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  Foreword


  Christoph Helmstaedter, Bruce Hermann, Maryse Lassonde, Philippe Kahane, Alexis Arzimanoglou

  


  Having its origins in Montreal in the thirties of the last century, standardized neuropsychological evaluation has become an integrated and essential tool in the diagnostic and clinical evaluation of surgical patients with epilepsy. However, whilst there has been rapid progress in the diagnostics and treatment of epilepsy during the last 20-30 years, clinical neuropsychology in epileptology appears to be very focused on epilepsy surgery, especially temporal lobe surgery, and not expanding to a critical role in the routine care of patients with epilepsy more generally. Major developments in cognitive neuroscience and the vast number of clinical studies on epilepsy, cognition and mind have not found their way into routine clinical practice. Medline lists about 3,000 publications when searching for the terms “epilepsy and cognition”. Why haven’t major advances been made in clinical neuropsychology? What are the future directions for neuropsychology development and improved care of patients with epilepsy? We are late to the new millennium and it is time for a critical look at the state of the art, to integrate the gains of the last 20 years of research into clinical practice, to identify areas requiring future efforts, and to lay the groundwork for conjoint action for future improvements.


  It was to address these questions and issues that a special international workshop was convened in Toronto, Canada on 3-6 November 2010. This meeting, organized by the journal Epileptic Disorders (John Libbey Eurotext Editions) and supported by an unrestricted educational grant from UCB, was attended by 52 specialists from 13 countries representing expertise in adult and pediatric neuropsychology, psychiatry, and neurology; neuroimaging, cognitive neurosciences, electrophysiology, pharmacology, and other fields. The overarching goal of this meeting was to summarize and advance evidence-based neuropsychological practice in the care of children and adults with epilepsy. In line with this goal, each speaker was asked to address two primary questions including “what are the important evidenced-based outcomes and their implications for improving diagnosis and clinical care” and “what remains to be determined through future research to advance treatment”. Discussants commented on the speakers’ presentations in this regard followed by open discussion led by session chairpersons. This was designed to be a focused but highly interactive and freewheeling exchange of ideas, rather than a series of loosely connected presentations. Speakers were held to the essential theme of evidence- based knowledge and directions for the future.


  The meeting, and this text, is divided into VI sections.


  Section I. Neuropsychological assessment: state of the field at present


  This section was meant to provide an overview of neuropsychological tests that are commonly used in epilepsy and to answer the question of to what degree these instruments sufficiently covered the domains relevant for diagnostics in epilepsy. Apart from an overview of the state of the art, the goal of this section was to initiate studies across centers comparing existing tools, or identifying tools that need to be developed, as well as assigning brief assessments that could be recommended as core diagnostic tools in epilepsy. Very recent inquiries in Europe and the US have been performed in order to learn which tests and instruments are used at different epilepsy centers. While there appears to be some agreement regarding the most relevant cognitive domains that need to be assessed, a great diversity of tests exists within each of these domains. Surprisingly, subsequent test selection is only in part based on evidence and often follows more general neuropsychological considerations or subjective personal preferences. A Babylonian confusion in the communication of results across centers has been the result. In contrast, MS, schizophrenia, stroke and other disorders have had expert panels with resulting recommended “brief” batteries to improve communication across centers throughout the world. This is long overdue in epilepsy. Thus, apart from knowledge about which instruments are regularly used at epilepsy centers for which purposes, a meta-analysis is required to identify neuropsychological measures which allow for valid distinctions of epileptic syndromes, pathologies, epileptic seizures and cognition relevant epileptic activity, antiepileptic drugs, surgery, brain stimulation, or radiosurgery.


