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Abstract 

Purpose of review: A paradigm shift in contemporary epileptology has been the 
reframing of both epilepsy and its comorbid memory disorders as the product of 
diseased brain networks. The current review discusses some of the clinical and 
theoretical implications that stem from this shift. 

Recent findings: Some implications of a network conceputalisation of epilepsy include 
a need for more widespread cognitive phenotyping in epilepsy; recognition that 
memory disorders in epilepsy can be multi-determined, including by non-structural 
factors; deeper consideration given to the neurodevelopmental context in which 
memory problems emerge; the utility of new methods to characterise memory 
impairments in epilepsy; and a call for greater recognition of the close 
interrelationships between memory comorbidities and psychiatric symptoms in 
epilepsy. 

Summary: Memory disorder significantly worsens the quality of life of people with 
epilepsy, underscoring the importance to patient wellbeing of giving due 
consideration to the up-to-date neuropsychological practises outlined in this review. 
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Introduction 

It has long been recognised that memory impairments are a common comorbidity of 
epilepsy [1]. Historically, neurobiological understandings of human memory took a 
localisationist approach that focused on the integrity of the mesial temporal lobe. This 
was triggered by observations that bilateral removal or destruction of this region 
resulted in profound amnestic syndromes [2,3]. Of late, however, there has been a 
shift towards thinking of memory as the product of distributed, interconnected brain 
networks. This parallels the contemporary reconceptualisation of epilepsy as a 
network disease, as captured in a new classification system proposed by the 
International League Against Epilepsy (ILAE) in March 2017 [4]. In particular, the ILAE 
recasts epilepsy as a disease characterised by the rapid hypersynchrony of brain 
networks, with a predilection for networks involved in cognition [5]. As such 
neuropsychological comorbidities such as memory disorder are now considered an 
intrinsic part of the disease [4]. Of importance to patient wellbeing, that cognitive 
decrements undermine quality of life above and beyond the impact of seizures [6,7] 
and thus require prompt recognition and remediation. 

These new network-level concepts have major implications for how we view memory 
impairments in epilepsy. Using a narrative approach to synthesise the latest human 
research, this review seeks to reframe the common problem of memory in epilepsy 
through the lens of the new classification system. The results suggest that we may 
want to: 

 Take a phenomenological or phenotypic approach to characterising memory 
decrement in people with epilepsy; 

 Locate cognitive comorbidities within a neurodevelopmental framework i.e., 
consider the emergence and nature of memory problems relative to the stage 
of brain maturation when the network disease emerges; 

 Consider new ways of examining memory network dysfunction in epilepsy; 

 Explore the close relationship between memory impairments and psychiatric 
comorbidities 

Networks, network disease, and memory decrement in epilepsy 

The shift to thinking about epilepsy and its comorbidities as a product of network 
dysfunction is in keeping with contemporary models of brain function more broadly. 
The idea of intrinsic brain networks arguably has its origins in the “diagram makers” of 
classical aphasiology, whereby aphasias were viewed as stemming from disconnection 
between modules comprising a language-speech network [8]. In the era of modern 
neuroimaging this has evolved to a consideration of brain networks as ensembles of 
neurons, interconnected across a range of scales (mms to cms), and identifiable by 
their distributed patterns of covarying neural activity [9]. These networks are not 
independent of one another, but overlap and interact flexibly to support cognitive 
and behavioural demands [10]. Cognitive and affective processes are thus considered 
to be an emergent property of these networks, with behavioural disorder resulting 
from intra- and inter-network dysfunction [11]. 

