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The purpose of this study was to investigate the neuropsychological outcomes of 

pediatric subjects undergoing temporal lobe surgery, and then compare the outcomes between 

subjects in the iMRI and the standard operating suites. This study involved 77 children ages one 

to 21 years (M = 11.98) at time of surgery for intractable epilepsy. Forty-seven returned for 

repeat neuropsychological assessment. At baseline, subjects with early onset of epilepsy (≤ 7 

years) scored worse on a measure of attention (p = .02), FSIQ (p < .01), perceptual reasoning (p 

< .01), and processing speed (p = .06). At one-year follow-up, interactions were observed for 

the response style domain of the attention measure (p = .03), FSIQ (p = .06) and working 

memory (p = .08). Follow-up at one year, for the group as a whole, revealed decline in verbal 

memory (p = .04) and reading comprehension (p = .02); and improvement for word reading (p = 

.05). No significant differences were observed between the iMRI and standard operating suite. 

Though, hemisphere, duration of epilepsy, preoperative seizure frequency, lesional disease, 

seizure type, presence of epileptogenic focus, and number of lobes involved accounted for 

variance in neuropsychological outcomes. These results provide further support for that certain 

preoperative individual, disease, and therapeutic variables are predictive of neurocognitive 

outcome following surgery for temporal lobe epilepsy. Additionally, the results demonstrated 

that surgery may also impact attention.  
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CHAPTER 1 

INTRODUCTION 

The fourth most common neurological disorder in the United States, epilepsy is the 

general term for a spectrum of disorders characterized by recurrent seizures, or disruptions to 

the normal connections between nerve cells resulting in surges of electrical activity in the brain 

that cause an involuntary movement, sensation, awareness, or behavior (Centers for Disease 

Control and Prevention, 2011). According to the CDC, approximately two million people in the 

US are afflicted with epilepsy and nearly 140,000 Americans are diagnosed with the condition 

each year, most commonly in childhood and late adulthood (Hirtz et al., 2007).  Overall, about 

3% of people will be diagnosed with epilepsy during their lifetime, but about 70% of people 

with epilepsy eventually go into remission. Thus, as it affects more than 300,000 children under 

the age of 15, more than 90,000 children have intractable epilepsy (i.e, cannot adequately be 

treated with medications).  

An epilepsy diagnosis is comprised of both the classification by type of seizure and 

epilepsy syndrome. The term “seizure" refers to the specific pathophysiological mechanism and 

anatomical substrate, whereas, the term "epilepsy syndrome" refers to a complex of signs and 

symptoms that define a unique condition with a specific etiology (International League Against 

Epilepsy [ILAE], 2012). Classification of epilepsy syndrome consists of the type(s) of seizures, 

EEG findings, typical age of patient, typical prognosis, and so forth. The International League 

Against Epilepsy has defined three classifications of epilepsy syndromes (ILAE). The minority of 

cases are classified as symptomatic epilepsy syndrome. In this class of epilepsy, one or more 

structural lesions of the brain have been identified and usually involve some form of injury to 
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the brain, such as oxygen deprivation at birth, traumatic brain injury, brain tumors, genetic 

conditions, brain infections, stroke, or abnormal levels of intracranial sodium or blood sugar. 

More commonly, though, a clear cause is not identifiable. In these instances, the syndrome may 

be labeled probably symptomatic epilepsy (i.e., cryptogenic) if the etiology has not been 

identified, or idiopathic if the epilepsy is not associated with a structural brain lesion or other 

neurologic disease, but is consistent with certain genetic epilepsy syndromes (ILAE).  

Seizures are classified into two broad categories according to the clinical and 

electrophysiological findings (Sivasway, Acsadi, & Jiang, 2009). Generalized seizures are 

produced by initial electrical impulses from both hemispheres, whereas focal seizures (i.e., 

partial seizures) begin with involvement of a localized area of the brain. Generalized seizures 

include the most common and dramatic, tonic-clonic seizures (previously known as grand mal), 

as well as absence, myoclonic, clonic, tonic, and atonic seizures. Each of these are classified 

based upon the physiological response to the electoral impulses, and may include loss of 

consciousness with or without symptoms; violent, sporadic, or repetitive and rhythmic jerking; 

and/or body stiffening or sudden and general loss of muscle tone (Panayiotopoulos, 2005). 

Focal seizures, until recently, have been divided into simple, complex and those that evolve into 

secondary generalized seizures with impairment of consciousness distinguishing simple and 

complex (ILAE, 2012).  These seizures may involve motor movements such as jerking and 

stiffening, sensory symptoms, autonomic symptoms, and/or psychological symptoms and are 

characterized by various experiences involving memory, emotions, or other complex 

psychological phenomena. Focal seizures may include automatisms, involuntary but 
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coordinated movement that tend to be purposeless and repetitive, such as lip smacking, 

chewing, and so forth (Panayiotopoulos, 205).  

 

A Brief Overview of Epilepsy Treatments 

The preferred initial treatment modality, antiepileptic drugs (AEDs) are successful in 

fully controlling seizures for approximately two-thirds of patients with the treatment goal of 

complete seizure freedom with minimal, if any, drug-related adverse reactions (van Oijen, 

2006). Fortunately, this is achieved in approximately 50–70% of patients with monotherapy of 

an appropriately selected AED at target therapeutic doses (Panayiotopoulos, 2005). Avoided if 

possible, polytherapy with AEDs of complementary modes of action is inevitable in 

approximately 30–50% of patients who fail to respond to monotherapy, but seizure freedom is 

rare. In fact, Kwan and Brodie (2000) reported studies that have shown the diminishing 

likelihood of seizure freedom following failure of monotherapy with initial and subsequent 

AEDs. In the most well-known paper on this topic, they found that of the 53% of patients that 

had no response to an initial AED, only 13% achieved seizure freedom during monotherapy with 

a second AED, and only 1% became seizure free during monotherapy with a third AED. Further, 

only 3% of patients became seizure free with polytherapy (Kwan & Brodie, 2000). Thus, for 

approximately 10-30% of patients, although drugs may have a partial benefit, AEDs treatment 

does not result in satisfactory seizure control (van Oijen, 2006; Wieshmann, Larkin, Varma, & 

Eldridge, 2008). The advent of modern drug options have provided therapeutic alternatives for 

patients with pharmacoresistant or intractable epilepsy, including epilepsy surgery (e.g., focal 

resection, hemispherectomy, multiple subpial transaction), electrical neuromodulation (e.g., 
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vagus nerve stimulation (VNS) and deep-brain stimulation), and the ketogenic diet (Acsadi, 

2009). The most successful of the three alternatives is epilepsy surgery and the most common 

surgical technique is focal resection within the temporal lobe of the brain (van Oijen, 2006).   

 

Temporal Lobe Surgery for the Treatment of Epilepsy 

As intractable seizures and toxicity of high doses of antiepileptic medication may lead to 

developmental stagnation or decline, many epileptologists have acknowledged the role of 

epilepsy surgery as an alternative therapy that offers a realistic chance for adequate seizure 

control or freedom which may preserve development (Skirrow, 2011). Numerous studies have 

reported long-term seizure freedom following epilepsy surgery in 50 to 88% of patients (Ascadi, 

2009; Benifla et al., 2006, Buchhalter & Jarrar, 2003; Clusmann, 2004; Kossoff, 2011; Van Oijen 

et al., 2006). For example, Wiebe, Blume, Girvin,  and Eliasziw (2001) reported that seizure 

freedom following failure of two AEDs was achieved in only 8% of patients with continued 

medical therapy, compared to 58% of patients undergoing anterior temporal lobectomy. This 

comes as a result of years of ample experience refining the technique of temporal lobe 

resections in adults (Wieshmann, Larkin, Varma, & Eldridge, 2008). The efficacy of resection is 

associated with careful preoperative work-up. Several factors contribute to a successful 

epilepsy surgery, including clear delineation of the epileptogenic focus, complete resection of 

the focus, and distance from eloquent cortex, such as the motor and sensory cortex or areas 

associated with speech, memory, or other essential neuropsychological functions (van Oijen, 

2006). This was most recently demonstrated by Miserocchi et al. (2013), who evaluated 68 

pediatric patients less than 15 years of age who underwent surgery for temporal lobectomy. 
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They identified preoperative sensory motor deficit, mental retardation, MRI abnormalities 

extending outside the temporal lobe, history of generalized seizures or status epilepticus, 

unremarkable histology, seizures immediately postoperatively, and ipsilateral epileptiform 

activity on postoperative EEG as variables with significant associations with poor seizure 

freedom outcome. 