  Section II. Use of neuropsychology to understand the impact of epilepsy and seizures on cognition and the natural history of neurobehavioral problems


  This section addressed the question of whether and under what conditions, epileptic activity and seizures reversibly or permanently interfere with cognitive processing. Questions regarding the impact of epileptic dysfunction on cognition in different epileptic syndromes (e.g., idiopathic generalized epilepsies, idiopathic partial epilepsies, focal non-idiopathic) as well as the differential impact of epilepsy and its underlying etiology were critically discussed. Strongly connected to the question of when and how seizures affect cognition is the perpetual controversy regarding the progression of epilepsy and broader lifespan perspective/natural history issues. The question of neuro-developmental hindrance and mental decline was considered in this section. What is some of the best evidence regarding chronic epilepsy at midlife? This became the starting point for a look back (neurodevelopment) and forward (aging). In particular the role of etiology and its progressive versus neuro-developmental abnormalities in cognitive development were considered here, i.e., congenital etiologies, etiologies acquired in early childhood versus later in life. Closely connected to this is the discussion of the cognitive effects of functional cerebral plasticity and mental reserve capacity.


  Section III. Use of neuropsychology to understand pharmacological treatments


  With a rapidly increasing number of antiepileptic drugs physicians are left with great degrees of freedom to select the correct treatment for the individual patient. Particularly difficult to treat is the patient with chronic epilepsy. Cognitive comorbidity is becoming increasingly important for the longer-term acceptance and retention of AED treatments. In addition, neurodevelopmental aspects of AED treatment are becoming increasingly relevant. Thus, knowledge of AED side effect profiles and screening for side effects is essential for the successful treatment of epilepsy. As with epilepsy surgery, the aim of this section was to show the potential of neuropsychological outcomes and to improve clinical practice in the area of pharmacological treatment.


  Section IV. Use of neuropsychology to understand surgical treatments


  Surgical interventions represent a very successful treatment option for many patients not responding to pharmacological treatment. While neuropsychology has mostly lost its role for determining the presence/absence of brain pathology and its localization, its major role is now the monitoring of surgery and surgical success in terms of functional outcome. In this regard approaches suggesting a more holistic psychological view on the patient (neuropsychology without neuro) oppose those which aim at sensitive and specific measures which allow for a monitoring of different treatments (stimulation, radiosurgery, surgery) and different surgical approaches (standard versus individual tailored). Since up to now no surgical procedure or approach appears to be superior in regard to seizure control, the focus shifts to sparing nonaffected tissues and thus function. It is the aim of this section to show up the potentials of neuropsychology for quality control in epilepsy surgery.


  Section V. Mood and cognitive impairment in epilepsy


  Depression and anxiety are the most frequent psychiatric comorbidities in adults suffering from epilepsy. Children would be especially exposed to ADHD. In addition to representing major psychiatric comorbidities, these issues have implications for the efficiency of mental status. Further, abnormalities in interpersonal behaviors have long been difficult to understand and assess. Here the speakers addressed the question of the dependency/independency of mood and cognition and to what degree or under which conditions these symptoms exist in parallel or diverge.


  Section VI. Assessing cognition in epilepsy via electrophysiological and functional imaging techniques


  Although neurophysiological techniques and functional imaging are still more situated in the field of cognitive neuroscience, they are becoming increasingly relevant for the clinical practice of neuropsychology in epilepsy. The history of the assessment of language lateralization and hemisphere dominance may serve as a good example, which took its way from tachistoscopy and dichotic listening to intracarotid amobarbital testing and functional MRI. Intracranially recorded EEG, evoked potentials, nonlinear EEG (chaos) analysis, and the study of gamma band oscillations and coupling represent techniques on the electrophysiological side which turn out to be suited to monitor cognition-related physiological processes. Other techniques such as magnetoencephalography (MEG), Doppler sonography, and functional near infrared spectroscopy (fNIRS) also constitute valuable tools for the study of neuropsychological functions, including language lateralization. Several individuals were essential in the preparation and oversight of the meeting and bringing this text to completion. We recognize and thank Anne Chevalier for her invaluable efforts in this regard. Alexis Arzimanoglou deserves special thanks for his vision supporting the role of neuropsychology and related fields in the care of children and adults with epilepsy, as well as his untiring efforts in the planning and organization of this meeting. All would have been impossible without the financial support of UCB Canada and we are deeply grateful for their support in making this session possible. Finally, this meeting was successful primarily because of the work and dedication of the meeting participants who served in various capacities including speaker, discussant, chairperson and participant. The full list of meeting attendees follows below.
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  Neuropsychology in the care of people with epilepsy: overview of important issues


