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Abstract 

Dreams are a subjective experience generated by our brain during sleep, when we disconnect 

from the external environment. Although dreams are a universal phenomenon with significant 

cultural and psychological implications, they remain an enigmatic aspect of our brain function. 

In recent years, neurological studies have been focused on the relationship between dreams and 

neurological disorders. However, the connection between dream content and epilepsy, in 

particular focal epilepsy, remains understudied. 

This study aims to investigate the neurological mechanism underlying dream experience in 

patients with focal epilepsy. We hypothesize that dream experience will be different in patients 

with focal epilepsy in comparison to a healthy control population, both in oneiric content and 

in elements of form. 

We recruited 19 patients from the Epilepsy Monitoring Unit at Baggiovara Hospital and 15 

healthy controls from the IMT School for Advanced Studies in Lucca. Participants were 

evaluated using cognitive assessment, emotional, and dream-related questionnaires. Only 

patients underwent a structural MRI. 

Analysis revealed significant differences between patients and healthy controls in cognitive 

assessment, in State-Trait Anxiety Inventory (STAI), Spontaneous Mind Wandering 

questionnaire (MW-S), and Dream Recall questionnaire (DRQ). Within the patient group, 

questionnaire scores were correlated with volumes of specific cortico-subcortical regions. 

STAI and MW-S scores were associated with amygdala volume changes. MW-S scores were 

also associated with changes in hippocampal volumes. Finally, DRQ seemed more related to 

different cortical thickness in the medial temporal lobe. This finding suggests a neurological 

basis for alteration in dream-related experience in individuals with focal epilepsy. 

This study shows that patients with focal epilepsy have alterations in cognitive processes and 

emotional processes that may influence dreaming. Emphasizes that dreams may offer a unique 

opportunity to evaluate the cognitive alteration in focal epilepsy patients, both as a study tool 

and as a diagnostic method. 

 



1. Introduction 

1.1. Epilepsy 

Epilepsy is a chronic neurological disease characterized by recurrent, unprovoked seizures.1 

Although the definition of epilepsy is widely accepted, some aspects are still considered 

problematic.2 A seizure is defined by a sudden release of electric energy in the brain.3 While 

the disorder is largely described by seizures, it is important to note that experiencing a seizure 

does not necessarily imply the presence of an epilepsy syndrome.2 An epilepsy syndrome is a 

complex diagnosis and can be defined as a combination of features: seizure types, EEG 

patterns, imaging findings, age of onset, and potential for remission.4  

The International League Against Epilepsy (ILAE) has recently provided updated criteria for 

the diagnosis of epilepsy syndrome, based on at least one of these characteristics: (i) at least 

two unprovoked seizures happening more than 24 hours apart, (ii) one unprovoked seizure with 

the probability of a second seizure being over 60% over the next 10 years, (iii) confirmed 

diagnosis of an epilepsy syndrome.5  

 

1.1.1. Epidemiology of epilepsy 

Epilepsy is considered one of the most common chronic neurological disorders.6,7 It is 

estimated that more than 50 million people in the world are diagnosed with epilepsy1, with 

approximately 80% of those individuals living in low and middle-income countries (LMICs).8 

Of the total, around 10.5 million are children with active epilepsy, which means that 25% of 

epilepsy patients are children.9  In the United States (US), it is estimated that approximately 3 

million Americans have active epilepsy, with a lifetime risk of 3%.10 Other reports estimated 

that the number of people with epilepsy in the US has increased from 2.3 million to 3 million.11 

In Europe, the prevalence of epilepsy is estimated to be 0.9 million in children and adolescents, 

1.9 million among people between 20 and 64 years old, and 0.6 million in the elderly (i.e., over 

65 years of age).12 Epilepsy is frequently linked to various disorders, such as cognitive 

comorbidities. A verry common association,13 that can lead to a progressive mental decline, 

with difficulty in learning, memory, attention, and executing control.14 Other comorbidities 

include psychiatric conditions, such as: attention deficit hyperactivity disorder (ADHD), 

autism, depression, and anxiety. Furthermore, non-neurological or psychiatrically 



comorbidities can be associated to epilepsy, including: osteoporosis, sleep disorders, and 

obesity.15,16 These comorbidities can have a profound negative impact on social outcome, and 

quality of life, sometimes more than seizures themselves. Additionally, persistent seizures, in 

particular in adolescence and young adulthood, are associated with increased mortality, 

primary due to sudden unexpected death in epilepsy (SUDEP).17 

 

1.1.2. Classification of epilepsy 

The official classification of epilepsy was first published in 1960, and since then has been 

revised a few times. The last update of the classification of epilepsy was released in 202518, 

and it contains adjustments based on the clinical application of the 2017 classification19. The 

2017 commission has created a framework that contains 3 levels: level 1 indicates the main 

classes, level 2 indicates the seizure type, and level 3 indicates the descriptors. 11 

As presented in Figure 1, seizures are first categorized by the onset: focal, generalized, 

unknown, and unclassified.19 Focal seizures originate from a specific brain region within one 

hemisphere.20,21 The origin can be a localized area or more widely distributed. They can also 

originate from the subcortical structure. A focal onset seizure can rapidly become bilateral 

network engagement; in that case, we can refer to the seizure as focal to bilateral tonic-clonic 

seizure (FBTCS).20 Generalized seizures are thought to originate from some point within, but 

rapidly spread in a bilateral way, non-confined to a specific region or one hemisphere.20 They 

can include the cortical structure or the subcortical structure, but it is not necessary to include 

the entire cortex. When there is information available for certain aspects of seizures, but it is 

insufficient for a clear classification as focal or generalized, it can be referred to as an Unknown 

onset. In some cases, information regarding seizure onset is lacking; in that case, it can be 

labeled as Unclassified epilepsy.20  

The second level describes the seizure type. Patients with focal or unknown seizures can be 

further classified according to the state of consciousness: it can be labeled as impaired or 

preserved during the seizure. Consciousness is determined by both awareness and 

responsiveness,18 based on information obtained from medical history22 or through behavioral 

testing.23 Rather than asking patients about consciousness, it is preferable to ask specifically 

about the awareness of the events and the level of responsiveness during the seizure. In the 

previous version of seizure classification, generalized seizures were categorized into absent 

https://www.zotero.org/google-docs/?broken=Y0pnG1


seizures, generalized tonic-clonic seizures, and other generalized seizures.18 As shown in 

Figure 118, tonic-clonic seizures can be positioned in all the main classes: generalized tonic-

clonic seizure, FBTCS, and bilateral seizure of unknown origin. In the extended version of the 

classification, all generalized seizure types are reported, including all types of absent seizures, 

generalized tonic-clonic seizures, and other generalized seizures. It is recognized that 

generalized tonic-clonic seizures can be preceded by myoclonic jerks or an absence seizure, in 

that case it can be referred to as Myoclonic tonic-clonic seizure or Absence-to-tonic-clonic 

seizure, depending on the form24. 

Figure 1: Expanded version of the updated seizure classification (2025) 



The third level of the framework is the descriptors. The descriptors contain clinical 

characteristics of the seizure that are essential for clinical decisions. Seizures are described as 

having observable manifestations or not. Observable manifestations can include motor, 

aphasic, autonomic, and other features, and can be easily observed by eyewitnesses.25 In the 

extended version of the classification18, the semiological features are described in 

chronological order.26 

 

1.1.3. Etiology and known causes of epilepsy 

As shown in Figure 227, the 2017 version of the ILAE classification includes etiology along 

each stage; the consideration of etiology demonstrates the important implication it has on the 

treatment. Etiology is divided into six groups: structural, genetic, infectious, metabolic, 

immune, and unknown epilepsy.27 

When there are visible structural abnormalities at the neuroradiological assessment, the 

epilepsy could have a structural cause. When the structural abnormalities are combined with 

electroclinical assessment, it may provide sufficient evidence to conclude that the epilepsy is 

caused by the structural alteration.27 The structural lesions may include acquired disorders: 

stroke, trauma, and infection, or they can be caused by a genetic malformation of cortical 

development (e.g., focal cortical dysplasia).28 In some cases, it can be both, for example 

polymicrogyria may be caused by an inherited genetic mutation, or acquired in an intrauterine 

cytomegalovirus infection.29 

In patients with genetic epilepsy, the condition is a direct result of a known or presumed genetic 

mutation in which seizures are a central feature of the condition. The genetic disorder can be 

recognized by several sources: first, a family history of an autosomal dominant disorder. For 

example, in the Benign Familial Neonatal Epilepsy syndrome, most affected families have 

mutations in potassium channel genes, KCNQ2 or KCNQ3.30 Secondly, a genetic etiology may 

be suggested by research in populations with the same syndrome, like Childhood Absence 

Epilepsy or Juvenile Myoclonic Epilepsy. Furthermore, the same molecular abnormalities can 

cause varying effects, both severe and mild epilepsy.27 

The most common etiology on a global scale is infectious etiology. 31 The epilepsy occurs as a 

result of a known infection, in which seizures are a central feature. This differs from a case of 

an acute infection, such as meningitis or encephalitis. Common examples can be: 



neurocysticercosis, tuberculosis, HIV, cerebral malaria, subacute sclerosing panencephalitis, 

cerebral toxoplasmosis, and congenital infections such as Zika virus and cytomegalovirus. 