In epilepsy, network disturbance can arise through various ætiologies, including 
structural pathologies, as well as genetic, immune, infectious, and metabolic causes 



[4]. The abnormal neuronal activity characteristic of the disease is thought to 
propagate along the brain’s intrinsic functional networks, much as water will be 
channelled along the existing contours of a landscape. Network changes in epilepsy 
can occur across a range of scales, such that even abnormalities that appear localised 
at the structural level can influence network behaviour more broadly. For instance, 
hippocampal sclerosis is associated with focal neuronal loss. From a network 
perspective, this results not only in damage to a network node, but also undermines 
long-range network connections and leaves the sclerotic structure topographically 
isolated [12]. Distal network effects may also relate to behavioural phenomena such 
as reduced functioning of frontal cortices in people with temporal lobe epilepsy (TLE; 
for a review see [13]), or reduced capability to reconfigure network interactions that 
undermines cognitive performance [14]. This implies that in some cases even 
supposedly focal epileptogenic abnormalities can be linked to diffuse cognitive 
disease. Further, it appears that the broader network architecture of the brain can 
also be modified in an attempt to isolate (“firewall off”) a focal epileptogenic 
abnormality [15], reducing the efficient routing of information around the brain 
during cognitive tasks [15,16]. Tantalizingly, it appears that simply changing the local 
configuration of a network can lead to focal epileptic phenomena, even in the 
absence of a focal epileptogenic ‘oscillator’ within the network [17] 

Memory is an incredibly complex function involving the storage and retrieval of 
information, drawing upon a network of diverse brain regions. Key neuroanatomical 
hubs of the broader memory network have traditionally been inferred from clinical 
cases, where focal damage has resulted in characteristic patterns of memory deficit. 
Cortical regions typically included in this bilateral network are detailed in Table 1 [1, 
17]. 

 

INSERT TABLE 1 HERE 

 

The specific nature of the to-be-learned or recalled information influences which 
nodes of the memory network are recruited. For instance, the acquisition of verbally-
presented arbitrary paired associates will likely be a predominantly left-lateralised 
process, involving dlPFC, fusiform gyrus, parahippocampal and perirhinal cortices [1]. 
In contrast, autobiographic memories are rich in detail and emotion, and precisely 
located in time and place. Their complexity therefore engages the most widely-
distributed expression of the network, encompassing all of the structures outlined 
above while simultaneously disengaging sensorimotor and external attention systems 
[18]. 

Reconceptualising memory as supported by large-scale networks, of which the mesial 
temporal lobe is but a part, also provides a neat explanation for observations 
regarding memory dysfunction in extra-temporal epilepsies such as frontal lobe 
epilepsy (FLE). Memory deficits in frontal lobe injury seem to derive from reduced 
organisation and strategic control of information [19], in keeping with a supervisory 
role of the prefrontal cortex within the memory network [20]. Higher-order deficits in 
cognitive control are common in FLE [21] and may secondarily undermine memory 
retrieval [22]. Accordingly, when patients with FLE are instructed to use strategies to 



compensate for executive dysfunction, episodic search and recall is often improved 
[23-25], a phenomenon not seen in the primary encoding deficits of TLE. The 
heterogeneity of memory dysfunction across people with epilepsy may indicate that 
different phenotypes of memory impairment relate to different network changes, and 
potentially different ætiological factors. 

Phenotypes, not phrenology 

While a focus on the mesial temporal lobes was fundamental to advancing our 
understanding of memory, it also led to what Baxendale and Thompson [26] 
characterise as an “almost phrenological” quest to link poor performances on 
memory tests to specific regions, or lateralisation, of the temporal lobe. While 
neuroanatomical specificity is crucial for disease focalisation or in making predictions 
about post-surgical cognitive outcomes, there has nonetheless been a shift towards 
considering non-anatomical factors that can affect memory test performances.  For 
instance, a recent paper showed that amongst people with chronic focal epilepsy, the 
factors underpinning their exceedingly poor autobiographic memory depended on 
the timing of their disease onset [27]. Specifically, neurobiological factors such as 
younger age at onset, more frequent seizures, and reduced working memory had a 
strong association with autobiographic memory dysfunction in patients with early-
onset epilepsy, but memory impairment associated with late-onset epilepsy arose 
from psychological maladjustment as well as MRI-detected brain lesions [27]. 
Moreover, that the same cognitive outcome could stem from such diverse predictors 
in different subtypes of patients highlights the benefits of data-driven stratification of 
patients into homogenous sub-types, whereby distinctive clinical, demographic, 
cognitive, and psychological profiles are described separately for each group. Where 
possible these sub-types can be integrated with data regarding genomic variation and 
neuroimaging profile to create a rich, multimodal description of an epilepsy 
phenotypes [28,29]. Phenotypes have the benefit of being readily applied to clinical 
practice, as well as being easy to update as our knowledge evolves [30]. 

