
  [image: cover]


  Surgical Neuropathology of Focal Epilepsies:

  Textbook and Atlas


  The need for neuropathology reviews in epilepsy surgery tissues steadily increases. However, textbooks and case presentations highlighting and focusing on this specific topic are rare.


  The authors of this book reviewed their professional experience in surgical and post-mortem neuropathology studies to compile a coherent summary of clinico-pathological findings, current classification schemes, useful protocols and research data for major histopathological entities of brain lesions encountered in modern epilepsy surgery programs, which is hippocampal sclerosis, brain tumours associated with early epilepsy onset, malformations of cortical development, brain inflammation and malformative vascular lesions. They did not intend to be exhaustive but rather representative of the main lesions and pathologies encountered.
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  Chapter 1- Introduction


  Ingmar Blümcke, Harvey B. Sarnat

  


  In February 2015, the Executive Board of the World Health Organization (WHO) has acknowledged epilepsy as most common severe neurological disorder1, affecting more than 50 million people worldwide (Thurman et al., 2011; Moshe et al., 2014). However, epilepsy should not be regarded as a specific disease entity as it includes many different aetiologies, ranging from single genetic point mutations to metabolic dysfunction, as well as developmental, neoplastic or acquired brain lesions. Indeed, the neuropathological spectrum in human epilepsies is broad and it remains another challenging issue to understand how a genetic or acquired brain lesion will generate seizures by recruiting and synchronizing epileptogenic networks. The International League against Epilepsy (ILAE) continuously improves, therefore, concepts for the classification of seizure disorders (Fisher et al., 2005; Berg et al., 2010) and practical clinical definitions of epilepsy (Fisher et al., 2014). These most recent classification systems still reflect the long-standing and often controversial dialogue about the impact of aetiology, dating back to the early work of Sir John Russel Reynolds (1861), John Hughlings Jackson (1870), William Gowers (1881), Henry Gastaut (1953) or William Lennox (1960) (for review, see Shorvon, 2011). In all of these classification schemes, circumscribed brain lesions were recognised and classified as symptomatic epilepsy (synonyms: organic or structural) with a highly precipitating risk to develop spontaneous seizures.


  Our survey of 5,603 surgical epilepsy brain tissue specimens collected at the German Neuropathology Reference Centre for Epilepsy Surgery indeed demonstrates a broad spectrum of structural brain lesions resected from patients with drug-resistant localised epilepsies (Table I), and the list includes similar categories of epilepsy-associated brain lesions already described by Walter Dandy early in 1932 (Dandy, 1932). The neuropathology data bank also reveals a long duration of epilepsy with a mean of 15.8 years from epilepsy onset to surgery! These figures are important to recognise, considering the many side effects of chronic anti-epileptic drug (AED) treatment (Kwan et al., 2010), the impact of seizures and disease load on cognitive impairment (Helmstaedter and Elger, 2009), as well as the observation that early surgery is predictive for successful long-term seizure control (Simasathien et al., 2013). To improve therapeutic options and outcome in these difficult-to-treat focal epilepsies, knowledge of underlying aetiologies and their detection by epilepsy-specific morpho-functional biomarkers may help to clarify the risk and benefit of early surgery in the near future.
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  With advancement in imaging technologies, structural brain lesions are increasingly recognised in patients suffering from chronic focal or generalised seizures (Colombo et al., 2009; Huppertz et al., 2009; Wagner et al., 2011; Berkovic and Jackson, 2014; Bernasconi and Bernasconi, 2014; Coan et al., 2014; Coras et al., 2014), and epilepsy surgery has been established as reliable treatment strategy (Wiebe et al., 2001), when pharmaco-treatment has failed two adequate trials of tolerated, appropriately chosen and used AED schedules (whether as monotherapies or in combination) to achieve sustained seizure control (Kwan et al., 2010). However, the epileptogenic brain region may extend beyond an MRI visible lesion and needs careful electrophysiological evaluation to also clarify, whether a suspected structural brain lesion is localised inside the seizure focus, and whether the considered surgical resection field will compromise any functionality, in particular when located in the dominant hemisphere or close to eloquent areas. These important and challenging questions can often be answered by advanced diagnostic procedures only, including invasive or stereo-EEG recordings (Bartolomei et al., 2008; Kahane and Bartolomei, 2010; Gonzalez-Martinez et al., 2013).