These infections may have a structural association. 27 

Metabolic etiology means that epilepsy is the result of a known metabolic disorder in which 

seizures are a primary symptom. The range of metabolic disorders is expanding, and there is a 

greater understanding of the phenotypic spectrum. These disorders can be referred to as 

biochemical alterations in the body, such as porphyria, uremia, aminoacidopathies, or 

pyridoxine-dependent seizures. On many occasions, metabolic disorders can have a genetic 

mutation, although some may be acquired, like cerebral folate deficiency. 

Epilepsy can be the result of an immune disorder. A range of immune disorders have recently 

been studied and characterized, presenting in both adults and children.31 In this context, 

epilepsy is caused by an autoimmune-mediated central nervous system inflammation. Today, 

the diagnosis of this condition is rapidly increasing, thanks to improved access to antibody 

testing. For example, anti-NMDA (N-methyl D-aspartate) receptor encephalitis and anti-LGI1 

encephalitis.32 

Figure 2: Framework for classification of the epilepsy (2017) 



In some cases, the cause of the epilepsy is unknown, and it is not possible to make a precise 

diagnosis. The ability to identify the cause varies on the basis of the extent of the evaluation 

available to the patient, which is influenced by the healthcare setting.27   

 

 

1.1.4. Imaging in epilepsy  

Since the electroencephalogram (EEG) offers high temporal resolution of cortical function, it 

is the central tool in the epilepsy diagnosis process. The EEG is not only used for diagnosing 

epilepsy, but also to classify focal and generalized seizures. The EEG is a tool used for 

registration of neural activity inside the human brain.33 Hans Berger discovered the EEG in the 

1920s. Nowadays, advances in computer technologies have led to improvements the EEG 

acquisition and recording, as well as viewing and analysis.11 EEG studies are usually performed 

as routine or prolonged studies (i.e., long-term EEG). Routine EEG is performed for the 

evaluation of seizures and could include periods of sleep and wakefulness. The total recording 

period is usually 20-40 minutes, even though longer periods may be necessary for the 

assessment of interictal epileptiform discharges. Interictal EEG findings in patients with 

epilepsy can be either normal or abnormal. Abnormal manifestations can include non-epileptic 

abnormalities, such as slowing, and interictal epileptiform discharges (IEDs).34 Although IEDs 

are fundamental for the evaluation of the patient, ictal EEG recordings are the most important 

part for accuracy in localizing the epileptogenic zone (EZ), as well as for presurgical 

evaluation. Localizing a seizure onset can be challenging, contributing factors include: a large 

size of the EZ, rapid ictal discharge progression, or the presence of attenuation in focal onset 

seizure. In localized seizures, the presence of beta frequency discharge can be present. In 

generalized onset seizure, the onset includes all EEG derivations simultaneously, although the 

amplitude of the discharge may be maximal in certain regions. Common generalized ictal 

patterns are characterized by 3 Hz spike-and-wave, slow spike-and-wave, or atypical spike-

and-wave, paroxysmal fast activity, generalized repetitive sharp waves, generalized rhythmic 

slow waves, and electrodecrement. Often, the seizure involves progression from one pattern to 

another. Although conventional EEG analysis is adequate to classify the type of epilepsy, it 

cannot be used to identify the EZ with precision. For this limitation, EEG source imaging (ESI) 

techniques have been developed. ESI can directly estimate the cerebral generators of surface-

recorded electrical fields, allowing a more precise determination of the underlying sources.35  



Neuroimaging is often needed to determine the etiology and prognosis of epilepsy patients. It 

plays a key role in identifying the type of epilepsy, and in guiding the selection of appropriate 

pharmacological therapy. Neuroimaging is also crucial for detecting potentially epileptogenic 

lesions that may require surgery.11 The main neuroimaging tools are: computerized 

tomography and magnetic resonance imaging.  

Computerized tomography (CT) has lower sensitivity and specificity compared to magnetic 

resonance imaging (MRI). It can be used for critical patients, because it takes less time and 

costs less than an MRI. CT can detect intracranial hemorrhage, but it can miss the presence of 

small amounts of blood or early non-hemorrhagic infarct.36 Calcified epileptogenic lesions, 

cysts and ventricular deformities can be detected by CT. However, CT has limited sensitivity 

in detecting neuronal migration disorders, hippocampal sclerosis, small tumors, and vascular 

malformations. Additionally, CT often fails to recognize other brain abnormalities, such as 

white matter alterations. 

MRI is the most sensitive and specific structural neuroimaging test in epilepsy patients with 

focal epilepsy. MRI is used to select favorable candidates for epilepsy resection surgery, to 

plan the extent of intracranial monitoring, and to guide subsequent surgical excision or 

minimally invasive therapies. In patients with structural lesions, approximately 70% achieve 

post-surgical seizure freedom. However, for MRI-negative patients, post-surgical freedom 

drops to 46%. The rate of seizure freedom is similar in both adults and children, as well as in 

temporal and extratemporal epilepsy.37 The introduction of high-field magnet at 3T, combined 

with the use of multiple phased arrays instead of conventional quadrature coils, has led to faster 

image acquisition, enhanced signal-to-noise ratio, and improved image contrast.38  

Structural MRI is specifically useful in the management of focal patients. Among focal 

epilepsies, temporal lobe epilepsy (TLE) is particularly significant for its high prevalence and 

characteristic findings in MRI. In TLE, the most frequent finding is mesial temporal sclerosis 

(MTS), which is characterized by cell loss and astrocytic gliosis in the medial temporal 

structures, especially in the hippocampus.39 However, cell loss and gliosis have also been found 

in the amygdala, entorhinal cortex, temporopolar cortex, and the temporal pole.40 At the same 

time, focal cortical dysplasia (FCD) is a brain malformation that can cause many focal 

syndromes (e.g., usually temporal or frontal lobe epilepsies). FCD is commonly associated with 

epilepsy in children, accounting for approximately 26% of intractable epilepsy in children.41 

FCD represents unique challenges in detecting and managing, since it commonly causes drug-



resistant epilepsy and is a frequent histological finding in patients undergoing epilepsy 

surgery.42 FCD can be subtle and challenging to detect with standard MRI. The MRI features 

of FCD typically include: abnormal cortical thickness, abnormal sulcal pattern, blurring of the 

gray-white matter junction, and abnormal signal in the white and/or gray matter.41  

 

1.1.5 Therapy   

In 70% of patients with epilepsy, anti-seizure medications (ASMs) may provide good seizure 

control. An accurate diagnosis of the type of epilepsy, rather than the seizure type, is crucial 

for selecting the best treatment. However, there are factors that need to be considered for 

choosing medication: which side effects can be tolerated, other illnesses they may have and 

which delivery method is acceptable, concurrent medical therapies, drug–drug interaction 

potential, gender, age, ease of use, clinical urgency, and cost.43 Over the last 30 years, there 

has been an increase in the number of ASMs available. Nowadays, there are more than 25 

ASMs in the market.44 In 2015, the American Academy of Neurology (AAN) and American 

Epilepsy Society (AES) released an evidence-based guideline for managing patients after first 

unprovoked seizure. One of the conclusions made in this study regards the risk of seizure 

recurrence, which is greater in the first 2 years, while immediate ASM therapy is likely to 

reduce recurrence in the first 2 years.45 The majority of adult patients with newly diagnosed 

focal epilepsy are initially prescribed monotherapy with levetiracetam (LEV) or lamotrigine 

(LTG). The majority of them remained on the first ASM throughout the follow-up period.46 If 

LEV or LTG were not available, then carbamazepine should be used as an alternative first-line 

treatment. If the first monotherapy is not successful, a second-line therapy must be accessed; 

drugs like Lacosamide can be offered as second-line monotherapy. If ASM is unsuccessful, in 

patients with focal onset seizures, an alternative treatment should be considered.47 First-line 

therapy for generalized onset should include LEV or LTG, or valproic acid (sodium valproate). 

Moreover, LEV and LTG should be offered in first-line therapy in women and girls of 

childbearing potential. Valproic acid is not recommended in women and girls with the potential 

of pregnancy, due to its high risk of causing birth defects and neurodevelopmental disorders. 

If the 3 common use drugs (i.e., LEV, LTG, and valproic acid) are not available for generalized 

onset seizure, monotherapy with either phenytoin or phenobarbital can be considered.47 

Studies estimate that between 20% and 70% of individuals with focal epilepsy do not become 

seizure-free, despite optimal drug therapy. In these cases, if the epileptogenic zone can be 



located, surgical resection offers the main potential therapy and a significant improvement in 

quality of life.48 The intervention involves localizing the EZ and then removing it surgically, 

only if the potential benefit outweighs the risk. To localize the EZ, the main investigation tool 

is MRI, coupled with the use of EEG findings and seizure semiology. The key is to accurately 

localize the EZ to an area that can be safely removed without causing neurological or cognitive 

damage. When the lesion is not well defined, further imaging is required, such as Positron 

Emission Tomography (PET) and Single Photon Emission Computed Tomography (SPECT). 

Good outcome of the surgery appeared to be associated with various factors, such as: 

preoperative identification of hippocampal sclerosis, an anterior temporal localization of 

interictal epileptiform activity, the absence of pre-operative generalized seizures, and the 

absence of seizures in the first postoperative week.49 

Drug resistance is an important part of determining whether a patient is suitable for presurgical 

evaluation. Drug-resistant epilepsy is defined as the persistence of unprovoked seizures despite 

appropriate trials of at least two ASMs, used alone or in combination.50  This definition is 

supported by well-established data that demonstrate that a patient with epilepsy is unlikely to 

achieve seizure freedom using medication alone after failing the two medication trials. 