Using a phenotypic approach, Hermann and colleagues [31] used cluster analysis to 
group the neuropsychological performances of 92 people with TLE relative to that of 
82 healthy controls, revealing three distinct cognitive phenotypes:  

(1) Minimally impaired: 47% of people with TLE; small though significant 
structural changes relative to controls; 

(2) Memory impaired; 24% of cases; moderate structural changes relative to 
controls, more pronounced than for the minimally impaired group and 
extending beyond mesial temporal region. 

(3) Memory, executive, and speed impaired: 29% of cases; significantly older, 
longer epilepsy duration, and taking more AEDs than minimally impaired 
group; greater cognitive decrements over time than other clusters; most 
pronounced structural changes of all groups, with global effects. 

Here, the individual components of each phenotype are richly described, and provide 
a more precise and comprehensive analysis of cognitive abnormalities in TLE than is 
possible when people with the condition are considered as a heterogeneous mass. 
Specifically, there is information in these phenotypes about clinical and neuroimaging 



characteristics, as well as more individualised prognostic information about cognitive 
outcome. 

Neurocognitive markers specific to phenotypes also have the potential to identify 
specific brain networks altered by epilepsy. For instance, evidence of a semantic 
autobiographic memory deficit in a phenotype of FLE may indicate that their network 
disease disproportionately affects interactions concerning the anterior temporal 
aspect of the autobiographical memory system [22]. While this idea may touch on the 
‘phrenological’ obsession described above, substituting focus for network, it does 
allow us to consider cognitive decrements as a function of deficient information 
exchange, rather than simply stemming from focal structural damage. Regardless, we 
hope that future research will provide clinicians with a guide to using neurocognitive 
markers to clarify the extent of the disease, with longitudinal tracking of phenotypes 
hopefully providing more individualised information about prognosis for use in 
patient counselling [31]. 

Neurocognitive phenotypes may also have the potential to inform treatment 
decisions. Although speculative, dysfunction in certain cognitive networks may 
provide clues as to the neurobiological systems implicated, and therefore which 
classes of anticonvulsant medication are most likely to succeed.  In an example from 
psychiatry, weak activation of the cognitive control network in some people with 
major depression has been hypothesised to reflect an underlying dysregulation of the 
mesostriatal dopamine system [32], suggesting region-specific neurotransmitter 
systems that could be targeted pharmacotherapeutically. In an example from our 
own work in epilepsy [27], implications for treatment could take the form of 
prophylactic scholastic interventions that try to stave off abnormal cognitive network 
development in patients with early-onset epilepsy, and cognitive-behavioural or 
psychotropic therapies for treating memory dysfunction in late-onset epilepsies 
where patients endorse elevated levels of depressive symptoms. Once commenced 
on treatment, improvements in neuropsychological profiles may also provide a 
marker of treatment response. 

Memory disorder as a function of neurodevelopment 

Given that epilepsy can emerge at any stage of the lifespan [33], the search for 
ætiologies underpinning memory impairment must take a lifespan approach. This 
calls for careful mapping of the longitudinal trajectory of memory features relative to 
the natural course of the disease. Put more simply, did the onset of the disease 
disrupt the normal development of cognition-related brain networks (e.g., 
developmental dysplasia), or is it disrupting an otherwise normally developed system 
(e.g., post-stroke epilepsy in adulthood)? 

