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ABSTRACT 

The present study examined the relationships between quantitative volume 

estimates of mesial temporal lobe structures based on structural magnetic resonance 

imaging (MRI) and the memory and emotional functioning of individuals with temporal 

lobe epilepsy (TLE). Twenty individuals identified as having TLE and 24 control 

participants were administered a test battery that included an experimental recognition 

memory test incorporating both verbal and nonverbal stimuli, an experimental test of 

emotional functioning that measured both subjective report and skin conductance 

response (SCR) to emotionally salient stimuli, and a battery of standardized tests and 

questionnaires assessing attention, personality, and emotion perception. Patients also 

completed standardized measures assessing intellectual function, memory, and quality 

of life. The patient group demonstrated deficits on tests of memory, attention, and 

emotion perception. Patients also demonstrated reduced SCR, however this result was 

found in response to both emotional and nonemotional stimuli and so is not necessarily 

indicative of deficits in emotional arousal. Inconsistent with expectations, patients 

reported normal experiential states of arousal in response to emotionally salient stimuli. 

MRI data were used to measure left- and right-hemisphere volumes of the 

hippocampus and amygdala in the patient group, and these volumes were used as 

predictors of performance on behavioral measures in multiple regression analyses. 

Consistent with predictions, reduced amygdala volume predicted lower arousal ratings 

to positive emotional stimuli. However, a similar relationship was not found for arousal 

ratings of negative stimuli. Other predicted relationships were not demonstrated. 
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Amygdala volume did not show a relationship with SCR, and hippocampal volume did 

not show a relationship with memory performance. Additional hypotheses regarding 

the lateralization of hippocampal and amygdala function were not supported. Results of 

standardized tests suggested some potential relationships between hippocampal volume 

and attention, and between amygdala volume and psychological characteristics, 

although further research would be needed to establish the degree to which these results 

could be generalized to a larger population. Study findings support the continued 

development of MRI morphometric techniques to predict patterns of strengths and 

weaknesses demonstrated by individuals with TLE. 
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INTRODUCTION 

The foundations of neuropsychology have largely been built on the study of 

epileptic disorders. Without the remarkable neuroanatomical revelations discovered in 

the context of treating epileptic syndromes, the field of neuropsychology would not 

exist in its present form. Epilepsy has greatly contributed to the framework of such 

familiar neuropsychological constructs such as neural plasticity, the homuncular 

mapping of sensorimotor function, and hemispheric lateralization (Novelly, 1992). The 

study of the temporal lobe has had specific roots in the assessment and management of 

epilepsy. Evidence suggests that the neural substrates of memory and emotion play an 

integral role in the in presentation of this disorder. The goal of the present study was to 

provide further insights into the apparatus behind these functions, so that we may one 

day be able to provide respite from the impairments suffered by individuals with 

complex partial seizures. 

The term epilepsy is used to describe a range of disorders that share a common 

characteristic - recurrent seizures arising from disturbed patterns of hypersynchronous 

electrical activity in the central nervous system (Thompson & Trimble, 1996). These 

seizures can manifest themselves through alterations in sensory, motor, autonomic, 

emotional, or cognitive function. Such episodes are frequently associated with 

alterations in consciousness. Recurrent seizures can originate from a vast array of 

neurological disturbances, and thus individuals with epilepsy constitute an extremely 

heterogeneous population. Descriptive studies of epilepsy estimate that between 24 and 

53 individuals per 100,000 are diagnosed with the disorder each year (Hauser, 1998). 
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The term epilepsy does not describe a single disease but rather an array of 

syndromes of diverse etiologies. Because such etiologies can be difficult to ascertain, 

epilepsy is most commonly classified by seizure type rather than by etiology. This 

system of classification assists neurologists by providing a method for isolating specific 

syndromes (Commission on Classification and Terminology, 1981; 1989). When used 

to describe a seizure disorder, the term "complex" refers to the propensity to bring 

about noticeable impairments in consciousness. Conversely, the term "simple" is used 

when the individual's consciousness is preserved. Additional terms are used to describe 

the onset or progression of the seizure activity. For example, "partial" refers to the 

tendency of the seizures to originate from a specific focal point in the brain, whereas 

"generalized" is used when the entire cerebral cortex is concurrently affected by seizure 

activity. Frequently, partial seizures spread to widespread regions of the cortex, a 

progression described as "secondary generalization". Experienced by about 40% of all 

individuals with epilepsy, "complex partial" seizures represent the most prevalent of 

seizure types (Gastaut, Gastaut, Goncalves e Silva, & Fernandez Sanchez, 1975). 

Evidence fi-om surgical evaluations suggests that up to 70% of complex partial seizures 

originate firom the temporal lobes (Wieser, Engel, Williamson, Babb, & Gloor, 1993). 

For this reason, the syndrome of complex partial epilepsy is also fi-equently referred to 

as temporal lobe epilepsy or temporolimbic epilepsy (TLE; Schomer, O'Connor, Spiers, 

et al., 2000). 
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Temporal Lobe Epilepsy and Mesial Temporal Sclerosis 

Scalp electroencephalographic (EEG) recording is the most commonly used 

method for measuring and localizing seizure activity. Higher amplitude signals 

represent summated excitatory post-synaptic potentials and the depolarization shifts of 

neuronal membranes as they fire, and lower amplitude slow wave activity is considered 

a marker of inhibitory responses within the region (Misulis, 1997). Because seizures 

consist of the hypersynchronous activity of a large number of neurons, seizure activity 

can be readily detected by EEG. However because the signals obtained from surface 

electrodes represent a crude average of millions of neurons lying beneath the scalp 

surface, localization of seizure foci can be extremely difficult. Scalp EEG recording of 

a focal seizure typically shows rapid spike discharges that progress to spike-and-wave 

activity of greater amplitude and reduced frequency. Postictally (i.e., after the seizure 

episode), this can evolve to slowing and a reduction in signal amplitude (Binnie, 1993). 

In an individual with epilepsy, interictal (i.e., between seizure episodes) EEG recording 

can also demonstrate intermittent focal spike and slow wave activity. This suggests that 

pathological hypersynchronous and inhibitory activity can occur outside of the context 

of a typical seizure (Schomer et al., 2000). Interictal discharges are not considered 

seizures because of their extremely short duration and relative lack of clinical 

symptomatology. Nonetheless, abnormal interictal neuronal activity has been 

hypothesized to disrupt the routine processes of the region involved, which in the 

temporal region can include memory construction and die processes involved in 

affective states (Binnie, Channon, & Marston, 1991). 
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The precise mechanism by which recurrent seizures are generated is uncertain. 

To date there is no satisfactory explanation for the process of epileptogenesis, in which 

hyperexcitable states become created within neuronal structure. Structural changes are 

assumed to occur as a response to brain injury, although seizures can occur in the 

absence of an identifiable precipitant (Hauser & Annegers, 1993). Pathologic studies of 

epileptic neocortical tissue, which have successfully identified structural changes that 

are thought to be a result of seizure activity, have not produced evidence of a causative 

factor in the process of epileptogenesis (Farrell & Vinters, 1998). 

Various types of brain injury are known to increase one's risk for acquiring 

epilepsy, including head trauma, brain tumor, cerebrovascular disease, inflammatory 

disease, and degenerative diseases of the central nervous system (Hauser & Annegers, 

1993). High-level exposure to drugs or alcohol can also increase one's risk for 

epilepsy. The term idiopathic epilepsy is used when the cause of epilepsy is unknown. 

Cases of TLE are often idiopathic, yet the disorder can have a characteristic nature that 

help define it as a specific syndrome. 

Although anatomical classifications of epileptic syndromes are no longer 

officially used due to the difficulties associated with the localization of seizure foci, 

TLE continues to be recognized by a distinctive pattern of clinical features (Engel, 

Williamson, & Wieser, 1998). Individuals with TLE often have a history of febrile 

seizures and are likely to have an identified family history of seizures (Hauser & 

Annegers, 1993). This suggests a potential genetic predisposition to the disorder. Also 

common in this population are neonatal convulsions, cerebral palsy, head trauma, and 
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viral encephalitis (Rocca, Sharbrough, Hauser, Annegers, & Schoenberg, 1987). 

Clinical tests often corroborate the temporal lobe as the origin of the seizure disorder, 

with electroencephalographic evidence commonly demonstrating interictal anterior 

temporal lobe spikes, and positron emission tomography showing hypometabolism in 

this region (Engel et al., 1998). Ictally, the seizures of TLE bring about a wide range of 

clinical manifestations, including motor, sensory, autonomic, and experiential 

phenomena. The specific characteristics of these ictal phenomena are thought to be 

gross representations of various functions of the temporal lobe (Gloor, Olivier, 

Quesney, Andermann, & Horowitz, 1982). 

The temporal lobes consist of primary auditory cortex, secondary auditory and 

tertiary visual association areas, and a number of limbic structures, including primary 

olfactory cortex, the amygdala, and hippocampus. The inferior and lateral portions of 

the temporal lobe are thought to be involved mainly in auditory and visual function, 

while mesial structures have been shown to have greater importance for the functions of 

learning and memory, affect, and control of visceral states (Mesulam, 2000). The 

limbic regions, which have been shown to be highly epileptogenic, connect to 

widespread paralimbic regions of the brain including the hypothalamus and 

orbito frontal, insular, and cingulate cortices (Gloor, 1997). The interconnectivity of the 

limbic system may lead to a rapid spread of seizure activity within and throughout these 

regions (Schomer et al., 2000). Because standard scalp EEG recording does not readily 

detect signals from non-scalp regions, the precise foci of seizures generated within the 

temporal lobe are often difficult to localize. 
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Histological studies of temporal lobe resections from surgically treated TLE 

patients show that the most common neuropathology associated with TLE is sclerosis of 

the mesial temporal lobes (Kuzniecky, Burgard, Bilir, et al., 1996). Sclerosis refers to a 

combination of cell loss and associated gliosis. Hippocampal sclerosis is the most 

common epileptic lesion finding, present in 40%-70% of studied TLE populations (Jay 

& Becker, 1997). The most common areas of damage appear to be in the CAl and CA4 

regions of the hippocampus (Bruton, 1988), although other areas are undoubtedly 

affected. While the most commonly studied area of sclerosis within the temporal lobes 

is the hippocampus, pathology within other temporal lobe structures, including the 

amygdala and uncus, has also been identified (Mathieson, 1993). Amygdaloid sclerosis 

has been found in the absence of significant hippocampal sclerosis, and such a pattern 

has been suggested to define a distinct subgroup of mesial temporal lobe epilepsy 

patients (Hudson, Munoz, Miller, et al., 1993). 

It has not been confidently ascertained whether mesial temporal sclerosis is the 

cause or the result of seiziures. Although seizure activity can be easily generated in 

animal models, researchers have been unable to replicate the classic pattern of mesial 

temporal sclerosis (Jay & Becker, 1997). Surgical histopathologic evidence suggests 

that hippocampal sclerosis is most often associated with traumatic events that resulted 

in an alteration of consciousness or cognition, and is not necessarily related to repeated 

seizures. Greater degrees of hippocampal sclerosis are found in individuals with longer 

seizure histories, although studies find the variation in sclerosis to be minimal even over 

extended time periods (Mathem, Babb, Vickrey, Melendez, & Pretorius, 1995). Even if 
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seizures were found to cause neuronal damage, the possibility remains that a damaged 

area can subsequently become epileptogenic (Gloor, 1997). In addition, speculation 

continues as to why the mesial temporal lobes might be particularly susceptible to this 

form of neuropathology. To date, neither neurochemical nor structural explanations for 

this phenomenon have been satisfactory (Jay & Becker, 1997). 

The seizures of TLE can have either unilateral or bilateral sites of origin. 

Studies of hippocampal sclerosis most often demonstrate asymmetric patterns of 

damage, although bilateral damage is common (Mathem, Babb, & Armstrong, 1998). 

The origin of homotopic regions of injury in both cerebral hemispheres is a source of 

controversy. As it is unlikely that all bilateral cases of epilepsy are triggered by 

independent multiple primary lesions in both hemispheres of the cerebral cortex, 

internal processes have been proposed to explain the propagation of additional seizure 

activity in anatomically connected regions. Such processes, described by the term 

secondary epileptogenesis, are supported from evidence from studies using animal 

models, although their relevance in human epilepsy remains unclear (Goldensohn, 

1984). Two models, the mirror focus and kindling model, were proposed by Morrell 

(1985) to explain how secondary regions of epileptic activity can be created through 

repeated stimulation of a synaptically connected region. Because mesial temporal 

structures are interconnected with many regions of the cortex through numerous 

ipsilateral and commisural pathways, these regions can be considered primary targets 

for secondary epileptogenesis. Limbic regions have been shown to be much more 
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vulnerable to the effects of kindling as compared other regions of the neocortex 

(Schwartzkroin & Mclntyre, 1998). 

TLE is considered to be an epileptic syndrome different from other forms of 

epilepsy because of its distinct ictal (i.e., during a seizure) and interictal (i.e., between 

seizures) manifestations. Complex partial seizures are considered to have a somewhat 

specific range of clinical features. Many seizures begin with an "aura" which may alert 

an individual that he or she is about to have a seizure. An aura is the manifestation of 

epileptic seizure activity in the absence of overt motor symptoms and usually consists 

of experiential phenomena that the individual senses subjectively. Auras can occur 

prior to losing consciousness and before the onset of more complex ictal phenomena, or 

they can also occur in isolation as simple partial seizures (Sperling & O'Connor, 1990). 

The most common subjective sensations that accompany complex partial seizures are 

visceral symptoms such as nausea or gastric sensations (Van Buren, 1963). Often 

seizures are accompanied by emotional symptoms such as intense feelings of fear or 

emotional displays such as laughing (gelastic epilepsy) or crying (dacrystic epilepsy; 

Schomer et al., 2000). Sensory stimulation like tingling sensations may occur as well as 

a variety of auditory, visual, olfactory and gustatory hallucinations. In addition, a range 

of experiential phenomena are common, including memory flashbacks, feelings of 

familiarity (deja vu) or unfamiliarity (jamais vu), or experiences of depersonalization 

(Blume, Borghesi, & Lemieux, 1993). Motor manifestations, which usually occur after 

a loss of consciousness, most typically include automatisms such as lip-smacking, 

swallowing, fumbling or picking, head turning, or twitching of the upper or lower 
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extremities. Ictal behavioral and sensory experiences are believed to reflect the 

underlying region of origin. Experiential and emotional phenomena are thought to be 

manifestations of seizure activity in the limbic system (Schomer et al., 2000). The 

lateralization of particular motor movements is considered useful in localizing the 

hemisphere from which a seizure originates. A postictal state can include confusion, 

disorientation, or language disturbance (Engel et al., 1998). 

It has long been hypothesized that the electrical phenomena associated with 

complex partial seizures can contribute to a specific pattem of behavioral, emotional, 

and personality characteristics that occur interictally. While anecdotal evidence 

supports the existence of a personality syndrome associated with TLB, empirical 

research has been limited in its ability to establish a consistent pattem of traits or an 

understanding of why these traits occur. It has been hypothesized that, for focal 

seizures, the specific cortical area involved and the lateralization of seizure foci can 

influence the emergence to specific traits (Bear & Fedio, 1977). Although this theory 

incorporating anatomical localization has appeal from a neuropsychological 

perspective, undoubtedly a large number of mitigating variables also contribute to 

interictal traits. Variables such as the developmental course of the seizure disorder, 

severity of the seizure disorder, antiseizure medication, and natural CNS inhibitory 

mechanisms can affect the behavioral characteristics of an individual with complex 

partial seizures (Engel et al., 1998). 

The existence of a specific pattem of personality traits associated with TLB has 

been debated over two decades. These traits, as described and quantified by Bear and 
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Fedio (1977), are said to include emotionality, euphoria, sadness, anger, aggression, 

altered sexual interest, guilt, hypermoralism, obsessionalism, circumstantiality, 

viscosity, sense of personal destiny, hypergraphia, religiosity, philosophical interest, 

dependence, humorlessness, and paranoia. These authors suggested that individuals 

with left-sided seizures demonstrate more ideational traits while individuals with right-

sided seizures display more emotional characteristics. Although the existence of this 

personality pattern continues to be a common assumption in the literature, empirical 

studies have generally shown that these personality features are no more common in the 

TLE population than in other populations with neurological or psychiatric disorders 

(Dodrill & Batzel, 1986), with the possible exception of hypergraphia (Sachdev & 

Waxman, 1981). 

A number of psychiatric syndromes have been found to be more common in 

individuals with TLE as compared to the general population. It is estimated that one 

quarter or more of individuals with temporal lobe epilepsy present with psychiatric or 

personality problems (Trimble, Mendez, & Cummings, 1997). Prevalence rates of 

schizophrenia or schizophreniform disorders in individuals with TLE have been 

estimated as high as 10%-15% (Schomer et al., 2000). However, the phenotypic 

presentation of schizophrenia in this population is hypothesized to be somewhat 

atypical, including less frequent negative symptoms, warmer affect, more frequent 

delusions and religious experiences, and better prognosis (Trimble, 1998a). In addition, 

the incidence of depression and other affective disturbances has been found to be higher 

in individuals with TLE when compared to other medical and neurological populations 
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(Mendez, Cummings, & Benson, 1986). Some characteristics of depression or elation 

can occur in relation to ictal events, but other mood symptoms occur outside of this 

context. The suicide risk for individuals with TLE have been suggested to be about 25 

times greater than that of the general population (Barraclough, 1981). A number of 

other psychiatric disturbances have also been reported in TLE, including panic disorder, 

obsessive-compulsive disorder, and dissociative identity disorder (Scicutella, 2001; 

Stagno, 1996). 

A number of cognitive sequelae are known to accompany the disorder of TLE. 