  Carl B. Dodrill


  Regional Epilepsy Center, Departments of Neurology and Neurological Surgery, University of Washington School of Medicine, Seattle, USA

  


  Introduction


  I am most pleased to be invited to give the Senior Lecture for this conference. I was, in fact, absolutely delighted when I heard that the conference was being organized. Although I have focused professionally on the neuropsychology of epilepsy since 1973, never in this period of time has there been an extended symposium on the neuropsychological aspects of epilepsy, and I personally think that it is long overdue. I congratulate the visionary people who have organized this effort and I extend hearty appreciation to those who have underwritten the cost of the meeting.


  The organization of this symposium recognizes the following facts: i) scientific efforts in the neuropsychology of epilepsy go back more than 50 years to the monumental work of Brenda Milner in Montreal beginning in the 1950s; ii) a mainstay of the work in the neuropsychology of epilepsy has been within the area of epilepsy surgery without expanding to a critical role in the routine care of patients with epilepsy; iii) while major advances have been made in cognitive neurosciences and in neuroradiology in persons with epilepsy, far fewer advances appear to have been made in the neuropsychology of epilepsy; and, iv) a summary of evidence-based neuropsychological methods needs to be compiled which can serve as a basis for the routine inclusion of neuropsychological expertise in the ongoing care of children and adults with epilepsy.


  As is completely appropriate, this symposium covers the basic areas of neuropsychology and epilepsy including i) neuropsychological assessment, ii) effects of seizures and other seizure history variables on performance, iii) pharmacological treatments, iv) surgical treatments, v) mood and psychiatric factors, and vi) relationships of neuropsychology to key electrophysiological and imaging techniques. Psychosocial adjustment in epilepsy is also an important area, but perhaps it can be subsumed under mood and psychiatric factors. I have worked in each one of these areas for a long time, and what I would like to now do is to cover some points of general significance for each area.


  Before presenting points of general significance, however, I must raise one note of far reaching concern. This pertains to obtaining funding for neuropsychological evaluations on a routine basis for patients with epilepsy. In some countries represented at this symposium, funding for neuropsychological services to most patients may be easy to obtain, but I believe that this is the exception. The more typical circumstance is that funding for our services is limited both in type of services and the patients to whom the services may be applied. It may be easier to obtain services for surgery patients than for any other group, but most people with epilepsy are not surgical candidates, and most people with epilepsy do not get any neuropsychological services at all. They get medication for their seizures which everyone sees as essential, but few hospital administrators and medical doctors see neuropsychology as essential. I believe that there are two solutions to this problem.


  First, as neuropsychologists, we must be very, very active in neurological societies that focus on patients with epilepsy. This includes being officers in such societies, being on the board of directors of these organizations, and leading outstanding symposia at these meetings. My experience over the decades is that neuropsychologists do not tend to do that. Instead, they tend to be active primarily in neuropsychological societies where they desire to make connections with mentors, friends, and neuropsychological colleagues. Please do not get me wrong as I have done a considerable amount of work in neuropsychological societies as well, but we must recognize that neuropsychologists do not hold key positions when it comes to questions of funding. Rather, it is our neurological colleagues and the people with whom they interact who have far more influence with regard to funding. Thus, it needs to be a priority of ours to be actively involved in neurological and epilepsy societies where our presence is evident and our contribution to the field is obvious to even the casual observer. Publications in referred neurological and neurosurgical journals are essential, of course.