Disruption to the immature brain can derail the normal trajectory of development, 
and result in the formation of aberrant functional networks (for a review see [34]). 
For instance, behavioural studies of adults with childhood-onset epilepsy reveal 
reduced cognitive skills suggestive of abnormal development of cognitive networks, 
patterns not replicated in epilepsy patients who experienced the onset of seizures in 
adulthood [27]. In a recent review of the literature on memory disturbance in children 
with epilepsy, 33% of reviewed studies suggested that risk of memory difficulties are 



greater for children with younger age of epilepsy onset [35]. More often, however, 
there was no impact of age at onset in these studies (52%). A potential limiting factor 
is that these analyses are not nuanced enough to discern whether, rather than strict 
chronological age, greater cognitive vulnerability may specifically stem from the 
emergence of the disease at a critical phase of behavioural development. The timing 
of this critical phase may vary across children, especially in those who are 
neurologically unwell. 

There is also a longstanding notion that some children with epilepsy can compensate 
for early brain insult by seemingly transferring memory function to an unaffected 
region of the brain, and that this capability depends on whether disease onset 
occurred before or after critical phases of memory network development (for a case 
study see [36]). In theory, when the disease declares itself before the memory system 
has finished developing, there is a greater opportunity for a compensatory shift to 
occur whereby the memory system flexibly re-routes to an undamaged node or 
region. When this shift is successful, performance on standard neuropsychological 
measures of memory as an adult will be normal despite evidence of longstanding 
pathology [1]. However more empirical evidence combining behavioural and 
functional neuroimaging techniques is needed to validate this phenomenon. Such 
research will need to reflect that the range of functional outcomes from early brain 
insult exists along a recovery continuum, where a child's outcome depends on both 
injury factors (severity, age at onset, duration of illness) and environmental influences 
(family, sociodemographic profile, access to interventions; [34]). As such, 
neurobiological, psychiatric, and cognitive factors will likely have a changing impact 
on memory function at different timings of disease onset [27]. 

Innovative forms of memory assessment in epilepsy 

Increasing recognition that epilepsy can affect memory-related nodes and networks 
beyond the temporal lobes calls for new methods of assessment. Here we discuss 
three domains of memory not commonly assessed clinically, but which show initial 
promise in their ability to detect and perhaps treat memory problems. 

Autobiographic memory. Autobiographic memory refers to the encoding, storage, and 
retrieval of events, people and places encountered across our lifetime [37]. 
Autobiographic recollection engages a large-scale iteration of the memory system 
encompassing midline, lateral cortical, and cerebellar regions [18] (Figure 1). Most 
studies of autobiographic memory in epilepsy have focused on TLE. They find that, 
relative to healthy controls, individuals with TLE consistently perform worse on 
autobiographic memory tests [38-40], recall less sensory information and emotion 
[41], and show reduced fMRI activation throughout the autobiographic memory 
network [42]. Of relevance to mental wellbeing, initial studies show that poor 
autobiographic memory is linked to an impoverished sense of self in patients with 
early onset mesial temporal epilepsy [43]. Autobiographic memory deficits in TLE 
were originally attributed to mesial temporal lobe pathology (e.g., [38,39]).  More 
recently it has been suggested that another major mechanism may be recurrent, 
paroxysmal disturbance of the distributed autobiographic memory network caused by 
seizure activity or network disease [43], including from regions outside of the 
temporal lobes [21]. Neuroimaging studies suggest that the autobiographic memory 



network of people with focal epilepsy may be pathologically under-activated and 
under-engaged [45-51], particularly during seizures accompanied by impaired 
awareness [52-54]. Of relevance to clinical practice, the widely-distributed 
topography of the autobiographic memory network might explain the apparent 
sensitivity of autobiographical memory across epilepsy syndromes [22], suggesting 
potential utility as a marker of the extent/severity of network disease. There also is 
evidence from major depression that autobiographic memory impairment can be 
reversed once treatment restores network dynamics [55]. Such information could be 
a useful in planning patient management. Yet at present only 4% of 
neuropsychologists practicing in epilepsy centres include a measure of autobiographic 
memory in their standard psychometric work-up [56], suggesting that closer 
investigation into and dissemination of their clinical utility is warranted.  