While the most common pathology found in adults is mesial temporal sclerosis, 

temporal lobe epilepsy accounts for less than 30% of pediatric surgical resections (Adelson, 

2001). The most common etiologies among pediatric patients are low-grade tumors and focal 

malformations of cortical development (Mani, 2008). In fact, almost half of the pediatric 

patients have an epileptic focus outside the temporal lobe with underlying cerebral pathology 

that may be diffuse, widespread and located in eloquent cortex (Acsadi, 2009). Unfortunately, 

few studies have focused exclusively on pediatrics, but, of those few, good surgical outcome 

has been reported. Clusmann et al. (2004) reported satisfactory seizure control in 87% of 

children with a mean follow-up of 46 months. Wyllie et al. (1998) reported seizure freedom in 

74% of children (<12 years of age) and 80% of adolescents (13-20 years) following temporal 

resections. Long-term outcome data is significantly lacking in children; however, pooled data of 

444 children suggests seizure freedom rate of 62% (Mani, 2009). Moreover, early surgical 

intervention in childhood may take advantage of the plasticity of a developing brain and 

enhance the chances of recovery from seizure-related damage, prevent further seizure-

influenced brain injury and potentially reduce postsurgical neurologic deficits (Cossu et al., 

2008). 
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Reported Neuropsychological Outcomes 

Early studies evaluating the outcome of pediatric patients who underwent focal cortical 

resection for refractory epilepsy tended to comment on intellectual outcome, but provided 

little information about specific results (Lah, 2004). Since then, short-term intellectual outcome 

in children after temporal lobe surgery has been relatively well documented showing little or no 

group changes in IQ; however, long-term follow-up studies are sparse and commonly 

extrapolate outcome from only a few individuals (Skirrow et al., 2011). Further, these studies 

have reported neurocognitive outcome after a variety of follow-up intervals that occasionally 

range widely in a single study (Lah, 2004). This observation is demonstrated in a recent report 

by Miserocchi et al. (2013). In this comprehensive retrospective study of pediatric patients who 

underwent surgical resection for temporal lobe epilepsy, the percentage of patients with a 

pathological score on neuropsychological measures at long-term follow-up were invariably 

observed to decrease compared with that at the preoperative evaluation in all considered 

cognitive domains. Yet the follow-up interval was classified simply as greater than 36 months 

and not further detailed, lending to the likelihood of a considerable range of time at follow-up 

designated as long-term. While previous studies in adults have indicated seizure frequency, 

memory function, and intelligence may show late changes after temporal lobe surgery, cross-

sectional studies have yielded conflicting results as to the importance of the follow-up interval 

in children (Lah, 2004).  Long-term follow-up studies in pediatrics are needed to rectify these 

results and determine the stable levels of long-term cognitive functioning following postsurgical 

recovery and functional reorganization (Bell et al., 2009).  
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Intelligence 

In perhaps the largest meta-analysis of neurological outcome following surgery for 

intractable epilepsy in children, Lah (2004) found that only 3 of 16 group outcome studies 

reported evidence of significant, though small, increases in IQ or developmental quotient (DQ) 

following temporal lobectomy. Recent small group studies report similar findings within a two-

year follow-up (D’Argenzio, 2011; Korkman, 2005), while Skirrow et al. (2011) reported a 

significant increase in IQ associated with cessation of antiepileptic medication and changes in 

MRI-derived gray matter volume after an extended follow-up period of greater than five years. 

Aside from Skirrow, little evidence exists to support the supposition that epilepsy surgery 

results in markedly improved intellectual development for children as a group. Lah (2004) 

suggests that noticeable improvement may be observed in some children and found that the 

results of group studies seem to be consistent with the hypothesis that surgery that is 

successful in controlling seizures prevents cognitive decline. This is similar to studies of patients 

diagnosed with epilepsy in childhood, though surgically resected as an adult, which have 

reported increases in IQ at least six years following surgery (Alpherts et al., 2006). 

Shin et al. (2009) evaluated the effects of lateralization and found that patients with left 

temporal lobe epilepsy showed impairment only in auditory immediate memory, but significant 

improvement in performance IQ, executive function, working memory, visual memory, 

attention and psychomotor speed. Similarly, patients with right temporal lobe epilepsy did not 

show any significant impairment in post-operative neuropsychological functioning. Yet, they 

showed improvements in intellectual and executive functions, language, visual memory, 

visuospatial ability, attention and motor function.  
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Language 

Studies of language reorganization following insults to the eloquent areas of the brain 

have repeatedly demonstrated that the immature brain has a greater capacity to adjust to focal 

insults, functionally reorganize, and regain some language skills than does the maturing brain of 

individuals older than age 5 or 6 (Lah, 2004). While some suggest that small, focal lesions and 

those sustained after 5 years of age are more likely to result in reorganization of language 

within the same hemisphere (Lah), Kim et al. (2010) suggested an intra- and inter-hemispheric 

reorganization following surgery.  That is, following temporal resection, they found semantic-

specific activations in the left inferior prefrontal cortex, as well as functional recovery of the 

hippocampus contralateral to the epileptogenic side. In any case, temporal lobe epilepsy 

surgery does not result in acceleration of language development and may lead to slowed 

development of particular language components (de Koning et al., 2009).  

Dlugos, Moss, Duhaime, and Brooks-Kayal (1999) examined individual outcomes of eight 

children who underwent temporal lobectomy. All five left temporal lobectomy patients 

demonstrated significant language-related cognitive declines on postoperative 

neuropsychological testing; yet, none of the three patients who underwent right temporal 

lobectomy demonstrated a significant change in either verbal or visual memory. While this 

finding is consistent with the adult literature, the patients that underwent right temporal 

lobectomy had a vastly longer follow-up that may have allowed for recovery and functional 

reorganization to take place (Lah, 2004), allowed for weaning of AEDs resulting from seizure 

freedom (Skirrow et al., 2011), or some combination thereof.   
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Memory  

Similar to the early articles on intellectual outcome in children who underwent epilepsy 

surgery, the evidence for neuropsychological impact of temporal lobe epilepsy surgery on 

memory comes from small studies and is conflicting (Mani, 2008). Some studies report 

unchanged or improved verbal memory scores, while others indicate verbal memory declines 

after temporal lobectomy. For instance, Lah (2004) identified 13 studies involving children who 

underwent temporal lobectomy and reported group outcomes. Four studies reported evidence 

of a significant decline in verbal memory (Adams, Beardsworth, Oxbury, Oxbury & Fenwick, 

1990; Szabó et al., 1998; Williams, Friebel, Sharp, & Boop, 1998; Gleissner et al., 2002) and one 

demonstrated a significant increase (Robinson, Park, Blackburn & Bourgeois, 2000). A finding 

supported by Leunen et al. (2009), who demonstrated children exhibited impaired verbal 

memory performance, despite semantic control by cued recall, following left temporal 

lobectomy. Two studies reported laterality of resection with a postoperative drop in verbal 

memory and delayed recall that was evident after left rather than right temporal lobectomy, 

while other studies did not find an association between side of resection and significant decline 

(Szabó et al., 1998; Gleissner et al., 2002). Further, one study reported an increase in verbal 

memory, noted only after right-sided surgery (Robinson et al., 2000). This finding was replicated 

by Grammaldo et al. (2009), as patients with right temporal lobe epilepsy were improved, while 

patients with left temporal lobe epilepsy were unchanged from baseline two years after 

surgery. Further, Helmstaedter, Reuber, and Elger (2002) compared 187 patients aged 9 to 59 

who underwent surgical resection for temporal lobe epilepsy and found that, though impaired 

at baseline, age regression of verbal memory in the left temporal lobe was similar to healthy 
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controls, but noted that verbal memory was worsened in patients who underwent left anterior 

two-thirds temporal lobectomy or amygdalohippocampectomy. In the domain of visual 

memory, two studies demonstrated a significant improvement (Beardsworth & Zadel, 1994; 

Mabbott & Smith, 2003); whereas six studies found no significant change in verbal or visual 

memory postsurgery (Meyer, Marsh, Laws, & Sharbrough, 1986; Lewis et al., 1996; Lendt, 

Helmstaedter, & Elger, 1999; Kuehn, Keene, Richards, & Ventureyra, 2002; Lah, Joy, Bakker, & 

Miller, 2002; Smith, Elliott, & Lach, 2004).  