The most commonly studied neuropsychological disturbance involves deficits in 

memory and learning. Studies have shown that individuals with a left temporal focus 

(left TLE) demonstrate deficits in verbal episodic memory, including verbal list 

learning, verbal cued recall, and semantic encoding (Delaney, Rosen, Mattson, & 

Novelly, 1980). Individuals with a right temporal focus (right TLE) on the other hand 

show weaker performances on tests of nonverbal memory function, such as facial 

recognition (Barr, 1997). Nonetheless such deficits have been much more difficult to 

demonstrate in the right TLE population (Lee, Loring, & Thompson, 1989). 

Impairments in memor>' performance can be due to a number of factors, including brain 

pathology associated with TLE, seizure activity or subthreshold seizure activity 

affecting memory consolidation, or side effects of antiseizure medication. 

Although the most common explanation for interictal deficits in TLE involves 

the pathologic changes that occur as a result of the disorder, it is has been shown that 

antiseizure medications can also amplify the characteristics of various behavioral 
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syndromes and cognitive deficits (Trimble & Thompson, 1983). Overall, it is known 

that polytherapy is more detrimental to neuropsychological function than monotherapy 

(Thompson & Trimble, 1982). There is however a wide variation across various 

medications, making it difficult to determine their overall impact. Phenobarbital has 

been shown to have the most significant effects on cognitive function, phenytoin 

exhibits moderate effects on abilities such as motor skills and attentiveness, and 

carbamazepine shows relatively few effects on cognitive function (Trimble, 1998b). In 

addition, medications such as valproate and vigabatrin have shown relatively few 

effects on nonmotor cognitive function (Meador, Loring, Moore, et al., 1995; 

Thompson & Trimble, 1996). Newer medications such as topiramate, lamotrigine, and 

levetiracetam have not yet been subject to similar studies. 

In addition to cognitive effects, emotional and other behavioral effects of 

medication have been noted in epilepsy populations. For example, individuals taking 

phenobarbital have a higher incidence of depression (Robertson, Trimble, & Townsend, 

1987), while carbamazepine appears to demonstrate some antidepressant effects 

(Andrewes, Bullen, Tomlinson, Elwes, & Reynolds, 1986). In addition, carbamazepine 

has been associated with the reduction of traits common to the hypothesized TLE 

personality syndome (Rodin & Schmaltz, 1984). Incidence of psychotic episodes have 

been anecdotally reported in response to various medications. However, it has been 
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hypothesized that such effects may be more often due to the phenomenon of forced 

nomialization' rather than from the medications themselves (Trimble, 1998b). 

The mechanism by which these medications may affect behavior and cognition 

continues to be a matter of debate. Effects on the GABA receptor system occur with 

many of these medications, which are likely to have both cognitive and psychiatric 

consequences (Trimble, 1998b). Antiseizure medications, however, can also affect the 

production and transfer of other essential CNS compounds such as folic acid (Reynolds, 

1976) and serum tryptophan (Pratt, Jenner, Johnson, Shorvon, & Reynolds, 1984), 

which can also impact emotional and psychiatric function. 

The Study of Memory Functioning in Temporal Lobe Epilepsy 

It is clear from both anecdotal reports and neuropsychological assessment of 

TLE that memory deficits are common to the disorder. The precise etiology of such 

impairments however is a matter of debate. The most agreed-upon neuropsychological 

pattern that occurs in epilepsy is the lateralization of memory deficits. Specifically, it is 

thought that damage to the left temporal lobe is associated with verbal memory deficits, 

and damage to the right temporal lobe is associated with nonverbal memory deficits, 

assuming the individual is lefl-hemisphere dominant for language. 

Traditional standardized neuropsychological tests have been the norm for 

investigating the lateralization of memory deficits in TLE. Specifically, left TLE has 

been shown to be associated with deficits on the Logical Memory subtest of the 

' Forced normalization is an EEG phenomenon first described by Landolt (1953), in which improvements 
in EEG activity, namely the reduction of epileptiform discharges, appeared to be accompanied by clinical 
deterioration in epileptic patients. It has been suggested a "biologic^ antagonism" exists between 
epilepsy and psychosis, in that seizure discharges either electrically or neurochemically prevent the 
exacerbation of psychotic symptoms (see Wolf, 1991). 
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Wechsler Memory Scale-Revised (WMS-R Immediate, Delayed, and Percent Retention 

Indices - Hermann, Seidenberg, Schoenfeld, & Davies, 1997; Sass, Sass, Westerveld, et 

al., 1992), the California Verbal Learning Test (Short Delay Free Recall, Long Delay 

Free Recall, and Percent Retention Indices - Hermann et al., 1997; Hermann, Wyler, 

Richey, & Rea, 1987), and the Selective Reminding Test (Percent Retention Index -

Sass, Spencer, Kim, et al., 1990). In addition, persons with left TLE have also 

demonstrated deficits on traditional visual memory tasks, such as the Rey-Osterreith 

Complex Figure Task and the Visual Reproduction subtest of the WMS-R (Martin, 

Sawrie, Roth, et al., 1998). This finding of visual impairments in conjunction with 

verbal deficits suggests that the left temporal lobe may contribute in a more general 

fashion to memory flmction. On the other hand, such visual memory deficits may be a 

result of left TLE patients' failure to incorporate verbal encoding strategies to help them 

remember visual material (Naugle, Chelune, Cheek, Lueders, & Awad, 1993). 

Individuals with right TLE sometimes show deficits on standardized visual memory 

tasks, including specific types of errors on the Rey-Osterreith Complex Figure Test 

(Loring, Lee, & Meador, 1988). Weaker performance on the Denman Facial 

Recognition Test has also been reported (Barr, 1997). However, evidence of a 

consistent neuropsychological deficit in presurgical samples of right TLE has not yet 

been shown. This inconsistency in neuropsychological performance may occur because 

right TLE patients, unlike patients with left TLE, may be able to incorporate verbal 

strategies to enhance memory (Naugle et al., 1993). 
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To a large degree, the study of memory in TLE has focused on the role of the 

hippocampus. The hippocampus is the most intensely studied structure of the temporal 

lobe. The interconnectivity of the hippocampus with other brain regions not only makes 

it ideal for performing a critical role in leaming and memory, but also for the 

propagation of seizure activity (Gloor, 1997). The hippocampus is linked with 

association areas of the cortex, and is also connected with various subcortical structures 

including the amygdala, thalamus, septum, striatum, hypothalamus, and brainstem 

(Gloor, 1997). The hippocampus is a curved structure consisting of three tight folds 

that extend most of the length of the mesial temporal lobe (see Figure 1). Its four main 

cellular divisions include the subiculum, CAl, CA3, and dentate gyrus. According to 

recent research, the CAl region is most susceptible to seizure-like excitation. Because 

this region is often destroyed in mesial temporal sclerosis however, speculation 

continues as to whether another related region is primarily responsible for the 

generation of seizures (Schwartzkroin & Mclntyre, 1998). 

Analysis of cell densities of mesial temporal structures from resections of 

surgically-treated epilepsy patients has shown that hippocampal mass often correlates to 

performance on memory measures. Sass et al. (1992) divided the hippocampus into 

CAl, CA2, CAS, hilus, and dentate granule regions and analyzed the cellular densities 

of these regions separately. Significant correlations between cell loss and poorer 

memory were found. Reduced C A3 and hilar densities of individuals with left temporal 

seizure foci were correlated with lower percent retention on the WMS Logical Memory 

subtest. In a similar study O'Rourke, Saykin, Gilhool, et al. (1993) found reduced hilar 
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and dentate granule densities, but not CAl or CA3 densities, to correlate with poorer 

memory as assessed during ipsilateral intracarotid amobarbital testing performed prior 

to epilepsy surgery. 

Figure 1. Anatomic and schematic layout of hippocampal structure. 

i] la 

LATI 

CAI 

(Gloor, 1997, Fig 5-1) 

Note: CA2, CA3, CA3/CA4 = hippocampal sectors, DG = dentate gyrus, SUB = subiculum, PRES = 
presubiculum, PAS = parasubiculum, PHG = parahippocampal gyrus. 

Most of our understanding of hippocampal anatomy comes from animal studies 

and histological studies of autopsied or resected regions. However, researchers are 

more frequently using neuroimaging as a tool for investigating human living tissue. 

Neurologists and neurosurgeons routinely make use of magnetic resonance images to 

make decisions about surgical resections as treatment for temporal lobe epilepsy, as 

mesial temporal sclerosis is frequently identifiable by visual inspection of MRI images 

(Jack, Sharbrough, Twomey, et al., 1990). Asymmetries in hippocampal volumes as 

measured by MRI have been consistently found to correlate with the presence of 



hippocampal sclerosis in postresection specimens of epileptic tissue (Kuzniecky & 

Jackson, 1994). Even though such MRI images may represent a gross simplification of 

the underlying damage of sclerotic tissue, such promising findings have led to a newer 

line of research that quantifies the volume of mesial temporal structures from structural 

MRI images. Information obtained from these images can be used to determine if 

measurable degrees of damage translate into observable patterns of behavioral 

pathology. 

MRI volumetric studies of the mesial temporal structures of individuals with 

epilepsy have helped provide a greater understanding of memory function in TLE. 

Lencz, McCarthy, Bronen, et al. (1992) quantified MRI images from 25 individuals 

with medically refractory epilepsy and found left hippocampal volumes to show a 

positive correlation (r = 0.56) with the percent retention index of the WMS Logical 

Memory subtest. This correlation was primarily due to the variability of hippocampal 

volumes of individuals with left-sided TLE. Similarly, Martin, Hugg, Roth, et al. 

(1999) also found left hippocampal volumes of TLE patients to correlate significantly 

with a number of scales of the Logical Memory subtest. Trenerry, Jack, Ivnik, et al. 

(1993) found reduced left hippocampal volume to show a positive correlation with 

Logical Memory percent retention indices of 44 individuals with left TLE, but only on 

postoperative, and not preoperative, memory testing. This pattern was later replicated 

in a sample of 75 individuals with left TLE (Trenerry, Westerveld, & Meador, 1995). 

Volume asymmetry in this group was also correlated with postoperative performance on 

a memory test for abstract designs. BCilpatrick, Murrie, Cook, et al. (1997) found left 
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hippocampal volumes of patients with left TLE to correlate with performance on the 

Rey Auditory Verbal Learning Task and recall of the Rey-Osterrieth Complex Figure. 

In a group of 80 presurgical candidates, Baxendale, Van Paesschen, Thompson, et al. 

(1998) found right hippocampal volumes to show a positive correlation with recall of 

the Rey Figure, although no correlations with verbal memory measures were 

demonstrated. Regression analysis revealed that MRI volumes combined with seizure 

onset age and chronological age explained up to a third of the variance on memory test 

performance. Left hippocampal volume explained the variance of performance on 

verbal tasks and right hippocampal volume explained the variance of performance on 

visual tasks. Abrahams, Morris, Polkey, et al. (1999) quantified the MRI volumes of a 

number of temporal lobe structures from 33 TLE patients and found the relative 

asymmetry of the right hippocampal formation to correlate positively with performance 

on a spatial working memory test. 

Given the relatively early stage of development of the technology necessary for 

MRI volumetry, it is not surprising that to date the technique has raised more questions 

than answers with regard to mesial temporal functioning. The most consistent finding 

appears to be the correlation of left hippocampal volume with memory ftmctioning in 

individuals with left TLE. Although most effects are demonstrated on tests of verbal 

memory, left hippocampal volume also appears to correlate with performance on some 

nonverbal memory measures as well. Along with evidence from other lines of research, 

it can be surmised that the left hippocampus is necessary for the consolidation of 

memories for delayed recall, but still many questions remain as to the nature of this 



contribution. Correlations of memory performance with right hippocampal volumes are 

sometimes demonstrated, most often with tests of nonverbal/visual memory, although 

inconsistent findings in this regard prevent strong conclusions about the contribution of 

the right hippocampus to memory fiinction. 

The Study of Emotional Functioning in Temporal Lobe Epilepsy 

Disturbances in emotional functioning have long been postulated to occur with 

greater frequency in individuals with TLE. The lack of specificity in outlining the 

criteria for such behavioral syndromes has limited fiirther research in this arena 

(Devinsky & Najjar, 1999). The heterogeneity of the group and the disorder may also 

contribute to limited understanding of the emotional consequences of the disorder. 

Nonetheless, specific neuropathology associated with TLE can provide greater insights 

into the neural mechanisms of emotional functioning. 

A structure hypothesized to provide an essential role in affective processing is 

the amygdala. The amygdala is thought to modulate arousal, which makes it integral to 

the task of assigning emotional significance to abstract information (LeDoux, 1993). 

Amygdala ablation interferes with the ability of monkeys to assign rewarding or 

aversive value to encountered stimuli (Weiskrantz, 1956). Animal and patient studies 

have provided evidence that the amygdala is involved in the processing of emotions, 

mainly through studies that involve fear-conditioning paradigms (LeDoux, 1992). It 

may also have a role in the formation of new memories, perhaps through an emotional 

attribution mechanism (Phelps, LaBar, & Spencer, 1997). 
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The amygdala is a subcortical structure with comiections to widespread regions 

of the brain that in many ways parallel those of the hippocampus. The amygdala 

consists of a bundle of nuclei that have numerous divisions and subdivisions. The main 

divisions can be separated into central, cortico-medial, and basolateral regions, with the 

basolateral group making up most of the structure (Gloor, 1997). In mammals the 

amygdala has integral connections with the olfactory system, although these 

connections are less prominent in primates (Amaral, Price, Pitkanen, & Carmichael, 

1992). All regions of the amygdala have widespread afferent and efferent connections 

to neocortical and subcortical stmctures. Cortical connections are linked mainly to 

primary sensory and motor cortices, and various temporal regions, although many other 

cortical projections are present. The amygdala also has links to structures including 

dorsal and ventral striatum, hypothalamus, thalamus, and brain stem (Schwartzkroin & 

Mclntyre, 1998). Its diverse connections make it able to coordinate and modulate 

information from every sensory modality (Aggleton & Saunders, 2000). The amygdala 

has been found to be more susceptible to kindling than the hippocampus (Racine, 

Bumham, Gilbert, & Kairiss, 1986). Although cell loss and gliosis are identifiable 

throughout the amygdala tissue of epilepsy patients, even in the absence of hippocampal 

sclerosis (Hudson et al., 1993), the amygdala's precise role in seizxire development is 

still uncertain. 

Although much of our understanding of amygdalar function has been based on 

animal models, study of human emotional functioning also contributes to our 

understanding of the complex role the amygdala plays. For example, Bechara, Tranel, 
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Damasio, et al. (1995) reported a patient with bilateral amygdala damage who failed to 

make sensory-affective associations, as measured through a lack of increased skin 

conductance response (SCR) to conditioned colors or tones. This patient also 

demonstrated deficits in visual memory, executive function, and social behavior, but 

demonstrated normal SCRs to emotional verbal and nonverbal stimuli (Tranel & 

Hyman, 1990). Angrilli, Mauri, Palomba, et al. (1996) reported a case study of an 

individual with unilateral right amygdala damage who reported lower overall ratings of 

arousal in response to visual emotional stimuli. Scott, Young, Calder, et al. (1997) 

found that a patient with bilateral amygdala damage demonstrated impairment in 

discriminating negative intonations in an auditory emotional discrimination task. 

Adolphs, Tranel, and Damasio (1998) found that patients with bilateral, but not 

unilateral, damage to the amygdala demonstrated impairments in judging the 

approachability and trustworthiness of faces displaying negative expressions. As 

compared to control and odier brain-injured populations, the patients with bilateral 

amygdala damage reported a positive bias toward the negative faces. Nonetheless, the 

authors suggested that the amygdala contributes most greatly to immediate, instinctual 

responses, whereas cortical influences play a stronger role in complex emotional 

judgements. Evidence from human studies thus suggest that amygdala damage causes 

impairment in tasks that require discrimination of emotional information, primarily 

when complex cognitive interpretation is not involved. 

In TLE, amygdala sclerosis is common, with incidences rates varying from 64% 

to 85% (Zentner, Wolf, Helmstaedter, et al., 1999; Margerison & Corsellis, 1966). 
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However, the effect of such structural damage remains unclear. Patients with temporal 

lobectomies exhibit states of hypoarousal as measured by SCR in performance and 

discrimination tasks (Davidson, Fedio, Smith, Aureille, & Martin, 1992; Davidson, 

Smith, Tammy, & Fedio, 1996). Patients with unilateral temporal lobectomies, when 

compared to patients with frontal lesions, demonstrated impaired preference 

conditioning for food rewards (Johnsrude, Owen, White, Zhao, & Bohbot, 2000). 

However, the contribution of the amygdala in these studies remains equivocal. In a 

histological analysis, Zentner et al. (1999) found post-operative amygdalar cell counts 

to correlate positively with the visual recognition performance of 40 TLE patients prior 

to surgery. Boucsein, Weniger, Mursch, Steinhoff, and Irle (2001) found that 

impairments in the learning of emotional facial expressions by TLE patients were 

related to the degree of amygdala damage as measured by MRI. In another MRI study 

of TLE, van Elst, Woermarm, Lemieux, and Trimble (1999) found a significant positive 

correlation between left amygdala volume and depressive symptoms as measured by the 

Beck Depression Inventory. A similar trend was also found for the right amygdala 

volume. Cendes, Andermarm, Gloor, et al. (1994) reported quantitative MRI amygdala 

volumes to be smaller in TLE patients that primarily report an aura of fear as an initial 

manifestation of an oncoming seizxire. 