  In our cohort of patients suffering from intractable focal seizures and submitted to epilepsy surgery, characteristic histological patterns were recognised in 93.5% (Table I). These included hippocampal sclerosis (HS, syn: Ammon's horn sclerosis), brain tumours with early epilepsy onset (gangliogliomas, dysembryoplastic neuroepithelial tumours), malformations of cortical development (focal cortical dysplasia, nodular heterotopia, hemimegalencephaly, polymicrogyria, cortical tubers), malformative vascular lesions (cavernomas, arterio-venous malformations, Sturge-Weber syndrome), glial scars (bleeding, ischemic or traumatic brain injuries) or inflammatory lesions (Rasmussen or limbic encephalitis). The ranking of most frequent neuropathological categories varied, however, between children and adults (see tables in chapter 9). Whereas 45% of our adult patient's cohort suffered from temporal lobe epilepsies (TLE) with HS, focal cortical dysplasias (FCDs) in the frontal lobe were most common in children. In both cohorts, 5.3-6.9% of submitted tissue samples did not reveal any specific alteration and were reported histopathologically as non-lesional. This does not imply, that histologically “normal” tissue is functionally normal, as many molecular alterations have the propensity to increase susceptibility for seizures (or decrease seizure thresholds), but escape light microscopy detection. With more advanced and refined analysis protocols such alterations may be recognised, i.e. acquired channelopathies (Bernard et al., 2004) and altered glial networks (Steinhauser and Boison, 2012). However, histopathologically confirmed non-lesional cases can result also from sampling errors. We recommend, therefore, to apply standardised laboratory protocols for tissue procurement based on the identification of anatomical landmarks (Blümcke and Muhlebner, 2011). Therefore, we have included proposals for standardised laboratory work-up and tissue procurement, which may help to better assess 1) regions of interest within a given specimen (en bloc resections are always recommended) as well as 2) morpho-functional correlations with any other diagnostic information obtained from i.e. imaging or EEG.


  In previous decades, neuropathologists have not always been amongst the leading figures to unravel the impact of aetiology in seizure disorders. More recently, this notion changed into a “neuropathology renaissance” (Blümcke and Spreafico, 2012; Blümcke et al., 2014). The opportunity to specify clinico-pathologic subtypes that allows prediction of a patient's risk for favourable or unfavourable seizure control following surgery will make the difference (Miyata et al., 2013), and many epilepsy surgery programs appreciate an advanced neuropathology work-up of resected human brain tissue (Blümcke and Muhlebner, 2011). Prominent examples for such joint efforts promoting the notion that “cause matters” are ILAE's first consensus classification systems for FCDs (Blümcke et al., 2011) and HS (Blümcke et al., 2013). According to these proposals, neuropathology assessment of surgical epilepsy specimens and reports should apply consensus terminologies following standardised protocols, which you will find also in the appendix of this first textbook on neuropathology in epilepsy surgery. Notwithstanding, such standardised procedures and protocols will be primordial to the implementation of evidence-based medicine, which is still very much lacking in the field of epilepsy surgery. This general principle is applicable to chemotherapy protocols in oncology, to surgical approaches to nucleus pulposis herniation in the vertebral column, to the prevention and treatment of shunt infections, and to the neuropathological examination and reporting of resections of epileptic foci. Standardisation does not impede innovation or creativity; on the contrary, it facilitates creativity by providing a foundation upon which to innovate. One purpose of our textbook thus is to attempt to standardise the latter, with the goal of establishing an essential infrastructure for systematic neuropathological examinations in this specialised brain tissue.


  In conclusion, a neuropathology report should refer to 1) anatomical landmarks and their orientation, 2) clarification the histopathological diagnosis according to most recent consensus classification systems and 3) whether resection borders are lesion-free. This could be of particular importance if a lesion is located in or adjacent to eloquent cortex. Such an approach is usually not required in diagnostic neuropathology routine, i.e. when assessing diffusely infiltrating malignant brain tumours. Auxiliary clinical information from the epilepsy centre should include representative MR imaging findings and is helpful to correlate with the histopathology report. The neuropathology laboratory should be responsible for standardised tissue processing, which also guarantee sufficient tissue procurement for other (consented) research projects and ensure that selected tissue does contain expected cellular components (either lesional, perilesional or histologically normal). Further histopathological assessment should systematically apply recommended stainings to achieve a specific diagnosis according to international consensus or WHO classification systems.


  [1]. For further information, see <http://apps.who.int/gb/ebwha/pdf_files/EB136/B136_R8-en.pdf>; <http://www.who.int/en/; https://www.youtube.com/watch?v=SshVn6MUGxA>
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Data retrieved from the German Neuropathology Reference Centre for Epilepsy Surgery. Age at Onset/OP = age of patients at onset
of spontaneous seizure activity (in years) and surgery (in years), respectively; duration of epilepsy before surgical treatment (in years).
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