians 
during the informed consent process is, therefore, to glean such insights from the 
child and his/her family and position the benefi ts and risk of the intervention in the 
context of the child’s experience with epilepsy.   

    Informed Consent in the Setting of Surgical Innovation 

   Illustrative Case 4     A 12-year-old boy with a 5-year history of medically intracta-
ble, nonlesional epilepsy localized to the right posterior head region undergoes inva-
sive monitoring to approximate the epileptogenic zone. Time-frequency  analysis of 
recordings from implanted subdural electrodes, reveal a region of cortex expression 
pathological high-frequency oscillations (pHFOs). The region of pHFO expression 
is larger than the visually defi ned hypothesis of the epileptogenic zone. The compre-
hensive surgical team meets with the patient and family to discuss the surgical plan.  

    Informed Consent in the Research Setting 

 Medical professionals have an obligation to improve the care provided to future 
patients, and rigorous interrogation of experimental procedures, for example, 
through the conduct of randomized clinical trials, is the most effective way to 

Y. Meng and G.M. Ibrahim



239

legitimize novel therapeutics. As such, numerous quintessential documents and 
treatises have been drafted to uphold ethical principles in the enrollment of patients 
in clinical research (Table  16.1 ).

   The importance of a rigorous informed consent process prior to enrollment of 
subjects into clinical research is critical, as patient perception of risk may not accu-
rately refl ect the true risk of the intervention [ 21 ]. In the research setting, the actual 
risk of intervention may not be entirely known; therefore, choices based on per-
ceived risk may be misguided. Patients with epilepsy, or their families, may also be 
highly motivated to pursue experimental treatments given the suffering they endure, 
which may lead them to underestimate the risk and overestimate the benefi t of par-
ticipation in research [ 22 ,  23 ].  

    Therapeutic Misconception 

 Obtaining informed consent from patients for undergoing experimental treatments 
may be complicated by the “therapeutic misconception.” Patients demonstrate this 
phenomenon when they fail to recognize the distinction between the competing 

   Table 16.1    Selected guidelines on the ethical conduct of clinical research   

 Year published  Publication  Details 

 1947  The Nuremberg Code  In response to inhumane 
experimentation during World War II, 
a 10-point statement to prevent future 
abuse of human subjects 

 Multiple Revisions  The Declaration of Helsinki  Declaration of ethical research 
practices and basic principles for the 
conduct of clinical research 

 Multiple Revisions  The Vancouver Group 
(The International Committee 
of Medical Editors) 

 Consensus guidelines on the reporting 
and publication of research fi ndings 

 1978  The Belmont Report  In response to the Tuskegee syphilis 
study, a report emphasizing respect 
for persons with particular note on 
informed consent and assessment of 
risks 

 1981  The Common Rule  A guideline describing ethical 
standards for government-funded 
research in the United States 
emphasizing the role of Institutional 
Review Boards (IRBs) 

 1996  International Conference on 
Harmonisation of Technical 
Requirements for Registration 
of Pharmaceuticals for Human 
use “Guidelines for Good 
Clinical Practice” 

 Standards for the regulation of clinical 
trials involving human subjects, 
emphasizing protection of human 
rights, safety, effi cacy, and confl icts of 
interest 
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obligations of clinicians as their primary care givers and clinical investigators [ 24 ]. 
Patients who maintain a therapeutic misconception disregard the disadvantages of 
participating in clinical research that result from the research process itself [ 25 ]. 
Individuals with epilepsy are particularly susceptible to therapeutic misconception 
as it has been previously shown that less optimism regarding personal care and 
hopelessness about future health states increases the probability of manifesting this 
phenomenon [ 26 ]. 

 During the informed consent process, care must be undertaken to avoid therapeu-
tic misconception by clearly outlining the primary purpose of experimental research, 
which is to produce generalizable knowledge and not to benefi t the patients enrolled. 
The discussion must also clearly outline the differences between the research and 
clinical care elements of the treatment. In order to mitigate therapeutic misconcep-
tion, participants should understand the following fi ve dimensions of research: (1) 
scientifi c purpose, to benefi t future patients; (2) study procedures that are not neces-
sary for patient care; (3) uncertainty, which is greater than standard treatments; (4) 
adherence to protocol, which is more strict than standard treatments; and (5) clini-
cian as investigators, the dual roles of the treating physician [ 27 ].  

    Regulation of Innovation and Informed Consent 

 Surgical innovation in the modern era requires regulation and careful oversight of 
its clinical applications. The extent to which a surgical innovation requires regula-
tion and careful oversight of its application to patient care is directly related to the 
extent to which it deviates from established practices [ 28 ,  29 ]. The extent of its 
deviation should also be explicitly stated in the informed consent discussion. 
For instance, Illustrative Case  4  describes a scenario in which invasive monitoring 
is performed, but the resection margins may be modifi ed by innovative mapping 
strategies (i.e., pathological high-frequency oscillations). The modifi ed resection 
plan may be identical or more or less aggressive than traditional methods of identi-
fying the epileptogenic zone. Such discrepancies should be explained during 
informed consent and reasoning behind different resection strategies should be 
explored. 

 Elaborating on this example, during the informed consent discussion, the local-
ization modalities used should be compared to standards of care or other consensus 
guidelines. There is extensive heterogeneity and interinstitutional variability in the 
extent to which different localization strategies are employed to determine the epi-
leptogenic zone and ultimate resection strategy in patients with epilepsy [ 30 ]. While 
no unanimous agreements exist on standards of care, various guidelines are in place. 
For example, the Pediatric Epilepsy Surgery Subcommission of the International 
League Against Epilepsy (ILAE) has proposed guidelines for the evaluation of sur-
gical candidates including interictal and video electroencephalography (VEEG), 
structural imaging with magnetic resonance imaging (MRI) and/or computed 
tomography (CT), functional imaging with single-photon emission CT (SPECT) or 
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positron emission tomography (PET), and neuropsychological evaluation [ 31 ,  32 ]. 
The extent of institutional deviation from accepted guidelines should be explored 
and justifi ed both during preoperative planning and informed consent.   