  Second, we must demonstrate the value of our services in our local settings and demonstrate this to key players which include our neurological and neurosurgical colleagues. It is truly important that our medical colleagues find that they highly desire our advice as they work with patients in day by day practice. Unless this is true, we cannot expect that neuropsychological services will be high on the funding priority list.


  I now would like to offer comments on each of the six areas of our symposium. These comments are an effort to draw attention to important issues requiring attention in each area. I will not attempt any kind of literature review in any of these areas as this will be done by the other presenters at this conference, and I will cite particular papers only very occasionally and only when the citations might otherwise be overlooked.


  Neuropsychological assessment


  It is very appropriate that neuropsychological assessment is discussed first as it is the most important. Therefore, I will spend more time on this area than on any other area. Neuropsychological tests are referred to in every part of this symposium, and in order for us to perform excellently, the tests must be of top quality, ingeniously constructed, well-directed to the problems of people with epilepsy, and appropriately validated. Nothing less than this will get us into a position where we will be able to help a broad range of patients with epilepsy. In this connection, I note the following:


  First, we need to realize that NOT having a group of tests which are used across centers is hurting us a great deal in terms of our being generally accepted in the medical community. I am so glad to see the emphasis in this conference on attempting to establish tests for broad use including international use. If EEGs and MRIs were done very differently across centers so that the results were not comparable, advances in those fields would have been limited, but this is exactly our situation. I have noted the overwhelming tendency to select tests our mentions used and to add to them others we have found. The result is a hodgepodge of different tests and testing procedures as the papers presented at this symposium show. In fact, more than 700 tests are used by neuropsychologists in North America alone (Rabin et al. 2005)! Until we start using the same procedures with recognized and established interpretations, we can hardly expect our medical colleagues to become familiar with and to embrace our work.


  Second, there is a major trend in neuropsychology which in my opinion has impacted us all adversely, and this is the trend to classify tests and to select them based upon the "domains" which they are said to measure. This puts the basis for test classification and inclusion upon apparent content which is subjectively discerned. The result is a neglect of external criteria such as condition of the brain.


  Problems with the whole concept of domains become more and more evident the closer the concept is examined empirically. Rabin et al. (2005) studied the test selection patterns of 747 North American neuropsychologists and found that they utilized a total of 712 tests. A total of 273 tests were used for memory, 220 for attention, and 219 for executive functioning. This tells us that neuropsychologists have vastly different ideas of what the tests measure and probably also even in the underlying constructs. And yet, neuropsychological assessment routinely hinges upon those domain names, the validity of which is in serious question.


  I was interested in this problem myself, and I therefore examined the data from 60 adults with normal neurological histories and 936 patients with epilepsy. I gave them an expanded Halstead-Reitan battery, and I classified the tests into domains as follows: i) Executive functioning (Category Test, Trail Making Test); ii) Verbal memory (Wechsler Memory Scale, Form I, Logical Memory; Auditory Verbal Learning Test); iii) Visual memory (WMS-I Visual reproduction, Tactual Performance Test, Memory and Localization components); iv) Attention (Stroop-high interference; Seashore Rhythm and Tonal Memory); v) Language (Aphasia Screening Test; WAIS-R VIQ; Stroop simple reading speed; FAS; Animal naming); vi) Visual-spatial (Aphasia Screening Test drawings; PIQ); vii) Motor (TPT Time; Finger tapping; dynamometer); and viii) Perceptual (subtests of Sensory-Perceptual examination). I then computed intercorrelations of tests within domains and compared them with correlations of tests across domains.


  The results of my research are summarized in Table I. Intercorrelations within domains should be higher than those across domains if the domains are to have any validity. An examination of the data in that table shows that correlations within domains are slightly higher than those across domains, but only slightly. Further, the variance which is common within domains is truly limited and at most it was only 26%. If this set of findings are representative, it means that when a neuropsychologist says that two tests measure a certain domain, it means that only a quarter of their variances overlap on average, with three quarters of their variance measuring something else. This is truly unacceptable, and it is evident that basing neuropsychological assessment upon domain constructs simply must be examined empirically.