Further research is necessary to advance our understanding of the lateralization 

of amygdala flmction. Evidence to date on lateralization within fear-conditioning 

paradigms has been inconsistent (Hyman, 1998). Davidson et al. (1992) reported 

relative hypoarousal, as measured through SCR, in right temporal post-surgical 



S3 

lobectomy patients, and relative hyperarousal in left temporal post-surgical lobectomy 

patients. A subsequent study (Davidson et al., 1996) found that this general pattern was 

dependent on stimulus conditions. Specifically, left temporal lobectomy patients 

demonstrated lower SCRs to both success and failure feedback, while right temporal 

lobectomy patients demonstrated lowered SCRs only to the failure feedback. The 

researchers suggested that these results are consistent with a theory proposed by Smith, 

Kline, and Meyers (1990) that the left hemisphere contributes an arousal/intensity 

dimension to emotional processing, while the right hemisphere contributes an 

interpretation/differentiation emotional fiinction. This theory offers an alternative view 

to that of Davidson, Ekman, Saron, Senulis, and Friesen (1990) who propose that the 

left and right hemispheres contribute preferentially to positive/approach and 

negative/withdrawal emotions, respectively. 

The combination of MRI with patient populations offers many ftirther 

opportunities to investigate the role of the amygdala in epilepsy and emotion. However, 

because of the relative novelty of procedures for quantitative measurement of 

amygdalar volumes by MRI (Watson, Andermann, Gloor, et al., 1992), few studies have 

as yet allowed a determination of how amygdala volume loss impacts emotional, 

memory, or other cognitive ftmction. To date, most studies point to the amygdala as a 

regulatory device for the processing of emotions, particularly the control of arousal 

mechanisms. While new hypotheses about amygdalar ftmction continue to be 

formulated, additional research is essential to ftuther elucidate the true importance of 

this structure. 



Objectives and Hypotheses for the Present Study 

Studies of individuals with temporal lobe epilepsy have helped to delineate the 

functional anatomy of the temporal lobe. Prior to the development of technology that 

explores the functional architecture of structures within the central nervous system, the 

study of individuals with atypical brain function was the primary means by which 

neuropsychologists could identify the role of specific neural substrates. The goal of the 

present study was to combine icnowledge from patient studies with neuroimaging to 

further elucidate the functions of mesial temporal lobe structures. 

Significant progress has been made in understanding the role of the 

hippocampus and amygdala in memory and emotional function. Nonetheless many 

questions remain about the effect that hippocampal and amygdalar damage may have on 

the neuropsychological performance of individuals with mesial temporal lobe epilepsy. 

The present study sought to investigate, through magnetic resonance imaging, how 

reductions in the volumes of the hippocampus and amygdala in individuals with TLE 

may directly relate to impairments on tasks of memory and emotion. 

The proposed hypotheses for the present study were: 

1) It was predicted that left TLE, right TLE, and control groups would demonstrate 

differential performance on tests of memory. TLE patients were predicted to 

demonstrate impairments on memory tests when compared to controls. More 

specifically, the left TLE group should show significant impairment on verbal 

memory tests, and the right TLE group should show significant impairment on 

nonverbal memory tests. 
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2) It was predicted that atrophy of the hippocampi would be related to poorer 

performance on tests of memory. Left hippocampal volumes should show a 

greater correlation to verbal memory performance, and right hippocampal 

volumes should show a greater correlation to nonverbal memory performance. 

This correlation should be stronger for tasks that require information to be 

retained over a delay. 

3) It was predicted that patients would report lower ratings of arousal and 

demonstrate decreased SCRs to emotional stimuli. In addition, the left TLE group 

should report lower arousal and demonstrate decreased SCRs when compared to 

the right TLE group. 

4) It was predicted that atrophy of the amygdala would be significantly correlated to 

lower subjective ratings of arousal and lower SCR in response to emotional 

stimuli. Unilateral left-sided atrophy should show a stronger correlation in this 

regard than unilateral right-sided atrophy. 
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METHODS 

Participants 

Twenty individuals diagnosed with complex-partial epilepsy were recruited for 

the study. Demographic information for these individuals is presented in Table 1. 

Nineteen participants were recruited from the patients seen regularly at the Epilepsy 

Clinic of the Arizona Health Sciences Center, and one patient volunteered 

independently upon hearing about the study. Individuals who were suspected of having 

or known to have seizures originating from mesial temporal lobe structures (based on 

seizure semiology, ictal or interictal EEC, or neuroimaging) were selectively recruited. 

Previous electroencephalographic and imaging data, in consultation with a neurologist 

and neurosurgeon, were used to assist in determining if seizures originated from left- or 

right-temporal lobe foci. A summary of these clinical results can be found in Table 2. 

Based on these data, seven patients were determined to have a left-sided seizure focus, 

ten patients were determined to have a right-sided seizure focus, and two were 

determined to have bilateral seizure foci. One was not identified for seizure focus 

because of a lack of clinical data. All patients recruited were believed to have temporal 

seizure foci. The three patients with bilateral or unidentified seizure foci were excluded 

from analyses comparing effects of side of seizure focus. 

At the time of recruitment, the majority of study patients were in the process of 

being screened for potential surgical treatment for complex-partial epilepsy. Five of 

these patients later received unilateral temporal lobectomy on the side of seizure focus, 

and one received a vagus nerve stimulator as treatment for epilepsy. The seizures of all 



participants were controlled with medication. Seven patients had a history of head 

injury, which may have contributed to their seizure disorder. Two patients had a history 

of meningitis, one had a history infantile hydrocephalus, and one was bom of a breech 

birth. Two patients reported some history of depression. Age of seizure onset was 

estimated by patients' subjective report; the mean age of onset for the group was 14.9 

years (SD 11.9). Patients with a left seizure focus had a nominally earlier age of seizure 

onset, although the difference between the left and right groups was not significant. 

Table 1. Patient demographic information. 

Patient Age (years) Sex Handedness Education (years) 
PTOOl 42 Male Right 11 
PT002 48 Male Right 12 
PT003 42 Female Left 14 
PT004 63 Male Left 22 
PT005 47 Female Right 16 
PT006 35 Male Right 25 
PT007 24 Female Right 16 
PT008 41 Male Right 13 
PT009 39 Male Right 12 
PTOlO 57 Female Right 18 
PTOll 25 Male Right 12 
PT012 37 Female Right 16 
PT013 41 Female Left 9 
PT014 32 Female Right 18 
PT015 26 Female Right 14 
PT016 48 Female Left 13 
PT017 44 Female Right 17 
PT018 26 Female Left 12 
PT019 35 Male Right 15 
PT020 30 Female Right 12 

Patient Mean 39.1 8 Male/ 15 Right/5 Left 14.9 
(SD) (10.5) 12 Female (3.8) 

Control Mean 43.4 13 Male/ 19 Right/5 Left 15.0 
(SD) (13.2) 11 Female (2.3) 
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Table 2. Findings from clinical testing. 

Presumed 
Patient EEG* PET ** MRI *** Side of 

Seizure Focus 
PTOOl Bitemporal/possibly R Right 
PT002 R temporal R hippocampal Right 
PT003 R temporal R temporal Cerebellar lesion Right 
PT004 
PT005 R temporal R temporal R hippocampal Right 

increased T2 signal 
PT006 R temporal Right 
PT007 L temporal Normal Normal Left 
PT008 R temporal interictal Frontal & R Right 

discharges temporal 
encephalomacia 

PT009 Surface - L temporal. Inconclusive Bilateral Right 
Strip - R temporal hippocampal 

PTOlO L temporal L temporal L hippocampal Left 
PTOll L temporal R temporal R hippocampal Right 
PT012 Surface -R temporal Normal Normal Bilateral 

interictal discharges 
Strip - bitemporal 

PT013 L temporal L temporal L mesiotemporal, Left 
cerebellar atrophy 

PT014 R temporal R temporal Inconclusive Right 
PT015 L temporal L temporal Normal Left 
PT016 R temporal Normal Right 
PT017 L temporal interictal Left 

discharges 
PT018 L temporal interictal Left 

discharges and slowing 
PT019 L temporal seizure R mesiotemporal Bilateral 

onset, R temporal 
interictal discharges 

PT020 L temporal Left 
Note: R = Right, L = Left 
* Electroencephalographic (EEG) findings are of site of seizure onset, unless otherwise noted 

Positron emission tomography (PET) findings are of areas of hypometabolism 
Magnetic resonance imaging (MRI) findings include volume loss and/or sclerosis, unless otherwise 

noted 



Participants in the study were screened with a short interview designed to obtain 

basic demographic and health information. Individuals with epilepsy were asked 

questions about their seizure history and current medications. Exclusionary criteria for 

the study included a history significant for neurological illness not associated with a 

seizure disorder, a current history of alcohol or substance abuse, impaired mental status 

(Mini-Mental State Examination Score < 20), or a primary language other than English. 

Five patients did not complete some tests because of time restrictions, and one patient 

did not receive an MRI scan because of scheduling complications. 

Twenty-four normal control participants also participated in the behavioral 

component of the study. They were recruited through flyers and postings throughout 

the Tucson area. These participants were interviewed to determine basic demographic 

and health information, and were subject to the same exclusionary criteria as the patient 

group, with the additional criterion of a negative seizure history. Control participants 

were matched to the patient group on the basis of sex, age, and education. Summarized 

demographic information of these two groups is included in Table 1. The patient and 

control groups did not significantly differ in mean age or years of education. Chi-

square analysis revealed that the two groups did not differ in proportion of males and 

females, and both groups had a similar proportion of left- and right-handed individuals. 

Both patients and control participants were administered the Beck Depression 

Inventory (BDI; Beck, 1987) and Mini-Mental State Examination (MMSE; Folstein, 

Folstein, & McHugh, 1975) to screen for possible depression and significant 

impairment in cognitive function. A summary of BDI and MMSE results can be found 
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in Table 3. Patients and controls did not differ in their BDI scores. However, there was 

a significant difference in MMSE scores, t(1,41) = 4.07, £ = .000. There was not a 

significant difference between left and right TLE patient groups for BDI or MMSE 

scores. 

Table 3. Screening test results. 

BDI MMSE 

Group Mean SD Range Mean SD Range 

Patient 5.37 3.56 0-13 27.00 2.36 22-30 

Control 4.29 3.13 0-14 29.17 1.01 27-30 

Nineteen of the individuals in the epilepsy group received head MRI scans using 

a protocol specifically designed to enhance morphometric analysis of hippocampal and 

amygdala volumes. In addition, in order to obtain a normative sample of MRI data, 

scans were also performed on 38 healthy control participants who were not participants 

hi behavioral testing. These individuals were vokmteers recruited fi^m the students, 

faculty, and staff at the Psychology Department of the University of Arizona or were 

individuals responding to postings throughout the Tucson area. Volunteers from the 

community were paid for their participation. Exclusionary criteria for participation 

included a history of significant neurological illness or injury, or factors that would 

prevent one fi-om entering an MRI scanner (e.g., claustrophobia, metal in head or body). 

Twenty scans from the sample of 38 participants were selected as age-matched controls 
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for comparison to the patient group. The mean age of this sample was 40.0 years 

(SD=10.8). Other MRI scans were used for the purpose of training raters in the 

procedures for identifying and manually outlining regions of interest for morphometric 

analysis; these procedures are described below. 

Procedures 

Behavioral Testing 

Informed consent, using both written and verbal explanation, was obtained from 

all study participants. All participants in the behavioral testing portion of the study 

were provided financial compensation for their participation. Behavioral testing 

participants completed a short questionnaire to assess personality characteristics (NEO 

Five-Factor Inventory; Costa & McCrae, 1991). The Perception of Affect Task (Rau, 

1993) was administered to assess patients' ability to identify the emotional states of 

others. Study participants also completed the Conners' Continuous Performance Test 

(CPT; Conners, 1995) to assess attentional abilities. The patient group was also 

administered some additional standardized tests to assess general intellectual, attention, 

and memory function. Intellectual estimates were based on the Vocabulary and Block 

Design subtests of the Wechsler Adult Intelligence Scale - Third Edition (WAJS-HI; 

Wechsler, 1997a). Attention was assessed with the Digit Span task from the WAIS-HI. 

Memory function was assessed with the Logical Memory and Faces subtests from the 

Wechsler Memory Scale - Third Edition (WMS-UI; Wechsler, 1997b). Patients also 

completed a questionnaire designed to assess quality of life (Quality of Life in 

Epilepsy-31; Vickrey, Perrine, Hays, Hermann, Cramer, Meador, & Devinsky, 1993). 
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Descriptions of the standardized tests are provided below. 

Subtests of the Weschler Adult Intelligence Scale - Third Edition (WAJS-HI; Wechsler, 

1997a): The WAIS-IH is a standardized test of intellectual functioning. It consists 

of a battery of subtests that measure a range of cognitive skills, which are thought 

collectively to assess intellectual ability. The test was designed to be used with 

individuals aged 16 through 89 years. The WAIS-OI contains a total of 14 subtests, 

which combine to yield three composite IQ scores: Verbal, Performance, and Full 

Scale. Three subtests firom the WAIS-IH were administered in this study: 

• Vocabulary Subtest: This subtest is a measure of expressive language skills. The 

Vocabulary subtest is thought to be the best single measure of general 

intelligence from all subtests of the WAIS (Wechsler, 1958). Vocabulary 

subtest performance scores were reported to show a correlation of .84 with 

WAIS-in Full Scale IQ (Psychological Corporation, 1997). The split-half 

internal consistency reliability coefficient for this subtest was reported to be .93, 

and test-retest reliability based on a 2-12 week testing interval was .91. For this 

subtest, the examiner presented words of increasing difficulty to the examinee^ 

who in tum gave oral definitions in response to words. Each response by the 

examinee was scored firom 0 to 2, according to explicit criteria. The test was 

discontinued after all 33 words have been defined, or when 6 consecutive scores 

of 0 were obtained. 

• Block Design Subtest: This subtest is a measure of a visuospatial construction and 

abstract problem-solving. It is thought to be an excellent measure of nonverbal 



43 

intellectual skills (Wechsler, 1958). Block Design subtest scores were reported 

to show a correlation of .73 with WAIS-in Full Scale IQ (Psychological 

Corporation, 1997). The split-half internal consistency reliability coefficient for 

this subtest was reported to be .86, and test-retest reliability based on a 2-12 

week testing interval was .83. For this subtest, the examinee was asked to 

arrange colored blocks in appropriate positions so as to replicate models or 

pictures of two-color designs. There were 14 designs that progress in difficulty. 

The first six designs were scored fi-om 0 to 2, and the remaining eight designs 

were scored from 0 to 7, according to explicit criteria. Later designs were 

timed, and bonus points given for faster performance. The test was discontinued 

after all 14 designs were obtained, or when 3 consecutive scores of 0 were 

obtained. 

• Digit Span Subtest: This subtest is considered a measure of auditory attention. It 

assesses short-term storage capacity, although the second portion of the task 

(Digits Backward) is also thought to measure working memory (Psychological 

Corporation, 1997). Digit Span subtest performance scores were reported to 

show a correlation of .61 with WAIS-in Full Scale IQ. Reported test-retest 

reliability for this subtest, based on a 2-12 week testing interval, was .83. The 

subtest is composed of two independently administered tasks; Digits Forward 

and Digits Backward. On both tasks, the experimenter read a series of number 

sequences to the examinee. For each Digits Forward item, the examinee was 

required to repeat the number sequence in the same order as presented. For 
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Digits Backward, the examinee was required to repeat the number sequence in 

the reverse order. The Digits Forward task ranged from 2 to 9 numbers per item 

and the Digits Backwards task ranged from 2 to 8 numbers per item. Each item 

was comprised of two trials. The examinee was given 2 points for passing both 

trials on a particular item, 1 point for passing just one trial on a particular item, 

and 0 points for failing both trials on a particular item. The test was 

discontinued after failing both trials on a single item. 

Subtests of the Weschler Memory Scale - Third Edition (WMS-DI; Wechsler, 1997b): 

The WMS-m is a standardized test of learning and memory. It consists of a battery 

of subtests that measure a range of auditory and visual memory skills. Most 

subtests contain two components that separately measure immediate and delayed 

memory. The test was designed to be used with individuals aged 16 through 89 

years. The WMS-IU contains a total of 11 subtests, which combine to yield indices 

of auditory immediate, auditory delayed, visual immediate, visual delayed, working, 

and general memory. Four of the primary subtests were administered in this study: 

• Logical Memory I and Logical Memory II Subtests: These two subtests 

respectively measure immediate and delayed memory for auditory conceptual 

material. They differ from many other tests of memory because the material to 

be remembered is presented in a story format. Logical Memory has been used 

frequently in studies of memory of individuals with TLE, and appears to be 

more sensitive to the effects of left TLE compared to right TLE (Hermarm et al., 

1997; Sass et al., 1992). The spUt-half internal consistency reliability 
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coefficients for these two subtests were reported to be .88 and .75, respectively, 

and test-retest reliability based on a 2-12 week testing interval was measured at 

.77 and .76, respectively. For the Logical Memory I subtest, the examiner read 

two different stories aloud to the examinee; the second story was repeated once 

after an initial learning trial. Immediately after hearing each story, the examinee 

was asked to retell it fi-om memory. The examinee was scored on the accuracy 

of his or her retelling of the stories according to standardized criteria. This 

provided a measure of immediate memory. For the Logical Memory n subtest, 

the examinee was asked to retell the stories after 30 minutes, which provided a 

measure of delayed memory. A number of memory indices were provided by 

this test: First Recall Total Score (performance after the first learning trial of the 

two stories). Learning Slope (improvement in performance after the second 

reading of the second story). Logical Memory I Total Score (total immediate 

memory performance after the reading of each of the stories). Logical Memory 

n Total Score (total delayed memory performance for the two stories after 30 

minutes), and Percent Retention (ratio of delayed memory performance to 

immediate memory performance). 

• Faces I and Faces n Subtests: These subtests measure memory for complex visual 

material. Recognition memory for faces, as assessed by a test similar to the 

WMS-m Faces subtest, has been shown to be more sensitive to the effects of 

right TLE compared to left TLE (Naugle, Chelune, Schuster, Lueders, & 

Comair, 1994). The split-half internal consistency reliability coefficients for 
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these two subtests were reported to be .76 and .76, respectively. Test-retest 

reliability coefficients based on a 2-12 week testing interval were determined to 

be .67 and .62, respectively. For the Faces I subtest, the examinee was shown a 

series of photographs of faces, one at a time, and asked to remember each one. 