    Conclusions 

 The conduct of epilepsy surgery is replete with ethical challenges that are unique to 
the condition. The impact of the disease of patient agency and capacity as well as 
the uncertain likelihood of seizure freedom has important implications for the 
informed consent process. Further challenges may be encountered when obtaining 
informed consent for epilepsy surgery in children and in the setting of surgical inno-
vations. This chapter provided a general approach to informed consent and explored 
common ethical dilemmas that may be encountered by clinicians. Patients with 
medically intractable epilepsy represent a unique neurological patient population. 
Awareness of ethical challenges in informed consent is central to providing patient- 
centered care.     
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    Chapter 17   
 Managing Expectations of Epilepsy Surgery 

             Sallie     Baxendale     

    Abstract     Although seizure control is the primary aim of epilepsy surgery, 
 candidates who undergo elective surgery for the relief of medically intractable epi-
lepsy often hope that a successful surgical outcome will result in broader changes in 
their lives. Some of their expectations may be realistic; others may not, or may even 
be contraindicated by the outcome literature. The expectation literature in epilepsy 
surgery is small. The most commonly reported expectations in adults of improved 
employment opportunities and the ability to drive following surgery are realistic 
hopes for many surgical candidates, but they should be informed of the actuarial 
outcome data for these likelihoods. Expectations of improvements in cognitive 
function and a desire to be free from antiepileptic medications are unrealistic aims 
for the majority of adult candidates. Implicit assumptions about seizure freedom 
need to be identifi ed and addressed explicitly, and corrected where necessary, so 
that the candidate can make a truly informed decision regarding a surgical option. 
While much of the literature to date has been focused on the decision-making pro-
cesses of their physicians, little is known about how surgical candidates approach 
and make this decision. Future research should move towards a more inclusive 
approach and should guard against paternalistic attitudes in the medical profession. 
Studies to date have exclusively focused on the expectations of epilepsy surgery 
candidates who live in resource-rich countries. It is likely that there are very signifi -
cant cultural infl uences on expectations of epilepsy surgery in different parts of the 
world. These have yet to be explored. Elective surgery in a pediatric setting has 
special ethical and legal considerations, over and above those associated with sur-
gery in adults. While a number of authors have discussed these issues at a theoreti-
cal level, the expectations of children and teenagers and their parents have yet to be 
empirically examined. Further work is also needed to create and evaluate a presurgi-
cal counseling schedule to ensure that candidates approach surgery with realistic 
expectations and a longitudinal perspective on change.  

 Confl icts of Interest   The author has no confl icts of interest to declare. 
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       Introduction 

 The decision to proceed with epilepsy surgery is complex. Prospective candidates 
need to weigh up the chances of being seizure-free or having a signifi cant reduc-
tion in seizures against the inherent risks associated with the procedure. The mag-
nitude and severity of these risks vary considerably and range from the small risks 
of surgical catastrophe such as death, stroke, and permanent neurological defi cit, to 
the more substantial, but still small, risks of postoperative infection [ 1 ] or a wors-
ening of seizure control following the surgery [ 2 ]. The risks of developing a post-
operative visual fi eld defi cit can be signifi cant for some candidates and disallows 
the possibility of obtaining a driving license after surgery, even if they become 
seizure-free [ 3 ]. 

 The risks of cognitive decline following surgery form a different class of surgical 
risk that prospective candidates must consider. These risks are different for each 
candidate and depend on their premorbid characteristics and the nature of the pro-
posed surgery (see Chap.   5    ). However, for some candidates the chances of a clini-
cally signifi cant postoperative decline in memory or language function are high, 
greater than 50 % [ 4 ]. In these cases, postoperative decline in cognitive function 
should be considered by the prospective candidate as the likely “cost” they will pay 
for surgery, rather than a possible risk. 

 Thus, the constellation of outcomes of epilepsy surgery is different for every 
candidate and depends on the premorbid characteristics of the candidate and the 
nature of the proposed surgery. It is not possible to precisely predict outcome but it 
is the duty of the epilepsy surgery team to provide the prospective candidate with as 
full and accurate information as possible with respect to the risks and costs associ-
ated with the procedure. This information should be evidence based and must be 
continually revised and updated. It should also be placed in a longitudinal frame-
work wherever possible. 

 The “value” of seizure freedom (or a signifi cant reduction in seizures) lies on the 
other side of the surgical decision-making scale (see Fig.  17.1 ). This value can only 
be determined by the surgical candidate. However, the multidisciplinary surgical 
team can help to ensure that the candidate is able to “balance” this possibility against 
the possible risks and costs of the procedure, by exploring the wider expectations 
the candidate has of becoming seizure-free. Although reduction of seizures is the 
primary aim of epilepsy surgery, patients who undergo elective temporal lobe sur-
gery for the relief of medically intractable epilepsy often hope that a successful 
surgical outcome will result in broader changes in their lifestyle. Some of their 
expectations may be realistic; others may not or may even be contraindicated by the 
outcome literature.   
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    Patients’ Expectations of Epilepsy Surgery 

 A number of studies have examined patient expectations of epilepsy surgery. See 
 Appendix  for a summary of these studies. In 1996, my colleague Pam Thompson 
and I conducted a study in which we asked 70 prospective surgical candidates to 
rate themselves on 20 descriptive scales covering personality, cognitive, and 
emotional dimensions [ 5 ]. The participants were also asked to rate how they 
believed they would be if the surgery were successful and their seizures ceased. 
As a group, the candidates were expecting signifi cant positive changes in many 
dimensions postoperatively. The patients were expecting to be happier, more in 
control, and more hopeful, independent, and interested in life. They also expected 
to be more skillful, be of more value, have a better memory, and be more intel-
ligent than their preoperative selves. While not signifi cant at a group level, some 
individuals reported that they would become more physically attractive follow-
ing successful surgery. Many of these expectations do not compare with the psy-
chosocial changes that have been associated with temporal lobectomy in the 

Expectations
of

seizure
freedom

Chances of
seizure freedom

More
disabling
seizures

De novo
Psychiatric

illness

Death
Permanent
neurological

deficit

Cognitive
deficit

  Fig. 17.1    Diagrammatic representation of the risk–benefi t ratio that underpins the decision to 
proceed to epilepsy surgery. The size and weight of the factors on both sides of the scale will 
depend on individual patient characteristics. An integral part of the presurgical preparation should 
be an evaluation of the candidate’s expectations of seizure freedom to ensure that this component 
does not have undue weight in the decision-making process       
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literature or those reported by 32 patients who had been followed up for 1 year 
postoperatively. 

 We hypothesized that surgical candidates who had lived at least part of their adult 
life without seizures would have a more realistic idea of life without seizures than 
someone who had been medically intractable since childhood, or infancy. The sam-
ple was divided into three groups: those with onset of habitual seizures in very early 
life (before 7 years), those with an onset in childhood (age 8–16 years), and those 
with an onset in adulthood, (age >17 years). However, these groups did not differ 
signifi cantly in their preoperative self-ratings on any of the scales. Neither did the 
pattern of expectations after successful surgery differ between the three groups. 