Therefore, patients who are proven to be drug-resistant should be considered for epilepsy 

surgery. Another problem to consider is tolerability, which is a common issue with ASM, with 

approximately one-third of patients with epilepsy reporting a significant impact on their quality 

of life.51 Understandably, intolerable side effects can result in changing medications in an 

attempt to find more tolerable treatments. While such an event is common, it should be kept in 

mind that medication failure is defined by the lack of seizure control, and not by intolerance. 

In rare situations, even patients who correctly respond to the ASM can be considered for 

epilepsy surgery. For example, if they are at risk of SUDEP, or if the EZ is consistent with a 

high likelihood of seizure freedom following surgery.11 

 

1.2. Dreams 

1.2.1. Definitions and theories of dreams 

There are a lot of ways to define dreams, the most common definition of dreams is sleep-

dependent cognitions. They are thoughts and mental images that occur during sleep. By this 

definition, for dreams to occur they require sleep. Indeed, rapid eye-movement (REM) sleep 



can emerge into daytime consciousness, we may experience dreams or dreamy thoughts and 

images while awake, commonly referred to as daydreaming. Even if we cannot strictly define 

dreams as a sleep-dependent condition, we can claim that dreams are highly associated with 

REM state, which is normally activated during sleep. Dreams occur typically during sleep, and 

we can define sleep as a restorative process that is brain state-regulated, characterized by 

reversibility, homeostasis, integration within circadian and social physiology, involving a 

species-specific quiescent posture and some amount of perceptual disengagement and elevated 

arousal thresholds. Dreaming refers to a condition that occurs within this biological framework, 

which is characterized by all the elements mentioned above.52 

When defining dreams as sleep-related cognitions, it is helpful to clarify the term “cognition”. 

Cognition includes everything that is part of mental life: thoughts, mentions, affects, images, 

emotions, visual simulations, memories, etc. Although not all forms of mental activities occur 

in dreams, studies have shown that reading, writing, arithmetic, and reflective thought rarely 

occur in dreams as compared to their frequency in waking life. On the other hand, certain 

mental experiences are more common in dreams than in waking consciousness. Additionally, 

dreams facilitate connections between unrelated concepts; this ability to make connections 

where the “waking mind” sees no connection, underpins the role of dreams in promoting 

creativity. 

In psychoanalysis fields, there are a variety of theories about dreams. In 1900, Freud considered 

dreams as a form of “wish fulfillment”, as they represent the unconscious desires, thoughts, 

and motivations that our conscious mind represses.53 According to Freud, during dreams,  

subjects could act out desires that they cannot fulfill in waking life. However, certain types of 

dreams (e.g., dreams that involve punishment or traumatic events) challenge this model. These 

exceptions led Freud to theories that dreams could also serve as a mechanism for expressing 

guilt or processing trauma. Ultimately, these insights shaped Freud’s revolutionary theory of 

dreams, suggesting that they are the manifestation of the unconscious processing of the brain.54 

Jouvet hypothesized from a psychological individualization, suggesting that dreams allow 

genes to express during the night, when there are fewer cultural pressures. 55 

From a neurophysiological point-of-view, J. Allan Hobson and Robert W. McCarley after the 

discovery of REM sleep in the 1970s, studied animal models. they discover that during sleep 

there is a network activation that integrates sensory data generated by the reticular, vestibular, 

and oculomotor neurons in the brainstem. The author theorized that the brain naturally reacts 



by attempting to make sense of random stimuli. Thus, dreams have no intrinsic meaning, they 

serve merely as a side effect of the brain's normal activity. 56 

Other studies suggest that dreams are a cognitive function.57 Some authors define dreams as 

"repair mode", as means of solving daily difficulties.58 Other, as a process in which unnecessary 

connections in the brain are broken, such as hippocampal consolidation process.57 Recent 

studies suggest that dreaming could be a reflection of the consolidation of memory during 

sleep.59 Early studies have made a correlation between waking experience and dream content.60 

Moreover, psychology and neuroscience suggested that reactivation of memory during sleep 

helps the consolidation process, in both animal and human studies. 59  

Despite the numerous theories, no consensus has been reached because testing the impact of 

dreams on the waking mind and behavior remains a significant challenge.61  

 

1.2.2. Neural basis of dreams 

Modern studies have shed light on the neuronal basis of dreaming. Traditionally, dreaming has 

been associated with REM, characterized by “wake-like” activation, with high-frequency 

electroencephalography activity. However, recent findings indicate that dreaming can occur 

even in non-REM (NREM) sleep, with a low-frequency activity.62 This new knowledge has 

changed the previous concept of neuronal activities during dreams. Indeed, dreams were 

associated with an activated EEG state (typical REM state), and the absence of dream 

experience with low-frequency activity (typical in NREM state). Siclari et al. (2017),63  

evaluated participants by EEG in both NREM and REM sleep. Key findings from this study 

include the identification of a posterior cortical “hot zone”, where a local decrease in low 

frequency during NREM and REM sleep is associated with reports of dreaming, whereas a 

local increase in low frequency activity is linked to the absence of dream experience. In 

addition, results have shown that the location of high-frequency EEG activity is correlated with 

particular dream contents, such as thoughts, perceptions, and faces.63 REM sleep is associated 

with dream reports that are more reliably elicited. While reports after awakenings from NREM 

stages tend to be shorter, less emotional, and less visually vivid, in comparison with REM sleep 

reports.52  

Observation of the anatomical correlation of dreams is primarily made by studies that address 

the consequences of brainstem lesions and focal cortical damage on perceptual, emotional, and 



structural aspects of dream content.64,65 The general hypothesis is that lesions to pontine 

brainstem areas reduce or suppress both REM sleep and dreaming.66 Solms and colleagues 

critically examined patients with brainstem lesions and the presence of REM sleep. Their 

review showed a drastic reduction of REM sleep and a complete dream loss in only 1 out of 26 

subjects67. The authors referred to this case as Charcot-Wilbrand syndrome, which indicate the 

loss of dreaming after brain damage68. Other studies have examined how subcortical and 

cortical lesions affect dreaming, revealing insights into the neuronal substrates of dreaming. 

For instance, patients with bilateral basal ganglia damage reported very simple dreams after 

REM sleep.69 This suggests that the basic dream imagery is generated by brainstem stimulation 

and sent to the sensory cortex, while “full dreams” rely on cortical areas for interpretation and 

integration, subserving higher-order cognitive processes. Other examples can be made with 

cortical lesions; several reviews on the outcome of acute cortical lesions have shown that 

unilateral or bilateral injuries are often linked to a complete dream loss.67,70,71 

Clinical studies highlighted two major brain systems responsible for dream generation. 

Primarily, the posterior system lesions – especially in the right hemisphere – often effect 

dreaming and waking visual imagery.72 Damage to specific regions, such as V4 or V5, affects 

the representation of colors in dreams or movement.73 This finding suggests that dream 

experience shares neuronal mechanisms with visual imagery and visual perception in its late 

stage of elaboration. The other system involved is the bilateral anterior system, which includes 

the ventromedial prefrontal cortex (vmPFC) and the white matter surrounding the anterior 

horns of the lateral ventricles. Lesions to this white matter area, in particular the tracts 

surrounding the anterior horns of the lateral ventricles and underlying the vmPFC, are less 

frequently associated with dream cessation. Many of the fibers from these areas originated or 

terminated in the limbic system.67,74 Moreover, the ventromedial white matter contains 

dopaminergic projections, and damage to this area, such as in the case of prefrontal lobotomy, 

often results in the cessation of dreaming. 67 In addition, damage to the secondary visual areas 

of the medial occipital lobe/lingual gyrus usually leaves dreams intact, but results in cessation 

of visual dream imagery. On the other hand, lesions to medial prefrontal cortex (mPFC), 

anterior cingulate cortex (ACC) and basal forebrain often increase the frequency and vividness 

of dreams and may cause intrusion into waking life. 75 

Prospective studies on brain-damaged patients are valuable for further understanding the 

neuronal basis of dreaming, as about 50% of the patients recover the ability to recall dreams at 

2-4 years of follow-up.76 Nevertheless, the relationships between sleep normalization, neuronal 



reorganization, and changes in dream recall and/or perceptual properties of dream remain 

mainly unexplored. 

 

1.2.3. Dreams in neuroimaging 

Technological advances have deeper our knowledge of dreams, brain imaging such as PET 

SPEC, structural, and functional MRI (fMRI), have been used to study the relationship between 

specific dream features and brain activity during sleep.77 

The first study that used PET and EEG for evaluating the presence or absence of dream recall 

showed an activation during REM sleep in the pontine tegmentum, left thalamus, both 

amygdaloid complexes, ACC, and right parietal operculum. Simultaneously, the study showed 

a deactivation in extensive regions of the dorsolateral prefrontal cortex (dlPFC), parietal cortex 

(supramarginal gyrus), posterior cingulate cortex, and precuneus.78,79 These results align with 

clinical observation, which indicates that lesions in these areas do not affect dreaming. 