Whereas declines in verbal and visual memory has been associated with left temporal 

lobe surgery, Dulay et al. (2009) reported both individual and group declines in spatial memory 

and learning after anterior temporal lobectomy with clinically significant decline in spatial 

memory in 40.5% of patients who underwent right anterior temporal lobectomy. Similarly, 

others seeking a clearer understanding of spatial memory function consequent to temporal 

lobe resection have found deficits of memory for locations in patients with right temporal 

resections, but not in patients with left temporal resections (Hepworth & Smith, 2002; Diaz-

Asper, Dopkins, Potolicchio, & Caputy, 2006; Binder et al., 2010).   

Substantial variability is observed in children’s performance on memory tests. Mabbott 

and Smith (2003) suggested that memory performance was influenced primarily by the age of 

seizure onset, but also duration of seizure disorder, seizure frequency, and a number of 

antiepileptic medications. Moreover, the study by Gleissner, Sassen, Schramm, Elger, and 

Helmstaedter (2005) reported that surgery type and timing of postsurgical assessment also play 

a significant role in memory outcome. Despite the inconsistencies, Lah (2004) identified more 

studies with lack of evidence of postoperative decline in memory than those that revealed a 
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drop, leading them to suggest that compared with adults, children may be less vulnerable to 

memory decline post-temporal lobectomy. 

Again, the variability in length of follow-up is notable. While few studies have included 

greater than five years of follow-up, the researchers that do have suggested that positive 

cognitive outcomes of epilepsy surgery may not be appreciated until six or more years following 

surgery. As mentioned above, Skirrow et al. (2011) reported a significant increase in IQ 

associated with cessation of antiepileptic medication and changes in MRI-derived gray matter 

volume after an extended follow-up period of greater than five years.  Similarly, Andersson-

Roswall, Malmgren, Engman, and Samuelsson (2012) found that decline in verbal memory was 

more common than improvement in patients at two years post-surgical resection, but the 

reverse was observed at ten years and improvement was more common.  

 

Neurosurgical Resection 

Neurosurgical resection for treatment of temporal lobe epilepsy encompasses a variety 

of techniques for resection, including anatomical lobectomy (i.e., complete removal of the 

temporal lobe), anteromesial temporal lobectomy (i.e., resection of the anterior temporal 

neocortex and mesial temporal structures, including amygdala and hippocampus), 

lesionectomy (i.e., surgical removal of lesions), amygdalohippocampectomy (i.e., removal of the 

amygdala and hippocampus) and selective amygdalohippocampectomy (i.e., removal of 

portions of the amygdala and hippocampus; Mintzer & Sperling, 2008; Kim, Kim, Park, Chung, & 

Lee, 2012). Regardless of technique, it is generally accepted that patients with a focal area of 

abnormality who undergo focal resection have the greatest chance of achieving seizure 
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freedom. Elsharkawy et al. (2009) clearly and succinctly embodied the intent of epilepsy surgery 

in the first line of their manuscript, “It is the aim of epilepsy surgery in patients with lesional 

epilepsy for the surgeon to not only remove the lesion itself, but also the epileptogenic zone.” 

Similarly, Tonini et al. (2004) have suggested that neurosurgery with a restricted epileptogenic 

zone carries a better prognosis; especially when that resection is restricted to areas of already 

nonfunctioning or malfunctioning brain tissue (Helmstaedter, Elger, Hugnagel, Zentern, & 

Schramm, 1996). This is part of the reason that selective amygdalohippocampectomy (i.e., a 

technique that preserves the lateral parts of the temporal neocortex) has been recognized by 

some as a major progression in temporal lobe epilepsy surgery (Wendling et al., 2013). Several 

report it to be as effective as standard temporal lobectomy, but with better postoperative 

neuropsychological outcomes (Helmstaedter et al., 2002; Morino et al., 2006; Paglioli et al., 

2006; Grammaldo et al., 2009; Shin et al., 2009). Yet, others have not found the same results 

(Paglioli et al., 2006; Tanriverdi et al., 2008; Lee & Lee, 2013). For example, Wendling et al. 

(2013) found no statistically significant differences in outcome between standard temporal 

lobectomy and selective amygdalohippocampectomy when evaluated in a prospective trial. 

Further, Lee and Lee (2013) suggest that anterior temporal lobectomy may actually be a more 

successful surgery than amygdalohippocampectomy in children with intractable temporal lobe 

epilepsy. Regardless of selected technique, completeness of resection is one of the most 

reliable independent predictors of seizure-free outcome following temporal lobe surgery 

(Elsharkaway, 2009; Lee & Lee, 2013). This outcome is hindered by lack of an obvious 

abnormality or the presence of diffuse pathology (Mcintosh et al., 2004). While neoplastic 

lesions may be completely removed, the entire epileptogenic zone of mesial temporal sclerosis 
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and malformations of cortical development are not as easily revealed on MRI, thus more 

advanced neuronavigational techniques are necessary. The most promising technique is 

intraoperative MRI (iMRI).  

Primarily utilized for neurosurgical procedures in adults, iMRI was developed in 1991 by 

the Departments of Neurosurgery and Radiology of the Brigham & Woman’s Hospital of the 

Harvard Medical School in Boston, MA, in conjunction with the General Electric Medical 

Systems (Mislow, Golby, & Black, 2009).  iMRI allows real-time intraoperative imaging to guide 

surgical intervention.  Fortunately, the implementation of iMRI in pediatric neurosurgery has 

garnered attention as an advantageous alternative for certain neurosurgical issues, including 

epilepsy surgery.  

A search for “epilepsy” and “intraoperative MRI” revealed three articles. Buchfelder, 

Fahlbusch, Ganslandt, Stefan, and Nimsky (2002) evaluated the accuracy of intraoperative 

magnetic resonance imaging (MRI) in immediately assessing the extent of a tailored temporal 

lobe resection for epilepsy in comparison to delayed postoperative MRI. They found that 

intraoperative MRI depicted the resection cavity identical to delayed postoperative studies in 

84% of the patients, and allowed for complete resection of the visible lesion where appropriate 

(extension into eloquent areas did not allow complete removal in some patients). Thus, 

Buchfelder et al. concluded that intraoperative MRI allowed a reliable evaluation of the 

localization and extent of resection in epilepsy surgery within the operative procedure. 

Furthermore, it provided the possibility of an image-based correction of an initially incomplete 

resection, particularly in lesional cases.  
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Similarly, Walker, Talos, Bromfield, and Black (2002) found that lesions were accurately 

located with iMRI and provided for complete radiological resection. At follow-up, they reported 

that five patients had no seizures, five had rare seizures and the remaining three had 

worthwhile improvement in seizure frequency. Thus, they concluded that iMRI is a safe and 

effective adjunct for the surgical treatment of benign intracerebral lesions presenting with 

seizures.  

Most recently, Sommer et al. (2013) retrospectively reviewed the cases of 25 patients 

(age 12-67) who had undergone extratemporal resections for drug-resistant epilepsy close to 

eloquent areas of the brain involved in speech and motor control. They found that 20% of the 

cases required further resection following intraoperatively documented residual lesions with 

final iMRI scans confirming gross total resection in all patients. At follow-up, 84% of patients 

demonstrated at least 90% seizure freedom with 72% of these cases resulting in complete 

seizure freedom. Thus, they found that use of iMRI in epilepsy surgical procedures led to 

maximum extent of resection despite proximity to eloquent areas of brain cortex and fiber 

tracts.  

 

Objectives and Research Questions 

The primary objective of this study was to investigate the neuropsychological outcomes 

of pediatric patients undergoing temporal lobe surgery as they relate to extent of potential 

prior cognitive damage (length of epilepsy prior to resection, previous AED exposure, current 

use of AEDs, history of status epilepticus, age of onset, presurgical seizure frequency) and 

ability to obtain a complete resection (lesionality, focality, hemisphere, etiology). These 

14 



variables in particular were selected as they are the most commonly evaluated variables in 

prediction of cognitive outcome following epilepsy surgery (Skirrow, 2011; Ramatani et al., 

2013; van Schooneveld et al., 2013). Secondly, the neuropsychological outcomes are compared 

between patients undergoing temporal lobe epilepsy surgery in the iMRI and the standard 

operating suites (those without imaging capabilities). The purpose in this comparison is to 

evaluate whether having an iMRI that allows for interoperative scans and continued operations 

for incomplete resections provides any noticeable benefit over the standard operating suites 

that require pre and post-surgical imaging followed by a second surgery for any residual tissue 

that was not originally resected. Thus, the research questions were:  

1.) Which individual (age at onset), disease (duration of epilepsy, focality, seizure 

type(s), etiology, presurgical seizure frequency, lobe, lesionality, hemisphere), and 

therapeutic variables (prior and current AEDs) are predictive of both positive and 

negative neuropsychological outcomes following pediatric temporal lobe epilepsy 

surgery?  