 Wheelock et al. [ 6 ] examined the presurgical expectations of 32 patients and 17 
of their relatives/signifi cant others using a 7-point rating scale. The patients and 
their relatives together expected “moderate” to “very much better” changes in qual-
ity of life following the surgery. Group analyses suggested that the patients expected 
the surgery to improve their QOL to a greater degree than did their signifi cant oth-
ers. The presurgical expectation ratings did not differ by sex, age, educational level, 
and side of resection. 

 In the same year, Wilson et al. [ 7 ] reported a range of expectations about postop-
erative outcome in 60 presurgical candidates interviewed using a standardized, semi-
structured format. These were classifi ed into 11 categories. At follow-up 6 months 
after the surgery, it was the patients who tended to endorse “practical” expectations 
(i.e., driving, employment, activities) preoperatively, rather than expectations of a 
psychological or social nature (i.e., self-change, relationships) who perceived the 
operation to be a success. In contrast, a perceived lack of success was reported by 
those who had greater expectations of psychosocial changes preoperatively. 

 Taylor et al. [ 8 ] used open-ended questions as part of a psychiatric interview to 
assess the aims and ambitions for change of 69 presurgical candidates. They identi-
fi ed 59 categories of response in total but the desires to drive, work, increase indepen-
dence, socialize, and gain freedom from medication constituted 50 % of all the aims 
listed. Although an informed witness (parent/spouse/ friend) was also interviewed, 
their results are not presented separately in the study. Interestingly, very few of par-
ticipants in this study identifi ed a desire for improvement in cognitive functioning as 
an aim for epilepsy surgery, in contrast to the fi ndings of later studies. 

 More recently, researchers working on the seven-center cohort study in the USA 
examined 389 prospective candidates’ endorsements of 12 potential impacts of epi-
lepsy surgery, and have published their results in a series of studies [ 9 ,  10 ]. 
Participants were given a list of items based on the literature and the researchers’ 
clinical experience (see  Appendix ) and told “This list includes items other epilepsy 
patients have felt were important to them and which they hoped to have changed as 
a result of surgery. Please rate each item on a scale from 1-10, 1 being not important 
to you, 10 being extremely important to you .”  The lifting of driving limitations and 
an improvement in memory problems were listed by both men and women as their 
top two expectations of epilepsy surgery [ 9 ]. Improvements in emotional well-being 
and in concentration were also listed in the top fi ve aspects of life that the patients 
expected to change following surgery. 

 The literature looking at patient expectations of epilepsy surgery is small. Patient 
expectations have been studied using guided interviews with open-ended questions, 
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semi-structured interviews, and rating scales. The use of rating scales may  introduce 
a confounding variable in expectation studies, highlighting areas that the patients 
have not thought of, and missing others. It is noteworthy that expectations of cogni-
tive improvement did not feature in the Taylor et al. [ 8 ] study that used open-ended 
questions, but were prominent in the Baxendale and Thompson [ 5 ] and seven-center 
cohort studies [ 9 ,  10 ] that used specifi c rating scales. The most commonly reported 
expectations of improved employment opportunities and the ability to drive are real-
istic hopes for many surgical candidates, but they should be counseled regarding the 
actuarial outcome data in the literature on these likelihoods (See Chaps.   10     and   12    ). 
Although cognitive changes are common following surgery, improvements in func-
tion, particularly in the memory domain occur in less than a third of adult surgery 
candidates [ 11 ]. A desire to be free of medication and its side effects is also a com-
mon feature in expectation studies. Again this is unrealistic, particularly in the long 
term where studies suggest that less than 50 % of epilepsy surgery candidates will 
be seizure-free and off medication a decade or more after surgery [ 12 ,  13 ]. The 
small literature to date has exclusively focused on the expectations of epilepsy sur-
gery candidates who live in resource-rich countries. It is likely that there are very 
signifi cant cultural differences attached to patient’s expectations of surgery in 
 different parts of the world. These have yet to be explored.  

    The Surgical Decision-Making Process 

 Although there is a large literature on decision making in medicine, relatively little 
attention has been paid to how epilepsy surgery patients approach their decision to 
consent to surgery. Rather, the literature has focused on how the medical team man-
aging the patient makes the decision to offer surgery to a candidate. These studies 
range from evaluations of the specifi c contributions each presurgical investigation 
may add [ 14 ,  15 ] to online tools to identify candidates who may benefi t from the 
procedure [ 16 ]. Akama-Garren et al. [ 17 ], proposed a Markov decision model to 
evaluate the likely outcomes and associated health utilities associated with a left 
anterior temporal lobectomy versus continuing with medical management. Three 
scenarios were considered, which varied in terms of presurgical disability and the 
potential for a signifi cant postoperative decline in verbal memory abilities. Although 
interesting from a theoretical standpoint, these approaches have very limited clini-
cal utility. The acceptability of a verbal memory defi cit and the burden of epilepsy 
are unique for each patient at specifi c points in time and can only be judged by the 
patients themselves. It is noteworthy that very few studies in this fi eld employ pro-
spective surgical candidates as participants; where they do, there tends to be a rather 
paternalistic approach [ 18 ]. For example, Anderson et al. [ 19 ] examined the factors 
that infl uence patients who decide not to proceed with epilepsy surgery. Despite the 
fact that patients who declined surgery were less bothered by their epilepsy (even 
with comparable severity), more anxious about surgery, and less likely to listen to 
their doctors (and others), the authors concluded that patient attitudes, beliefs, and 
anxiety serve as barriers to “ideal care.” They concluded that their results provided 
opportunities for education, treatment, and intervention for the patient group. 
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An alternative explanation might be that the results provide opportunities for educa-
tion of the medical team. The participants in this study weighed the risk–benefi t 
ratio of epilepsy surgery in a different way to the researchers and had the advantage 
of living with the burden of the condition. 

 Choi et al. [ 20 ] used focus groups to elicit the information 20 patients had used 
to make their decisions about temporal lobe surgery. They used both experiential 
(i.e., learning about other patient’s experiences through testimonials) and factual 
(i.e., individualized statistical information) sources of information. This kind of 
information can be used in the development of a patient decision aid designed to 
assist TLE patients in their decision making about epilepsy surgery. However, 
despite the obvious clinical need, no such tool has been evaluated under rigorous 
trial controlled conditions to date.  

    Expectations of Surgery in a Pediatric Setting 

 Elective surgery in a pediatric setting has special ethical and legal considerations, 
over and above those associated with surgery in adults. While a number of authors 
have discussed these issues at a theoretical level [ 21 ,  22 ], empirical studies of the 
expectations of children and teenagers and their parents have yet to be published. 
Given the prominent issues of mental capacity and informed consent in the pedi-
atric population, a research priority would be to formally examine the discrepan-
cies between parental and child expectations, particularly in older children and 
adolescents.  

