ENIGMA-Epilepsy: Brain volume comparisons between 963 epilepsy cases and 1,358 controls 
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Introduction
Neuroimaging has improved our ability to detect neuroanatomical abnormalities associated with the pathophysiology and progression of epilepsy; however, the distinction between potentially epileptogenic and non-epileptogenic lesions remains unclear (Guerrini and Barba, 2010; Engel et al., 2013). We formed the ENIGMA-Epilepsy Working Group to identify reliable imaging biomarkers for epilepsy, quantify differences in syndromic diagnoses, and explore the effects of epilepsy chronicity and other sources of heterogeneity. Here we present findings from our preliminary investigation of volume differences between people with epilepsy and healthy controls across 84 bilateral regions of interest (ROI). 

Methods
[bookmark: _GoBack]Structural T1-weighted MRI scans were analyzed locally at 16 sites worldwide using FreeSurfer (Fischl, 2012) and a set of standardized ENIGMA quality control protocols (see http://enigma.ini.usc.edu/protocols/imaging-protocols/). Epilepsy cases were stratified into four subgroups: (1) all non-lesional cases with a syndromic diagnosis of epilepsy (N=963), (2) genetic generalized epilepsies (GGE; total N=230), (3) temporal lobe epilepsies with mesial temporal sclerosis (TLE-MTS) of the left hemisphere (total N=288) and (4) TLE with MTS of the right hemisphere (total N=257). The average age of the full epilepsy cohort (N=963) was 33.35 years, with an age range of 18-55 years. 59% of cases were female. Participants with a history of neurosurgery, focal cortical dysplasias or tumors were excluded from the study. 

Each patient subgroup was compared to a cohort of neurologically healthy controls (total N=1,358; mean age: 33.35 years; age range: 18-55 years; 54% female) using the R linear model function, lm, controlling for age, sex and intracranial volume (ICV). Group contrast effect sizes, generated locally at each ENIGMA site, were imported into the metafor package (Viechtbauer, 2010) and subjected to a random-effects meta-regression. We declared any volume differences significant if they exceeded a Bonferroni-corrected level of p<5.95x10-4. 


Results
Compared to healthy controls, the ‘all non-lesional epilepsies’ subgroup showed subcortical volume loss in the thalamus (right hemisphere; RH; d=-0.39) and pallidum (RH; d=-0.33), as well as broad patterns of cortical thinning in the precentral gyrus (BL; d<-0.39), paracentral gyrus (RH; d=-0.35), caudal middle frontal gyrus (bilateral; BL; d<-0.3) and superior parietal gyrus (RH; d=-0.27). The GGE subgroup showed significant volume reductions in the caudate (left hemisphere; LH; d=-0.3) and precentral gyrus (BL; d<-0.33). The left TLE-MTS subgroup had smaller hippocampus (LH; d=-1.7), thalamus (BL; d<-0.52), pallidum (RH; d=-0.51), precentral gyrus (BL; d=-0.5), paracentral gyrus (RH; d=-0.47), precuneus (RH; d=-0.42), caudal middle frontal gyrus (BL; d=-0.42) and superior frontal gyrus (LH; d=-0.38) volumes. The right TLE-MTS subgroup had smaller hippocampus (RH; d=-1.97), thalamus (RH; d=-0.81), pallidum (RH; d=-0.38), precentral gyrus (BL; d=-0.48), paracentral gyrus (BL; d=-0.4) and caudal middle frontal gyrus (LH; d=-0.39) volumes.


[image: ]Figure 1: Effect sizes for regional brain volume differences between non-lesional epilepsy patients (N=963) and healthy controls (N=1358) 







Discussion
This prospective meta-analysis of neuroimaging data by the ENIGMA-Epilepsy Working Group indicates distinct patterns of volume loss across four major epilepsy subtypes. First, a heterogeneous group of epilepsy cases without prior evidence of clinical MRI abnormalities showed significant atrophy in the motor cortex and parts of the forebrain. A similar (albeit attenuated) pattern of subcortical and cortical thinning was observed in a smaller subsample of GGE cases. TLE-MTS patients showed profound volume loss in the ipsilateral hippocampus, as well as extrahippocampal regions including the basal ganglia, motor cortex and parts of the frontal lobe. Future meta-analyses will explore factors that may modulate these structural alterations (including epilepsy chronicity) in a network that has grown to 23 centers worldwide.  
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