  A third important point concerning testing pertains to the need to constantly push to have our tests anchored empirically. We really need to know what our tests actually measure in terms of external variables. I am glad to see that some of the papers presented at this meeting show progress in such anchoring, and I very much applaud this progress.


  A fourth point regarding testing is that often we launch into testing of people with epilepsy without first asking what kind of information is needed that we may uniquely be able to provide. What do the patients need, what do their physicians need, and what information can we provide that will help to really understand this disorder and lead to its resolution and ultimately to its cure? As for patients, they need information that will help them in matters of everyday living. Our medical colleagues would like whatever information we can give them about the nature of neuropsychological dysfunction we find in individual patients including its extent and whether or not we can lateralize it. They also want to know what effects the treatment they are providing is having including the effects of particular medications and surgery. Our tests need to answer such questions, and unless they do, we cannot expect that we can routinely bring neuropsychology into the everyday care of patients with epilepsy.


  My fifth and final comment concerning neuropsychological testing pertains to my impression that the tests that are used seem so rarely to evidence any kind of creative thinking or uniqueness of approach. If I had another 10 or 20 years in my career, one of the things that I would do is to experiment with novel approaches to assessment. In fact, I did this especially during the first half of my career, and during that time, I tested many tests and scrapped most of them. I validated a battery of tests on people with epilepsy early on (Dodrill, 1978), I thought worked fairly well, and I settled into using them. In retrospect, I feel that they were of only medium usefulness in answering the key questions that we all want to answer. Maybe, of course, there aren't any better tests than what we are using now, but I am not yet ready to agree with that statement. I think that we need to step "out of the box" in our thinking, to start with the types of questions we want to answer in patients with epilepsy, and to develop tests specifically to answer those questions.


  [image: ]


  Effects of seizures and other seizure history variables


  All of us are concerned about the long term effects of epileptic seizures upon cognition and functioning, and I am delighted to see that a significant section of our meeting is devoted to this topic. It is completely appropriate that the papers in this area start with animal models and that they progress to relevant clinical questions with both children and adults. I believe that the proceedings (Sutula & Pitkanen, 2002) of a week long conference in 2001 in Finland represent the most comprehensive approach to this question.


  One key variable on the long term effects of seizures pertains to the types of seizures under investigation. Distinguishing between partial seizures and generalized seizures (especially generalized convulsive seizures) in identifying long term cognitive effects is especially important. The temporal pattern of seizures is a second variable of importance here, and status epilepticus (especially convulsive status epilepticus) almost certainly produces more pronounced effects on cognition than do single seizures removed from one another in time. Finally, I draw attention to the fact that cross-sectional studies and longitudinal studies produce different results with the former routinely showing more cognitive relationships with seizures than the latter. Selection factors almost certainly contaminate the findings from cross-sectional studies as persons with inclinations to have more seizures likely have worse brains to begin with. All of these findings have been previously documented (Dodrill, 2002).


  What are needed in this critical area are prospective longitudinal investigations in order for definitive results to be found. Unfortunately, these investigations require considerable resources and planning. However, the cognitive effect of seizures is an area in which we as neuropsychologists are able to make contributions to an understanding of epilepsy that no other group of professionals can make. Therefore, this area especially demands our attention in the future.


  Pharmacological treatments


  I have always been struck by the fact that pharmaceutical companies have a most difficult task in devising drugs for the control of epileptic seizures. In order for the compounds which they are developing to be successful, these AEDs must alter neural functioning in critical brain areas such as the temporal lobes since many seizures arise from these areas. At the same time, these drugs must not have significant impacts upon cognitive function which are commonly associated with those same areas of the brain. Given these circumstances, is it even reasonable to suppose that there are no adverse cognitive effects with any effective AEDs? And yet, adverse effects are not found in a number of studies. Having studied a number of these drugs, old and new, I would offer a few comments for consideration.