    Summary 

 The limited literature in this fi eld suggests that the routine presurgical preparations 
that epilepsy surgery candidates undergo are not suffi cient to address the unrealis-
tic expectations they may associate with seizure freedom. Implicit assumptions 
about seizure freedom need to be identifi ed and addressed explicitly, being cor-
rected where necessary so that the candidate can make a truly informed decision 
regarding a surgical option. At present, the research suggests that many candidates 
may overestimate the consequences of seizure freedom. Much of the literature to 
date has been focused on the decision making processes of the clinicians who 
decide to offer surgical treatment, rather than the patients who decide to accept it. 
Future research should move towards a more inclusive, individual approach and 
should guard against paternalistic attitudes in the medical profession. The patient’s 
experience of epilepsy must be evaluated and valued in this process. Further work 
is needed to create and evaluate a program to ensure that candidates approach sur-
gery with realistic expectations, and a longitudinal perspective on change. This 
will allow prospective candidates to make an informed decision regarding their 
treatment options and ease their postoperative course as far as possible.      
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Chapter 18
Health Economic Analyses of Epilepsy Surgery

Nathalie Jetté and Samuel Wiebe

Abstract  We review general health economics and evidence-based medicine 
concepts as they pertain to epilepsy. A brief analysis of cost of illness studies in 
epilepsy demonstrates substantial burden of illness, identifies important compo-
nents (e.g., antiseizure medications, hospitalizations, indirect costs), and assesses 
factors associated with burden, such as seizure control. A systematic analysis of 
long-term, comparative economic evaluations in epilepsy shows that such studies 
are scarce, many are methodologically weak, and reporting of results is highly 
variable. Most studies focus on patients with temporal lobe epilepsy, few focus on 
children or on resource-poor countries, and none addresses the very young or very 
old. Despite methodological caveats, studies consistently demonstrate the cost-
effectiveness of epilepsy surgery, which is often more effective and cheaper than the 
medical treatment alternatives. We present recommendations for future economic 
analyses of epilepsy surgery.
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Abbreviations

COI Cost of illness
EA	 Economic analysis
GDP	 Gross domestic product
HE	 Health economics
ICER Incremental cost-effectiveness ratio
PWE	 Person with epilepsy
QALYs Quality-adjusted life years
UK	 United Kingdom
USA	 United States of America
USD	 United States dollar
WHO	 World Health Organization

�Introduction

Clinicians caring for people with epilepsy (PWE) are increasingly faced with the 
reality of costs, outcomes, and cost containment measures on many fronts. This 
occurs, for example, when clinicians prescribe new or costly interventions, an area 
where researchers have developed generic models to help clinicians choose the 
most cost-effective interventions for individual patients [1]. It is also seen when
clinicians advocate additional programs and resources for epilepsy, when advising 
policy makers and administrators on the best and most efficient use of resources, or 
when assembling cost-conscious clinical practice guidelines [2]. Researchers in the
field of epilepsy may also have to justify or explain their work on the basis of trans-
lational and economic consequences.

The words health economics (HE) may conjure thoughts of financial and mone-
tary aspects pertaining to health. In reality, HE is about deciding how to allocate
finite health resources, about outcomes associated with allocative decisions, and 
about the benefits gained and forgone by a particular choice of use of resources (i.e., 
opportunity cost). Additionally, although health resources and benefits are usually 
expressed in monetary terms, there are many important resources and outcomes that 
are integral elements of HE, and yet are difficult to quantify monetarily (e.g., intan-
gible costs, time, suffering, or well-being).

HE is relevant to clinicians caring for PWE because they need to be aware of the 
level of health resource use in various groups of patients, and the opportunity cost of 
epilepsy and its different treatment options [3]. This can help understand the eco-
nomic burden associated with epilepsy, how this burden compares with other condi-
tions, and the impact of various types of treatment beyond the usual clinical metrics, 
such as seizures. The manner in which limited resources are allocated in epilepsy 
care has important consequences at many levels, from health policy makers and 
health system managers, through health care facilities and health care providers, 
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to individual patients, their families and caregivers. In this chapter, we review some
basic concepts of HE and how to interpret studies in this area, and provide a critical 
summary of the evidence pertaining to long-term costs and outcomes of surgical 
interventions.

�General Concepts

The broad range in scope and methods of different types of economic analyses 
(EAs) [4] can be conceptualized in a matrix whose two main axes ask whether both 
costs and outcomes are considered, and whether alternative courses of actions are 
compared (Fig. 18.1). The most complete EAs examine both costs and consequences 
in >1 intervention (right lower corner of Fig. 18.1). Cost of Illness (COI) studies
itemize and sum the costs of a health condition and are generally used to assess 
burden of illness and determine major cost components. Cost-minimization analy-
ses are used to identify the least costly among those interventions that have similar 
clinical effectiveness. Cost-effectiveness analyses compare interventions that use 
similar clinical outcome metrics (e.g., number of seizure-free patients), but have 
different levels of effectiveness (e.g., medical vs. surgical therapy). Cost-utility 
evaluations determine the incremental cost per quality-adjusted outcomes – often

Fig. 18.1  Different types of economic analyses
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quality-adjusted life years (QALYs). In cost-benefit studies all inputs (costs) and 
outputs (outcomes) are expressed in monetary values, allowing for comparison of 
disparate interventions and outcomes [5].

Users of HE literature in epilepsy can benefit from a systematic approach to criti-
cally appraise the validity and applicability of EAs by applying a simple 9-item 
checklist (Table 18.1) [6]. The viewpoint of the study determines the range of costs 
and consequences included in an EA, and can be that of the patients, the health care 
institution, the insurer or health system, and society as a whole. A broad societal 
perspective, which incorporates the patient’s productivity and ability to work, is 
often recommended. Because subgroups of patients can have vastly different costs 
and outcomes, these should be adequately explored and reported. Many issues influ-
ence cost measurement and valuation; authors should report the physical quantities 
of resources used, which allows readers to extrapolate results from one setting to 
another, and they should distinguish between charges and real costs. The types of 
costs included in the EA determine its scope. A narrow perspective includes only 
direct costs (i.e., costs directly attributable to epilepsy and its treatment), which can 
be medical and nonmedical (transportation, home support, etc.). A broader perspec-
tive includes also indirect costs (e.g., productivity costs) and intangible costs (e.g., 
the value of pain and suffering), although the latter are difficult to quantify mone-
tarily. Of particular relevance in long-term EAs is accounting for the lower value of 
costs or outcomes incurred in the future. This is usually addressed by discounting 
future events at a rate of 3–5% to approximate future to present values. In the absence
of long-term medical and surgical epilepsy cohorts or randomized trials, long-term 
EAs resort to models (such as decision analysis and Markov models-Stochastic 
model to study health outcomes using health states and health transitions iteratively) 
in which future costs and outcomes are predicted based on assumptions that should 
be clearly stated and subjected to sensitivity analyses to assess their robustness.