2.) How are the neuropsychological outcomes different for patients who underwent 

epilepsy resection in the iMRI versus the standard operating suite?  

Summary 

Approximately one third of patients with epilepsy have pharmacoresistant seizures. For 

these patients surgery is an effective and potentially life-saving intervention (Ryvlin, 2003). 

Fortunately, recent advances in epilepsy surgery have led to better delineation and definition of 

the epileptogenic process. One such advancement was the introduction of intraoperative MRI 

(iMRI). This technology has allowed for a reliable evaluation of the localization and extent of 
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resection during epilepsy surgery in adults (Buchfelder, Fahlbusch, Ganslandt, Stefan, & Nimsky, 

2002). While the empirical literature is heavily focused on the adult population, several studies 

have revealed very favorable surgical outcomes in children and adolescents with temporal lobe 

epilepsy (Lee et al., 2010). Yet, the primary focus of these studies is surgical outcome and 

seizure freedom with few studies focused on the neuropsychological outcome in children and 

no study has focused on the impact of iMRI on the neuropsychological outcome in temporal 

lobectomy.  
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CHAPTER 2 

METHODS 

Participants 

This retrospective cohort study examined the neurosurgical and neurological reports of 

165 patients who underwent a temporal lobe resection at Cook Children’s Medical Center 

between January 1, 2001 and November 30, 2011. Patients were followed in the Level 4 

Comprehensive Epilepsy Center at Cook Children’s Medical Center, which was the primary 

location of patient baseline and follow-up assessments. Patients who underwent a presurgical 

and postsurgical neuropsychological evaluation were included in the study. Patients lacking 

presurgical data were completely excluded and those with short (less than 6 months) or no 

follow-up were included in baseline between-group analyses, but were excluded in within-

group analyses. Based on preliminary review, approximately 20% of patients were expected to 

be excluded; however, after extensive evaluation of neuropsychology reports 55% of patients 

were excluded, leaving 74 in the final cohort. Forty-four patients returned for repeat 

neuropsychological assessment and 30 had no follow-up assessment available. An a priori 

power analysis performed during protocol development suggested that for a Type III F test of 

one predictor adjusting for the other five predictors (excluding the intercept) in a regression 

model with a significance level of 0.05, assuming a conditional model with fixed predictors and 

an R-square of 0.35 in the full model, a sample size of 105 would be required to obtain a power 

of at least 0.8 to detect an R-square difference of 0.05.  Unfortunately, the actual sample size 

obtained was noticeably smaller than this suggested sample and, thus, additional exploratory 

measures were taken as described below. The study protocol was reviewed and approved by 
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the institutional review boards for both Cook Children’s Medical Center and the University of 

North Texas.  

 

Design 

A single-institution, retrospective, non-randomized design with a convenience sample 

was deemed appropriate for this study because intractable epilepsy is a rare condition for 

which between 15 and 30 surgeries are performed each year at Cook Children’s. Further, the 

data is stored in an electronic medical records system and archived paper charts that were 

available for abstraction and analyses in a relatively expedient manner as opposed to the 

expense and duration of a prospective trial requiring multiple neuropsychological assessments.  

 

Facility 

Patients had been followed in the Level 4 Comprehensive Epilepsy Center at Cook 

Children’s Medical Center Jane and John Justin Neurosciences Center, which houses one of the 

nation’s leading centers for pediatric neurology, neurosurgery, neuro-oncology and 

neuropsychology services; and was the primary location of patient baseline and follow-up 

assessments. The program sees more than 13,000 infants and children with seizures each year.   

Neurosurgical procedures were performed in either a standard operating suite at Cook 

Children’s Medical Center or the Mr. and Mrs. T.L. Dodson, Jr. Neurosciences intraoperative 

MRI surgical suite, opened in February, 2007.  Included in the surgical suite is a dual-room 

unique IMRIS iMRI suite whose mobile ceiling-mounted then 1.5, now 3.0, Tesla Siemens 

magnet glides from a diagnostic suite to the operative suite.  The average operative time for 
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resection of the temporal lobe is approximately four and a half hours with an additional 90 

minutes for pre and postsurgical care. The addition of intraoperative MRI adds approximately 

45 minutes to the procedure. Since 2007, the majority of epilepsy resections have been 

performed in the iMRI suite; yet, according to the primary neurosurgeon, no other notable 

changes or improvements have been made to the neurosurgical procedure. Changes have been 

made to the noninvasive presurgical evaluation with the addition of coregistration of 

multimodal imaging including ictal and interictal scalp electroencephalography (EEG), magnetic 

resonance imaging (MRI), positron emission tomography (PET), single-photon emission 

computed tomography (SPECT) and magnetoencephalography (MEG). These changes in the 

noninvasive presurgical evaluation may likely provide more accurate localization of ictal onset 

and surrounding eloquent structures and thus improve the preoperative identification of the 

epileptogenic zone (Olson & Perry, 2013). Thus, these changes likely impact the effect of iMRI.  

 

Procedure 

The neurosurgical case logs maintained by neurosurgeons at CCMC were queried via 

CPT code 61537 (removal of brain tissue: craniotomy with elevation of bone flap; for 

lobectomy, temporal lobe, without electrocorticography during surgery) to obtain an initial list 

of potential subjects. These data were then coded and utilized to abstract the variables of 

interest from the electronic medical record system of Cook Children’s Medical Center and 

paper neuropsychology files retrieved from storage. Abstracted medical information was 

entered directly into the secure electronic case report form designed with auto-validation for 
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real-time edits. Additionally, batch edits were utilized to query inconsistent and missing data, as 

well as data anomalies.  

 

Previous Assessments 

As part of their routine care and operative preparations, all patients underwent a 

presurgical evaluation, which should have included neuropsychological assessment, ictal and 

interictal EEG, and MRI. Unfortunately, this was not a consistent practice due to several limiting 

factors including travel, insurance coverage, personal decision and cost of evaluation. Thus, the 

length of follow up between neuropsychological assessments was quite varied within the 

sample with an average length of follow-up for the cohort of two years with a maximum known 

final assessment at five and a half years. The components of the neuropsychological 

assessment primarily included the current versioned age-appropriate Wechsler scales 

(Wechsler Intelligence Scale for Children [WISC], Wechsler Adult Intelligence Scale [WAIS], and 

Wechsler Preschool and Primary Scale of Intelligence  [WPSSI]), Conners’ Continuous 

Performance Test II (CPT-II), Wide Range Assessment of Memory and Learning  (WRAML), and 

Wechsler Individual Achievement Test (WIAT). The results of the ictal and interictal EEGs have 

been read and characterized by neurophysiologists and reported for frequency of 

electrographic seizure activity. The MRI scans were acquired on a 1.5-T or 3.0 T Siemens Vision 

System (Siemens, Erlangen, Germany) and included a volumetric T1-weighted scan using a 3-

dimensional magnetization-prepared rapid gradient echo sequence (repetition time = 10 msec; 

echo time = 4 msec; flip angle = 12 degrees; voxel size = 1.0 x 1.0 x 1.25 mm). Aside from 
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introduction of the intraoperative MRI in February, 2007, no considerable changes have been 

made to patient care or neurosurgical technique since 2001.  

 

Measures of Intelligence 

The Wechsler scales are thought to represent the gold standard for intelligence testing 

in the field of psychology and are also widely used in the field of education. The family of scales 

includes three overlapping scales: the Wechsler Adult Intelligence Scale, the Wechsler 

Intelligence Scale for Children, and the Wechsler Preschool and Primary Scale of Intelligence. 