The examinee was then shown a second series of photographs of faces, one at a 

time, and asked to identify the faces that were seen earlier. The examinee 

scored a point for each correct response. This provided a measure of immediate 

memory. For the Faces n subtest, the examinee was asked to identify the faces 

again in a similar fashion after 30 minutes, which provided a measure of delayed 

memory. Two memory indices were provided by this test: Faces I Total Score 

and Faces H Total Score. 

Conners' Continuous Performance Test (CPT; Conners, 1995): The CPT is a 

standardized computerized attention test for research and clinical settings. It is 

generally considered to be a measure of vigilance or sustained attention. It has been 

shown to be sensitive to attention deficits in both adults and children (Conners, 

1995). Data on the reliability of the CPT has not been reported. The CPT requires 

individuals to press the space bar when a letter appears on the screen, but not hit the 

space bar when a specific letter (e.g., "X") appears. Letters are large (approximately 

1 inch in size) and bold-faced. The inter-stimulus interval is between 1 and 4 

seconds, with a display time of 250 milliseconds. Performance is measiured by 

several indices, including total number correct (hits), commission errors, reaction 

time, reaction time variability, attentiveness, and risk-taking. All variables except 



for total number correct are converted to t-scores based on a normative sample 

(Conners, 1995). 

NEO Five-Factor Inventory (NEO-FFI; Costa & McCrae, 1992): The NEO-FFI is a 60-

item self-report questionnaire designed to measure five domains of personality: 

neuroticism, extraversion, openness, agreeableness, and conscientiousness. 

Correlations of the NEO-FFI indices with the indices of a more comprehensive 240-

item version of the NEO (the NEO-PI-R) range from .56 to .62. Data on the 

reliability of the NEO-FFI has not been reported. Each domain of the NEO-FFI is 

assessed by 12 interspersed statements that address personal qualities or personality 

features. The examinee must rate the degree to which he or she agrees or disagrees 

with each statement. Responses are loaded on a 5-point scale. The NEO-FFI 

requires a sixth-grade reading level. There is no time limit, and most individuals 

require 10 to 15 minutes to complete it. The indices are measured in t-scores, based 

on a normative sample. T-scores for men and women are based on separate 

comparison groups. 

Perceptioa of Affect Task (PAT; Rau» 1993): The PAT is a three-part test designed to 

assess the manner in which individuals perceive verbal and nonverbal emotional 

stimuli. The Cronbach's alpha reliability coefficient for the word-sentence task, 

used in the present study, was reported to be .83. Individuals with complex partial 

seizure disorder have been shown to demonstrate impairments on this task (Rau, 

1993). On the PAT the examinee is asked to identify the type and intensity of 

emotion perceived in response to select stimuli. Six emotions are represented: 



happiness, sadness, fear, anger, surprise, and disgust, in addition to a neutral 

category. Only one of the three parts of the PAT was used for the present study. 

This part is a 49-item questionnaire. The examinee is asked to read individual 

sentence descriptions of scenarios that are thought to provoke certain emotional 

states. The examinee must then identify which of the listed emotions the individual 

described in the scenario is feeling, and at what level of intensity, on a six-point 

scale. This questiormaire generally takes about 20 minutes to complete. 

Quality of Life in Epilepsy (QOLIE-31; Vickreyet al., 1993): The QOLIE-31 is a 31-

item self-report inventory that was specifically designed to address a number of 

issues that impact the quality of life of individuals with epilepsy. It contains seven 

multi-item scales that assess the following health and behavioral health concepts: 

emotional well-being, social functioning, energy/fatigue, cognitive functioning, 

seizure worry, medication effects, and overall quality of life. Cronbach's alpha 

reliability coefficients for the QOLBE scales range from .77 to .85, and test-retest 

reliability estimates based on a 1-21 day testing interval range from .64 to .85. A 

QOLIE-31 score is obtained using a weighted average of the multi-item scale 

scores. The test also includes a single item that assesses overall health. Questions 

are phrased in very simple language and responses to questions are provided on 

numeric scales. The questionnaire takes about 10 minutes to complete. 

The experimental memory tests used in the present study were based on the 

Delayed Recognition Span Test designed by Moss, Albert, Butters, and Payne (1986). 
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The test was adapted for computer presentation. In this test, memory performance was 

assessed in five different stimulus conditions: spatial locations, words, nonwords, 

abstract designs, and faces. Graphic display of the experimental procedure and 

examples of different stimulus conditions are presented in Appendices A and B. All 

conditions had two forms (A and B) comprised of different but parallel stimuli. Each 

participant was administered one form for each condition. The form used and the order 

of conditions were counterbalanced across participants, with the exception that testing 

always began with the spatial location condition. This exception was made for the 

spatial location condition because the instructions for this task differed from the other 

four conditions. 

For the spatial location condition, stimuli consisted of identical brown circles 

1.5 inches in diameter. Ail other conditions also used circular stimuli of similar 

dimensions that contained the stimuli of interest. For the word condition, stimuli 

consisted of 5-Ietter abstract nouns selected from the MRC Psycho linguistic Database 

(Colthart, 1981a; website: www.psy.uwa.edu.au/MRCDataBase/uwa_mrc.htm). The 

MRC database allows for selection of English words based on variables such as number 

of letters, part of speech, written word frequency, familiarity, and concreteness, based 

on published norms. Words used in this memory test were selected to be low in 

frequency, high in familiarity, low in concreteness, and low in imagability. Frequency 

was based on Kucera and Francis (1967) norms, and other factors were based on 

merged sets of norms outlined by Colthart (1981b). Words were written in boldface 20-

point font. Word placement in A and B forms was counterbalanced so that both forms 

http://www.psy.uwa.edu.au/MRCDataBase/uwa_mrc.htm


had equivalent frequencies (35.9 vs. 36.4 per million). For the nonword condition, 

stimuli consisted of 5-Ietter pronounceable words that are not recognized in the English 

language (e.g., "porve," "talid"). These stimuli were developed by combining 

phonemes of different known English words. Nonwords were also printed in boldface 

20-point font. For the abstract design condition, stimuli were created by combining 5 

black lines of equal length into different horizontal, vertical, and diagonal orientations. 

For the face condition, stimuli were randomly selected from black-and-white yearbook 

photographs used in other research at the University of Arizona Emotion and Memory 

Research Laboratory. Form A of this condition included only female faces, and form B 

included only male faces. 

All forms included 16 stimuli except for the word condition, which incorporated 

20 stimuli". Test administration was performed on a 166 MHz BM-compatible 

computer with a 16-inch diagonal computer screen situated approximately two feet in 

front of the participant. E-Prime l.O Beta 3.0 software (Psychology Software Tools, 

1999) was used for stimulus presentation. Test instructions were provided in text on the 

computer and instructions were also reviewed with the examiner, who recorded 

responses throughout the test. A participant was asked to watch the screen careftilly for 

the expected stimuli. On each trial, the participant was asked to point out the location 

of a new stimulus that had not been presented on earlier trials. Stimuli were presented 

in different positions on a 25cm x 30cm matrix board (5 rows, 6 columns). The time 

length of stimulus presentation gradually increased throughout the test. The first five 

• Pilot testing with the word condition demonstrated that it was relatively easy to achieve a perfect score 
on this test. The word condition was thus increased to 20 stimuli to increase the difficulty of the test. 
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presentations had a time length of 5 seconds, and presentation lengths then increased by 

one second for each successive trial (in parallel with the increasing number of stimuli 

displayed). After each presentation a pause was provided to allow the participant extra 

time to make their response. In the spatial condition, circles appeared, one at a time, 

onto a position on the matrix board. On each successive presentation a new circle 

appeared and the participant was asked to identify the location of the new circle. If the 

participant gave the correct response, the test would be continued to the next trial in 

which an additional circle was added to the presented stimuli. If the participant 

incorrectly identified the new stimuli, he or she was required to return to the beginning 

trial and the test procedure would again advance to the point when the participant made 

the error. The test continued forward if the participant continued to make correct 

responses, or returned to the beginning if another error was made. This procedure 

continued until the locations of all 16 stimuli were correctly identified, or until all five 

leaming trials were completed. The progressive locations of the stimuli were the same 

in all five leaming trials. 

In all conditions but the spatial condition, stimuli were learned within the 

context of their changing positions on the board. That is, stimuli appeared, one at a 

time, in a position on the board, and the participant was asked to identify the new 

stimulus. Each time a new stimulus appeared on the board, the positions of the stimuli 

on the board also changed. This procedure was the same in all five leaming trials. The 

procedure for all other conditions was similar to the spatial location procedure, with five 

leaming trials allowed until all new stimuli were identified correctly. 
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Performance for each memory test was evaluated by a number of variables: the 

number of stimuli acquired on the first trial (i.e., number of stimuli attained without an 

error), number of trials until complete acquisition, and mean number of stimuli acquired 

over all learning trials. Immediately after the learning trials for the spatial location and 

word conditions, participants' recall memory for the stimuli was assessed. On the recall 

test for the word condition, a participant was asked to recall as many words as possible 

from the recognition memory test. On the recall test for the spatial location condition, a 

participant was presented wath a cardboard grid similar what had been seen on the 

computer and asked to place paper circles on the board in the same configuration as was 

seen in the recognition test. 

The experimental emotion test battery consisted of stimuli ft'om the International 

Affective Picture System (lAPS) and the International Affective Digitized Sounds 

(IADS) developed by Peter Lang and colleagues (Bradley & Lang, 1999; Lang, Bradley 

& Cuthbert, 1999). The lAPS contains digital color pictures that vary in complexity, 

luminance, and central image size. The IADS contains digitized sounds of 6-second 

length that range in content to include verbalizations, music, sounds of nature, and 

social interactions. Lang and colleagues have provided extensive normative data on the 

LAPS and IADS stimuli, with young adult consensus ratings of emotional valence 

(happy/unhappy) and arousal (excited/calm) experienced in response to the stimuli. For 

these consensus ratings, Lang and colleagues had participants report their subjective 

experience of emotion using the Self-Assessment Manikin (SAM; Lang, 1980; see 

Figure 2). The SAM is a pictorial representation of valence and arousal scales. 
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designed to minimize the effects that language may have in reporting response to 

emotionally-salient stimuli. Both valence and arousal dimensions were ordinally scaled 

with five figures, and the option was given to make ratings between two figures, 

providing a scale ranging from I to 9 for each dimension. Normative ratings were used 

to categorize stimuli for the present study into one of three categories: positive (i.e., 

pleasant), negative (i.e., unpleasant), and neutral. The following criteria were used for 

stimulus selection: positive = mean valence > 6.25, negative = mean valence < 3.75, 

neutral = mean valence < 3.75 and > 6.25. Twelve negatively-valenced stimuli, twelve 

positively-valenced stimuli, and twelve neutral stimuli were selected for each stimulus 

set. Two counterbalanced forms were created for the two modalities (visual and 

auditory). Mean ratings for the selected stimuli based on established norms (Bradley & 

Lang, 1999; Lang et al., 1999) are presented in Table 4. 

Figure 2. Self-assessment manikin images used for ratings of valence and arousal. 
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Table 4. Mean normative rating values for stimuli sets selected for experimental 
emotion testing. 

Valence Arousal 
Form Positive Neutral Negative Positive Neutral Negative 

Visual A 7.78 4.80 1.90 4.79 3.71 6.06 

Visual B 7.77 4.80 1.90 5.26 3.80 6.44 

Auditory A 7.27 5.09 2.42 5.62 4.80 7.25 

Auditory B 7.33 5.06 2.46 5.48 4.92 7.20 
Note: Self-Assessment Manikin valence ratings are scaled from I (unhappy) to 9 (happy), and arousal 
ratings are scaled from 1 (calm) to 9 (e.\cited). Normative values based on Bradley and Lang (1999) and 
Lang et aL (1999). 

Presentation of stimuli took place on a 166 MHz IBM-compatible computer 

with a 16-inch diagonal computer screen placed approximately two feet in front of the 

seated participant. E-Prime 1.0 Beta 3.0 software (Psychology Software Tools, 1999) 

was used for stimulus presentation. The two emotion tests, visual and auditory, were 

presented in separate blocks; the order of the two tests was counterbalanced across 

participants. Test instructions were provided in text on the computer, and detailed 

instructions were also orally relayed by the examiner. Both auditory and visual stimuli 

were presented in an identical fashion. A trial began with a printed statement on the 

computer screen that a stimulus was about to appear, which remained on the screen for 

three seconds. After a pause of one second, a stimulus was presented for six seconds. 

After stimulus presentation, a printed statement appeared on the computer screen 

instructing the participant to make his or her ratings of valence and arousal. An 

electronic box displaying the SAM figures was illuminated during the rating period 

during which the participant was asked to make valence (happy/unhappy) and arousal 
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(excited/calm) ratings. The box was located in front of the seated participant just below 

the computer screen. The SAM scales were labeled from 1 to 9, and selected ratings 

were stated out loud by the participant and recorded by the examiner. 

Skin conductance response (SCR) was measured from the left and right hands 

throughout stimulus presentation. The amplifiers used to acquire SCR from the left and 

right hands were counterbalanced across study participants. For each individual prior to 

experimental testing, a one-minute baseline measure of absolute skin conductance level 

was recorded. After the baseline period, the participant was asked to take a deep breath 

and cough so that SCRs for these behaviors could also be recorded. During 

experimental testing, recording took place for four seconds prior to stimulus 

presentation, for six seconds during stimulus presentation, and for six seconds following 

stimulus presentation. Skin conductance was recorded at 10 Hz at a gain of 10 

microsiemens(|iS)A^olt using the Biopac MPlOO system with GSRIOO amplifiers 

(Biopac Systems, Santa Barbara, CA). Two Ag/AgCl sensors with a 6 mm inner 

diameter were filled with a 0.9% M NaCl Unibase paste (Lykken & Venables, 1971). 

Two sensors were placed on each hand after briefly swabbing with distilled water. 

Sensors were placed on the palmar surface of the middle phalanges of the first and 

second fingers. A constant voltage of 0.5 volts was applied across the two electrodes. 

Digitized signals were recorded on a 166 MHz IBM-compatible computer using 

AcqBCnowledge 3.2.6 software (Biopac Systems, 1993). Off-line, signals were low-pass 

filtered (cut-off frequency = 0.7 Hz) and down-sampled to 20 Hz before parameter 

extraction in order to maximize the signal-to-noise ratio. An automated routine (van 
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Reekum & Johnstone, 2000) enabled the scoring of the number and amplitudes of 

SCRs, as well as rise time and response latency, within a 10-second interval. Validity 

analysis of 12 randomly-selected files comparing the automated routine to manual SCR 

measurement found the correlation between the automated routine and manual 

measurement to be .99. 

An SCR is recognizable as a rise in electrodermal activity following stimulus 

onset. SCR amplitudes were calculated as the difference between minimum and 

maximum points in skin conductance level, measured in |iS, after stimulus onset. An 

SCR was counted as present when the increase in skin conductance level exceeded 0.03 

I^S, and the increase started after stimulus onset. Mean SCR amplitudes were computed 

by averaging all amplitudes across a stimulus category (positive, negative, and neutral), 

with nonresponses recorded as amplitudes of 0.00 }iS. 

MRI Procedures and Image Analysis 

Participants were scarmed on a GE Signa 1.5 Tesla MRI Scanner located at the 

Arizona Health Sciences Center. The MRI acquisition protocol was targeted at 

obtaining high resonance images of tlie temporal-limbic structures, specifically the 

hippocampus and amygdala. The profile consisted of 3-mm thick contiguous oblique 

images in a plane perpendicular to the long axis of the hippocampus angled with respect 

to the sagittal imaging plane. The oblique images were obtained using a dual fast spin 

echo pulse sequence (T2- and Proton Density-weighted) with the following parameters: 

256 x 256 matrix, 1 signal average, 90° flip angle, TE=17,120 and TR=8000, and 24-cm 

field of view. Because of limitations in the number of slices that can be acquired with a 
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3-nim slice thickness, images of the temporal lobes rather than the whole brain were 

obtained at the oblique angle. However, because amygdala and hippocampal volumes 

vary as a function of head size, a full volume sagittal T2-weighted scan was also 

acquired to obtain a volume estimate of the cranial vault. The sagittal scan consisted of 

4-nim images using a fast spin echo pulse sequence with the following parameters: 256 

X 192 matrix, 2 signal averages, 90° flip angle, TE=102 and TR=4000, and 24-cm field 

of view. 

MRI image analysis was performed on an IBM-compatible computer using a 

LINUX operating system. Analyze 3.1 (Biomedical Imaging Resource, 1996-2001), a 

visualization imaging software package developed by the Mayo Foundation, was used 

for the delineation of discrete anatomical structures. Regions of interest (ROIs), i.e., the 

amygdala and hippocampus, were derived through manual point placement using 

anatomic guidelines described by Watson et al. (1992), using reference to published 

brain atlases. Manual point placement measurements were chosen over computer-

driven automated methods because these methods, although clearly superior at 

discriminating pixel value intensities^ were not capable of identifying standard 

landmarks that delineate mesial temporal structures. Manual point placement continues 

to be the procedure recommended by established laboratories that routinely collect data 

of mesial temporal structural volumes (Watson et al., 1992; Jack, 1994). 