Two recent studies, which don’t involve dream reports, revealed pronounced activation of the 

high-order occipitotemporal visual cortex, aligning with the vividness of many dreams, 

alongside reduced activation in the primary visual cortex during REM sleep. This finding 

suggests that a high-order visual processing occurs during sleep, without external visual input 

and a decreased activity of the primary visual cortex (V1).80,81  

Most subsequent neuroimaging studies have shown a significant difference in brain activity 

between REM and NREM sleep. REM sleep is characterized by increased activation in regions 

such as the pons and midbrain, thalamus, basal ganglia, hypothalamus, ventral striatum, visual 

association cortices, midline limbic and paralimbic areas, as well as in orbitofrontal and 

paracingulate cortices and part of the mPFC.79,81 Whereas the dlPFC remains deactivated 

during the transition from NREM to REM sleep.79,80,82 These findings encourage a reevaluation 

of the relationship between brain activity changes and dreaming. Other approaches to 

evaluating the neural correlation of dreaming are comparing neuroimaging data of brain 

activity during sleep and resting wakefulness. Dream-like features such as visual imagery and 

bizarreness have long been noted not only during stage 2 NREM at sleep onset 83, late in night 

84, and early in the morning 85, but also during states of relaxed wakefulness. 86 Regarding the 

default mode network (DMN), studies have shown that both increased 87 and decreased 88 

connectivity between its nodes during sleep, suggesting that it has a distinct role in dream 



generation.89 The hippocampal formation, which is more active in REM than NREM sleep, 

may support the generation of dreams.90 Meanwhile, the dmPFC, which showed incomplete 

connectivity during REM sleep91, might contribute to the lack of insight into the current mental 

state, leading to the delusional acceptance of dreams as reality compared to waking cognition.92 

Lesion and neuroimaging studies have contributed to the creation of models of the 

neurobiological bases of dreaming 93,94. These models converge on identifying brain networks 

that modulate distinctive characteristics of dreams and dreamlike mental activity 92,95. 

Emotional features can be associated with the activation of the amygdala complex, anterior 

cingulate cortex, and orbitofrontal cortex. Visual imagery can be associated with increased 

activity occipitotemporal visual cortex. Cognitive alterations can be associated with relative 

hypoactivation of the dlPFC, and are characterized by alteration of logical reasoning, working 

memory, episodic memory, and executive functions commonly observed in REM sleep dreams. 

Memory integration can be associated with activation of mesial temporal areas, specifically the 

hippocampus. This connection is thought to underlie the incorporation of episodic memories 

into dream content. Notably, the involvement of the emotional (amygdala, anterior cingulate, 

orbitofrontal) and visual (occipitotemporal) networks is consistent with the result of brain 

lesion studies. Additionally, the role of mesial temporal regions is supported by recent 

electrophysiological96, neuroimaging 97 , and morpho-anatomical research.98,99  

 

1.2.4. Dreams in neurological disorders 

Advances in neuroimaging and diagnostic technologies have enabled researchers to link dream 

characteristics to specific brain activities. 61 The study of various neurological disorders can 

contribute to our understanding of the underlying mechanisms of dreaming. Another crucial 

element to evaluate is the diagnostic significance of dreams in relation to sleep and neurological 

disorders.  

In REM sleep disorders, normal REM sleep is associated with the loss of muscle tone (i.e., 

atonia), regulated with an active inhibitory mechanism in the pons and medulla. When this 

mechanism is compromised, patients may exhibit dream enactment and nightmares, 

characterized by movement, facial expressions, vocalizations, and behaviors during REM 

sleep.100 Patients awakened immediately after such episodes often describe dreams aligned 

with their behaviors before awakening.101 These patients can be injured by the behavior that is 

activated during sleep, as violent movements, such as kicking, boxing, and jumping, can take 



place.100 It is important to mention that many patients with REM disorders eventually develop 

Parkinsonism or Dementia, almost always associated with synucleinopathy (i.e., Parkinson’s 

Disease, Dementia with Lewy Bodies, and multiple systemic atrophy). Approximately half of 

these patients progress to such a condition within 8 years.102 They often exhibit numerous mild 

non-motor symptoms, such as hyposmia and constipation, and mildly abnormal test results. 

These features place them on the spectrum between healthy individuals and patients with 

Parkinson's disease. The condition is associated with neural loss in the subcoeruleus nucleus in 

the pons.103 This knowledge can be used for diagnosis. A screening question, such as “Have 

you ever been told, or suspected yourself, that you ‘act out your dreams’ while asleep?”104 is 

both sensitive and specific for distinguishing REM sleep behavior disorders (RBD) from non-

RBD individuals, and patients with sleep apnea.104 Approximately 93% of patients with RBD 

report experiencing enacted dreams.105 Common dream scenarios include being attacked or 

chased by a person or animal, arguing or falling off a cliff, or defending themselves or loved 

ones.106,107 

Patients with Parkinson’s disease and Dementia with Lewy Bodies often experience various 

sleep disturbances, including insomnia, excessive daytime sleepiness, and nightmares. 

Approximately, one-third of patients report vivid dreams and frequent nightmares, in particular 

after starting dopaminergic therapy.108 Their dreams tend to exhibit lower emotional intensity 

and bizarre contents, which correlated with amygdala volumes and mesial prefrontal cortex 

thickness. 109 While the correlation with the amygdala involves both hemispheres, only the left 

mPFC shows an important association with features of dreams98. The most notable sleep-

related issue in these diseases is the prevalence of RBD which can affect up to 60% of 

patients110, and is a strong predictor of future hallucination, psychosis, and dementia.111,112 

Researchers initially assumed that NREM parasomnias are not associated with dreaming. 

Recent studies show that 71-77% with NREM parasomnia experience at least one dreamlike 

mentation associated with a parasomnia episode in their lifetime.113,114 This experience is 

different from RBD, and can help to distinguish between these two conditions in the diagnostic 

process. In NREM parasomnia, dreamlike experiences are typically short, featuring a single 

visual scene with negative emotions, such as fear and terror. Common themes involve escaping 

danger or a closed location, imminent death, misfortunes, and disasters.106,113,114  

Narcolepsy is caused by a deficit in hypocretin, which disrupts the sleep-wake cycle, leading 

to excessive daytime sleepiness, cataplexy, and sleep onset REM periods.115 Patient with 



narcolepsy report higher dream recall, compared to controls.116,117 Although, in other awaking 

conditions, such as sleep laboratory, they show similar frequency of dream recall to those of 

the control group118. The content of the dreams is reported as more vivid, clear, and bright, with 

more emotions involved, often containing more negative emotions119. Nightmares and 

recurrent dreams are also more common, with 33-70% of patients reporting frequent 

nightmares.116,117 Sleep paralysis is significantly common in these patients, occurring in 59% 

of narcolepsy patients, higher than the healthy controls (15%). Hypnagogic and hypnopompic 

hallucinations, often related to sleep paralysis, are also frequent. 116 These phenomena can 

sometimes cause dream reality confusion, where patients may act on hallucinations.120 Around 

77-78% of narcolepsy patients report having lucid dreams (i.e., dreams in which the dreamer 

is aware of the fact that he is dreaming, and often can influence the dream content121), with an 

average of 7 lucid dreams per month.116,117 This ability may be linked to frequent transition 

into REM sleep directly from wakefulness; this kind of transition can allow a higher level of 

consciousness to be maintained. Patients can often use this ability to take control over dream 

scenarios in nightmares. Lucid dreaming is associated with creativity, and indeed, narcolepsy 

patients are often more creative than controls122, potentially using dreams to incubate original 

ideas. 

This new information, regarding the correlation between neurological disorders and dreams, 

can be used in the future to improve the diagnostic process. For example, RBD is now 

recognized as an early indicator for neurodegenerative conditions, such as Parkinson’s Disease 

or dementia with Lewy bodies. Patients with dream enactment need to be further studied and 

evaluated. Future research should focus on refining these diagnostic tools and exploring the 

therapeutic possibilities of dream-related conditions in neurological disorders. 

 

1.3.  Epilepsy and dream experience 

The correlation between epilepsy and sleep alteration is widely reported in the literature. Some 

types of epilepsy tend to disrupt the micro- and macro-structure of sleep123. Tian et al. (2021) 

found that patients with partial epilepsy are twice as likely to report sleep disturbance in a 

period of 6 months, compared to a control group.124 Nocturnal seizures disrupt sleep structure 

and cause a brief awakening, these brief disruptions can interrupt the sleep structure.125 Another 

key component in sleep disruptions in epilepsy patients are the ASMs. For example, first-



generation ASM (e.g., barbiturates, benzodiazepines, phenytoin, and phenobarbital) tend to 

reduce the time of REM sleep and slow wave sleep.126 The loss of REM sleep, which can be 

considered an essential sleep stage, is increasingly recognized as crucial for the consolidation 

of memory, which impacts daily functioning.125  The newer generation of ASMs tend to cause 

less alteration of sleep cycle and architecture. Additionally, there is more evidence of 

comorbidity between epilepsy and sleep disorders; an example of such patterns has been found 

between nocturnal frontal lobe epilepsy (NFLE) and NREM arousal parasomnias.127   

It is logical to assume that epilepsy can have an impact on sleep-related cognitive activity, such 

as memory consolidation, stimulus integration or perception, and dreaming.128 The cognitive 

process is not yet fully understood; nevertheless, by analyzing dream reports, this process has 

been seen to include sensory and associative functions, short- and long-term memory, 

executive and emotional processes, mind-reading, and consciousness. Nearly all the cognitive 

functions used during wakefulness.129  

Epilepsy can interfere with this process in many ways. It can change the ability to remember 

dreams, potentially due to dysfunction in brain regions essential for the formation and/or recall 

of dream memories, involving the medial prefrontal cortex and temporal-parieto-occipital 

junction.74,130 In one study by Bentes et al. (2011),  epilepsy patients has been proven to have 

di ability to recall their dreams, but the rate of dream recall is lower than the one in the control 

group.131 In patients with focal impaired awareness seizures, dream recall frequency (DRF) 

was found to be higher for REM compared with NREM awakening, with proportions that are 

typically seen in healthy individuals. This suggests a specific impairment of NREM sleep 

dream recall in patients. However, the length and structural organization of dreams did not 

differ.132  

Seizures can impact the content of dreams, incorporating elements of seizures into dream 

content, which happens especially when seizures occur during the night.128 This is supported 

by clinical observation, as patients with nocturnal temporal seizures often report having a 

seizure within their dream, or report a subjective feeling associated with seizures.133,134  

Solms suggests that focal epilepsy activity could also be a key component in the activation of 

the mPFC, leading to increased mesocortical dopaminergic activity, which is thought to be 

involved in the activation of limbic structures during dreaming.74 This mechanism can link the 

occurrence of nightmares in patients with nocturnal ictal activity. 135  



Interestingly, previously experienced dreams can be a component of the subject's cognition 

during diurnal seizure, particularly during temporal lobe seizure, and it is referred to as “déjà-

rêvé”136. The author describes three distinct types of experiences: (1) the recall of a specific 

and detailed dream with a precise date, resembling episodic memory; (2) the remembrance of 

a vague dream or element of a dream; and (3) a resembling feeling of a dream. 