This provides the ability to achieve different floor and ceiling effects using the different tests, 

allowing for a greater understanding of abilities or deficits. All scales utilize index scores that 

are standardized with a mean of 100 and a standard deviation of 15, while scaled scores are 

standardized with a mean of 10 and a standard deviation of three. Validation studies include 

correlations between WAIS–III and WMS–III, WAIS–R, WISC–III,® and WIAT,®. Four subjects in 

the sample underwent IQ assessment using different measures at baseline and follow-up. 

Analyses were conducted both including and excluding these subjects in additional to general 

observation of their scores. In all cases, excluding these participants did not markedly impact 

the results of the analyses, thus their scores were included in the final cohort.  

 

Wechsler Adult Intelligence Scale Third and Fourth Editions (WAIS; Wechsler, 1997, 

2008).  The Wechsler Adult Intelligence Scale (WAIS) versions III and IV were utilized in the 

assessments abstracted for this study. The WAIS is a standardized test of assessment designed 

for children age 16 through age 99. It is divided into ten subtests and five supplemental 
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subtests that form a total of six index scores, including a Full Scale IQ (FSIQ) which represents 

overall cognitive ability, the General Ability Index (GAI),  Verbal Comprehension Index (VCI), 

Perceptual Reasoning Index (PRI), Processing Speed Index (PSI) and Working Memory Index 

(WMI). Overall, the test is reliable and valid. The average split-half reliability for the FSIQ ranged 

from .97 to .98; and the subtests scores ranged from acceptable (.78) to excellent (≥.90). It 

reportedly has acceptable stability across time for each of the four age bands with coefficients 

ranging from adequate (.74) to excellent (.90). Factor analysis confirmed that the subtests on 

the WAIS-IV aligned with previous indices (Climie & Rostad, 2011).  

 

Wechsler Intelligence Scale for Children (WISC; Wechsler, 2003). The Wechsler 

Intelligence Scale for Children (WISC) versions III and IV were utilized in the assessments 

abstracted for this study. The WISC is a standardized test of assessment designed for children 

age seven to 16. It is divided into fifteen subtests that form a total of five composite scores, 

including a FSIQ which represents overall cognitive ability, VCI, PRI, PSI and WMI. Reliability 

coefficients for the WISC-IV composite scales were obtained on a sample of 661 children from 

16 special and clinical groups. Ranging from .88 (Processing Speed) to .97 (Full Scale), the 

coefficients are identical to or slightly better than corresponding composite scales in the WISC-

III (Williams, Weiss, & Rolfhus, 2003).  

 

Wechsler Preschool and Primary Scale of Intelligence (WPSSI; Wechsler, 2002). The 

Wechsler Preschool and Primary Scale of Intelligence (WPSSI) is an intelligence test designed for 

children ages 2 years 6 months to 7 years 3 months. It consists of 14 subtest that comprise the 
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Verbal, Performance, and Full Scale IQ (FSIQ). Internal consistency reliability for the WPPSI-III is 

excellent at both the composite score level and subtest level with an average reliability 

coefficient of .96 for FSIQ and .89 to .95 for composite scales. Several measures of validity 

found that WPPSI scores correlate highly with similar constructs on the WIPPSI-R, WISC-III, and 

Bayley Scales of Infant Development, thus suggesting evidence of validity (Gordon, 2004). 

 

Assessment of Attention 

Conners’ Continuous Performance Test, Second Version (CPT-II). Conners’ Continuous 

Performance Test (CPT-II; Conners, 2000) is a computerized instrument designed to measure 

lapses in attention or vigilance, and impulsivity. The test is computer scored and indices of 

attention/concentration including omission errors, commission errors and hit reaction time, 

variability of standard error (measure of response speed consistency), detectability (d’, 

measure of discriminate power), response style indicator (measure of response tendency), and 

perseverations are generated.  The Confidence Index is derived through a discriminant function 

analysis and provides a means to evaluate an individual’s performance compared with clinical 

(ADHD) and non-clinical samples. The index provides a confidence level expressed as a 

percentage of cases out of 100 that would be correctly classified as having clinically significant 

problems with attention.  An index above 50 is obtained when the profile more closely matches 

a clinical profile, and an index less than 50 is obtained when the profile is a closer match to a 

non-clinical profile.  Validity has been demonstrated through a multi-site study which included 

256 attention-deficit/hyperactivity disorder (ADHD) clinical cases, and 663 nonclinical cases.  

Results suggested high discriminative power on several indices from the CPT-II (classification 
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accuracy – specificity 83%, sensitivity 82%).  The confidence index has a test-retest reliability of 

.89.  Further evaluation of test-retest data suggested the lack of a significant practice effect. 

 

Measure of Memory and Learning 

Wide Range Assessment of Memory and Learning  (WRAML). The Wide Range 

Assessment of Memory and Learning  (WRAML; Sheslow & Adams, 1990) was developed to 

evaluate a child's ability to learn and memorize different types of information.  The test is 

normed for children aged 5 through 17 years. A high correlation between the WRAML Verbal 

Memory Scale and the McCarthy Memory Index (.90) suggests good criterion-reference validity.  

Construct validity was demonstrated by evidence of significant correlations between age and 

score, positive subtest intercorrelations, significant correlations with general cognitive ability 

and academic achievement, as well as principal components analysis yielding support for the 

three factors: Verbal, Visual, and Learning Indexes.  Statistical analysis has shown that Sentence 

Memory is one of the subtests that comprise an attention/concentration factor on the WRAML 

(Burton, Donders, & Mittenberg, 1996).  The item separation index yielded from Rasch 

measurement (Wright & Stone, 1979) indicates how well items defined the variable measured.  

Item separation statistics for all WRAML subtests range from .99 – 1.0; the highest value for this 

statistic is 1.0.  High values such as indicated with the WRAML give supporting evidence as to 

the construct validity of the instrument.   
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Measure of Academic Performance 

Wechsler Individual Achievement Test (WIAT). The Wechsler Individual Achievement 

Test (WIAT; Wilkinson, 1993) measures academic performance in three areas including reading, 

spelling and arithmetic in individuals age five through 74 years.  There are 55 items on each 

form with 15 oral and 40 written items.  Construct validity has been established by 

demonstrating a significant correlation between raw scores and age, intercorrelations among 

the three subtests, and moderate positive correlations with the WISC-III Full Scale IQ score.  

Moderate correlations with other measures of academic achievement have also been observed 

(Wilkinson, 1993).  The item separation index yielded from Rasch measurement (Wright & 

Stone, 1979) indicates how well items defined the variable measured.  These indices describe 

how well a sample of persons is able to separate the items on the respective measures. Item 

separation statistics for all WRAT-3 subtests are 1.0, the highest value for this statistic.  This 

high value is supportive of construct validity.  The Arithmetic subtest from the WRAT-3 was 

another dependent measure used to evaluate generalizability of treatment upon academic 

functioning.       

 

Variables of Interest 

 Presurgical data included demographic details of the subjects, age at epilepsy onset, 

duration of epilepsy prior to surgery, history of status epilepticus, neurodevelopmental history, 

previous AEDs administered, presence of neurologic deficits, seizure types, and frequency at 

the time of presurgical work-up. Definitions of status epilepticus vary, but traditionally it has 

been defined as one continuous, unremitting seizure lasting longer than 30 minutes or 
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recurrent seizures without regaining consciousness between seizures for greater than 30 

minutes. Lesion localization was determined by presurgical imaging, whereas etiology was 

abstracted from postsurgical pathologic examination. Seizure status and discontinuation of all 

medical treatment at one year post surgery and last available follow-up were recorded. Finally, 

age at onset of epilepsy was categorized at age seven with “early onset” operationally defined 

as seven years of age or younger and “late onset” as onset after seven years of age. 

 

Data Analyses 

Statistical analyses were conducted with IBM SPSS 19 (SPSS Inc, Chicago, IL, U.S.A.) 

unless otherwise noted. A critical alpha level set at the .05 confidence level was determined to 

indicate statistical significance. Multiple linear regression analysis using the change score 

model, Y2−Y1=β1T+β2X+e, with forward selection and partial correlations were used to address 

the first research question of which individual, disease, and therapeutic variables were 

predictive of both positive and negative neuropsychological outcomes following pediatric 

epilepsy surgery. In this entry method, the predictor with the largest squared correlation with 

the criterion is entered into the model. Each additional variable is then tested using a chosen 

model comparison criterion. Variables are added as predictors if the model is improved. This 

process is repeated until no additional improvements to the model can be made. Thus, each 

model evaluated the fit of the independent variables in explaining variance in the criterion.   