Specific guidelines for manual point placement used by the raters are reported in 

Appendix C. The identity, group assignment (patient or control), and all other data for 

each scan was unknown to a rater during the tracing procedure, although due to some 
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clear structural anomalies evident on some scans, raters were not completely blind to 

group assignment. In addition, the left-right orientation was reversed for half of the 

scans, randomly selected, to eliminate any bias that might occur in tracing ROIs on one 

particular side. To establish inter-rater reliability, two raters measured ROI volumes on 

a randomly selected set of 12 brains. In addition, to assess intra-rater reliability, the 

primary investigator re-traced the ROI volumes of the same set of 12 scans on separate 

occasions. Inter- and intra-rater reliability estimates based on these multiple tracings 

are presented in Table 5. The reliability values are somewhat lower than those reported 

in previous studies. Watson et al. (1992) reported test-retest reliability for amygdala 

and hippocampal volumes in a sample of 11 scans ranging from 0.88 to 0.99. 

Table 5. Reliability measures of MRI volume measurements. 

Left Right Left Right 
Amygdala Amygdala Hippocampus Hippocampus 

Inter-rater 0.93 0.85 0.85 0.92 
reliability 
Intra-rater 0.83 0.94 0.97 0.97 
reliability 

Because amygdala and hippocampal volumes are a function of head size, 

estimates of cranial vault volumes were also measured using an object extraction 

method on sagittal scans. Object extraction is performed tiirough the placement of a 

seed point that is expanded to include data within specified pixel value range. These 

procedures are outlined in Appendix B. To insure that consistent volumes could be 

obtained using these procedures, two raters measured cranial vaults for a randomly 

selected set of 15 brains. Inter-rater reliability for this set was 0.93. Amygdala and 
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hippocampal volumes were then transformed into ratios based on the associated cranial 

vault volume (Volume Ratio = ^°'/craniai vault)- These ratios were the values used in all 

primary analyses. 
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flESULTS 

Multivariate analyses of variance (MANOVAs) were used to detect group 

differences in volumetric, behavioral, physiological, neuropsychological, and self-report 

data. One-way ANOVAs and t-tests were used for simple one-factor analyses. 

MANOVAs were used to compare both patient and control groups, and left- and right-

side TLE groups. The division of the patient sample into two groups resulted in 

relatively small sample sizes, which should be taken into account when interpreting 

results. A level of p < .05 was used as test for significance, although results within the 

range of £ =. 10 were considered marginally significant and also reported. Although the 

large number of analyses performed in the present study may have warranted more 

conservative tests of significance, these alpha levels were chosen to allow for 

hypothesis generation based on study results. Approximately 100 analyses were used to 

test primary hypotheses, and approximately 80 analyses were used to test additional 

hypotheses based on available data. Based on the number of analyses performed in this 

study, approximately nine significant results may have occurred by chance. Thus, 

significant results, particularly those not based on primary hypotheses, should be 

interpreted with caution. 

Multiple regression analyses were used to determine the relationship between 

structural MRI volumes and behavioral measures. Individual regression analyses were 

conducted for each behavioral measure. Stepwise multiple regression models were 

conducted with the four volume ratios as potential predictors. The regression models 

were based on forward selection criteria using only variables of influence with F 
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probability values lower than .10. All multiple regression analyses were weighted least 

squares models; all analyses were weighted for participants' age prior to analysis. 

MRl Volumetrics 

A summary of the cranial vault volumes for the two groups is included in Table 

6. There was no difference between patient and controls in cranial volume, although 

there was a significant difference between patients with left and right TLE, t(l,I4) = 

2.65, E = -019. Patients with left TLE overall had cranial vaults of smaller volume. 

Table 6. MRI volumes (in cm^) of patient and control groups. 

Group Cranial Left Right Left Right 
Vault Amygdala Amygdala Hippocampus Hippocampus 

(Volume (Volume (Volume Ratio) (Volume Ratio) 
Ratio) Ratio) 

Patient 1426.28 1.386 1.566 2.223 2.281 
(0.982 X 10-^) (1. 1 1 2 X  10"^) (1.570 X 10"^) (1.624 X 10"^) 

Control 1487.20 1.499 1.623 2.681 2.589 
(1.007 X 10-^) (1.093 X 10-^) (1.804 X 10-^) (1.746 X 10-^) 

Amygdala and hippocampal whole volumes and ratios based on cranial vault are 

also presented in Table 6. A 2 x 2 (Group x Side) MANOVA revealed a main effect of 

Side for both amygdala whole volumes, F( 1,37) = 26.30, g = .000, and ratios, F(1,37) = 

28.26, £ = .000. The left amygdala was consistently smaller than the right for both 

groups. There was no difference between the groups in amygdala volume. There was a 

significant main effect of Group for whole hippocampal volumes, F(l,37) = 9.63, p = 

.004, and hippocampal ratios, F(l,37) = 4.11, g = .050. Overall the control group had 
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larger hippocampal volumes. There was no difference between the left and right 

hippocampal volumes, and no interaction. 

A comparison of the two patient groups (left TLE and right TLE) did not reveal 

a significant difference in amygdala size for either whole volumes or volume ratios. 

There was a significant difference in hippocampal volumes as shown by an interaction 

of Patient Group and Side for both whole volumes, F(l,14) = 10.97, g = .005, and 

volume ratios, F( 1,14) = 12.81, e = -003. Post-hoc t-tests demonstrated that the left 

TLE group had significantly smaller left hippocampi although there was not a 

significant difference in right hippocampal volume. A summary of the whole volumes 

and volume ratios for the two groups is presented in Table 7. 

Table 7. MRI volumes (in cm^) of left and right TLE groups. 

Group Cranial Left Right Left Right 
Vault Amygdala Amygdala Hippocampus Hippocampus 

(Volume (Volume (Volume Ratio) (Volume Ratio) 
Ratio) Ratio) 

Left 1311.38 1.261 1.471 1.833 2.320 
TLE (0.968 X 10"^) (1.137 X 10'̂ ) (1.412 X IQ-̂ ) (1.793 X 10"^) 

Right 1470.24 1.508 1.638 2.533 2.109 
TLE (1.034 X 10"^) (1.127 X 10"^) (1.727 X IQ-̂ ) (1.457 X 10"^) 

All non-ratio structural volumes (left amygdala (LA), right amygdala (RA), left 

hippocampus (LH), and right hippocampus (RH)) were inter-correlated, with 

correlations ranging from .32 to .77 (g's = .000 to .045). These values are shown in 

Table 8. In addition, left-side volumes were marginally correlated with cranial vault 
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to .009) except for the RA/LH correlation. 
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= .000 

Table 8. MRI structural volume inter-correlations. 

Cranial 
Vault 

Left 
Amygdala 

(Volume Ratio) 

Right 
Amygdala 

(Volume Ratio) 

Left 
Hippocampus 
(Volume Ratio) 

Left 
Amygdala 

.32 

Right 
Amygdala 

.17 .77 
(.77) 

Left 
Hippocampus 

.32 .58 
(.48) 

.32 
(.26) 

Right 
Hippocampus 

.16 .38 
(.41) 

.56 
(.62) 

.41 
(.41) 

Experimental Memory Testing 

One-way ANOVAs were perfomied to compare memory performance of the 

two groups across the five different stimulus conditions (i.e., spatial, design, face, 

nonword, and word). The three dependent variables used as indices of memory 

performance were: number of items attained on first recognition trial (FRSTREC), total 

number correct (TOTCORR), and number of trials to completion (NUMTRLS). For the 

FRSTREC variable, significant main effects of Group were found for face stimuli, 

F( 1,41) = 10.96, E = -002, and for nonword stimuli, F( 1,40) = 11.47, g = .002. A 

marginally significant effect of Group was also found for word stimuli, F(l,42) = 3.46, 
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£ =.070. For the TOTCORR variable, main effects of Group were found for face 

stimuli, F(l,42) = 13.81, e = -001, design stimuli, F(l>42) = 6.74, e = -013, nonword 

stimuli, F(l,42) = 6.10, e = -018, and word stimuli, F(l,42) = 4.67, e = -036. For the 

NUMTRLS variable, sigjiiflcant main effects of group were found for nonword stimuli, 

F(l,42) = 5.99, E = -019, word stimuli, F(l,42) = 5.50, e = -024, face stimuli, F(l,42) = 

5.30, E = .026. A marginally significant effect of Group was also found for spatial 

stimuli, F(l,42) = 3.56, e = -066. The control group demonstrated superior memory 

performance in all conditions as assessed by the three different memory measures. 

These data are illustrated in Figures 3,4, and 5. Parallel ANOVAs were performed 

comparing the two patient groups (left TLE and right TLE). No effect of Patient Group 

was found for any memory variables. 

Figure 3. Mean number of items attained on first recognition trial (FRSTREC). 

20 

• Control I 
I 

B Patient I 

SPATIAL FACE DESIGN NONWORD WORD 

Note: Asterisk (*) denotes a significant difference between groups. Error bars denote standard error 
values. Control group performance on the nonword test was almost perfect, resulting in a standard error 
below .05. 
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Figure 4. Mean total number recognition items attained over five trials (TOTCORR). 

^ 60 
• Control 

B Patient 

SPATIAL FACE C€SIGN NCDNWORD WORD 

Note: Asterisk ("•) denotes a significant difference between groups. Error bars denote standard error 
values. Control group performance on the nonword test was almost perfect, resulting in a standard error 
below .05. 

Figure 5. Mean number of trials used to attain all recognition items (NUMTRLS). 

!• Control 

IB Patient 

SPATIAL FACE DESIGN NONWORD WORD 

Note: Asterisk (*) denotes a significant difference between groups. Error bars denote standard error 
values. 
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Because two alternate forms were used across subjects for the five different 

recognition tests, additional t-tests were performed to determine if any form differences 

produced unequal patterns of performance. No significant effects of form were found 

for any test variables. In addition, because four of the recognition tests were presented 

in randomly counterbalanced order, t-tests were performed to determine if the order of 

test presentation differentially affected performance on specific recognition tests. No 

effect of order was found. 

One-way ANOVAs were also used to compare control and patient performance 

on spatial and word recall tests. A significant main effect of Group was found for the 

word recall test, F(l,42) = 6.85, £ = .012, but not for the spatial recall test. Parallel 

ANOVAs were performed comparing the two patient groups. No differences between 

patient groups were found for either recall test. 

Multiple regression analyses were performed to determine the degree to which 

performance on memory tasks, as measured by FRSTREC, TOTCORR, and 

NUMTRLS, could be explained by MRI volume ratios. RA volume was found to be a 

significant predictor for word memory performance. Specifically, RA volume 

predicted some variance of the word FRSTREC variable, Rr = .249, F(l,17) = 5.65, g = 

.029, and the word NUMTRLS variable, Rf = .216, F(l, 17) =4.68, p = .045. In both 

models RA volume had a negative relationship with memory performance. LH volume 

explained a significant amount of variance for the nonword NUMTRLS variable, R^ = 

.239, F(l, 17) = 5.35, g = .034. This volume had a positive relationship with memory 

performance. In addition, marginal significance was found for some other single 
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predictors. LH volume predicted some variance of the design FRSTREC variable, = 

.196, F(1,15) = 3.67, g = .075, and the spatial TOTCORR variable, R: = .205, F(U 17) = 

4.38, E = -052. LH volume had a positive relationship with memory performance. RH 

volume predicted some variance of the design NUMTRLS variable. El = .163, F(l, 17) 

= 3.30, E = .087. This volume had a positive relationship with memory performance. 

Significant and marginally significant effects for recognition variables are summarized 

in Table 9. In addition, LA volume predicted a marginally significant degree of 

variance for performance on the spatial recall task, R^ = .163, F(1,17) = 3.30, e= .087. 

The direction of influence in this relationship was positive. 

Table 9. Proportion of variance explained and probability of F for multiple regression 
analyses of experimental recognition memory measures with MRI volume ratios as 
predictors. 

Total Number of 
First Trial Number Trials to 

Performance Correct Completion 
Stimuli Predictors (FRSTREC) (TOTCORR) (NUMTRLS) 
Spatial LH Volume - .205 -

£ = .052 
Face None - - -

Design LH Volume .196 • -

B = .075 
RH Volume - - .163 

B = .087 
Nonword LH Volume - - .239 

B=.034 
Word RA Volume .249 - .216 

n = .029 to
 II b
 

Note: RH = right hippocampus, LH = left hippocan^us, RA = right amygdala. In all instances reported, 
hippocampal volume had a positive relationship with memory performance, and amygdala volumes had a 
negative relationship with memory performance. 
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Emotion Testing 

Subjective ratings made in response to visual and auditory emotional stimuli 

were divided into positive, negative, and neutral categories for statistical analysis of 

valence and arousal ratings. A 2 x 2 x 3 (Group x Modality x Valence) MANOVA of 

valence ratings resulted in a main effect of Valence, F(2,82) = 608.57, £ = .000, and an 

interaction of Modality and Valence, F(2,82) = 50.69, g = .000. Post hoc t-tests 

conducted on valence ratings revealed an expected pattern of higher ratings for positive 

stimuli, lower ratings for negative stimuli, and neutral stimuli falling in between these 

two categories (see Figure 6). Post-hoc t-tests to evaluate the interaction of Modality 

and Valence revealed a more restricted range in ratings for auditory stimuli, i.e., visual 

negative and neutral stimuli were rated as more negative, and visual positive stimuli 

were rated as more positive, when compared to ratings for auditory stimuli. 

Figure 6. Mean subjective ratings of valence for emotional stimuli. 

• Control 

B Patient 

AUDITORY STIMULI VISUAL STIMULI 

Note: SAM = Self-Assessment Manikin, POS = positive stimuli, NEU = neutral stimuli, NEC = negative 
stimuli. 
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A 2 X 2 X 3 (Group x Modality x Valence) MANOVA of arousal ratings 

revealed a main effect of Valence, F(2,82) = 72.22, b = .000, a main effect of Modality, 

F(l,41) = 5.88, E = -020, and an interaction of Modality and Valence, F(2,82) = 7.30, £ 

= .001 (see Figure 7). Post-hoc t-tests demonstrated that negative stimuli were rated as 

significantly more arousing than positive and neutral stimuli, and positive stimuli were 

rated as more arousing than neutral stimuli. The main effect of Modality was due to 

auditory stimuli being rated overall as somewhat more arousing than visual stimuli. 

Post-hoc t-tests revealed that the interaction of Modality and Valence was due to 

positive and neutral auditory stimuli being rated as more arousing than positive and 

neutral visual stimuli, with no differences between negative stimuli of different 

modalities. 

Figure 7. Mean subjective ratings of arousal for emotional stimuli. 

VISUAL STIMULI AUDITORY STIMULI 

110001031 
Inpatient 

Note: SAM = Self-Assessment Manikin, POS = positive stimuli, NEU = neutral stimuli, NEG = negative 
stimuli. 
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Because two alternate forms were used for the tests and because the order of 

m o d a l i t y  p r e s e n t a t i o n  w a s  c o u n t e r b a l a n c e d  a c r o s s  s u b j e c t s ,  a d d i t i o n a l  2 x 2 x 3  ( F o r m  x  

Order x Valence) MANOVAs were performed to determine if either of these factors 

affected valence or arousal ratings. No effect was found for valence ratings. However, 

a significant interaction of Valence and Form was shown for arousal ratings of visual 

stimuli, F(2,80) = 3.37, e = .039. A marginally significant interaction of Valence and 

Order was also demonstrated, F(2,80) = 3.08, g = .052. Post-hoc t-tests revealed that 

the interaction of Valence and Form was due to positive visual stimuli in Form B being 

rated as more arousing than those in Form A. The interaction of Valence and Order was 

due to positive and neutral stimuli being rated as more arousing in the first test 

presentation when compared to the second test presentation. 

Similar MANOVAs were performed to identify differences between the two 

patient groups. No differences were found for arousal ratings. However, a significant 

main effect of Patient Group was found for visual valence ratings, F(l,15) = 5.084, p = 

.040. Overall, individuals with left TLE rated visual stimuli more positively on the 

valence scale than individuals with right TLE. 

Multiple regression analyses were conducted to determine the extent to which 

subjective ratings of emotion could be explained by the four MRI volume ratios. A 

model incorporating RH and LA volumes as predictors of arousal ratings of auditory 

positive stimuli accounted for 62.8% of the variance, F(2,15) = 12.65, p = .001. The 

direction of influence was in the negative direction for RH and in the positive direction 
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for LA. A similar model using RH and RA volumes as predictors explained a 

significant amount of variance for arousal ratings of visual positive stimuli, F(2,16) = 

4.69, 2 = -025, which predicted 36.9% of the variance of this variable. Similar to the 

preceding model, the direction of influence was in the negative direction for RH and in 

the positive direction for ElA. Marginal degrees of significance were found for 

additional single-predictor multiple regression analyses. These effects are outlined in 

Table 10. 

Table 10. Results of multiple regression analyses for ratings of emotional valence and 
arousal. 

Rating 
Scale 

Stimulus Type Predictors R^of 
Model 

Beta t-value £-value 

Arousal Auditory RH Volume .628 -.736 -4.387 .001 
Positive LA Volume .641 3.821 .002 

Arousal Visual Positive RH Volume .369 

00 

-3.044 .008 
RA Volume .641 2.336 .033 

Arousal Visual Negative RA Volume .190 -.435 -1.994 .062 

Valence Visual Positive LH Volume .187 -.432 -1.977 .064 

Valence Visual Neutral RH Volume .173 -.416 -1.886 .077 

Valence Visual Negative RA Volume .158 .398 1.789 .091 
Note: RH = right hippocampus, LH = left hippocampus, RA = right amygdala, LA = left amygdala. 