Table 18.1  Checklist to assess the validity and applicability of economic evaluations

Are the results valid?

1. Did the investigators adopt a sufficiently broad viewpoint (patients, treatment options, and 
outcomes)?
2. Are the results reported separately for relevant patient subgroups?
3. Were costs measured accurately?
4. Did investigators consider the timing of costs and consequences?
What are the results?

5. What are the incremental costs and effects of each strategy?
6. Do incremental costs and effects differ between groups?
7. Was a sensitivity analysis performed to assess impact of different cost assumptions?
Can I apply the results to patient care?

8. Are the treatment benefits worth the risks and costs (including patient values)?
9. Can I expect similar costs in my setting?

Adapted from Drummond et al. [6]
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Sensitivity analysis refers to repeating the evaluation using a range of plausible prob-
abilities of outcomes, costs, and value judgments to assess whether the results change
substantially. In interpreting the results of EAs, clinicians should look for incremen-
tal analyses based on a ratio of the difference between alternatives in costs and out-
comes, and often expressed as an Incremental Cost-Effectiveness Ratio (ICER):

	

ICER ,A B

A B

=
−
−

C C

O O

[ ]
[ ] 	

where CA and CB are the costs of alternatives A and B, and OA and OB are the out-
comes of alternatives A and B. Costs are usually expressed in monetary units, ben-
efits are expressed in clinical units (seizure freedom) or more often in QALYs, and
the ICER is often expressed as Cost per QALY.

A final point pertains to what constitutes a cost-effective intervention, that is, the 
ICER that warrants adoption of an intervention by a health system. Although more
relevant to policy makers than to individual clinicians, this is important to consider 
given the increasing pressure on clinicians for “bedside allocation” (see above). The 
World Health Organization’s (WHO) CHOICE project has published threshold values
for intervention cost-effectiveness in the different world regions based on their gross 
domestic product (GDP) expressed in 2005 International dollars, and adopting quality
adjusted life years (QALYs) as the outcome [7]. The cost-effectiveness of interventions 
is divided into three categories: (1) very cost-effective if the cost per QALY (ICER) is
less than the region’s GDP per capita, (2) cost-effective if it is between 1 and 3 times 
the GDP per capita, and (3) not cost-effective if it is >3 times the GDP per capita. The 
upper threshold for cost-effective interventions ranges from Int$ 5,086 in the poorest
African countries, to Int$ 119,849 in affluent North American countries (Fig. 18.2).

�The Cost of Epilepsy

Studies of COI in epilepsy are challenging. First, COI studies incorporating mea-
sures of direct, indirect, and intangible costs are rare. Most studies focus primarily 
on direct costs and even when indirect and intangible costs are incorporated, the 
components included vary among studies. Second, COI studies span a variety of
time horizons, geographic regions (health care costs differ substantially between 
countries) and populations, making comparisons between studies impossible in the 
absence of reports of physical units of resources used. Finally, most long-term COI
studies of epilepsy (i.e., lifetime costs of incidence cohorts) usually provide esti-
mates based on modeling, because prospective studies with rigorous and compre-
hensive data collection are sparse. Studies consistently show that antiseizure 
medications and hospital admissions have become the largest component of direct 
costs (median 31 % and 34 %, respectively) [5], particularly in those with 
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difficult-to-treat or newly diagnosed epilepsies [8, 9]. Cost estimates vary markedly 
among studies, as demonstrated in a review of population-based prevalence studies, 
where the annual per-patient direct costs of epilepsy in Italy and the UK (5 studies)
ranged from $803 (USD) to $3,208 (USD) in those with active epilepsy, and it
ranged from $126 (USD) to $1,748 (USD) in those with inactive epilepsy [8]. 
A more recent review also found that the annual direct per-patient costs of prevalent 
epilepsy in 15 international studies ranged from $55 (USD) in India to $3,065
(USD) in the UK [5].

Although costs of epilepsy vary among studies, direct costs are always higher in 
the first year after diagnosis (up to four times higher than in subsequent years) [5, 
8]. In a systematic review of 22 COI studies in epilepsy worldwide (most from
Europe and the USA but also from India, Hong Kong, Oman, Burundi, Chile, and
Mexico), every study used a bottom-up approach (using individual patient records) 
and most only measured direct costs [9]. Antiseizure medications were the main 
contributor to direct costs, while indirect costs ranged between 12 and 85 % of the
total annual costs in the 12 studies that estimated these. Unfortunately, results of 
bottom-up approach COI studies, although more precise, may not be applicable to
population-based cohorts of persons with epilepsy. A systematic review examining 
predictors of cost and health resource utilization in epilepsy in five studies [10] 
found no association between demographic factors studied and costs or health 
resource utilization, while increased seizure frequency and severity along with 
polytherapy or higher number of AEDs predicted costs.

Fig. 18.2  WHO cost-effectiveness thresholds for interventions, expressed as Cost (2005 interna-
tional $) per QALY Footnote: GDP gross domestic product; < GDP per capita (very cost-effective); 
1–3×GDP per capita (cost-effective); > 3×GDP per capita (not cost-effective). Afro African 
region, Amro American region, Emro European region, Euro European region, Searo South East 
Asia region, Wpro Western Pacific region. Suffixes A to E after each region indicate gradation of 
population health indicators in terms of adult and infant mortality, A = best, E = worst
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�Epilepsy Surgery Is a Cost-Effective Intervention

In this section, we review long-term EAs of epilepsy surgery, which were identified
by searching Embase and Medline on August 1, 2014, using the following strategy: 
epilepsy AND (economic* or cost or quality-adjusted life years or QALY) AND
(surgery or amygdalo-hippocampectomy or amygdalo-hippocampectomy or resec-
tion or callosotomy or hemispherectomy or lesionectomy or transection or vagus 
nerve stimulation or hippocampal stimulation or deep brain stimulation or gamma 
knife surgery or ablation or subpial transsection). We included studies that exam-
ined long-term (5 years or longer) costs and outcomes of epilepsy surgery, and 
compared epilepsy surgery to another intervention (e.g., medical management). 
Review articles on the cost of epilepsy and included articles were also hand searched.