  First, I think it a simple fact that the longer a medication has been on the market, the more likely it is that adverse cognitive effects will be found. Every compound that has been on the market for more than 25 years has been associated with a fairly long list of adverse cognitive effects, and every drug that has been on the market for less than 10 years has a short list of cognitive complaints associated with it. The assumption has been that the more recently marketed compounds have fewer inherent cognitive side effects, but this may not be true. Instead, a primary reason why recent drugs have fewer adverse effects may be simply because there has been a shorter period of time for the adverse effects to have been demonstrated. There may in fact be a rather direct linear relationship between number of years on the market and number of reported adverse cognitive effects. A review of the literature on this topic, which could even be done by a student, might provide surprisingly strong evidence for this hypothesis.


  Second, we need to all be aware that pharmaceutical firms routinely work under great pressure to present their new drugs as having substantial efficacy with minimal side effects. I have consulted with a number of these firms at higher levels within the companies, and I have yet to come across one which is not vitally concerned about minimizing reports of adverse cognitive effects. The reason is not just for marketing purposes, but in part because of the fact that by the time cognitive studies are being planned, there has already been a glimpse of the limitations of the compound which is being studied. Routinely, these limitations include both various side effects and also the fact that the new drug does not control seizures as well as had been anticipated. In so many cases, it is hoped that a more favorable cognitive profile will be the distinguishing feature in putting their drug above others already on the market since efficacy will probably not be better. The initial cognitive studies of new AEDs are often quite optimistic in tone regarding adverse cognitive effects, and while all of us hope that this is true, the reports do deserve our close examination.


  Third, we need to bear in mind that study design impacts the outcome of these investigations. If one wishes to put a particular drug into a bad light, one needs only to give it in substantial doses, titrate it a bit quickly, and/or compare it with placebo. The use of drug-naïve normal controls may further enhance the clarity of the negative findings with the compound. On the other hand, if one wants to show a certain drug to be superior, one should always use an active comparative agent, and hopefully one which, while commonly used, is already known to have adverse cognitive effects. Thus, the results of that study are likely to depend on the comparator drug as much as, or more than, the AED being studied. Personally, I believe that we will get the most valid results by using a study design which replicates what we are faced with clinically, namely, that we are working with people with epilepsy and that we must give one active agent or another active agent. Therefore, I favor head to head drug comparisons in people with epilepsy under randomized and double-blinded conditions.


  The final comment that I have concerning the cognitive effects of AEDs pertains to test selection. Too many times I believe that we are doing little better than guessing when we select tests to study a particular drug. The reason is because we are very much dependent upon secondary sources about possible adverse cognitive effects. Before offering opinions on which tests should be given in large multisite studies, more than once I wished that I could take the drug myself under the direction of a neurologist, gradually run the drug up, and then select tests in consultation with other neuropsychologists who had done the same thing based upon our belief of how the drug had impacted us. As it is, we may often be selecting tests which poorly measure the effects of a given drug or which miss them entirely. This is not an easy problem to solve.


  Surgical treatment


  Probably all of us have had experience in evaluating the effects of epilepsy surgery, and neuropsychological studies in this area are plentiful. While my own experience in this area exceeds 35 years, I sometimes wonder if I have any new and truly insightful comments to offer as there has been so much work in this area. Nevertheless, I will offer three comments for your consideration.


  First, with regard to the Wada test, I really believe that the original purpose of this test has been compromised by confusion between the terms "speech" and "language". Studies arising from Brenda Milner and her colleagues at Montreal routinely report the objective of lateralization of "speech" with this procedure, but in recent times, neuropsychologists much more commonly refer to "language". Speech is the power or ability to talk but "language" pertains to the communication of thoughts and feelings to which meaning is attributed. It is the former which we really want to discover with individual patients because we know that if the surgeon disturbs or removes an area such as Broca's area, then language-related difficulties are likely to be evident after surgery. Thus, identification of speech lateralization is of direct benefit to the surgeon. However, if with the Wada test one attempts to evaluate the more complex aspects of communication which we call "language", bilateral findings are likely to result in most cases. These findings are not of benefit to the surgeon as the patient will not be dysphasic with surgery on either side, but only on the side which controls speech. The use of MRI and other procedures to substitute for the Wada test must bear this point in mind.