The first two phenomena are primarily triggered by activation of the medial temporal lobe, 

while the last one lacks specific anatomical triggers.136 The clear identification of dream-related 

memories raises questions about the neuronal system involved in both dream and waking 

memory. Normally, dream memories are not confused with memories of waking life. This 

suggests that during elaboration of dream memory, a “dream tag” might be added to the 

memory, or that the dream-memory system is distinct from the waking-memory system.128 

A study by Paiva et al. (2011)137 found that dream reports in epilepsy patients are shorter and 

have different content when compared to a control group. Moreover, epileptic patients’ dreams 

feature higher proportions of familiar characters and settings, and lower proportions of success 

and sexuality. Interestingly, some differences were found based on the location of the epilepsy; 

patients with left TLE had higher dream recall frequency, more aggression, fewer animals, and 

more self-negative expressions compared with right TLE.137 

Despite technological advances and growing theoretical interest in the study of dreams, few 

studies have investigated the relationship between dreams and epilepsy. Most studies focused 

on dream recall in epilepsy patients 131,138, and some also explored dream content.131,137 The 

results of these studies implied that patients with epilepsy experience alterations in dream recall 

(i.e., decrease in DRF), possibly linked to alterations in REM sleep. Also, different in dream 

content, often related to negative themes with familiar setting were reported 137. These findings 

highlight the fact that epilepsy affects cognition not only during wakefulness but also during 

sleep. Although the exact purpose of dreams is still unclear, there are many theories regarding 

their functional impact on emotional and cognitive states. Further studies that use advanced 

technologies could increase our understanding of the neurobiology of dreams, their biological 

and psychological influence and how these influence neurological patients.  

 

  



2. Aim of the study 

By the short introduction to the themes, it is clear that distinct pathological conditions can be 

associated with particular modification of frequency, structure or content of oneiric experience. 

In fact, available evidence shows that changes in dream features may reflect specific anatomic-

functional alterations affecting brain areas that are involved in corresponding cognitive 

function. However, these changes not always correspond with similar changes in waking 

experience. They may also proceed or accompany the development of clinical symptoms 

manifested during the waking period.  

Indeed, these observations imply that the analysis of dream experiences could provide unique 

information about the brain and mental health, which may serve as complement to the 

information obtained during the waking period.  

The main goals of the present thesis project were to investigate the relation between dream 

content alteration in patients with focal epilepsy.  And by that, deepen our knowledge regarding 

the neurophysiology of dreaming and in particular anatomic-functional mechanisms involved 

in the generation and delineation of dream imagery in physiological and pathological 

conditions. We hypothesized that dream content will differ between focal epilepsy patients and 

control group.  



3. Materials and methods 

3.1. Participants  

A population of epilepsy patients was recruited at the Epilepsy Monitoring Unit (EMU) of the 

Baggiovara Civil Hospital (OCB) in Modena, starting from January 2024. The diagnosis was 

made by board-certified neurologists with expertise in epileptology and according to ILAE 

criteria20 . All participants were native Italian speakers between the ages of 18 to 65 years old 

that have consented to participate in the study. For each patient who met the inclusion criteria, 

the following clinical variables were collected: age of first seizure, years of epilepsy duration, 

history of febrile seizures during childhood, the epileptogenic lobe, etiology, and number and 

type of ASMs intake. Patients were classified as drug-resistant or drug-responsive based on the 

ILAE criteria50. During the hospitalization, all the recruited patients underwent a long-term 

video EEG (LT-VEEG) monitoring, an MRI evaluation, and a complete neuropsychological 

assessment.  

Finally, a population of healthy volunteers recruited at IMT School for Advanced Studies in 

Lucca and matched for age and sex to the patient's group was included in the study.  

 

3.1.1. Dream study framework 

For the study aims, patients and controls were evaluated using various sleep-related 

questionnaires and emotional state questionnaires. All participants were provided with an 

actigraph and a voice recorder (Figure 3). The actigraph is a wrist-worn device used to verify 

the regularity of sleep-wake patterns139. Participants were asked to record a dream report and a 

waking report each day for 14 days through a voice recorder. The specific instructions were: 

“We ask you to register every morning what was going through your mind just before waking 

up. It could be a proper dream, or just an experience, like a picture or a sensation.” 

For the purposes of the present thesis, we focused on questionnaires only. 



 

3.1.2. Imaging acquisition 

All patients underwent an MRI evaluation on a 3T scanner for clinical purposes. For the present 

study, the anatomical high-resolution 3D-T1 weighted sequences (3DT1) acquired at 1 mm 

slice thickness were collected. The imaging protocol followed the harmonized neuroimaging 

of epilepsy structural sequences (HARNESS) guidelines140 , which are designed to recognize 

structural brain abnormalities in epilepsy patients.  

Structural MRI was not available for one patient, and for the whole control population. 

 

3.2.  Assessments 

3.2.1. Cognitive assessment 

The cognitive assessment for the participant included the evaluation of the following functions: 

global cognition, executive, attention and processing speed, verbal memory, visual memory, 

visuospatial abilities, and language.   

Mini-mental State Examination (MMSE) 141 was performed at an interview level to assess 

global cognitive performance142. MMSE is composed of 11 questions that evaluate 5 cognitive 

domains: orientation, registration, attention and calculation, recall, and language. The test has 

a maximum total score of 30 points; scores <23 are considered indicative of cognitive 

impairment.143 

Stroop color/word interference test 144 is also known as “the color word naming test”.145 The 

test has been used to test the ability to block cognitive interference.146  In this test, subjects are 

Figure 3: actigraph (left) and a voice recorder (right)  



asked to name the color of a work presented with a different ink color. 147 For the interpretation 

of the results are interpreted using reaction time and errors. The Italian version is provided by 

Caffara et al. (2002).148 

Babcock Short Story Recall test is a verbal memory test that studies both immediate and 

delayed verbal memory 149 . The test is composed of two levels: (i) the examiner reads the 

story, and then asks for immediate recall, (ii) following a short time interval (e.g., 10 minutes), 

the examiner asks for delayed recall. The result consists of the sum of the immediate and the 

delayed recall.150 The Italian version is provided by De Renzi et al. (1977).151 

Rey-Osterrieth complex figure is a test used to evaluate visual and spatial ability, visual 

memory, and executive functions.152 The subjects was asked to copy a complex geometric 

figure that contains 18 patterns in the most accurate way possible.153 The test contains two 

components, one immediate copy and a delayed copy after 10 minutes. The immediate copied 

figure focuses on visual-constructional ability, while the delayed recall copy assesses long-

term visual memory. The Italian version is provided by Bertolani et al. (1993).154 

Verbal fluency test consists of two subtests: category fluency and letter fluency. Both of them 

explore language abilities. In the category fluency test, participants are instructed to name as 

many words as possible belonging to the same specific semantic group (i.e., colors, animals, 

fruits). In the letter fluency test, participants are asked to generate as many words as possible 

beginning with a specific letter (i.e., A, F, S). 150 The Italian version is provided by Costa et al. 

(2014).155  

 

3.2.2 Questionnaires  

Study participants have undergone a series of self-assessment inventories to evaluate their 

mental health state. 

Beck's Depression Inventory is a self-report questionnaire that reflects the severity of 

depression. It evaluates attitude and symptoms of depression156 through 13 items and multiple 

choice questions. Every item contains a manifestation of depression, and the participant rates 

the item on a scale from 0 to 4. Higher scores indicate higher depression grade.157 In our study, 

the Beck's depression inventory was available for patient group only. 



State-Trait Anxiety Inventory for Adults (STAI) is a self-assessment questionnaire that 

evaluates anxiety. 158 In our study, we used the STAI-Y2 version that measure trait anxiety.159 

The test consists of 20 assertions that ask the participants to describe how they feel during 

everyday life. They are required to respond indicating on a 1 to 4 scale the frequency of anxiety 

symptoms.160 The scoring method involves adding items to obtain a total score. For anxiety 

absent items (i.e., 1, 3, 6, 7, 10, 13, 14, 16, and 19), scoring should be reversed.161 The range 

of scores goes from 20 to 80, with higher scores indicating a higher anxiety trait.161 Some traits 

has been grouped together to highlight a specific area of anxiety, such as: cognitive concern 

(item 16), tension and restlessness (item 7,13), low self-esteem or sense of inadequacy (item 

3), low calmness and general well-being (item 1,6,10,14,19).  