Repeated-measures analyses of variance were utilized to address the second research 

question of how neuropsychological outcomes are different for patients who underwent 

epilepsy resection in the iMRI versus the standard operating suite, with surgical suite as the 
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independent variable and IQ scores, attention scores, and memory and learning scores as 

dependent variables.  Finally, exploratory analyses were conducted evaluating interactions and 

relationships between individual independent variables and dependent variables.  

Based upon previous studies reporting the predictors of FSIQ in temporal lobectomy 

with coefficients between .23 and .56 (Davies et al., 2005; Loring et al., 2008; Sabsevitz et al., 

2003; Skirrow et al., 2011), an a priori power calculation was performed with and estimated R2 

of .35 for the full model of the current study. Sample size calculation was performed using SAS 

9.2. This resulted in the determination that for a Type III F test of one predictor adjusting for 

the other five predictors (excluding the intercept) in a regression model with a significance level 

of 0.05, assuming a conditional model with fixed predictors and an R-square of 0.35 in the full 

model, a sample size of 105 is required to obtain a power of at least 0.8 to detect an R-square 

difference of 0.05.  Unfortunately, this sample size was not obtained due to the lack of 

standardization in neuropsychological assessment in the practice, thus results are interpreted 

cautiously. As a result alpha coefficients of p < .10 are considered marginally significant and 

noted throughout. 
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CHAPTER 3 

RESULTS 

Cohort Characteristics 

The medical records from a convenience sample of 164 subjects who underwent a 

temporal lobe resection at Cook Children’s Medical Center between January 1, 2001 and 

November 30, 2011 were reviewed. Following review of medical records, 91 patients were 

excluded due to lack of baseline neuropsychological assessment, thus the total cohort included 

32 (43%) females and 42 (57%) males. Subject demographics (Table 1) and seizure 

characteristics (Table 2) and comorbidities (Table 3) are presented.  Diagnostic evaluation 

demonstrated that 53 (72.6%) subjects had evidence of disease solely in the temporal lobe, 

while five (6.8%) had disease in the temporal and frontal lobes, and 15 (20.5%) had disease in 

multiple lobes. Congruently, 50 (67.6%) subjects were found to have unifocal versus multifocal 

disease and 24 (32.4%) had multifocal disease. Further 87% (n = 67) of subjects had radiological 

evidence of one or more lesions, including 24 with multi-lesional disease.  

Seizure outcome was determined at follow-up visits to the treating clinic. At least 75% 

of patients were deemed to have significant seizure improvement (i.e., greater than 90% 

seizure reduction); with over half of subjects reporting complete freedom from disabling 

seizures at each time point (Table 4). Thirty-one (42.9%) subjects failed to return for follow-up 

neuropsychological assessment; 23 of which were determined to be lost to follow-up. The 

reason for lack of follow-up assessment was examined. Though not clearly identified as a 

reason for not completing follow-up neuropsychological assessments, 15 (45.5%) of these 

subjects were noted to be seizure free at their last follow-up visit to the neurology clinic. Six 
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patients continued therapy for active seizures, but no reason was identified for lack of follow-

up assessment. An additional six patients traveled from a considerable distance for their 

surgery and may or may not have undergone re-evaluation locally. Financial constraints and/or 

insurance complications were contributing factors for four patients. Re-assessment was 

deferred in two subjects due to appropriate assessment and services provided through their 

school.  Finally, one subject failed to return for unknown reasons and expired six years post-

surgery. No significant differences were observed between subjects with and without follow-up 

assessment on any dependent measure.  

 

Overall Pre-Post Analysis 

Analysis of baseline and postoperative assessment scores suggested slight changes over 

time that included both improvements and declines on measures of intelligence, attention, 

memory and learning, and achievement (Table 5).  Of the 77 patients with baseline scores, over 

50% of patients at T1 (n = 30) and T2 (n = 63) failed to return for follow-up assessments, leaving 

a total of 47 patients at T1 and 14 at T2. Thus, while descriptive statistics are reported for the 

total group at each assessment, paired analyses are performed only for those subjects with 

data at both time points.  

Postoperative assessments performed at T1 (M = 11.71 months, SD = 6.06, range = 2.07-

31.05, 95% CI [9.45, 17.21]), were compared to baseline assessment with paired t-tests. 

Subjects demonstrated decline in verbal memory, t(25) = 2.16, p = .041, reading 

comprehension, t(12) = 2.58, p = .024, and VIQ, t(6) = 2.11, p = .079. On the other hand, 

improvement was noted for word reading, t(6) = -2.41, p = .053, and the working memory 
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index, t(24) = -1.83, p = .080. Fourteen subjects underwent T2 assessment at an average of 

26.27 postoperative months (SD = 9.10, range = 16.03 - 49.77, 95% CI [22.20, 32.71]).  

Improvement was noted for verbal recognition, t(6) = -2.38, p = .055, and working memory, 

t(10) = -2.05, p = .067. Finally, eleven subjects underwent T3 postoperative assessment at an 

average of 51.99 months (SD = 24.31, 95% CI [36.54, 67.43]).  No index or subscale was found to 

be statistically significant at T3; verbal memory, t(5) = 1.28, p = .258, reading comprehension, 

t(1) = 1.13, p = .461, VIQ, t(2) = 0.80, p = .510,  or the working memory index, t(6) = -0.45, p = 

.672. 

 

Age of Epilepsy Onset 

The effect of age at onset of epilepsy was evaluated between groups of subjects with a 

division at seven years. This division was determined after careful consideration of Piaget’s 

developmental stage theory. Children at age 7, the end of the pre-operational stage, tend to 

have completed the intuitive thought sub-stage, where knowledge seeking and primitive 

reasoning are emerging, but not moved to the concrete operational stage, which is 

characterized by an appropriate use of logical thinking. Thus, the cohort was divided with 49 

subjects age 7 or under (i.e., “Early Onset”) at time of epilepsy onset (M = 2.61 years, SD = 1.96) 

and 28 older than age 7 (M = 11.81, SD = 2.96). Duration of epilepsy prior to surgery was 

significantly greater for the early onset group (M = 6.48 years, SD = 4.75) than the late onset 

group (M = 3.27, SD = 2.74), F(1,75) = 8.75, p = .004. Yet, the late onset group (M = 14.42, SD = 

3.64) remained significantly older at baseline assessment than the early onset group (M = 8.99, 

SD = 4.84), t(72) = -5.11, p < .001. 
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At baseline, subjects with early onset of epilepsy received significantly lower scores on 

FSIQ than their late onset counterparts, F(1,70) = 7.64, p = .007 (Figure 1). Similar results were 

found from PRI, F(1,52) = 8.73, p = .005, and PSI, F(1,53) = 3.71, p = .059. The early age onset 

group also performed worse on a measure of attention.  The overall index score of the CPT-II 

was significantly worse for subjects with early onset than those with late onset, F(1,43) = 6.72, p 

= .017. This was likely due to number of omissions, F(1,44) = 6.17, p = .017. 

Average scores for neuropsychological assessments are presented for each group in 

Table 6. A repeated measures ANOVA revealed a marginally significant interaction for FSIQ, 

F(1,19) = 3.99, p = .060 and WMI, F(1,19) = 3.32, p = .084, wherein the early onset group 

demonstrated improvement and the late onset group declined over time. Additionally, a 

significant interaction was observed for the response style domain of the attention measure, 

F(1,16) = 5.35, p = .034. No other significant differences were observed between groups.  

 

Predictors of Neuropsychological Outcomes 

To address the question of which individual, disease, and therapeutic variables are 

predictive of both positive and negative neuropsychological outcomes following pediatric 

epilepsy surgery, multiple linear regression analyses with forward selection and partial 

correlations were performed using a change score model. Dependent variables included 

duration of epilepsy, current number of AEDs, current seizure status coded as favorable (Engle 

class I & II) and unfavorable (Engel Class III & IV), epileptogenic focus coded as unifocal or 

multifocal, etiology coded as focal cortical dysplasia or other, preoperative seizure frequency 

coded as daily or less frequent, location as temporal lobe only or multilobar, lesionality coded 
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as lesional or non-lesional, and hemisphere coded as left or right and presence or absence of 

bilateral disease. Criterion variables were calculated as change scores in the dependent 

variables. Data were screened for violation of assumptions prior to analysis. Results of the 

examination of linearity, normality of residuals, independence, homogeneity of variance and 

multicollinearity for FSIQ are presented. Violations of assumptions for the remaining dependent 

variables are otherwise noted.  