Ten articles published between 1995 and 2014 met eligibility criteria (see 
Appendix) [11–20]. Studies were performed in Canada (n = 3), the USA (n = 3), the 
UK (n = 2), France (n=1), and India (n = 1). All long-term analyses relied on 
modeling because there are no actual long-term data. There were only two pediatric 
studies [11, 14], no studies focused on the elderly, and none addressed palliative 
surgeries or electrical stimulation aside from two studies examining the cost-
effectiveness of vagus nerve stimulation, one of which was a follow-up of the other 
[12, 13]. Most studies had a health system or insurer viewpoint. Only three studies 
adopted a societal perspective [15, 17, 19] (although one assumed no productivity 
changes [15]), and only one study (from France) included intangible costs [19]. All 
but one study derived long-term estimates of surgical and medical costs from deci-
sion analysis modeling [18]. Half of the studies were cost-effectiveness analyses 
with seizure control as the outcome of interest [14, 17–20], and half were cost-
utility analyses [11–13, 15, 16] that calculated QALYs using utility weights derived
from the literature, from direct measurement, or by extrapolating from quality of 
life (not utility) scores. The cost, outcomes, and long-term data sources to generate 
the models included bottom-up local data, expert opinion, patient surveys, and pub-
lished studies. Temporal lobe resection was overwhelmingly the commonest surgi-
cal procedure considered. Nearly every study used sensitivity analyses, but the 
variables and results were heterogeneous. Methodological quality was generally 
poor and the scope tended to be narrow, although more recent studies dealing with 
resective surgery had substantially improved quality and reporting [11, 19].
Results were reported in a nonstandardized and highly variable manner. In gen-

eral, seizure freedom was an important factor associated with lower costs after sur-
gery. Every study demonstrated that, in the base model and also in many sensitivity 
analyses, epilepsy surgery was more effective than medical therapy in the long term 
(i.e., yielded more QALYs), and it became less costly over time (i.e., surgery domi-
nated medical care). Costs per QALYs for epilepsy surgery were within acceptable
ranges when compared to other common interventions and/or treatments [15, 16]. 
In the USA, the ICER was $15,581 [16] considering only direct costs, and $27,200
considering direct and indirect costs (but assuming no change in productivity). 
Both of these are below the USA GDP per capita ($40,000) and well within the
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“very cost-effective” range suggested by WHO thresholds [7]. In general, epilepsy
surgery became cheaper than medical therapy anywhere from 7 to 14.4 years after 
surgery in the base case models, although direct costs dropped rapidly immediately 
after surgery in seizure-free patients.
In 2002, the International League Against Epilepsy subcommission on the eco-

nomic burden of epilepsy published methodological recommendations for EAs in 
epilepsy [21]. It is recommended that studies be carried out in community-based
patients with newly diagnosed epilepsy, who would then be followed prospectively, 
while retrospective and prevalence-based studies should be population-based and 
use valid case definitions to minimize selection bias. They also suggest capturing a 
comprehensive set of cost items and to include important direct costs such as anti-
seizure medications, hospital care, major diagnostic tests, physician visits, treat-
ment of injuries, and antiseizure medication side effects [9, 21]. Recommendations
for reporting EAs have also been published and should be adopted in epilepsy sur-
gery studies [22].

�Conclusions and Some Recommendations

COI studies in epilepsy highlight the burden of illness and consistently identify the
most important cost categories (indirect costs, antiseizure drugs, and hospitalization), 
and the importance of seizure control. In spite of methodological and reporting limita-
tions, EAs in epilepsy consistently demonstrate that in most situations, epilepsy sur-
gery is cost-effective or dominates (is more effective and less costly) medical treatment 
over time. However, knowledge gaps in this area exist. Most studies dealt with TLE,
most were from North America and Europe, and resource-poor countries were rarely 
represented. Cost-effectiveness of surgery in the very young, the elderly and for pal-
liative surgical procedures requires further exploration. Prospective long-term studies 
are nonexistent, and studies using appropriate utility weights and incorporating all 
aspects of COI (i.e. direct, indirect, and intangible) are scarce.

Some principles to consider in future epilepsy EAs include: (1) clearly defining 
the population under investigation and only attributing epilepsy-related costs (not 
comorbidities or clinical trial costs); (2) considering a bottom-up approach aiming 
for precise and comprehensive estimates of direct, indirect, and intangible costs; 
(3) being mindful of equity issues arising from inclusion of indirect cost, as children 
and older adults may appear to have lower costs despite a significant burden of epi-
lepsy; (4) being cautious to extrapolate EA results to different settings as costs may 
vary substantially; (5) encouraging multicenter studies with standard methodology 
and reporting to enhance interpretability and applicability of EAs; (6) performing 
and reporting subgroup analyses, such as age groups, epilepsy syndromes, recent 
versus chronic epilepsy, and drug-responsive versus drug-resistant epilepsy; (7) per-
forming EAs in non-TLE patients, in palliative procedures and in younger and older
patients; (8) accounting for common epilepsy comorbidities both in terms of costs 
and outcomes.

N. Jetté and S. Wiebe
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    Chapter 19   
 Long-Term Outcomes of Epilepsy Surgery: 
Knowledge Gaps and Future Directions 

             Kristina     Malmgren      ,     Sallie     Baxendale     ,     J.     Helen     Cross     , and     Philippe     Ryvlin    

    Abstract     Although epilepsy surgery has long been recognized as an effective treat-
ment for carefully selected adults and children, studies of long-term seizure control 
are relatively rare and studies of the wider aspects of surgical outcome are even 
more scarce. In summarizing the literature, many of the chapters in this volume 
have highlighted what we do not know about epilepsy surgery outcomes rather than 
what we do. This chapter highlights the gaps in the adult and pediatric literature and 
discusses the roles that networking, collaboration, and adherence to a basic set of 
standards may play in addressing the current shortcomings of the literature.  

  Keywords     Networking   •   Collaboration   •   Multicenter studies  

     The chapters in this volume have reviewed the long-term outcomes of epilepsy sur-
gery in both pediatric and adult populations. Although epilepsy surgery has long 
been recognized as an effective treatment for carefully selected adults and children 
(see Chapter 1), studies of long-term seizure control are relatively rare and studies of 
the wider aspects of surgical outcome are even more scarce. In summarizing the 
literature, many of the chapters in this volume have highlighted what we do not know 
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about epilepsy surgery outcomes rather than what we do. The literature reviewed in 
this volume has a direct impact on what we as clinicians should tell potential surgical 
candidates about the procedure. Unlike some surgeries in other branches of medi-
cine, epilepsy surgery outcomes are dynamic and not fi xed at the 1-year follow-up 
time point. The oft quoted chances of being seizure-free at 1 year (60–70 %) do not 
tell the whole story. Long-term outcome studies suggest that less than 50 % of adults 
will remain seizure-free after surgery in the long term (see Chap.   3    ). The odds of 
achieving and sustaining seizure freedom are not the same thing. It is imperative that 
the long-term perspective forms an integral part of presurgical counseling of pro-
spective surgical candidates. Similarly, Chaps.   10    ,   11    ,   12    ,   13    ,   14    , and   15     highlight 
the wider aspects of surgical outcome that must be addressed in both the examination 
of preoperative expectations and the maximization of the postoperative opportunities 
that improved seizure control can bring, but are by no means automatic. 