Subsequentially, every enrolled participant filled out a series of questionnaires aimed to 

investigate their sleep quality, dream recall, and their mental imagery during wakefulness.  

Attitude towards dreaming questionnaire162 studies the individual’s positive and negative views 

towards dreaming. 163 The test presents a series of 6 affirmations that the participant needs to 

rate on their level of Agreeableness. The affirmation studies the subject’s mindset towards 

dreaming. For the results interpretation, higher scores are associated with a more positive 

attitude toward dreams.164 

Morning dream recall165 contains a series of questions that review the frequency of dream 

recall (i.e., the ability to remember a dream while awake), and some aspects of dream content. 

Dream recall frequency is measured on a 7 points scale. Additionally, several items were 

developed to assess a qualitative aspect of dreams, including realism in dreams (3 point scale), 

creative aspects of dreams (5 point scale), emotional intensity (5 point scale), emotional tone 

of dreams (scale range: from -1=predominantly negative, 0=balanced, +1=predominantly 

positive). The version was adapted from Schredl et al (2002)165.  

The Epworth sleeping scale is a test that measures the subject’s general level of daytime 

sleepiness.166 The participant are asked to answer 8 affirmations that describe different 

situations in which they can fall asleep. The total score can range between 0 to 24, the higher 

the Epworth sleeping scale is, the higher the person’s daytime sleepiness is.167 

Mind wandering spontaneous scale 168 contains 8 affirmations that regard the person's thoughts 

and mind wandering. The questions are divided into two categories: spontaneous (MW-S) and 

deliberate (MW-D) mind wandering. For each category, there are 4 questions.169 Both 



categories are scored using a 7-point scale system for each affirmation168. The results reflect 

the individual's tendency toward mind wandering; the higher the score, the greater the 

inclination for mind wandering. 

Pittsburgh Sleep Quality Index (PSQI), developed by Buysse et al. (1989),  is a standardized 

questionnaire designed to assess sleep quality.170 The test contains 19 self-rated questions and 

5 rated by a bedpartner or roommate.170 In our study, only the self-rated questions were used. 

The 19 questions are used to assess a variety of elements regarding sleep quality, including 

estimating sleep duration, latency, and any sleep-related problems.  The items are grouped into 

seven component scores, each weighed on a 0-3 scale. The 7 components are then summed to 

a global PSQI score, ranging from 0-24, with higher scores indicating worse sleep quality. 

Vividness of Visual Imagery is a questionnaire used to analyze visual mental image 

vividness.171 The questionnaire contains 16 items, divided into 4 groups with 4 items each. For 

each item the participant is asked to summand an image, and then to rate it from 1 to 5 based 

on the vividness of the image.172 The score is summed, ranging from 16 to 80, a higher score 

indicates more vivid visual imagery.  

 The Horne-Östberg Morningness Eveningness Questionnaire evaluates the difference in 

circadian rhythm between individuals. 173  Consists of 19 items, the items are composed of both 

Likert-type and time scale questions.174 To obtain a global score the items are summed and 

then the total score is converted to a 5 point scale: definitely morning type (scoring 70-86), 

moderately morning type (scoring 59-69), neither type (scoring 42-58), moderately evening 

type (scoring 31-41), and evening type (scoring 16-30).174 

 

3.3.  Statistical analysis 

All the following statistical analyses were made with IBM SPSS software, a statistical software 

used for data analysis.175  

Demographic and clinical variables were reported as means and standard deviations (SD). 

Differences between patients and controls in age and education were assessed using 

Independent Samples t-tests. While the Chi-square test was used to analyze to difference in sex 

distribution between the two groups. Likewise, neuropsychological performances and 



questionnaire scores were compared between patients and controls with Independent Samples 

t-tests. Statistical significance for all tests was set at p<.05. 

 

3.3.2. MRI pre-processing 

Cortical thickness and subcortical volumes were obtained from the 3DT1 sequences using 

FreeSurfer (v7.3.2) software176. 3DT1 sequences were parcelled in 68 cortical regions of 

interest (ROIs), and cortical thickness was derived based on the Desikan-Killiany atlas.177 

Subcortical segmentation was performed using FreeSurfer’s automated pipeline, yielding 

volumetric estimates for 16 subcortical structures. A dedicated FreeSurfer pipeline was also 

employed to subsegment the hippocampal subfields178 and amygdala nuclei179. The following 

hippocampal subfield volumes were extracted for each hemisphere: hippocampal body, 

hippocampal head, hippocampal tail, and whole hippocampal volume. As shown in figure 4180, 

the amygdala segmentation identified nine nuclei per hemisphere: anterior amygdaloid area 

(AAA), cortico-amygdaloid transition area (CAT), basal nucleus (Ba), lateral nucleus (La), 

accessory basal nucleus (AB), central nucleus (Ce), cortical nucleus (Co), medial nucleus (Me), 

and paralaminar nucleus (PL). As previously described181–184, the amygdala subnuclei were 

clustered based on cytoarchitecture, histochemical properties, and connectivity patterns185,186 

into three major complexes: (i) the basolateral amygdala (BLA) is the deepest complex, which 

includes La, Ba, AB and PL nuclei; (ii) the superficial group is named cortical amygdala (CA), 

and is composed by the Co nucleus only; (iii) finally, the central-medial amygdala (CMA) is 

Figure 4: A. Amygdala parcellation into nine subnuclei. B. Hippocampal subfields segmentation 



composed of the Me and Ce nuclei. Visual inspection of morphometric segmentations was 

performed following the standardized FreeSurfer protocol and according to ENIGMA 

standardized protocols (http://enigma.usc.edu). 

 

 

3.3.3. Brain morphometry analysis and correlations 

All cortico-subcortical ROIs were converted to z-scores. To account for the lateralization of 

the epileptogenic zone (EZ), brain features from right-sided patients were flipped, in order to 

have all the morphometric data on the left side. Therefore, all morphometric values and results 

were reported as ipsilateral and contralateral relative to the EZ. From the 68 cortical regions, 

we selected the bilateral entorhinal cortex, the parahippocampal gyrus (PHC), and the temporal 

pole as cortical thickness measures (mm2) (figure 5). Moreover, a composite score named 

“medial temporal lobe” was obtained by averaging the mentioned ROIs. As far as the 

subcortical ROIs, bilateral hippocampal and amygdalae volumes, as well as their subnuclei 

volumes, were collected.  

Then, we performed Pearson’s correlations between the selected cortico-subcortical features 

and questionnaire scores. The correlations were performed within the whole patients group. 

Subsequently, the correlation analysis was repeated exclusively on 14 patients diagnosed with 

TLE. Statistical significance for all tests was set at p<.05. 

 

  

Figure 4: Segmentation of parahippocampal cortex, entorhinal cortex and temporal lobe as rapresented in the Dasikan atlas Figure 5: segmentation of parahippocampal cortex, entorhinal cortex and temporal lobe as represented in the Dasikan atlas 

http://enigma.usc.edu/


4. Results  

 4.1. Clinical features 

The clinical group consisted of 19 patients diagnosed with epilepsy who were recruited to the 

study from February 2024 to January 2025. The patient group included 9 males (47.37%) and 

10 females (52.63%), with a mean age of 37.84 (±12.47, range 19-63) years. All patients were 

diagnosed with focal epilepsy; 15 (78.94%) with temporal lobe epileptic localization (6 right 

lateralized and 9 left lateralized), and frontal lobe epilepsy was identified in 4 (21%) patients 

(1 with right-sided localization and 3 with left-sided localization).  

Thirteen patients (68.42%) have been identified with a structural etiology, while 6 patients 

(31.57%) were referred to as “indeterminable”. Within the first group, the cause for structural 

abnormalities were classified as 7 FCD, 1 patient had Encephalocele, 2 patients had Cerebral 

Cavernous Malformation (CCM), and 3 patients had suspected or confirmed brain 

neoformation. 

Eighteen patients (94.74%) are currently being treated with ASMs: 6 with only one drug, 6 

with 2 drugs combined, 3 with 3 drugs combined, and only 1 with 4 drugs combined. Only 3 

patients were identified with drug-resistant epilepsy. 

Finally, only 2 patients had undergone neurosurgical treatment: one received an anterior 

cingulotomy, while the other underwent resection of the anterior epileptogenic zone. 

4.2.  Demographic characteristics 

Patients and controls were compared for demographic characteristics, and results are 

summarized in Table 1. There were no significant differences in age and gender between 

patients and controls. However, patients showed lower education when compared to controls 

(t=-2.275, p=.030). 

 Patients Controls Stat. Sign. 

N 19 15   

Age (y) 37.84(±12.580) 38.47(±13.695) -.138t .891 

Sex (F/M) 10/9 6/9 .537x2 .464 

Education (y) 12.47(±3.672) 14.93(±2.251) -2.275t .030 

Table 1. Clinical comparison between patients and controls. Age and education are presented as mean (± standard 

deviation). Age and education are expressed as years (y). Sex is represented as "female" (F) and "male" (M). t: 

Independent-sample t-test, χ²: chi-squared test. Sign: p-value.  