  Second, at our hands in Seattle, the Wada test performed with amobarbital has had three distinct benefits:


  - It has reliably told us the side of speech. I performed 956 Wada tests from 1974 through 2001, and to my knowledge in no case was speech found and/or dysphasia produced on the side opposite where I said speech was located. Thus, the procedure resulted in a considerable degree of safety for the surgeon. This does not prove that I was 100% correct, of course, as not all cases went to surgery and as speech was not always found on the side where the Wada test said it was located, but nevertheless, the surgeon had no surprises.


  - It has faithfully presaged a global amnestic syndrome in every case. There have been three or four cases over the years where our surgery has resulted in major memory losses, but in every case the Wada test predicted those losses with massive losses in memory with the injection on the side of surgical interest, not the opposite side. These persons were taken to surgery with full knowledge of losses that might result, but their conditions were so desperate that the patients and their families were willing to risk taking the losses that resulted.


  - It has given us information about the ability to patients to tolerate an awake surgery. In Seattle, we frequently do resective surgery with the patient awake, but not all patients are able to tolerate this, and the Wada test is sufficiently stressful that in a number of cases it gave information as to a patient's ability to tolerate an awake surgical procedure.


  Third, all of us need to realize the limitations of the Wada test as typically performed. These limitations include the following:


  - Amobarbital has effects which are unpredictable to a certain degree. I have never been able to eliminate this unpredictability, and in many cases I have not been able to predict it for given patients. Patients may suddenly become unmanageable and drug effects may be much greater than expected or much less than expected. One would wish for a moderate and much more sustained drug effect with a greater period of time to test functions, but this appears impossible with this drug. In this symposium, the possible use of etomidate in place of amobarbital is presented and I am glad for this as it may ultimately prove to be a better agent.


  - Speech cannot be reliably lateralized in some cases. Whereas there are not good published estimates regarding this, I would note that of the 956 cases I have done, 38 (4%) produced results which made it impossible to be completely confident in the results. Commonly, this was due to behavioral problems, to greater than anticipated drug effects, or to less than anticipated drug effects.


  - Adverse neurological events do occur even though rare. I would classify an event as adverse if it resulted in a neurological compromise lasting for four hours or more. Thus, having a seizure during the test would not be considered an adverse event but persisting vasospasm lasting four hours or more would be such an event, a stroke would be such an event, and any kind of loss of function that required an overnight stay in the hospital would count as adverse. In the year 2000, I studied adverse events on 889 patients on whom I had the necessary information and I found that 4 patients (0.45%) had experienced such an adverse event. Only one of these had persisting sequelae which were evident months after the procedure, and this person was a young man who had a CVA during the test apparently due to amobarbital being accidentally mixed with xylocaine instead of saline prior to injection. Despite the CVA, he did go on to epilepsy surgery. Thus, our persisting sequelae rate was 0.01% for a 26 year period (1974-1999) with 889 patients.


  The risks of the procedure need to be compared with the risks of not doing the procedure. Of the patient sample just discussed, 836 cases had clear and uncomplicated Wada results with respect to the lateralization of speech. Of those, 85.4% had typical speech (speech on the left only), and 14.6% had atypical speech (7.9% right, 6.7% bilateral). When only right handers (people who write with the right hand) were considered, 2.3% had speech on the right and 4.9% had bilateral speech. The lowest rate of atypical speech was found with right handed persons who also had surgery on the right, but 3.6% of them still had atypical speech (1.4% right, 2.2% bilateral). Thus, even in that group, the probability of finding atypical speech was much more likely than the likelihood of any adverse effect of the procedure. The results of this study are presented in greater detail elsewhere (Dodrill, 2004).