Patients in general, with a few exceptions, produced a very small number of 

SCRs to emotional stimuli. For this reason, MANOVAs were performed using number 

of SCRs as a dependent variable to determine if overall response rate showed any 

relationship with experimental variables. A2x2x2x3 (Group x Modality x Hand x 
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Valence) MANOVA revealed a significant main effect of Group, F(l,4l) = 11.81, £ = 

.001, a significant main effect of Valence, F(2,82) = 14.49, g = .000, and a significant 

interaction of Modality and Valence, F(2,82) = 3.13, g = .049. There was also a 

marginally significant interaction of Hand and Group, F(l,41) = 3.22, g = .080. Patients 

exhibited significantly fewer SCRs than controls. Post-hoc t-tests revealed significant 

differences between all valence categories, with negative stimuli producing the greatest 

number of SCRs, followed by positive stimuli, and neutral stimuli producing the fewest 

SCRs. The interaction of Modality and Valence was due to a greater number of SCRs 

being produced for negative auditory stimuli as compared to negative visual stimuli, 

whereas this pattern was not shown for other valence categories. In addition, although 

post-hoc t-tests were not significant, the interaction of Hand and Group suggests that 

controls demonstrated stronger differentiation of left- and right-hand SCR, with left 

hand measurement resulting in a greater number of responses for controls, while 

patients showed relatively few responses from either hand. Similar MANOVAs were 

performed to identify any differences in response rate across the two patient groups. No 

significant main effects or interactions were found. 

Because the amplifier used to acquire SCR can influence the measurements 

taken, two additional MANOVAs were conducted to determine if there was a 

differential response rate across the two SCR amplifiers used in the study. This analysis 

revealed a marginally significant interaction of Group and Amplifier, F(l,39) = 3.79, £ 

= .059, but only for auditory stimuli. Post-hoc t-tests did not reveal significant effects, 

but showed a trend for control subjects to exhibit a greater number of responses fi-om 
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one amplifier over another, while patients demonstrated a small number of responses 

from both amplifiers. MANOVAs were also performed to determine if there was an 

effect of test form or presentation order on number of SCRs. No main effects or 

interactions were found. 

Multiple regression analyses were performed to determine the extent to which 

MRI volume ratios could predict overall number of SCRs. None of the MRI volumes 

predicted a significant degree of variance in number of SCRs. 

A 2 X 2 (Group x Hand) MANOVA was performed on mean skin conductance 

levels across the one-minute baseline period prior to experimental testing. A significant 

effect of Group was found, F(l,38) = 5.94, g = .020, demonstrating that the control 

group had higher overall absolute skin conductance levels. In addition, group 

differences were assessed for SCR amplitudes in responses to deep breath and cough 

manipulations. There was a significant effect of Group for the deep breath SCR, 

F(l,37) = 10.58, g = .002, and for the cough SCR, F(l,36) = 6.85, g = .013. There were 

no significant differences between the two patient groups on baseline SCR measures. 

A 2 x 2 x 2 x 3  ( G r o u p  x  M o d a l i t y  x  H a n d  x  V a l e n c e )  M A N O V A  p e r f o r m e d  o n  

SCR amplitudes to emotional stimuli revealed a significant main effect of Group, 

F(l,41) = 8.63, £ = .005, a significant main effect of Valence, F(2,82) = 4.79, £ = .011, 

and a marginally significant interaction of Modality and Valence, F(2,82) = 2.80, e = 

.067. The control group produced SCRs of higher amplitudes as compared to the 

patient group. Post-hoc t-tests revealed significant differences between SCR amplitudes 

in response to positive versus neutral, and negative versus neutral stimuli. A marginally 
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significant difference also was demonstrated between SCR amplitudes in response to 

positive versus negative stimuli. Negative stimuli produced the largest amplitudes, 

followed by positive stimuli, and neutral stimuli produced the smallest amplitudes. 

Post-hoc t-tests also revealed that the interaction of Modality and Valence was due to 

SCRs of greater amplitude being produced for positive auditory stimuli as compared to 

positive visual stimuli, whereas this pattern was not shown for other valence categories. 

Mean SCR amplitudes are presented in Figure 8. There was no difference between the 

two patient groups in SCR amplitudes. 

Figure 8. Mean skin conductance amplitudes in response to emotional stimuli. 

NEGATIVE POSITIVE POSITIVE NEUTRAL NEUTRAL NEGATIVE 

VISUAL STIMULI AUDfTORY STIMUU 

I Control it 
I Patient i > 

Multiple regression analyses of SCR amplitudes using MRI volume ratios as 

predictors revealed a marginal contribution of hippocampal volume ratios, but only for 

SCRs measured firom the right hand. LH volume contributed to the variance of SCRs 
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for visual, R? = .156, F(l,17) = 3.13, .095, and auditory negative stimuli, Rl = .166, 

F( 1,16) = 3.19, g = .093. Effects were in a positive direction. In addition, RH volume 

predicted a marginal degree of variance for SCRs in response to visual positive stimuli, 

Rl =. 166, F(U17) = 3.67, g = .073. This effect was in a negative direction. 

Neuropsychological Testing 

One-way ANOVAs were conducted to compare the performance of the two 

patient groups in neuropsychological performance, as measured by the scaled scores of 

standardized tests. No differences were found between the two patient groups for 

memory or intellectual test variables. Mean scaled scores of the two groups are 

presented in Table 11. 

Table 11. Scaled score means (and standard deviations) for standardized 
neuropsychological tests. 

WAIS-III WMS-in 

Group Voc BD DS LM I LM H LM PR Fac I Fac II 

Left 9.86 10.14 9.14 10.00 9.29 7.67 8.67 8.00 
TLE (3.89) (3.34) (2.67) (3.70) (4.99) (4.54) (2.94) (3.29) 

Blight 9.22 8.78 7.00 8.78 8.00 9.22 7.00 7.10 
TLE (3.46) (4.21) (2.40) (2.64) (3.91) (5.36) (2.00) (2.28) 

Note: Left TLE = Left temporal lobe epilepsy patients. Right TLE = Right temporal lobe epilepsy 
patients, WAIS-m = Weclaler Adult Intelligence Scale - Third Edition, WMS-III = Wechsler Memory 
Scale - Third Edition, Voc = Vocabulary subtest, BD = Block Design subtest, DS = Digit Span subtest, 
LM I = Logical Memory I subtest, LM 11 = Logical Memory II subtest, LM PR = Logical Memory 
Percent Retention, Fac I = Faces I subtest, Fac II = Faces II subtest. 
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Multiple regression analyses were performed to determine the extent to which 

neuropsychological test performance could be explained by MRI volume ratios. Three 

significant single-predictor models were found for Logical Memory scores. LA volume 

predicted a significant amount of variance of Logical Memory I scaled scores, Rl = 

.258, F(l, 16) = 5.52, g = .032, and Logical Memory II scaled scores, R; = .271, F(l, 

16) = 5.95, E= .027). These effects were in a positive direction. LH volume predicted 

a significant amount of variance of the Logical Memory Percent Retention scaled score, 

R" = .265, F(l, 15) = 5.42, £ = .034. The direction of influence was positive. In 

addition, LH volume explained some of the variance of Digit Span scaled scores, ^ = 

.237, F(U 16) = 4.97, g = .040. The direction of influence in this model was negative. 

Continuous Performance Test Performance 

T-tests were used to compare group differences across different CPT variables. 

Significant differences between the groups were found for CPT hit rate, t(l,41) = 2.32, 

E = .026, and the commissions t-score, t(I,41) = 2.83, g = .007. A significant difference 

was also found between the groups on the attentiveness scale, t(l,41) = 3.87, g = .000, 

and reaction time variability, t(l,41) = 2.25, fi = .030. Compared to controls, patients 

demonstrated fewer hits, more commissions, poorer attentiveness, and greater 

variability in reaction time. The two groups did not differ in mean reaction time or on a 

measure of risk-taking. No significant differences were found between the two patient 

groups for CPT variables. 

Multiple regression analyses were performed to determine the degree to which 

CPT performance could be explained by MRI volume measures. RH volume was the 
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only volume to predict performance on the CPT. RH volume predicted a significant 

amount of variance of hit reaction time t-scores, R" = .234, F(l,16) = 4.90, g = .042, and 

a marginal amount of the variance of hit rate, Rf = .206, F(l,16) = 4.15, £ = .059. The 

direction of influence for these variables was positive. 

Responses on Questionnaires and Self-Reocrt Measures 

T-tests were used to assess group differences across the five major scales of the 

NEO Personality Inventory. A significant difference was found for the Openness scale, 

t(l,40) = 2.79, £ = .008, with the control group scoring higher on measures of openness. 

No other group differences were found. In addition, there were no differences between 

the two patient groups for the scales assessed by this inventory. 

Multiple regression analyses were performed to determine the degree to which 

NEO t-scores could be explained by MRI volume measures. Single-predictor models 

explained a significant amount of variance of three NEO t-scores. LA volume predicted 

the variance of Agreeableness t-scores, R? = .401, F( 1,16) = 10.73, g = .005. The 

direction of influence was negative. LH volume predicted the variance of both 

Neuroticism t-scores,. R? = 1(1^16) = 6.75» b = .019,. and Conscientiousness t-

scores, R^ = .289, F(1,I6) = 6.51, g = .021. A positive relationship was shown with the 

Neuroticism scale and a negative relationship was shown with Conscientiousness scale. 

A marginal negative relationship was also found for LA volume and the Extraversion 

scale, Ri= .199, F(l,16) = 3.97, e= .064. 

For the Perception of Affect Test, t-tests were used to assess group differences 

in accuracy for the six different emotion categories and total accuracy. A significant 
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difference was found between the groups for overall accuracy, t(l,36) = 2.98, p = .005. 

In addition, significant differences were found for discrimination of anger, t(l,36) = 

2.26,2 = .030, and happy, t(l,36) = 2.07, p = .045, categories. Patients were poorer at 

discriminating emotions across all categories. T-tests demonstrated no differences 

between patients and controls in their intensity ratings of various emotions. No 

significant differences were found between the two patients groups for any PAT 

variable. 

Multiple regression analyses were pertbrmed to determine the extent to which 

the variance of PAT variables could be explained by MRI volume ratios. Accuracy in 

the anger category was explained by a two-factor model of RH volume and RA volume, 

= .441, F(2,12) = 4.74, g = .030. In this model RH had a positive direction of 

influence, and RA had a negative direction of influence. In addition RA volume 

predicted a marginal degree of variance for accuracy in the neutral category, = .260, 

F(l,13) = 4.57, E = -052. The direction of influence was negative. With regard to 

intensity ratings in the PAT, RH volume predicted the variance of intensity ratings for 

happiness»Rf = .265»F(1,14) = 5.06, £= .041, sadness, Rf. = .259, F(l,14) =4.90,b = 

.044, and total intensity rating, ̂  = .202, F(l,14) = 3.55, p = .080. The direction of 

influence for these effects was negative. 

Finally, t-tests were used to compare the two patient groups on various scales of 

the QOLIE-31. No differences were found between the patient groups. Multiple 

regression analyses demonstrated that the combination of LH and RH volume predicted 

a significant amount of variance of the cognitive functioning t-score, Rf = .534, F(2,15) 



= 8.58, E = .003. The direction of influence of the LH volume was negative, and the 

direction of influence of the RH volume was positive. A significant model was also 

found for the overall quality of life t-score, which was predicted by the combined 

variance of EIH volume and LA volume, = .390, F(2,15) = 4.80, £ = .024. RH 

volume had a positive influence and LA volume had a negative influence. LH volume 

also predicted a marginal degree of variance of the energy/fatigue t-scores, Rl =. 172, 

F(l,16) = 3.33, E = .087, in a negative direction. 
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DISCUSSION 

The primary goal of the present study was to explore the application of 

structural MRI to uncharted areas of cognition and emotion. Previous work applying 

MRI morphometry to the study of memory in TLE has suggested that this technique can 

yield helpful information about the role of the hippocampus in memory. 

Implementation of this technology to the field of neuropsychology is still being 

explored, and researchers continue to speculate on how various results fit into the larger 

picture of functional neuroanatomy. The present study provides some further insight 

into the neural substrates of memory and emotion. However, study findings were 

limited by a relatively small sample size. A priori power analysis predicting medium 

effects sizes (ES «.35) estimated that up to 40 individuals in the patient sample would 

be needed to demonstrate significant effects. Thus, additional work is needed to bring 

greater clarification to these brain-behavior relations. 

The volumetric data obtained in this study coincided with expectations of 

hippocampal sclerosis in TLE. Previous research using quantitative MRI has 

demonstrated that hippocampal atrophy has high sensitivity and specificity to the 

diagnosis of TLE (Spencer, McCarthy, & Spencer, 1993). In the present study, 

hippocampal volumes were significantly smaller in patients than in controls. This 

suggests that mesial temporal sclerosis was common in this patient szunple. However, 

given that amygdala sclerosis is also known to occur in patients with TLE (Zentner et 

al., 1999), the smaller range in variability of amygdala volumes was unanticipated. 

Given that the presence of amygdala atrophy in TLE is most commonly identified via 
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histological analyses of brain resections (Zentner et al., 1999), it is possible that the 

MRI technology used for this study did not provide sufficient resolution to detect such 

structural damage. A failure to find significant differences between patients and 

controls in amygdala volume may also be related to the greater difficulty involved in 

identifying the boundaries of the amygdala on an MRI scan (Cendes et al., 1993; 

Watson et al., 1992). The results of any study incorporating MRI morphometry are 

highly dependent on the researchers' ability to obtain accurate measurements of 

structural volumes. In this study, test-retest reliability for MRI volumes ranged fi-om 

0.83 to 0.97, with lower values consistently occurring for amygdala volumes. Thus 

findings in the present study, particularly those in relation to amygdala volume, could 

have been at least partially obscured by error variance. Other laboratories have reported 

somewhat higher reliability values (Watson et al., 1992), suggesting that, with 

continued training in morphometric techniques, more accurate and reliable volume 

measurements can be obtained. With further advancement in the morphological 

techniques used to identify the amygdala, a clearer picture of the frequency and 

significance of amygdala sclerosis in. TLE will begin to emerge. 

The potentially large error variance in measurement of amygdala volume, in 

addition to the lack of differences found between patients and controls in amygdala 

volume, brings into question effects that show amygdala volume to predict performance 

on behavioral measures. Further replication of the study results is warranted before 

conclusions about the behavioral manifestations of amygdala sclerosis can be made. 

Despite the potential uncertainty in the utility of amygdala volume measurement, 
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amygdala volumes were included as predictors in multiple regression analyses because 

it was felt that amygdala morphometry, particularly as it interacts with hippocampal 

morphometry, could nonetheless influence behavioral performance. Subsequent 

pattems in amygdala findings should be evaluated for applicability in futiore studies. 

An unexpected pattern of differences in left and right hippocampal volumes was 

also demonstrated in comparisons of the two patient groups. Patients with left TLE had 

significantly smaller left hippocampi than patients with right TLE, yet there was no 

difference between the two groups in right hippocampal volume. This finding suggests 

that the right TLE sample in this study may have been atypical, either because of 

seizure characteristics (e.g., alternative foci) or more global features (e.g., more 

widespread atrophy). Despite these results, all differences between structural volumes 

were in the expected direction, suggesting that significant effects might have been 

found with larger sample sizes, hivestigation of the factors that affect structural 

volumes as seen by MRI may help to fiuther delineate subgroups of individuals with 

TLE. 

An additional factor that may have negatively impacted the predictive value of 

MRI measurements in this study was the inter-correlation of the mesial temporal 

volumes. All structural volumes were inter-correlated to some degree. This finding 

was anticipated, as dual pathology, particularly dual pathology of the hippocampus and 

amygala, is common in TLE (Margerison & Corsellis, 1966; Levesque, Nakasoto, 

Vinters, & Babb, 1991). Nonetheless, the inter-correlation of mesial temporal volumes 

limits the potential for identifying the impact of any one structural volume. In fact, it 
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may the combined structural damage that is the basis for specific behavioral 

impairments. Many of these concerns are addressed by the use of multiple regression in 

the analysis of the data. However, it must be noted that the potential for identifying 

dissociable effects in studies of this nature is limited by this obstacle. Further 

evaluation that delineates individual and combined contributions of the volumes of 

interest may help to clarify this issue. 

As predicted in the primary hypotheses, patients demonstrated poorer overall 

performance on experimental tests of memory. This finding is consistent with other 

empirical evidence that demonstrates a range of memory impairments in patients with 

TLE (Thompson, 1991). Given that the patients in this study were specifically selected 

because of suspected mesial temporal dysfunction, it can be hypothesized that the 

mesial temporal lobes make some contribution to performance on this experimental 

memory paradigm^. However, the lack of differentiation between the performance of 

individuals with left and right TLE prevents further insight into the lateralization of 

memory performance. The data did not provide clear distinctions between different 

memory stimuli, and consistently positive correlations were demonstrated between 

verbal and nonverbal memory performance measures. Further development and 

examination of this memory paradigm with a larger patient sample, used in concert with 

^ Despite the select nature of the patient sample, it is undeniable that some patients in this study also had 
damage in other brain regions. Seven patients reported previous traumatic head injury, and other 
unreported forms of injury are also likely. Brain atrophy was apparent on some patients' MRI scans. 
Further exploration of MRI structural informatioa in this patient sample is planned to answer further 
questions about the additional contribution of other potentially damaged regions to behavioral 
impairments. 
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factor analysis, could provide important information about distinct cognitive processes 

influencing the lateralization of memory function. 

The lack of differentiation between verbal and nonverbal stimulus conditions in 

this experimental memory paradigm can be attributable to a number of factors. First, 

this particular memory task is characteristically different from the memory tests that 

have previously been used in studies of TLE. This task was specifically chosen to 

investigate whether the memory deficits of TLE could be replicated in a novel 

paradigm, and also because the paradigm allows a comparison of memory for diverse 

stimuli within the same test structure (Moss et al., 1986). However, further exploration 

of this memory paradigm may be needed to delineate the memory systems that 

contribute to performance on a task of this nature. The task was originally designed to 

assess episodic recognition memory (Moss et al., 1986). However, it is likely that 

additional memory constructs contribute to performance on this task. For example, 

performance on this memory task requires active and continued storage of information 

as new information is continuously added in successive trials. This characteristic 

suggests that there may be an additional working memory component to this task. 