4.3.  Cognitive assessment results 

Cognitive assessment revealed lower MMSE scores in patients with respect to controls (t=-

4.548, p=.000), as well as in the Rey-Osterrieth complex figure immediate copy (t=-2.621, 

p=.014), while no differences were found in the delayed copy. Moreover, patients showed 

lower scores in the category fluency (t=-4.618, p=.000), and in the letter fluency (t=-3,472, 

p=.002). The cognitive assessment did not reveal any other differences between patients and 

controls; results are summarized in Table 2. 

Table 2. Cognitive assessment is compared between patients and controls. All tests are presented as mean (± 

standard deviation). MMSE: mini mental state examination, STROOP: Stroop color/word interference test 

reaction time and error.  t: Independent-sample t-test. Sign: p-value. 

 

4.4.  Questionnaires results 

When STAI-Y2 total scores were evaluated, no differences were found in trait anxiety between 

patients and controls. However, a statistical significance difference was found in item 19 “I 

feel calm”, where patients showed lower scores compared to controls. This is one of the 

positive affirmations so the score, so it needs to be inverted, meaning that a lower score 

indicates that patients tend to agree more with the statement. (t=-2.077, p=.046). All results of 

STAI-Y2 are summarized in Table 3.  

As far as Beck's Depression Inventory, scores were available only in the patient group, the 

mean score was 2.79(±2.097). 

 Patients Controls Stat. Sign. 

MMSE 26.20(±1.976) 28.90(±1.290) -4.548t .000 

STROOP time 20.62(±5.811) 18.47(±7.421) .862t .396 

STROOP error 0.70(±.932) 0.31(±.728) 1.282t .210 

Babcock Short Story Recall  16.45(±7.490) 16.82(±3.609) -.170t .866 

Rey-Osterrieth complex 

figure (immediate) 

32.70(±2.309) 34.83(±2.056) -2.621t .014 

Rey-Osterrieth complex 

figure (delayed) 

18.24(±5.455) 20.30(±4.724) -1.087t .287 

Category fluency 40.58(±11.433) 55.29(±11.383) -3.472t .002 

Letter fluency 26.90(±6.724) 39.61(±7.984) -4.618t .000 

 Patients Controls Stat. Sign. 

STAI-Y2 total 39.05 (±10.559) 38.93 (±8.787) .035t .972 

Tension and restlessness 5.84 (±1.385) 5.60 (±1.183) .539t .594 

Low calmness & well-being 10.16 (±2.566) 11.00 (±2.699) -.929t .360 



Table 3: STAI-Y2 questionnaire scores between patients and controls. All scores are presented as mean (± 

standard deviation). Tension and restlessness are expressed as the sum of items 7 and 13, while low calmness and 

general well-being is the sum of items 1, 6, 10, 14, and 19. STAI: Questionary State-Trait Anxiety Inventory for 

Adults, t: Independent-sample t-test, Sign: p-value. 

 

Table 4 shows dream-related questionnaire results. We reported a statistical significant 

difference in the spontaneous category of the Mind wandering spontaneous scale, with patients 

showing lower scores compared to controls (t=-2.581, p=.015). The deliberate category of the 

same scale was not found different, nor were the other dream-related questionnaires.  

Item 3 2.16 (±.958) 2.20 (±.414) -.159t .875 

Item 16 1.79 (±.631) 1.93 (±1.93) -.678t .503 

Item 19 1.84 (±.898) 2.47 (±.834) -2.077t .046 

 Patients Controls Stat. Sign. 

PSQI 5.58 (±2.714) 4.87 (±2.264) .816t .421 

ESS 6.21 (±2.898) 4.87 (±3.502) 1.225t .230 

MEQ 55.05 (±9.040) 54.33 (±8.372) .238t .813 

VVQ 58.53 (±11.621) 62.33 (±12.034) -.934t .357 

MWS-S 10.74 (±4.357) 14.33 (±3.579) -2.581t .015 

MWS-D 12.05 (±4.882) 14.47 (±5.780) -1.320t .196 

ATD 8.89 (±2.132) 9.47 (±3.603) -.577t .568 

Table 4: Dream-related questionnaire scores between patients and controls. All tests are presented as mean (± 

standard deviation). PSQI: Pittsburgh Sleep Quality Index (total score), ESS: The Epworth sleeping scale (total 

score), MEQ: The Horne-Östberg Morningness Eveningness Questionnaire (total score), VVQ: Vividness of 

Visual Imagery (total score), MWS-S: Mind Wandering Spontaneous Scale spontaneous category (total score), 

MWS-D: Mind Wandering Spontaneous Scale deliberate category (total score), ATD: Attitude towards dreaming 

(total score). t: Independent-sample t-test. Sign: p-value. 

 Patients Controls Stat. Sign. 

Frequency 3.79 (±1.357) 4.20 (±.941) -.996t .327 

Memory 2.37 (±.831) 2.53 (±.516) -.672t .506 

Richness 1.95 (±.780) 2.20 (±1.014) -.822t .417 

Thought-Like .89 (±.567) 1.00 (±.926) -.409t .685 

Vividness 2.58 (±.692) 2.13 (±.640) 1.926t .063 

Bizarre 1.79 (±.855) 2.00 (±1.069) -.639t .528 

Awareness 2.05 (±1.177) 2.00 (±.756) .150t .882 

Lucidity 1.37 (±1.165) 1.13 (±.743) .679t .502 

Nightmares 1.00 (±.745) 1.47 (±1.246) -1.357t .184 

Repetitive .47 (±.513) .93 (±1.033) -1.697t .099 

Exhausting .95 (±.705) 1.20 (±1.014) -.856t .398 

Persistence 1.58 (±1.017) 1.80 (±1.082) -.612t .545 

Environment 1.11 (±1.487) 1.40 (±1.805) -.522t .605 

Consciousness -.42 (±.692) -.07 (±1.223) -1.067t .294 

Emotion Valence .53 (±.612) -.07 (±.961) 2.190t .036 

Emotion Strength 1.89 (±.315) 2.07 (±.704) -.953t .348 

Aggression .74 (±.806) 1.20 (±.775) -1.693t .100 



 

Table 5 reports analyses of the Morning Dream Recall questionnaire, which consists of 22 

items. The results showed higher "Emotional Valence" in patients’ dreams compared to 

controls (t=2.190 p=.036). None of the other item reached statistical significance. 

 

4.5.  MRI data results 

Correlation analysis was performed between selected cortical regions and questionnaire items 

that reached statistical significance. 

Our results showed a negative correlation between STAI questionnaire item 19 and the 

ipsilateral amygdala. Specifically, with the Ba (r=-.507, p=.032), the AB (r=-.531, p=.024), PL 

(r=-.552, p=.017), and the whole BLA (r=-.506, p=.032), as well as with the CAT (r=-.552, 

p=.018). 

The "Emotional valence" from the Morning Dream Recall questionnaire, showed a positive 

correlation with the ipsilateral temporal pole (r=.550, p=.018) and with few contralateral 

regions; including the PHC (r=.520, p=.027), temporal pole (r=.650, p=.003), and the whole 

medial temporal lobe (MTL) (r=.003, p=.011). 

Risk .84 (±.958) 1.27 (±.799) -1.378t .178 

Visual 2.63 (±1.065) 2.73 (±1.223) -.259t .797 

Tactile 1.53 (±.964) 1.40 (±.986) .376t .710 

Auditory 2.16 (±.958) 1.67 (±1.047) 1.425t .164 

Other senses 

 

.95 (±1.079) .67 (±.900) .809t .424 

Table 5: Morning Dream Recall questionnaire scores between patients and controls. All answers regarding dream 

content are presented as mean (± standard deviation). The 22 elements presented in the questionnaire: Frequency, 

Memory, Richness, Thought-Like, Vividness, Bizarre, Awareness, Lucidity, Nightmares, Repetitive, Exhausting, 

Persistence, Environment, Consciousness, Emotion Valence, Emotion Strength, Aggression, Risk, Visual, Tactile, 

Auditory, Other senses. t: Independent-sample t-test. Sign: p-value. 



Finally, a negative correlation was found between the MWS-S and the ipsilateral entorhinal 

cortex, as illustrated in figure 6 (r=-.521, p=.027), and between the MWS-S and the 

Figure 6: the graph displays the relationship between ipsilateral entorhinal average thickness, expressed in Z-score (variable Y) 

and MWS scale score (variable X) 

Figure 7: the graph displays the relationship between contralateral hippocampal tail volume, expressed in Z-score 

(variable Y) and MWS scale score (variable X) 



contralateral hippocampal tail, as displayed in figure 7 (r=-.730, p=.001). As for the amygdala, 

a correlation was between the MWS-S score and the contralateral Ce (r=-.484, p=.042). 

When focusing on the TLE group only, additional new correlations were observed. In TLE 

population, STAI item 19 was related the whole ipsilateral amygdala volume (r=-.554, p=.040) 

and to several ipsilateral subnuclei: the Ba (r=-.617, p=.019), CAT (r=-.646, p=0,013), PL (r=-

.673, p=.008), and BLA (r=-.603, p=.023), and the AB (r=-.581, p=.029).  

As for the item "emotional valence", we confirmed the involved of bilateral temporal poles 

[ipsilateral: (r=.622, p=.018), contralateral: (r=.676, p=.008)], however, some previously 

observed associations were no longer presenting, including the associations with the PHC and 

MTL.  