    Knowledge Gaps in the Adult Literature 

 As discussed in Chap.   3    , the best longitudinal long-term seizure outcome data in 
adults concern those who have had temporal lobe resection. There is much less 
information on the longitudinal course in other patient cohorts. For many resection 
types, the numbers of patients in single-center long-term studies are limited and for 
almost all studies there is a lack of controls. Multicenter observational studies fol-
lowing both operated and nonoperated patients are needed in order to obtain more 
robust data on long-term seizure outcomes. 

 Similarly, the literature on the long-term changes in cognitive function in people 
who undergo epilepsy surgery is small and currently limited to series that have 
undergone temporal lobe resections. Longitudinal studies suggest that the majority 
of epilepsy surgery candidates have stable memory functions at assessments con-
ducted more than 5 years after surgery, with scores comparable to those they 
obtained 12–24 months after the operation. However, there is a subset of patients in 
whom ongoing seizures are associated with progressive memory impairment. Group 
data obscure individual trajectories of change, which can vary widely. 
Neuropsychological outcomes must be considered within the context of the indi-
vidual patients’ capacity for decline at the preoperative assessment. 

 There are no data on the long-term psychiatric outcomes of epilepsy surgery 
patients. Given the fl uctuating nature of psychiatric conditions, longitudinal, routine 
clinical follow-up of surgical patients is the only way to track individual trajectories 
in mental health following surgery. In the shorter term, postsurgical depression and/
or anxiety disorders are the most frequent psychiatric disorders identifi ed after 
resective epilepsy surgery. A presurgical psychiatric history has been found to be 
associated with an increased risk of postsurgical recurrences or exacerbations. In a 
majority of patients, symptoms are expected to remit by 1 year, though persistent 
psychopathology has been found in up to 15 % of patients. 
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 Studies on mortality after epilepsy surgery are very heterogeneous in terms of 
age groups, types of epilepsy and surgery, methods for reporting mortality  outcomes, 
and comparison groups. Even though most studies report lower mortality among 
those rendered seizure-free versus those with recurrent seizures after surgery, the 
trend in the same direction was nonsignifi cant in the two population-based studies. 
However, in several studies seizure outcome status was assessed at a specifi c time 
point after surgery, typically 2 years, whereas follow-up of survival may extend over 
many decades. Further population-based long-term studies of both seizure outcome 
and mortality are warranted. 

 Studies specifi cally investigating educational and vocational outcomes in adults 
are also scarce. Seizure freedom is the strongest predictor of improvement in occu-
pational status after surgery, followed by presurgical educational attainment and 
employment status. The review of the literature in Chap.   10     highlights the need for 
longer-term longitudinal studies to accurately track individual trajectories of educa-
tional and vocational outcomes relative to medically treated patients and healthy 
controls to determine whether surgery results in signifi cant improvements, or 
whether outcomes are primarily accounted for by presurgical functioning. 

 In the majority of the studies of quality of life (QOL) after epilepsy surgery in 
adults reviewed in Chap.   12    , follow-up intervals were no more than 1–2 years. In 
these short-term studies improvements in QOL do not automatically accompany 
seizure freedom and there are many nonseizure-related aspects of life that infl uence 
QOL. Outcome studies with follow-up periods of 1–2 years are likely to underesti-
mate the benefi ts of seizure freedom conferred by surgery. Studies with longer-term 
follow-ups and including comparisons with control groups are needed in order to be 
able to accurately measure impact in this domain. 

 The expectation literature in epilepsy surgery is small. Implicit assumptions 
about seizure freedom need to be identifi ed and addressed explicitly, and cor-
rected where necessary, so that the candidate can make a truly informed decision 
regarding a surgical option. While much of the literature to date has been focused 
on the decision-making processes of their physicians, little is known about how 
surgical candidates approach and make this decision. It is likely that there are 
very signifi cant cultural infl uences on expectations of epilepsy surgery in differ-
ent parts of the world. These have yet to be explored. Further work is also needed 
to create and evaluate a presurgical counseling schedule to ensure that candi-
dates approach surgery with realistic expectations and a longitudinal perspective 
on change. 

 The literature on adults’ subjective expectations and experiences of epilepsy 
surgery is limited and most longitudinal studies have follow-ups of no more 
than 6 months to 2 years. Since many adult patients who undergo epilepsy sur-
gery have had epilepsy since childhood, it is likely that it will take a number of 
years for them to adjust to life without seizures. Patients’ long-term subjective 
experiences of the effects of epilepsy surgery across different domains of life 
need further study in order to provide epilepsy surgery candidates with realistic 
counseling.  
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    Knowledge Gaps in the Pediatric Literature 

 The range of candidates coming to epilepsy surgery in childhood is wide. This 
aside, the primary outcome aim remains seizure freedom. Longitudinal data follow-
ing children into adulthood remain few. Although outcome in the shorter term may 
give a degree of indication of the likely longer-term outcome, attrition does occur 
over time related to pathology and type of procedure, and the psychosocial conse-
quences of this are apparent. Who is at risk of relapse in the longer term remains, 
however, unclear as groups reported are often mixed, with regard to age, duration of 
epilepsy, pathology, and type of procedure undertaken. However, it is also not clear 
whether outcome scales developed for surgery in adults are relevant in children. 
Further discussion is required as to what would be a relevant measure, and whether 
this could incorporate a measure relative to the duration of follow-up. Further, data 
suggest medication should be withdrawn earlier rather than later to determine who 
will need to remain on AEDs in the longer term. However, whether medication 
withdrawal may be possible in some individuals in the longer term and how this 
may relate to other outcome measures also remains unclear. 

 The rate of cognitive impairment is high in children with early-onset epilepsy. 
Parents recognize the impact of the epilepsy, and expectations remain high that 
improvement will be seen. Although limited data suggest this may be true in the 
longer term, study has only been performed in limited groups. Further longitudinal 
prospective study is required in a wide range of individuals to be more accurate in 
our counseling of families prior to surgery, and whether there is an optimal timing 
to surgery. Psychiatric comorbidity also remains high and although the rate has been 
determined to be high both pre and postoperatively, there are little data to indicate 
who may be at risk for the emergence of a psychiatric disorder, specifi cally in the 
longer term. Further work is required to determine individual risk factors, and opti-
mize the timing of surgery accordingly. Finally, it is clear that educational and 
employment outcomes are enhanced by surgery in childhood, more so than surgery 
in adulthood, but it is unclear as to what degree employment is commensurate with 
educational achievement. 