Working memory is thought to be driven by dorsolateral prefi-ontal regions (Schacter, 

Wagner, &. Buckner, 2000), and the potential lateralization of working memory fimction 

has not clearly been established. Thus, impairments on a task of this nature could be 

attributable to regions beyond the mesial temporal lobes. There are, however, 

reciprocal projections between the prefrontal cortex and hippocampal regions 
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(Goldman-Rakic & Friedman, 1991), suggesting that hippocampal damage could 

potentially impact memory subsumed by both memory systems. 

Findings from experimental memory tasks in this study may also be confounded 

by ceiling effects. Ceiling effects in memory performance were particularly prominent 

on tests of verbal memory, a finding consistent with other research using standardized 

recognition memory tests (e.g., the Warrington Recognition Memory Test; see Lezak, 

1995). By limiting the variability of verbal memory performance, ceiling effects may 

have prevented a dissociation of verbal and nonverbal memory functioning. 

Some predicted patterns were found in the relationship between memory 

performance and MRI-determined hippocampal volumes. For example, left 

hippocampal volume predicted performance on the nonword task, and right 

hippocampal volume showed a marginal relationship with performance on the design 

task. This lends some weight to the hypothesis that the left hippocampus contributes to 

verbal memory and the right hippocampus contributes to nonverbal memory (Jones-

Gotman, Smith, & Zatorre, 1993). However, such effects were not apparent in the more 

traditional memory tasks (i.e., the word and face conditions), suggesting that finer 

distinctions may be necessary when exploring verbal and nonverbal memory processes. 

The relatively poor predictive power of MRI hippocampal volumes to memory 

performance in this study could in part be due to a suspected minor role the 

hippocampus may play in recognition memory performance, as suggested by lesion 

studies of the Warrington Recognition Memory Test (Aggleton 8c Shaw, 1996). 

However, the majority of the available evidence suggests that recognition memory is 
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dependent on the hippocampus (Zola & Squire, 2000). Reed and Squire (1997) 

reported clear impairments in recognition memory performance among patients with 

damage to the hippocampal formation. However, given that the patients in the present 

study most likely have lesser degrees of hippocampal damage than patients in studies of 

acquired amnesia, the hippocampal atrophy demonstrated in this study may not have 

been extensive enough to demonstrate obvious relationships with memory performance. 

Although not predicted in primary hypotheses, patient performance on 

experimental memory tasks also demonstrated a relationship between right amygdala 

volume and memory performance in the word condition. In this study, reduced 

amygdala volume was associated with improved verbal memory performance. Studies 

have demonstrated that the amygdala may play a role in the consolidation of long-term 

memory (McGaugh, Ferry, Vazdaijanova, & Roozendaal, 2000), and may make a 

particularly strong contribution to the enhancement of memory for emotionally-salient 

information (Phelps et al., 1997). However, research to date primarily points to a 

positive relationship between amygdalar function and enhancement of memory. The 

presently observed pattem may be spurious given the relatively large number of 

analyses performed, however a potential inverse relationship between amygdala 

function and memory performance warrants further attention. 

Recall performance in the experimental memory paradigm showed no 

relationship with MRI hippocampal volumes, and no lateralization findings were 

demonstrated with spatial and word recall tests. This result was surprising given that 

correlations of hippocampal volume and recall performance are the most frequently 
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cited findings in morphometry studies of TLE (Lencz et al., 1992; BCilpatrick et al., 

1997; Martin et al. 1999). The absence of a similar finding in this study may have been 

due to the specific nature of the experimental paradigm used to measure recall 

performance, hi this study, the memory task entailed repeated learning trials until 

perfect recognition performance was attained, and only then was recall performance 

assessed. This particular format may differentially benefit memory for different types 

of stimuli, e.g., nonverbal versus verbal material. The fact that patients performed more 

poorly than controls on the word recall task, but not the spatial recall task, supports this 

claim. However, evidence that TLE patients demonstrate impaired performance on 

both verbal and nonverbal versions of the Selective Reminding Test (Sass et al., 1990; 

Giovagnoli, Casazza, & Avanzini, 1995), a task that also requires repeated trials to 

achieve perfect performance, runs counter to this hypothesis. Further investigation of 

the encoding processes that can potentially improve recall and recognition performance 

may lead to new rehabilitative strategies for individuals attempting to overcome the 

memory problems of TLE. 

Contrary to expectations, experimental tests of emotion revealed that the patient 

group made ratings of valence and arousal in patterns that were consistent with 

normative studies. This finding suggests that the injury associated with TLE does not 

alter the emotional experience that individuals report when confironted with emotionally 

salient information. However, this result addresses only subjective report, and not 

necessarily the bodily changes that occur as part of a spontaneous emotional experience. 

Such a discrepancy is evident in the finding that patients reported experiencing normal 
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arousal in response to emotionally salient stimuli despite demonstrating reduced 

autonomic arousal as evidenced by SCR. This finding is in contrast to studies that have 

shown SCRs to be positively correlated to self-report of arousal (Lang, Greenwald, 

Bradley, & Hamm, 1993; Greenwald, Cook, & Lang, 1989) and to the hypothesis that 

SCR may be a necessary component for the conscious, bodily experience of emotion 

(Damasio, 1994). The finding that TLE patients can report normal emotional responses 

despite reduced SCR suggests that a more complex relationship exists between 

autonomic arousal and the subjective experience of emotion. Physiological emotional 

response systems may not be necessary for self-reported experiential states of emotion. 

This result is more consistent with the social constructivist view of emotions, which 

asserts that emotional reactions are learned patterns of responses rather that biologically 

based events (Oatley, 1993). 

With regard to the subjective report of emotion, the present study also showed 

some distinctions between emotional stimuli presented in different modalities. 

Consistent with normative studies (Lang et al., 1999; Bradley & Lang, 1999), visual 

stimuli produced a wider range of valence ratings when compared to auditory stimuli. 

However auditory stimuli produced higher subjective ratings of arousal and SCRs of 

greater amplitude, at least in some conditions. This pattern was found for both patients 

and controls. This suggests that the modality of presentation of emotional stimuli may 

differentially affect hypothetically separable dimensions of affective experience (Lang 

et al., 1993). Future research maybe able to take advantage of the modality distinction 



to help identify the separate neural systems that contribute to the dimensions of valence 

and arousal. 

Multiple regression analyses indicated that MRI structural volumes held some 

predictive value in ratings of arousal. Consistent with study hypotheses, reductions in 

left and right amygdala volumes were associated with lower ratings of arousal to 

positive stimuli. This is consistent with the finding of Angrilli et al. (1996), who 

reported an individual with amygdala damage who made lower ratings of arousal to 

emotional stimuli, and is consistent with current hypotheses that suggest that the 

amygdala is necessary for the experience of arousal in response to emotionally salient 

information (LeDoux, 1993). However, in the present study this effect was 

demonstrated only for positive and not for negative stimuli. In fact, a marginal inverse 

relationship was found between right amygdala volumes and arousal ratings in response 

to negative stimuli. Given that most research implicates the amygdala in the mediation 

of negative arousal states (Dolan & Morris, 2000), this finding is atypical. In addition, 

an unpredicted relationship of hippocampal structures and reported emotional arousal 

warrants further attention. In this study, reduced right hippocampal volumes were 

associated with increased subjective report of positive arousal. Such a relationship has 

not been shown in previous research of TLE, and as such may represent a spurious 

finding in the present study. A relationship between hippocampal atrophy and 

hyperarousal has been suggested by neuroimaging studies of post-traumatic stress 

disorder (Villarreal & King, 2001), yet fiirther research will be needed to obtain 

conclusive evidence of a potential role of the hippocampus in arousal. 
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The relatively few number of SCRs produced by the patient group in this study 

limits much of the interpretation that can be made with regard to autonomic arousal. 

This low SCR rate was unexpected in light of previous research. Davidson et al. (1992, 

1996) reported SCR hypoarousal in right temporal lobectomy patients, but SCR 

hyperarousal in left temporal lobectomy patients. TLE patients were reported in 

another study to produce normal or larger than normal SCRs to nonemotional salient 

stimulation (Drake, Andrews, & Castleberry, 1998). However, electrodermal activity 

has not yet been used to study the emotional responses of individuals with TLE. It is 

possible that the reductions in SCR may be specific to the emotional attributes of this 

experimental task, although the finding that patients in the present study also 

demonstrated lower SCR to nonemotional stimuli (i.e., deep breath, cough) runs counter 

to this claim. 

It is unlikely that atypical demographic characteristics could account for the 

reduced SCRs of the TLE patients in this study. However, the sample did include a 

larger number of individuals with right TLE, who have been shown in other studies to 

exhibit hypoarousal as measured by SCR (Davidson et al., 1992). In addition, 

antiepileptic medications may have had unidentified effects on SCR. Particularly 

because new medications have become available since the time of similar research 

endeavors (Davidson et al., 1992, 1996; Drake, Andrews, & Castleberry, 1998), a 

potential inhibitory effect of medication on SCR in this study cannot be ruled out. 

Contrary to predictions made in primary hypotheses, no relationships were 

demonstrated between SCR amplitude and amygdala volumes. However given the 
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reduced variability of SCRs with the patient sample in this study, this finding could be 

expected. It is possible that the reduced SCR amplitudes of patients in this study could 

be attributable to potential amygdalar dysfunction. Amygdalar activation has been 

shown to coincide with electrodermal responses (Phelps, O'Connor, Gatenby, et al., 

2001), suggesting a synergistic relationship. However, bilateral amygdala damage does 

not necessarily reduce SCR to nonemotional orienting stimuli (Tranel & Damasio, 

1989). Research to date has not yet proven that the amygdala is a necessary component 

of electrodermal response. 

Despite the lowered SCR rate of individuals with TLE, overall both patients and 

controls demonstrated typical pattems in SCR amplitude to emotional stimuli (Lang et 

al., 1993). Negative stimuli produced SCRs of greatest amplitude, followed by positive 

stimuli, and neutral stimuli produced SCR of lowest amplitude. Thus, this study 

supports the application of electrodermal measurement to the study of involuntary 

emotional response systems. The continued use of physiological measurement, along 

with improvements in the technology to investigate human anatomy and behavior, will 

undoubtedly help to further clarify the neural mechanisms underiying human emotional 

function. 

Contrary to expectations, no differences were found between left and right TLE 

in performance on standardized neuropsychological tests. Given the wide variability in 

performance and the relatively small sample sizes however, such a result is not 

surprising. Although not predicted in the primary hypotheses, some relationships were 

shown between structural volumes and neuropsychological performance that would be 
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considered consistent with previous research. For example, left hippocampal volume 

predicted percent retention index scores on the WMS-HI Logical Memory subtest. This 

finding is consistent with the findings of Lencz et al. (1992) and Martin et al. (1999). 

On the other hand, left hippocampal volume did not predict performance on other 

Logical Memory measures. Instead, left amygdala volume predicted the variance of 

Logical Memory immediate and delayed recall performance. A partial explanation for 

this result may be the covariance of left amygdala volumes and left hippocampal 

volumes. Because these two volumes may have similar patterns of variability, 

differentiating isolated effects via multiple regression techniques can be difficult. In 

addition, findings fi-om this study suggest that the left hippocampus may also play a role 

in other skills that complicate the interpretation of memory performance. Specifically, 

neuropsychological data revealed a unanticipated negative relationship between left 

hippocampal volumes and WAIS-HI Digit Span performance, that is, hippocampal 

atrophy was associated with superior attentional abilities, specifically in the area of 

short-term storage capacity (Lezak, 1995). Such a relationship has not previously been 

reported in studies of TLE. If left hippocampal volumes could be conclusively shown 

to predict some attentional ability, then this could explain why only some memory 

measures - those that are not as severely impacted by attention (e.g., percent retention) 

- showed predicted relationships with volumetric data. Finally, the unpredicted 

relationship between left amygdala volume and Logical Memory performance suggests 

that the left amygdala may provide some contribution to immediate and delayed 

memory fimction. However, because MRI morphometry has not yet been used to 
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examine the relationship between amygdala volume and the recall of narrative 

infomiation, additional support for this hypothesis is not yet available. 

When compared to control subjects, patients demonstrated impairments on 

measures of attention in the CPT, yet did not demonstrate notable weaknesses on 

measures of reaction time or impulsivity. Research to date has not addressed the issue 

of attention in TLE, and thus impaired attentional abilities were not predicted in the 

primary hypotheses. This pattern of performance on the CPT suggests the TLE patients 

demonstrate specific deficits in the realm of sustained attention (Connors, 1995), 

without parallel deficits in motor/processing speed or weakened inhibitory processes. 

Right hippocampal volumes were related to both reaction time and hit rate, that is, 

smaller volumes predicted slower reaction times and poorer hit rates. This combination 

of results suggests that the right hippocampus plays a role in sustained attention as 

measured by the CPT. This finding adds to other evidence in this study that the 

hippocampus may impact attentional ability, and that this impact may be lateralized for 

different functions. However, the added contribution of other anatomically connected 

cortical and subcortical structures cannot be determined within the context of this study. 

Further elaboration and replication of these findings in fixture studies will be necessary 

to determine the differential impact of mesial temporal structures in attention. MRI 

morphometry with TLE populations may help to delineate fiirther the neural substrates 

that contribute to attention. 

Although specific predictions were not made in the primary hypotheses, it was 

expected that TLE patients would self-report personality features that would be 
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reflective of the hypothesized TLE personality syndrome. On the NEO Inventory, TLE 

patients rated themselves as less open than controls, suggesting a more conventional 

and conservative outlook (Costa & McCrae, 1992). Costa and McCrae (1992) 

suggested that lower scores on the Openness scale were common to individuals who 

report dampened experiences of emotion. This result is contrary to the supposition that 

individuals with TLE are more emotional in nature (Bear & Fedio, 1977), although is 

consistent with potential impairments in amygdala function (Angrilli et al., 1996). On 

the other hand, selection bias in the control group could also influence differences on 

the Opermess scale. Individuals who receive higher scores on the Openness scale are 

described as intellectually curious and open to new experiences (Costa & McCrae, 

1992). Such descriptions may characterize volunteers for research studies. 

NEO data also revealed unexpected relationships between left mesial temporal 

volumes and personality measures. Specifically, reductions in left amygdala volume 

were associated with higher scores on measures of positive interpersonal tendencies 

(Costa & McCrae, 1992), including agreeableness and extraversion. This result 

complements evidence by van Elst et al. (1999) that larger amygdala volumes are 

correlated with symptoms of depression in a TLE population. This finding is also 

consistent with evidence that amygdala damage results in poorer discrimination of 

positive and negative emotional information, resulting in personality features 

characterized by ambivalence in social situations (Adolphs et al., 1998). As specific 

relationships between amygdala volume and personality traits were not predicted a 

priori, the present findings should be interpreted with caution. Further research would 
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be needed to establish if the amygdala may be lateralized for functions that define 

inteqjersonal traits. 

NEO results also showed an inverse relationship between left hippocampal 

volume and scores on the Neuroticism scale, which was designed to measure general 

characteristics of maladjustment and emotional distress (Costa & McCrae, 1992). 

Specifically, reduced left hippocampal volumes were paradoxically associated with 

lower report of psychological distress. Relationships between hippocampal volumes 

and psychological characteristics were not predicted in the present study. This finding 

does however add to evidence that the left hippocampal ftmction encompasses a wider 

range of influence beyond verbal episodic memory. Additional research would be 

needed to determine whether or not such a relationship is specific to TLE. 

On the PAT, it was expected that TLE patients would make diminished arousal 

estimations, while their accuracy in identifying particular emotions would not be 

affected. Nonetheless PAT results showed that TLE patients, when compared to 

controls, had greater difficulty identifying emotional reactions that would be expected 

in a variety of social situations. Significant differences between the groups were found 

for the anger and happiness categories. In addition, right, but not left, mesial temporal 

structures were found to contribute to the variance of responses on the PAT. 

Specifically, both right hippocampal and right amygdala volumes predicted response 

accuracy in the anger category. However, hippocampal volume demonstrated a positive 

relationship and amygdala volume demonstrated a negative relationship. Initial 

research on the PAT in a TLE population found that cognitive abilities were the best 
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predictors of performance on the task (Rau, 1993). The present finding is consistent 

with the suggestion that PAT relies more on the ability to interpret complex verbal 

material than on primary emotional responses. 

hiconsistent with expectations, PAT data showed that intensity ratings of 

emotions were related to hippocampal, but not amygdala, volumes. Right hippocampal 

volume was the only identified mesial temporal volume to show a relationship to 

intensity ratings. The pattern suggested that right hippocampal atrophy was associated 

with increased intensity ratings, specifically in the happiness and sadness categories. 

Such a result was not predicted, and previous research has yet not reported a 

relationship between the hippocampus and judgments of arousal. 

No differences were found between the two patient groups on the scales of the 

QOLIE-31 Inventory, suggesting that individuals with left and right TLE do not 

differentially report problems in everyday living. However, two relationships were 

found between structural volumes and quality of life variables, which generate some 

interesting hypotheses with regard to lateralized mesial temporal function. First, self-

report of cognitive functioning was associated with the combined variance of right 

hippocampal and left hippocampal volume, yet these two volumes appeared to have 

contradictory effects. Reductions in right hippocampal volume were associated with 

report of poorer cognitive functioning, while reductions in left hippocampal volume 

were associated with report of improved cognitive functioning. Despite this report, no 

differences were found between left and right patient groups on standardized or 

experimental tests of cognitive function. This discrepancy between subjective and 
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objective measures is consistent with previous research, which seldom finds a 

correlation between subjective complaints and neuropsychological performance 

(Vermeulen, Aldenkamp, & Alpherts, 1993). Finally, reported overall quality of life on 

the QOLIE-31 showed a relationship with mesial temporal volumes. Specifically, 

reduced right hippocampal volume was associated with poorer quality of life, and 

reduced left amygdala volume was associated with improved quality of life. This 

finding is consistent with NEO and other QOLIE-31 findings, in that reduced right 

hippocampal volume predicted complaints of cognitive ftmctioning, and reduced left 

amygdala volume predicted self-report of agreeableness. Few studies to date have 

examined similar relationships between quantitative mesial temporal volumes and 

subjective complaints in epilepsy. However, related research (van Elst et al., 1999) has 

found links between reduced left and right amygdala volumes and an increased number 

of reported symptoms of depression. Although the reliability of the present findings 

would need to be confirmed in ftiture studies, these relationships allude to some 

interesting patterns resulting fi-om mesial temporal asymmetry. 