  - The procedure is expensive and it cannot be performed by all patients. The cost of the procedure varies, but everyone would agree that it is expensive. Some patients find it too stressful and they may not have the abilities to undertake the test. In my experience, a mental age of at least six years is needed to undertake the task. Alternative procedures for these patients are explored in this symposium, and I am glad to see that this is the cast.


  I strongly believe that as neuropsychologists we need to continue to have as goals the lateralization of the focus in surgical candidates and the prediction of a favorable response in terms of seizure relief to epilepsy surgery. I will admit to you that I am not as optimistic as I would like to be that we will succeed in these areas in the future any better than we have in the past, but if we do make progress in these areas, I believe that it will be because we have taken the time to identify and use tests which are sensitive to EEG epileptiform activity.


  Finally, I draw your attention to the fact that the outcomes of epilepsy surgery are not likely to be fully appreciated until more than a year has elapsed after surgery. This is especially true for the emotional and psychosocial areas where in Seattle we have often found that significantly greatly improvements are in evidence after five years than at one year following surgery.


  Mood and psychiatric factors


  Like surgery, this is an area which has been studied at great length, and one wonders if any entirely new insights can be presented at all. Nevertheless, I would offer comments in two areas.


  First, I really do think that we can identify in advance those persons with epilepsy who are likely to develop serious emotional and psychiatric difficulties by using neuropsychological tests in combination with clinical judgment. However, I think that this is the case only if our tests are truly sensitive to the condition of the brain. Many tests in use today have never been shown to distinguish between brain damaged persons and individuals with no such damage. Thus, they may or may not provide good indications of how much the brain is compromised in individual cases. However, if we use tests that can tell us how much compromise is present, we can also estimate how much adaptive abilities have been diminished and therefore how much likelihood there is of developing psychiatric difficulties. This can be of great use to patients with epilepsy and to their families.


  Second, I draw attention to the importance of psychosocial functioning in the lives of our patients with epilepsy. I have worked in this area in a specific way for fully 30 years, and this work has convinced me that a person's ability to live in relationship with the people around them is as important as intactness of brain function. Further, psychosocial function is easier and much quicker to assess. In fact, when psychosocial assessment is done with empirically anchored tests and inventories, multiple relationships are found between psychosocial variables and those pertaining to seizures and neuropsychological function (Dodrill, 2008).


  Imaging and electrophysiology


  In recent years, the emphasis upon imaging and especially upon fMRI has been gratifying and it has been of great value. I will not say more about this area except to note that the values (and limitations) of imaging techniques will no doubt continue to be explored for a number of years to come. However, I do feel compelled to point out that if there is any downside to the emphasis upon imaging, it is that electrophysiological studies have been relatively neglected. Most neuropsychological tests in use to today have never been studied in relation to epileptiform discharges as shown on standard waking and sleeping EEGs. This omission is important since those abnormalities are the hallmarks of epilepsy. If we do not take the time to see if our tests relate to the very essence of epilepsy, how can we hope that they will be able to lateralize epileptic foci, to be sensitive to the kinds of changes that may occur when the focus is gone (such after surgery), or to evaluate the interictal cognitive effects of such epileptic patterns? In my view, this is an area which really deserves close attention by everyone.


  Conclusions


  In conclusion, I want to reiterate my great enthusiasm for this symposium, and I commend the findings of this meeting to everyone who has an interest in the application of neuropsychology to the everyday care of patients with epilepsy.
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Domain Across Within Across
domains domains domains domains
Executive functi 57 39 59 a7
Verbal memory 38 25 58 36
Visual memory 31 21 52 40
Attention 35 2 36 38
Language 46 30 50 38
Visual-spatial 2 28 48 2
Motor 31 2 a7 kS
Perceptual 40 2 62 kS
Overall median 38 25 51 38
correlation
Percent of common % 6% 26% 4%
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