Music memory. Music-based memory is another domain with promise to improve 
neuropsychological practice in epilepsy. For instance, Wilson and Saling [57] studied 
the ability of patients with mesial TLE to learn musical paired associates, constructed 
analogous to arbitrary (‘hard’) and semantically related (‘easy’) verbal paired 
associates. Easy pairs consisted of a three note tonal motif, whereas hard pairs did 
not conform to a conventional scale and thus resulted in a jarring, unfamiliar non-
tonal motif. For easy musical pairs, the right mesial TLE group was impaired while the 
left mesial TLE group did not differ from controls. Both groups, however, were 
impaired on the hard musical pairs. This indicated that like in the verbal and spatial 
domains, lateralisation of music memory is task- rather than material-specific [57]. 
Expanding on this topic, Séverine Samson and colleagues have explored the impact of 
emotional salience on musical memory in epilepsy. They compared eight non-
musician mTLE patients with severe verbal memory impairments to healthy controls 
on a music memory task where stimuli were designed to elicit different emotions 
[58]. Patients were no different from controls in their ability to recall the sad, 
peaceful, and happy trials. However, their recognition of scary music was significantly 
impaired (P < 0.05), a finding replicated in mTLE patients who had undergone 
resective epilepsy surgery (n=16; [59]) and likely attributable to amygdala dysfunction 
[60]. The preservation of music memory (except for fear) contrasts with the patients’ 
severe disturbances in verbal memory, as well as with Wilson and Saling’s [57] 
findings of deficits on atonal pairs in mTLE, and may suggest that the emotional 
salience of music is a protective factor for memory function. A topic for future 
research will be to examine whether the emotional power of music can be employed 
as a prophylactic or rehabilitative technique to support everyday memory function in 
people with epilepsy. 

Prospection. Prospection is the ability to project ourselves into an imagined future, a 
form of mental time travel that underscores our ability to pursue goals by allowing us 
to construct fictional scenes to imagine what might happen in light of past 
experiences [61,62]. An intimate link between autobiographical memory and 
prospection is supposed on the basis of studies of amnestic patients in whom 
prospection is impaired [62], and the widespread recruitment of the autobiographic 
memory network during prospection [63] (Figure 1). The only study on prospective 
ability in epilepsy to date found that relative to healthy controls (n=20), people with 
unilateral TLE (n=20) generate less details when asked to describe potential 



autobiographical future events [64]. Although only preliminary data, these findings 
may indicate that assessment of a patient’s prospective ability is clinically relevant to 
informed consent. Specifically, if a patient is known to struggle to mentally simulate a 
potential future set of circumstances, then we may need to reconsider –for example- 
presurgical counselling. In such cases, clinicians may need to spend extra time with a 
patient to help them to generate richly detailed scenarios of potential future 
outcomes (e.g. a decline in verbal memory; changed family dynamics), and guide 
patients though what these alternative outcomes may mean for their quality of life. 

Memory disorders in the context of psychopathology 

In addition to memory decrement, people with epilepsy are also at significantly 
elevated risk of mood and anxiety disorders. Specifically, they have 43% higher odds 
of developing depression relative to healthy peers [65], and around 40% will 
ultimately experience a mood or anxiety disorder at some point in their lifetime 
[66,67] as opposed to 17% of people from the broader community [68]. 