 

Violations of Assumptions.  

A matrix scatterplot of the independent variables (current number of AEDs and duration of 

epilepsy) and the dependent variable (change in FSIQ) indicated that the assumption of linearity 

was reasonable, though identified several possible outliers (Figure 1). Thus step-by-step 

regressions were performed to identify all of the potentially unusual or influential points. A 

standardized residuals histogram revealed residuals that merited further investigation. 

Evaluation of the studentized deleted residual and leverage values revealed one subject with a 

large residual and three with leverage greater than the generally accepted statistic, (2k+2)/n. As 

no single subject had both a large residual and large leverage, a determination was made that 

no cases were exerting undue influence on the model. This was confirmed by evaluation of 

casewise diagnostics, including Cook’s distance.   The assumption of normality was then tested 

via examination of unstandardized residuals. Review of the S-W test for normality (SW = .991, 

df = 26, p = .997), as well as skewness (-0.19) and kurtosis (.023) statistics, suggested that the 

residuals were relatively normally distributed. The boxplot, Q-Q plot and histogram suggested a 

relatively normal distribution. Thus, the assumption of normal distribution was met. A relatively 
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random display of points in the scatterplots of studentized residuals against values of the 

independent variables and studentized residuals against predicted values provided evidence of 

independence. The Durbin-Watson statistic of 1.593 suggests that the assumption of 

independent errors has been met. An examination of the scatterplots of studentized residuals 

against predicted values and values of the independent variables provided evidence of 

homogeneity of variance. Finally, tests for multicollinearity indicated that a very low level of 

multicollinearity was present with Tolerance between 0.34 and 0.750 the variance inflation 

factor (VIF) between 1.33 and 2.95, suggesting that multicollinearity was not an issue. 

Additionally, an examination of Pearson product-moment correlations confirmed 

noncollinearity among the independent variables.  

 

Intelligence 

The descriptive statistics for measure of intelligence for the cohort who completed T1 

assessment and T2 assessment are reported in Table 6. No significant predictor of change in 

FSIQ was identified in duration of epilepsy, current number of AEDs, current seizure status, 

epileptogenic focus, lesionality, location, etiology, nor presurgical frequency. Further, results of 

multiple regression analyses of a change score model for indices comprising FSIQ were similar, 

with a few notable exceptions. The model of best fit for change in verbal comprehension (VCI) 

as measured by change score included left hemisphere disease and lesionality regressed on 

difference scores for VCI, R2 = .486, F(2,18) = 8.53, p = .002. That is, verbal comprehension 

scores were expected to increase postoperatively for subjects with identified lesions (β = 

26.10, p = .013) located in the right hemisphere or bilaterally (left hemisphere disease, [β = -
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16.43, p = .010]), accounting for the relationships of other variables in the model. In summary, 

scores on the Working Memory Index are significantly improved from baseline to T1 follow-up 

assessment and T2 follow-up assessment. Additionally, change in Verbal Comprehension Index 

is predicted by disease in the left hemisphere and lesional disease.  

 

Memory and Learning 

The descriptive statistics for measure of memory and learning for the cohort who 

completed T1 assessment and T2 assessment are reported in Table 7. Overall, significant 

models for prediction of changes in memory were identified only for verbal memory. Duration 

of epilepsy, hemisphere, and preoperative daily seizures accounted for 52.6% of variance in the 

changes in verbal memory (Table 8). Significantly positive bivariate correlations with duration of 

epilepsy (r = .505, p = .005) suggest that change in verbal memory scores increase as duration 

of epilepsy increases. Conversely, negative correlations with left hemisphere (r =  -2.74, p = 

.092) and preoperative daily seizures (r = -.334, p = .051) would suggest that verbal memory 

scores increased in subjects with seizures coming from the right hemisphere or bilaterally that 

occurred less than once per day.  No combination of duration of epilepsy, current number of 

AEDs, current seizure status, epileptogenic focus, lesionality, location, etiology, or presurgical 

frequency was found to be a significant predictor of change in any other measure of memory or 

learning. In summary, a significant decline was observed in verbal memory from baseline to T1 

follow-up assessment and a significant improvement was observed for verbal recognition from 

baseline to T2. Finally, duration of epilepsy, hemisphere, and preoperative daily seizures predict 

change in verbal memory.  
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Attention 

The descriptive statistics for measure of attention for the cohort who completed T1 

assessment and T2 assessment are reported in Table 9. Multiple linear regression analyses with 

forward selection performed using a change score model found several models of best fit to 

predict of certain aspects of attention. As Conner’s CPT is known to have very little practice 

effects, multiple regression analyses were employed using the levels model, Y2 = β1T+β2X+ β3 

Y1+e, as well. While no predictors were identified for change in the overall index of attention, a 

pretest-posttest model revealed lesionality (β = 36.95, p = .034) to be a significant predictor of 

confidence index scores at T1, R2 = .206, F(1,21) = 5.19, p = .034. That is, subjects with lesions (r 

= .454, p = .017) had higher confidence index scores on the CPT. A change scores model 

identified presence of bilateral disease (β = -14.46, p = .025) to be a significant predictor of hit 

reaction time changes, R2 = .327, F(1,17) = 8.98, p = .013. Yet, levels model revealed only 

temporal lobe (β = -18.35, p = .011) and baseline hit reaction time scores (β = 0.53, p = .017) 

accounted for variance in hit reaction time at T1, R2 = .55, F(1,17) = 8.98, p = .003. A significantly 

negative bivariate correlation (r = -.572, p = .007) is indicative that hit reaction time is increased 

for subjects with multilobar disease.  

Seizure type, specifically complex focal, was found to be a significant predictor of 

change in response style. With a significant negative regression weight (β = -14.32, p = .007), 

subjects with complex focal seizures were expected to have negative change scores on 

response style, R2 = .377, F(1,17) = 9.68, p = .007. Additionally baseline scores and seizure type 

accounted for 49.5% of the variance in response style at T1. Again, with a significant negative 
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regression weight (β = -14.49, p = .008), subjects with complex focal seizures were expected to 

have lower scores on response style, R2 = .255, F(1,17) = 5.47, p = .033. 

Finally, neither model identified predictors for change in omissions, commissions, 

variability, detectability, or perseverations, but a general review of change scores indicate that 

66.7% of received improved omissions scores at T1, 55.6% had improved commission scores, 

72.2% had improved variability, 55.6% had improved detectability, and 61.1% had improvement 

in perseveration. In summary, lesionality predicated change in the overall index for CPT-II, 

bilateral disease and multilobar disease predicted change in hit reaction time, and complex 

focal seizures and baseline response style scores predict response style scores at follow-up.  

 

Achievement 

The descriptive statistics for measure of intelligence for the cohort who completed T1 

assessment and T2 assessment are reported in Table 10. Models for prediction of certain 

aspects of achievement (word reading, spelling, reading comprehension, number operations, 

and math problem solving) were tested, though caution is used as the number of subjects with 

these measures was very small (range = 7 - 13). No predictors were identified in the change 

score model for word reading, spelling, reading comprehension, or number operations. Disease 

in the right hemisphere (β = 17.25, p = .012) was found to account for 74.7% of the variance 

in change in math problem solving scores, R2 = .747, F(1,6) = 14.76, p = .012).  A significantly 

positive bivariate correlation (r =  .864, p = .006) is indicative that math problem solving scores 

changes are increased for subjects with disease in the right hemisphere; however the result 
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was not substantiated when a Kruskal-Wallis test was conducted. The test, which was corrected 

for tied ranks, was not significant χ2(2, N = 6) = 3.86, p = .145.  Thus, interpretation of these 

results is guarded as the sample size is extremely small. In summary, no significant differences 

were observed between baseline and T1 or T2 for any measure of achievement in this sample.    

 

iMRI and Neuropsychological Outcomes 

Sixty percent (n=46) of the neurosurgical procedures were performed in the dual-room 

intraoperative operating suite at Cook Children’s Medical Center. Eleven subjects (9%) 

experienced a post-operative seizure while in the hospital. That is, seven subjects or 23% of 

those who underwent a neurosurgical procedure in the standard operating suite (standard 

group) and four subjects or 9% of those who underwent a surgery in the intraoperative 

operating suite (iMRI group) experienced a post-operative seizure, χ2(1, N = 77) = 2.92, p = .088. 