 Quality-of-life trajectories following epilepsy surgery in childhood are yet to be 
explored. Long-term quality-of-life studies following epilepsy surgery in child-
hood are required, with determination of the infl uence of time since surgery, age at 
surgery, and age at follow-up, as well as other variables such as child and family 
variables. Perception of overall outcome and consequently QOL after surgery is 
highly infl uenced by mood or affective state and consequently it is important for 
provision of the appropriate support with the transition into adulthood. Strong 
social support and coping strategies to overcome epilepsy-specifi c and emotional 
diffi culties may be essential in attaining improved psychosocial and QOL out-
comes. Further, subjective experiences are again highly infl uenced by circum-
stance as well as affective state. Although they appear highly related to seizure 
outcome, with the emotional change seen over time through childhood into adult-
hood, perceptions of outcome may be related to circumstances rather than any 
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relationship to the surgery itself. This aside, the small but existing literature is 
problematic in interpretation in view of the different methodologies utilized. The 
development of a validated tool that could be applied more widely would greatly 
enhance our understanding of this element. 

 In many of the studies performed to date, outcomes are often reported postopera-
tively, but without the availability of a control group – namely what would be likely to 
occur with medical treatment alone? How do the risks and benefi ts of surgery com-
pare? Elective surgery in a pediatric setting has special ethical and legal considerations, 
over and above those associated with surgery in adults. While a number of authors have 
discussed these issues at a theoretical level, the expectations of children and teenagers 
and their parents have yet to be empirically examined. There is the compelling require-
ment for further studies evaluating all outcomes longitudinally following surgery in 
childhood into adulthood, and beyond. Appropriate counseling prior to surgery, and 
some indication of requirements for follow-up into adulthood could then be given.  

    Health Economics 

 The systematic analysis of long-term, comparative economic evaluations in epi-
lepsy summarized in Chap.   18     shows that such studies are scarce, many are meth-
odologically weak, and reporting of results is highly variable. Also, there are no 
prospective long-term studies. The limited literature suggests that epilepsy surgery 
is more effective and cheaper than the medical treatment alternatives. In future stud-
ies many methodological aspects need to be addressed, for example, multicenter 
studies with standard methodology and reporting.  

    Networking, Collaboration, and Raising Standards 

 The conclusions that can be drawn from many of the studies reviewed in the preced-
ing chapters are limited by methodological shortcomings. Several of these limita-
tions derive from heterogeneous practices, both in terms of clinical activity and 
methods of outcome assessment. Scientifi c publications as well as case discussion 
during international epilepsy surgery meetings and courses, point to a large varia-
tion in presurgical protocols among centers. Investigations such as PET, ictal 
SPECT, MEG, high-density EEG, and fMRI are advocated in some epilepsy sur-
gery programs, but not in others. The type and indications for invasive EEG, as well 
as the surgical methods and strategy, also greatly vary between centers. While part 
of this heterogeneity might refl ect national or regional differences in access to spe-
cifi c technology or reimbursement, signifi cant variability in presurgical programs is 
also observed within the same country, refl ecting limited effort towards harmoniza-
tion. This is also refl ected in the current practice parameters and guidelines of epi-
lepsy surgery. Accordingly, the 2003 AAN guidelines on epilepsy surgery concluded 
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that “determination of the localizing and prognostic values of specifi c presurgical 
diagnostic tests and presurgical evaluation strategies based on the current published 
literature would be diffi cult to impossible because of the tremendous variation from 
center to center in the way these tests are performed and the manner in which data 
are reported” [ 1 ]. It remains diffi cult to evaluate how the type of presurgical and 
surgical strategy infl uences outcome, but one might suspect a link between these 
strategies and the variability currently observed between series in long-term seizure 
freedom rates even after the most common resection type in adults, anterior tempo-
ral resections. Differences in the selected population and methods used to investi-
gate or report postoperative seizure outcome might also partly explain this variation 
as discussed in Chap.   3    . 

 Many of the above issues can be addressed in future studies by networking, col-
laboration, and adherence to a basic set of standards for long-term outcome studies. 
The multicenter study of epilepsy surgery launched in the early 2000s by seven large 
US epilepsy surgery centers is one of the pioneering but rare initiatives in the fi eld [ 2 ]. 
More recently, the Director General for Health of the European commission launched 
a global program aiming at providing harmonization of optimal care for rare or com-
plex diseases in Europe. This program is organized around European Reference 
Networks for which a legal framework has been adopted by the European Parliament 
in March 2014. Two pilot Networks of Cooperation were created within that frame-
work, one in the fi eld of pediatric oncology, and the second, E-PILEPSY, focusing on 
epilepsy surgery. E-PILEPSY offers a web-based approach to the multiple issues 
raised by the large heterogeneity of practices in the fi eld. Greater access to relevant 
information on epilepsy surgery will be made available to patients, relatives, primary 
care physicians, and referring neurologists in all EU languages through a currently 
developed web site (  http://www.e-pilepsy.eu/    ). Harmonization of practice will be pro-
moted by: (1) the development of regularly updated systematic reviews and guide-
lines, (2) access to tutorials and software dedicated to EEG and neuroimaging 
postprocessing as well as neuropsychological evaluation, on a shared IT platform, (3) 
video-conferences where complex cases will be discussed at the EU scale, (4) a moni-
tored prospectively completed database to follow practices and outcome in each of the 
participant centers. E-PILEPSY is currently comprised of 28 partners, including the 
International League Against Epilepsy (ILAE), the World Health Organization 
(WHO), and the European Epilepsy Monitoring unit Association (EEMA). Its scope 
is to enlarge in the near future with the view to represent an inclusive initiative for all 
European-based epilepsy surgery centers willing to share experience in order to prog-
ress towards dissemination and harmonization of optimal care.  

    Conclusions 

 Epilepsy surgery has a profound impact on the brains of those operated. Patients and 
parents have hopes for improvements that are not limited to seizure control but per-
tain to many other areas of life. When planning this volume, we therefore wanted to 

K. Malmgren et al.

http://dx.doi.org/10.1007/978-3-319-17783-0_3
http://www.e-pilepsy.eu/


275

focus on longer-term outcomes from epilepsy surgery in both adults and children, 
and to assess many of the different outcome domains that have been identifi ed as 
important. Our aim was to address outcomes beyond at least a 5-year time period 
following surgery. However, as many chapters within this volume have made clear, 
longer-term data are very scarce or completely missing, and so the authors have 
only been able to summarize studies of shorter follow-ups. We hope that this vol-
ume will inspire those working in the fi eld to address these knowledge gaps in col-
laborating to conduct methodologically sound, prospective long-term outcome 
studies, which in many cases will need a multicenter design and control groups.     
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