The symptoms of unipolar depression are believed to arise from abnormal dynamics 
between two cognition-related networks: the autobiographic memory network, and 
the cognitive control network (for an in-depth review, see [69]). Relevant to epilepsy, 
there is behavioural and neuroimaging evidence that seizures propagate along and 
alter the functioning of those two particular networks (see [70] for a recent review), 
with more extensive disease in memory networks seen in patients with depression. In 
particular, reduced new learning and delayed recall is most evident in TLE patients 
with either major depression or anxiety [71-73], with severity of depressive symptoms 
predictive of the severity of memory dysfunction [74]. More recent evidence indicates 
that patients with the worst performances on formal memory testing are those with 
depression in whom the depressive symptom profile reflects predominantly cognitive 
factors; that is, high rates of subjective cognitive difficulties, parasuicidal rumination, 
and delusions of worthlessness and guilt in addition to dysphoric mood [67]. Similarly, 
another recent study has shown that the lateralising information that might be 
provided by performances on auditory-verbal memory tests can be obscured in the 
presence of high levels of anxiety [75]. Of immediate clinical relevance, these findings 
reiterate that a patient’s mood and anxiety state can significantly affect performances 
on psychometric testing; yet another marker of the multi-determined nature of 
cognitive functions. 

At a more theoretical level, the links between mood and memory network 
dysfunction may signal a common network-based substrate in some cases of epilepsy. 
Crucially, the close interrelation of cognition and mood in epilepsy suggests that these 
functions may share neural substrates, and questions the utility of studying them as 
independent epiphenomena of epilepsy. This underscores the ILAE’s emphasis on 
considering cognitive and psychiatric comorbidities as an intrinsic part of the network 
disease [4]. Given that depressive symptoms in epilepsy can often be effectively 
treated with psychological and pharmacological therapies [76,77], further research 
needs to investigate whether the alleviation of mood symptoms goes some way 
towards normalising the function of memory networks and memory test 
performances, as is seen after treatment with antidepressants like vortioxetine and 
modafinil in primary depression [78,79]. 



The important links between memory and mood in epilepsy are further illustrated by 
subjective memory complaints in this population. In the clinic, people with epilepsy 
frequently report that they feel far more ‘forgetful’ than they used to [80], with some 
feeling that it undermines their quality of life more so than the seizures [81]. While 
some studies have reported that the subjective memory complaints raised by people 
with epilepsy are concordant with difficulties on neuropsychological testing [82,83], 
many more are unable to link subjective complaints to objective cognitive dysfunction 
[84-86]. The subjective memory complaints of people with epilepsy are actually more 
robustly attributed to psychiatric features that are frequently comorbid with epilepsy; 
namely depression, anxiety, and neurotic personality traits [87-89]. Here, subjective 
memory complaints likely reflect the cognitive inefficiencies that are intrinsic to 
affective disturbance [90] and the cognitive phenotype of depression in epilepsy more 
specifically [67], such as distractibility, reduced attention, and pathological 
rumination. Formal neuropsychological assessment may help differentiate between 
neurobiological and psychiatric explanations and inform treatment decisions [80]. 
There is also scope for further research investigating whether difficulties on more 
‘naturalistic’ autobiographic memory measures might account for patient complaints 
better than do traditional memory tests used in the clinic. 

Conclusions 

Reframing epilepsy and its memory comorbidities as the product of network disease 
opens up many exciting new avenues for neuropsychological research and practice. 
Amidst the zeitgeist of ‘precision medicine’, it crystallises the concept that there are 
multiple pathways to memory dysfunction for individuals with epilepsy, and 
challenges clinicians and researchers to find robust ways to promptly detect and treat 
these dysfunctions and their causes so that we might optimise patient wellbeing. 
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Figure 1. Activation patterns during an autobiographical recollection task (left; see 
[18]) and a prospection task (right), as observed across nine participants. Direct 
statistical comparison of these activation patterns reveals no significant differences, 
reflecting the similarity of the systems recruited during autobiographical recollection 
and prospection. 





Table 1. Components of the bilateral memory network 

Region Contribution to memory 

Hippocampal and parahippocampal areas arbitrary association; encoding and 
consolidation 

Anterolateral temporal cortex semantic associations 

Prefrontal cortices, especially mesial 
(mPFC), ventrolateral (vlPFC), and 
dorsolateral (dlPFC) portions 

self-reflection, social cognition, emotional 
processing, cognitive control 

Retrosplenial and posterior cingulate 
cortices 

higher-order contextual schemas for 
efficient coding 

Lateral parietal cortex attentional aspects of memory search 
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