 

Regarding the MWS-S, new correlation was revealed, particularly in contralateral regions, 

including the whole hippocampal volume (r=-.554, p=.04) and the whole amygdala volume as 

represented in figure 8 (r= -.568, p=.034). Moreover, some amygdala subnuclei were 

associated with MWS-S as well; AB, as shown in figure 9 (r=-.568, p=.034), Me (r=-.537, 

p=.048), and the BLA (r=-.541, p=.046). We also confirmed the involvement of the ipsilateral 

Figure 8: the graph present the relationship between controlaterasl whole amygdala, expressed in Z-score (Y varibale) and MWS score in 

TLE patients (X variable) 



entorhinal cortex (r=-.553, p=.04), the contralateral Ce (r=-.673, p=.008), and the contralateral 

hippocampal tail (r=-.784, p=.001). 

 

 

 

5. Discussion 

The present study aimed to explore the difference in dream content between focal epilepsy 

patients and healthy controls, by using both behavioral and imaging data. Important differences 

were found between patients and controls across demographic, cognitive assessment, and self-

reported questionnaire measures. Additionally, structural MRI analysis revealed association 

between certain brain areas volume and high score in selected item and scale from the 

questionnaires.  

Significant difference was revealed in education level, and neuropsychological assessments. 

Particularly, on the MMSE, the immediate copy of Rey-Osterrieth complex figure, and 

category and letter fluency tests, with patients performing significantly worse. These findings 

are consistent with existing literature, which has shown that patients with epilepsy are more 

inclined to cognitive and behavioral deficits.187 

Figure 9: the graph presents the relationship between contralateral accessory basal nucleus, expressed as Z-score (variable 

Y) and MWS score in TLE patients (variable Y) 

 



In the questionaries segment of the data, a relevant statistical difference was found in trait 19 

of the STAI questionnaire, presenting a lower mean in patients group. Because trait 19 is one 

of the positive affirmations (e.g., "I feel calm"), the score needs to be inverted, so a lower score 

in this trait actually indicates that patients tend to agree more with the statement. This finding 

is unexpected, given that epilepsy has been associated with anxiety and stress, not only as a 

consequence of the disease but also as a cause of disease progression.188 

The item "emotional valence" has proven statistically significant difference between patients 

and controls. This indicates that patients have a more positive emotional valence to their dreams 

in comparison to controls. Previous study by Ciuffini et al. (2018), has demonstrated that 

patients with temporal mesial lobe epilepsy have a higher mean valence when rating neutral 

and socially pleasant pictures.189 Thus, epilepsy in some cases can be associated with higher 

emotional reactivity. An alternative explanation may relate to a difference in dream recall. It 

has been seen that epilepsy is associated with lower dream recall190, so we can assume that all 

dream experiences, rather positive or negative, are less likely to be remembered by the subject, 

so the overall emotional valence of dreams can remain positive. However, this theory was 

challenged by Solms191, who suggests a link between nightmares and nocturnal ictal activity. 

On the other hand, the DRQ "Nightmares" item presented a lower mean in the patients group 

in comparison to controls, suggesting that patients experience negative dream content less 

Figure 10: Conceptual space relating different types of thought 



frequently. However, it did not reach a statistical significance and therefore should be 

interpreted with caution.  

The MWS-S resulted significantly lower in patients than in controls, suggesting that patients 

tend to engage less in spontaneous mind wandering. To better interpret this finding, a deeper 

understanding of the concept of mind wandering is necessary. Recent literature conceptualized 

mind wandering as form of spontaneous thought, more structured than dreaming, yet less than 

creative thinking and goal-directed thought.192,193 As shown in Figure 10192, spontaneous 

thought can be seen as a spectrum, with dreaming representing the most unconstrained and 

immersive form. Dreaming is considered a type of spontaneous thought that is highly 

unconstrained, hyperassociative, and deeply engaging.192 Given this framework, the reduced 

frequency of mind wandering observed in patients with focal epilepsy may reflect a broader 

alteration in their capacity of spontaneous thought. This may be extended to a lower capacity 

of dreaming, or an alteration in the subjective nature and quality of dream experience.    

5.1. STAI and amygdala volume 

The amygdala is a core of subcortical regions that participate in affective and motivation-

related behavior. 194 Neurological research has identified the amygdala as a central component 

in the processing of threat.195 Certain types of anxiety have been associated with dysregulation 

of the brain’s network of fear, including the amygdala, hippocampus, insula, anterior cingulate, 

and prefrontal cortex (PFC). 196  

In our study, trait 19 of the STAI questionnaire resulted negatively associated with ipsilateral 

amygdala subnuclei volumes, including: the Ba, AB, CAT, PL, and BLA. Showing higher 

scores on trait 19 were associated with lower volume in these subregions. These results are 

consistent with the literature, which indicates that individuals with anxiety disorders have 

significantly smaller amygdala.196,197 Moreover, a reduced volume of specific regiones of the 

amygdala, in particular the BLA, may reflect alteration in threat regulation. Yang et al. (2018) 

studied variations in amygdala volumes in mouse, have demonstrated that a small BLA volume 

is associated with enhanced fear conditioning and exaggerated stress-associated response.198 In 

patients with TLE, results demonstrated even stronger correlation, suggesting an association 

between EZ and alteration in amygdala subregions.  



5.2. Emotional valence and medial temporal lobe  

The item "emotional valence" from the DRQ questionnaire was positively correlated with 

subregions found in the medial temporal lobe. On the ipsilateral side, correlation was made 

with the temporal pole thickness. On the contralateral side, correlation was found with 

parahippocampal thickness, temporal pole thickness, and the MTL. These results suggest that 

positive valence in dreams is associated with greater volumes of these subregions among 

patients with focal epilepsy. In recent articles, these areas were associated with various 

cognitive and affective functions. In particular, the temporal pole was associated with socio-

emotional processing among numerous other functions.199 The MTL is highly interconnected 

with the amygdala, enhancing the processing of emotional memories.200 The parahippocampal 

gyrus has been associated with many cognitive processes, including episodic memory and 

visuospatial abilities;201 furthermore, it has a role in the processing of emotional stimuli.202  

Therefore, an increased volume in areas that are involved in emotional processing, especially 

the processing of emotional memory, seems to correlate with positive emotional dream 

valence. These results suggest a potential neurological basis linking dream and emotional 

memory systems. 

Notably, the correlation was stronger on the contralateral side of the brain, and thus is less 

likely to be associated with EZ. Among patients with TLE, associations were similar, 

reinforcing the hypothesis that these findings are independent of the EZ.   

5.3. MW-S correlation with amygdala and hippocampal 

As previously mentioned, the cognitive process of spontaneous mind wandering is a part of the 

family of spontaneous thought that also includes creative thought and dreaming.192 The 

neurological basis of this phenomenon are rooted in the default mode network (DMN) 203. 

Within DMN, the medial temporal subsystem (DMNMTL) is clustered around the MTL, and 

plays a central role in the constructive mental stimulations.204 This subsystem contains the 

hippocampal formation, the PHC, and also includes a number of MTL cortical projections.192 

In our study, a negative correlation was found between MW-S and the cortical thickness in the 

ipsilateral entorhinal cortex. As for the contralateral side of the brain, correlation was made 

with the hippocampal tail and Ce of the amygdala. Suggesting that higher scores in the MW-S 

scale are associated with lower cortical thickness or volume in these specific subregions.  



Among TLE patients new correlation emerges, including various nuclei of the contralateral 

amygdala. Such as BA, Me, BLA, and whole amygdala volume.  These findings suggest that a 

higher MW-S score is associated with lower volume in this subregion. This association is 

unexpected, as the amygdala is typically described in the context of emotional processing, 

decision making, and motivational behavior.205 However, Fox et al. (2018) suggest that 

spontaneous thought, in particular emotion-based thought, can be associated with the 

recruitment of the amygdala, among other emotional processing centers.206 The correlation also 

concentrates on the contralateral side, so its likely EZ independent phenomena, indicating a 

brother correlation, perhaps a trait-like, between neuronal differences and spontaneous thought. 

6. Limitations of the study 

Despite our effort, this study presents several limitations that must be addressed. First, mental 

health questionnaires were not completed in the control group, with Beck's Depression 

Inventory completed only in the patients' group. While the majority of patients have been 

evaluated with an MRI scan, the control group was not, and therefore we could not elaborate 

the analysis of the difference between the groups and selected areas. Second, the sample size 

included for this thesis is relatively small, and this may explain the lack of statistical 

significance in questionnaires between groups, as most of the results have demonstrated 

differences in mean between the two groups, but did not reach statistical significance. Lastly, 

in our study, we only used self-reported questionnaires, a very common and standardized 

method, but one that carries the risk of limited accuracy. Future development of the present 

study will include a larger sample for both groups and a sophisticated artificial intelligence, 

which will elaborate the dreams registrations, recorded by participant during the study. In this 

framework, dreams content will be analyzed by other objective means.  

7. Conclusions 

Our study confirms that focal epilepsy patients experience differences in oneiric content in 

comparison to healthy controls. The results suggest alterations in cognitive processes such as 

emotional elaboration and spontaneous thought, which may influence dream experience in 

these patients. Specifically, patients with focal epilepsy appear to experience reduced cognitive 

activation during dreaming. Additionally, we confirmed a neurological basis for these 

alterations, localized in the medial temporal lobe, particularly involving several nuclei in the 



amygdala and subregions of the hippocampus. This notion contributes to our understanding of 

the neurological processes underlying the operation of dreaming and explores the cognitive 

function it reflects. Furthermore, this alteration in dream content may be used as a valuable tool 

in the study of epilepsy, both as a method of evaluation of patients' cognitive function and the 

level of impermeant, and as a potential diagnostic marker, used to recognize patients with 

neurological disorders.  
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