Conclusions. Limitations, and Future Directions 

Findings from the present study support the continued use of volumetric 

magnetic resonance imaging to investigate the memory and emotional ftmctioning of 

individuals with TLE. Study data demonstrated a number of relationships between 

structural volumes and behavioral performance, although replication and elaboration of 

these findings will be necessary to verify the apparent patterns. 
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Consistent with predictions, TLE patients in this study consistently 

demonstrated impairments on experimental measures of memory. However, 

hippocampal volumes did not predict performance on these tasks as proposed in the 

primary hypotheses. Some marginal relationships were shown between verbal memory 

and left hippocampal volume, and nonverbal memory and right hippocampal volume, 

yet the failure to find a consistent pattem across all tasks prevents firm conclusions 

fi-om being made. Null results in this regard may be largely attributable to the type of 

memory assessed with this specific task, namely, recognition memory with a sustained 

attention component. The hippocampus may be relatively less influential in a task of 

this natiu-e. Future studies incorporating MRI morphometry can help to provide a better 

understanding of dissociable memory systems. 

It was hypothesized that, because of impaired amygdala function, TLE patients 

would demonstrate reduced emotional arousal as measured by subjective report and 

SCR. Inconsistent with these predictions, TLE patients in this study reported normal 

patterns of arousal in response to emotionally salient information. On the other hand, 

patients did demonstrate reduced SCR in the experimental emotion tests. However, this 

reduction was present for both emotional and nonemotional stimuli, and therefore 

global conclusions about the affective processing of individuals with TLE cannot be 

made. Consistent with proposed hypotheses, smaller amygdala volumes predicted 

lower ratings of arousal in response to positive emotional stimuli. However, a similar 

relationship was not shown for negative stimuli. This raises fiuther questions about the 

precise role of the amygdala in experienced arousal. 
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Performance on experimental behavioral measures did not resolve questions 

about the lateralization of hippocampal and amygdala function. Analyses of data from 

standardized tests, although exploratory in nature, provided some further insights into 

this issue. First, as would be expected, left hippocampal volume predicted verbal 

memory retention on standardized tests. A parallel relationship between right 

hippocampus and nonverbal memory however was not found. Next, an unexpected 

result showed left hippocampal volumes to have an inverse relationship with short-term 

attention span. At the same time, right hippocampal volumes showed a positive 

relationship with performance on a measure of sustained attention. These findings 

suggest that further consideration should be given to the impact of attention on the 

lateralization of memory performance. 

Unanticipated effects of cerebral lateralization were also demonstrated in the 

self-report measures of personality and quality of life. In the present study, reduced left 

amygdala volumes predicted positive features, such as agreeableness and better overall 

quality of life, and reduced left hippocampal volumes predicted less emotional distress 

and better self-reported cognitive function. On the other hand, smaller right 

hippocampal volumes predicted poorer self-reported cognitive function and poorer 

overall quality of life. These findings suggest that left mesial temporal atrophy is 

associated with more positive psychological characteristics, and right mesial temporal 

atrophy is associated with more negative psychological characteristics. As few research 

studies have explored the contribution of mesial temporal asymmetry to such variables, 

such findings were not predicted in this study. The present results appear to contradict 
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those of Davidson and colleagues (Davidson, Abercrombie, Nitschke, & Putnam, 1999; 

Davidson et al., 1990), who propose that the left and right hemispheres contribute 

respectively to positive/approach and negative/withdrawal emotions. However, because 

this hypothesis is based on EEG and functional neuroimaging studies, and primarily 

refers to asymmetries in frontal cortical regions, it is unclear if and how atrophy of 

mesial temporal regions may influence this pattern. Further research into related 

patterns of lateralization may help pinpoint the role of structural damage on the 

emotional disturbances in TLE. 

Despite the intriguing hypotheses raised by the findings of this study, caution is 

warranted in drawing conclusions about the neuroanatomical correlates of memory and 

emotional functioning. A number of factors limit the generalizability of the study 

results. First, a larger cohort of individuals with TLE would be needed to determine to 

what degree the study results are reliable. In addition, as with most patient studies, 

there was a wide range of variability in clinical and individual characteristics. More 

thorough case-by-case analysis would be necessary to determine the degree to which 

group findings are reflective of individual cognitive, emotional, and personality 

features. In addition, this study did not have the means to address more specific 

questions of lateralization. The division of the patient group into left and right seizure 

foci resulted in relatively small sample sizes. Even with larger sample sizes however, 

group differences based on seiziu-e side are also limited by the potential for hemispheric 

reorganization. Because patterns of language dominance can often be altered in the 

brains of individuals with TLE, conclusions about lateralization are limited if a study 
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does not have information about anomalous brain organization in the patient sample 

(Loring, Strauss, Hermann, et al., 1999). Finally, study findings may potentially be 

confounded by sex differences. Individuals in the TLE subgroups, although randomly 

selected, were unbalanced in proportion of males to females. The left TLE group 

consisted only of women, and a larger proportion of individuals in the right TLE group 

were men. Thus, any findings with regards to lateralization could potentially be due to 

biological or behavioral differences between men and women. 

Further development of experimental memory and emotional measures, 

specifically designed to address the deficits of individuals with TLE, would help to 

answer questions that were raised by this study. Future research needs to provide more 

extensive delineation of the verbal/nonverbal distinction of memory. In addition, 

distinctions between and within memory systems (e.g., episodic memory vs. working 

memory, recall vs. recognition) need to be more ftilly explored in the TLE population. 

Findings fi-om the present study also suggested that different forms of attention may be 

differentially affected in TLE. Future research needs to address this issue. With 

regards to emotion, more sophisticated physiological measures may help to further 

characterize the emotional features that accompany TLE. This study raised questions 

about the degree to which autonomic arousal is negatively impacted by TLE, and also 

raised the possibility that antiepileptic medications may negatively influence such 

arousal. Additional research that combines MRI morphometry with the study of the 

physiologic, behavioral, and subjective components of emotion can provide new 

insights into the role of mesial temporal structures in emotional fimction. 
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Advancements in noninvasive imaging techniques are certain to change both 

current conceptions of mesial temporal lobe functioning and the assessment and 

treatment of epilepsy. Functional imaging techniques such as positron emission 

tomography are already being used in the determination of seizure foci, and functional 

MRI is being explored as both an experimental and clinical tool in epilepsy. Systematic 

investigation of the relationship between structure and function however is needed to 

better understand the significance of the information provided by these techniques. 

Within the field of MRI, new innovations in acquisition methods are helping to identify 

neuronal damage in the central nervous system. Techniques involving magnetic 

resonance spectroscopy and diffusion weighted imaging will provide unique 

information about the structural damage that may cause or be caused by TLE. 

In the present study, individuals with TLE demonstrated an extremely wide 

range of traits and abilities. As such, the placement of all indviduals in a single group 

very likely removed most of the nuances that make epilepsy such a complex disorder. 

Further exploration of individual characteristics, which maybe reflective of different 

etiologies and seizure foci, is vital if progress is to be made in helping individuals cope 

with the burdens brought on by epileptic disorders. A better understanding of both the 

cognitive and emotional difficulties that are experienced by individuals with TLE will 

help guide strategies for treatment and rehabilitation. Many of the impairments 

demonstrated in this study were accompanied by positive coping skills that individuals 

had cultivated to help them overcome areas of deficit. Such skills need to be examined 
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and taught to others, to help minimize the obstacles that epilepsy so frequently brings to 

everyday living. 
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APPENDDC A. Example of the memory test procedure for the spatial location condition. 

First Trial Mask Correct response made 

Second Trial Mask 

Third Trial Mask 

Fourth Trial Mask 

Fifth Trial Mask 

Correct response made 

/ 

Correct response made 

Correct response made 

/ 

Correct response made 

continued on next page • 
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Sixth Trial Mask Correct response made 

Seventh Trial Mask 
• • 

Correct response made 

Eighth Trial Mask Error made 

(return to beginning) 

First Trial Mask Correct response made 

Second Trial Mask Correct response made 

continued on next page ^ 
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Third Trial Mask Correct response made 

Fourth Trial Mask Correct response made 

Fifth Trial Mask Correct response made 

/ 
Sixth Trial Mask 

• • • • 

• • • 

Correct response made 

Seventh Trial 
• • • 

Mask Correct response made 

• • • 

continued on next page 
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Eighth Trial Mask 

Ninth Trial 
• • 

Tenth Trial 

Eleventh Trial 

Mask 

Mask 

Mask 

(return to beginning) 

First Trial Mask 

Correct response made 

Correct response made 

/ 

Correct response made 

Error made 

Correct response made 

Test continues until all sixteen stimuli are correctly identified. 
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APPENDIX B. Examples of trials from different stimulus conditions of the memory 
test. 

Word Condition {TOWIB '̂DCMOn) • ''nOOD; • • 

• • I PANIC ) (aNOLI I i STTU j • 

• > 9SBI • I STAIN I • : MITAL. • 
J  \  J  

OLOSTI iMONTH) • • I CHliF ) • 

\ / • ^IBiniltCHASMjl TRUCII • ^ARBAY' 

Face Condition 

• • © •  

^ • • • 
Nonword Condition • ''howr) • i ruuT ] • • 

• IROON) • (AOINI') ( SPIV ! 

• I DtSTO ) IOHATAI • \ QUIST ! I CHATH j 

I UMLj i TAUO J • > TWALL ] • 

SASTT; • CVINOI • 

Design Condition 
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APPENDIX C. Procedures and guidelines for defining regions of interest in magnetic 
resonance imaging (MRI) scans. 

Cranial Vault Volume Measurement 

Volumes of cranial vaults based on MRI data were measured using the Object 
Extractor module available in Analyze 3.1 (Biomedical Imaging Resource, 1996-2001). 
The Object Extractor module allows for the definition and extraction of a separable, 
easily-defined structures based on intensity and limit information provided by the 
examiner. Mathematical algorithms that feature thresholding, region growing and 
morphological techniques are used by the Object Extractor Module to segment the 
structure of interest. This procedure is often used to extract the brain from an MRI head 
scan, as the boundaries between brain and other cranial structures (e.g., skull) are 
relatively distinct. 

Sagittal, fiill volume T2 head scans were used in the object extraction. The 
Object Extractor module requires the scan slices to be reformatted to cubic voxels for 
data processing. To extract a desired object, a seed point was selected by the rater to 
identify the object of interest. For the present study the corpus callosum was chosen as 
the location of a seed point because this structure could be identified easily and reliably. 
Next, the pixel intensity range was expanded to include nearby pixels that are 
hypothetically connected with the object of interest. The pixel intensity range varied 
across individuals, but the range selected was typically set between 250 and 600. These 
steps generally helped define the outer boundary of the cortex, although additional 
regions including the eyes and musculature surrounding the face would often be 
included. These additional non-central nervous system regions were manually removed 
with mouse-controlled tracings using the Limit feature of the Object Extractor module. 
When additional regions were removed, the module then calculates the boundaries of 
the desired object. The object is placed in a separate file to be examined by the rater for 
accuracy. If the boundaries of this object are not acceptable, the process was redone 
until an acceptable ftill volume is extracted. Usually this was not necessary, although 
brain with unusual idiosyncrasies could require up to four repeated measurements. 
Accepted volumes were then measured with the Volume Render module, which 
calculated volume based on the scan dimensions. 

Amygdala and Hiopocampal Volume Measurement 

The Region of Interest (ROI) module enables interactive definition of 2D and 
3D object maps within selected data sets. Measurements of defined objects can be 
performed and then saved for further analysis, hi the present study, ROI identification 
was made via simultaneous examination of the two scan echoes - the T2 scan and the 
proton density weighted scan - that were aligned and placed side by side. Images were 
typically doubled in size and pixel intensity values were increased (to 1200 for T2, and 
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700 for PD) to allow for better viewing. In the present study, the trace option was used 
to outline ROIs. Using the trace option, a rater positions the cursor on a border of the 
chosen ROI, presses and holds the mouse button to draw the trace, then releases the 
mouse button to end the trace. The trace start and end points are connected 
automatically. This trace can then be labeled to define it as belonging to a particular 
region of interest. Volume calculations were then made within the module based on 
scan dimensions. 

The procedures outlined below incorporated neuroanatomical landmarks that 
could be fairly easily identified. However, these landmarks were established firom the 
MRI scans of healthy, normal control participants. Some landmarks, such as anterior 
and posterior start and end points, were not as apparent on the MRI scans of the patient 
sample. In such cases guidelines were followed as closely as possible. In the patient 
sample, when sclerosis was evident, some surrounding boundaries were often easier to 
define because of a greater presence of cerebrospinal fluid. Increased T2 signal was 
often evident with more severe sclerosis and gliosis. 

Procedures for demarcating amygdala and hippocampal boundaries were based 
on guidelines established by Watson et al. (1992) and Jack (1994). The amygdala was 
defined as a deep gray matter structure in the superomedial portion of the temporal lobe 
situated above and anterior to the hippocampus. The oblique slice defining its anterior 
boundary was most commonly identified as the slice, moving posteriorly, in which the 
temporal lobes formed a connection with the greater part of the cortex. The amygdala 
appeared in this slice as gray matter oval structure from within the white matter of the 
temporal lobes inferior and lateral to the outer cortical layer (the entorhinal cortex and 
uncus). As slices progress posteriorly, the amygdala grows larger, mainly in a superior 
direction so that its upper boundary is demarcated by the subarachnoid space outlining 
the endorhinal sulcus. A notch, the tentorial indentation, generally was used to separate 
this outer surface of the amygdala from the uncus. If the indentation was not visible, a 
straight line was drawn following the inferomedial border of the amygdala outlined by 
white matter from within the temporal lobes. The superolateral boundary was drawn 
from the endorhinal sulcus diagonally toward the most inferior portion of the insular 
sulcus. The inferior portion of the amygdala was defined as either the gray-white 
matter boundary within the temporal lobes, or by the inferior horn of the lateral 
ventricle when present. Moving posteriorly, the superolateral portion of the amygdala 
bulges outward. This portion, the central amygdaloid nucleus, was also included in the 
measurement. The optic tract, anterior commissure, white matter, and globus pallidus 
were landmarks that helped define the outer boundary of this portion of the amygdala. 
Posteriorly, the inferior hom of the lateral ventricle becomes larger and is an obvious 
inferior boundary for the structure. Moving posteriorly, when the hom begins to widen, 
the hippocampus most typically appears below the inferomedial portion of the 
amygdala. Usually the boundary between hippocampus and amygdala was defined 
visibly by the uncal notch. Often a thin band, the alveus, and the lateral ventricle also 
separated these two structures. If none of these landmarks were present, then a straight 
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line was drawn from the medial tip of the lateral ventricle diagonally to the mid-portion 
of the ambient gyrus. The most posterior portion of the amygdala was fairly oval in 
shape, with die ambient gyrus curving to touch it on its medial side. Upper boundaries 
at this point were defined by the optic tract, globus pallidus, and putamen, most 
commonly with a small amount of white matter defining the separation. The inferior 
horn of the lateral ventricle clearly defines the inferior portion of the amygdala at that 
point. 

The hippocampus was defined as the elongated, multi-folded structure that 
followed the path of the inferior hom of the lateral ventricle. The head of the 
hippocampus most typically appeared just posterior to the anterior tip of the ventricle. 
The separation of the amygdala and hippocampus, described above, was fairly well 
defined by the lateral ventricle, particularly at the point when the hippocampus grew 
larger than the amygdala. The connection of hippocampus and amygdala, at the portion 
of the ambient gyrus, was demarcated by three potential markers: 1) the semilunar 
gyrus, a notch between the two structures, 2) the alveus, a then band separating the 
structures, and 3) the diagonal angle of the inferior hom of the lateral ventricle. 
Although this boundary was often difficult to define, the remaining boundaries of the 
hippocampus were fairly clear. Inferiorly, the subiculum and uncal cleft was included 
in the measurement, and entorhinal and parahippocampal regions were not included. 
The separation of these regions was fairly clearly defined by the white matter, and at the 
medial portion, a separation within gray matter structures was made by making a 
straight line following the angle of the white matter boundary to the uncal sulcus. The 
hippocampal body was defined to include subiculum, dentate gyrus, hippocampus 
proper, and alveus. The fimbria was not included in the measurement. Medial, 
superior, and lateral portions of the hippocampal body were outlined by cerebrospinal 
fluid. The tail of the hippocampus has a fairly oval shape in the oblique slices. 
However, posteriorly, the subicular portion of the hippocampus stretched medially to 
touch the hippocampal sulcus. At the point when the inferior hom of the lateral 
ventricle joins with the joins with the body of the lateral ventricles (the atrium), the 
hippocampus begins to curve upwards. Because of the difficulty involved, in. obtaining 
reliable measurements in this region, this portion was not included as part of the 
hippocampal volume. The cms of the fornix is clearly visible above the hippocampus at 
this point, and its elongated appearance helped to define the most posterior slice used in 
the measurement. In excluding this most posterior portion of the hippocampus, Watson 
et al. (1992) estimated that about 5-10% of the hippocampus would be excluded from 
the whole volume measurement. 
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