Nine patients required a second operation; five (16%) in the standard group and four (8%) in 

the iMRI group. Seizure outcome was similar between groups of subjects (Table 8). To evaluate 

the impact of iMRI on neuropsychological outcomes, repeated-measures analyses of variance 

were utilized with surgical suite as the independent variable and IQ scores, attention scores, 

and memory and learning scores as dependent variables. Achievement scores were not 

evaluated as only two patients had more than one assessment of any given subscale.  

 

Intelligence 

General observations of the pre and postoperative assessments of intelligence did not 

reveal any significant changes. Subjects scored slightly lower at postoperative testing on the 
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FSIQ, which is reflective of slight changes in the composite index scores (Table 9). Results are 

interpreted with caution as the sample is unbalanced and small. The largest sample of subjects 

with repeated assessments for intelligence testing includes ten who underwent their 

neurosurgical procedure in the standard operating suite and seventeen in the iMRI. A repeated-

measures analysis of variance with surgical suite as the independent variable and FSIQ, VCI, PRI, 

WMI, and PSI as dependent variables did not yield a main effect, F(5, 15) = 1.57, p =.228. 

Though no statistically significant differences were found between surgical suite on any of the 

individual indices, the largest differences were observed on PRI, F(1, 20) = 1.92, p =.181, and 

PSI, F(1, 22) = 2.19, p =.153.  

 

Memory and Learning 

Observation of the pre and postoperative assessments of memory reveals a slight 

decline in all subscales (Table 11). A repeated-measures analysis of variance with surgical suite 

as the independent variable and verbal memory, visual memory, verbal recognition and visual 

recognition as dependent variables did not yield a main effect, F(4, 8) = 1.66, p =.251. Only 

verbal memory was found to be marginally significant, F(1,24) = 3.46, p = .075, with the 

standard group remaining stable (MT0 = 79.50, MT1 = 79.70), but a decline observed in the iMRI 

group (MT0 = 86.63, MT1 = 77.06). No significant differences were found between surgical suite 

on visual memory, F(1,21) = 1.05, p = .317, verbal recognition, F(1,19) = 0.36, p = .556, nor 

visual recognition, F(1,14) = 0.10, p = .755. 
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Attention Scores 

General observations of the pre and postoperative assessments of attention did not 

reveal any significant changes. Subjects scored similarly at both time points across all measures 

(Table 12). A repeated-measures analysis of variance with surgical suite as the independent 

variable and CPT 2, omissions, commissions, hit reaction time, variability, detectability, 

response style, and perseverations as dependent variables did not yield a main effect, F(8, 9) = 

1.430, p = .302. A marginally significant interaction was found between surgical suite and 

detectability, a means for assessing an individual’s discriminative power, F(1, 16) = 4.11, p = 

.060. Thus, subjects who underwent surgery in the iMRI (n = 12) demonstrated slightly worse 

detectability than those in the standard operating suite at baseline (MT0 = 53.65, SDT0 = 9.90), 

but had improved slightly at T1 (MT1 = 50.42, SDT1 = 14.45) whereas the subjects in the standard 

operating suite demonstrated decline (MT0 = 43.50, SDT0 = 20.60; MT1 = 59.83, SDT1 = 17.09). 

Though no statistically significant difference was found between surgical suite on any of the 

additional individual indices, the largest differences were observed on commissions, F(1,16) = 

2.00, p = .177, variability, F(1, 16) = 2.24, p = .154, and response style F(1, 16) = 2.28, p = .151. 

 

Exploratory Analyses 

One way and repeated measures analyses of variance were performed to further 

evaluate combinations of dependent and independent variables in an exploratory nature. 

Measures of differences on FSIQ from baseline to postoperative assessment T1 did not reveal 

any significant differences between any of the dependent variables. Results of repeated 

measures ANOVA indicate significant interaction on several indices of intelligence.  
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A significant interaction was observed between pre-post VCI scores at T1 and 

epileptogenic focus, F(1, 22) = 4.40, p = .048). Essentially, subjects with multifocal disease (MT0 

= 77.14, SDT0 = 14.09) performed slightly worse than those with unifocal disease (MT0 = 84.65, 

SDT0 = 12.32) at baseline, but this pattern reversed at T1 (unifocal MT1 = 77.71, SDT1 = 10.37; 

multifocal MT1 = 82.00, SDT1 = 6.27). A significant interaction was also observed between 

hemisphere and pre-post PRI scores at T1, F(2, 19) = 4.00, p = .035; whereby score on the 

Perceptual Reasoning Index improved for subjects with bilateral disease and declined for 

subjects with disease of the left hemisphere. Similarly, an interaction was found for WMI and 

hemisphere, F(2, 22) = 8.05, p = .002. Performance on the WMI slightly declined following 

surgery for subjects with disease in the right hemisphere (MT0 = 82.17, SDT0 = 14.22; MT1 = 

78.58, SDT1 = 12.69) and improved for those with bilateral (MT0 = 59.00, SDT0 = 10.44; MT1 = 

82.67, SDT1 = 12.86) and left hemisphere disease (MT0 = 76.60, SDT0 = 15.10; MT1 = 82.67, SDT1 = 

12.86). This result is interpreted with caution due to disproportionate sample size and the 

observation of a much higher baseline score for individuals with left hemisphere disease. 

Finally, one noticeable interaction was observed on a measure of attention. A significant 

interaction effect is observed over time on response style between subjects with complex focal 

seizures and other seizure types, F(1, 16) = 9.67, p = .007. Subjects with complex focal seizures 

slightly decreased on response style (MT0 = 51.29, SDT0 = 5.97; MT1 = 46.22, SDT1 = 3.49), 

whereas those with other seizure types increased (MT0 = 49.98, SDT0 = 5.29; MT1 = 59.23, SDT1 = 

17.29).  

An evaluation of cognitive scores at baseline by AEDs known to potentially impair 

cognitive function was performed. The eighteen subjects who had prior exposure to 
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carbamazepine scored significantly lower on FSIQ at baseline (M = 68.11, SD = 13.20) than 

those without exposure (M = 77.20, SD = 16.38), F(1,67) = 4.49, p = .038. Those same subjects 

also scored significantly lower on the Perceptual Reasoning Index (M = 78.62, SD = 14.88 vs M = 

90.08, SD = 16.49), F(1,50) = 4.95, p = .030.  Subjects with prior exposure to valproic acid (n = 

14) scored significantly lower on the Verbal Comprehension Index (M = 74.36, SD = 10.22) than 

those that had no prior exposure (M = 83.22, SD = 13.02), F(1,49) = 5.24, p = .026, and on the 

verbal memory subscale (M = 74.50, SD = 17.59 vs M = 86.63, SD = 16.31), F(1,47) = 5.29, p = 

.026.  Significant differences were not observed for Topamax in this group, though several 

subscales were marginally significant. Subjects with Topamax exposure had lower on FSIQ 

scores than those without (M = 68.76, SD = 12.29 vs M = 76.81, SD = 16.71), F(1,67) = 3.34, p = 

.072.  Similarly, they performed worse on the Working Memory Index (M = 71.75, SD = 16.82 vs 

M = 81.38, SD = 14.40), F(1,50) = 3.82, p = .056, and the Processing Speed Index (M = 73.85, SD 

= 13.59 vs M = 82.17, SD = 15.25), F(1,52) = 3.09, p = .085. No significant differences were 

observed for phenobarbital. The subscale that came closest to demonstrating a difference was 

the Verbal Comprehension Index, F(1,49) = 1.43, p = .238. 
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CHAPTER 4 

DISCUSSION 

Status of cognitive function is well-known to be a major factor in the quality of life of 

individuals living with epilepsy (Mikati et al., 2010). This was evidenced in a survey of 1,023 

patients with epilepsy who revealed that cognitive problems (e.g., memory, concentration, and 

ability to think clearly) are perceived as the most important complications associated with the 

disorder (Fisher, 2000). Thus, clinicians prescribing treatments aimed at reducing seizure 

burden must also be cognizant of the cognitive sequelae of the therapy. Unfortunately, this 

information is not often readily available. One such therapy with developing knowledge of long-

term sequelae is epilepsy surgery, especially anterior temporal lobectomy, the most common 

surgical technique (Engel et al., 2002; Wiebe, Blume, Girving & Eliasziw, 2001). 

With a reported range of 70-90% of patients who have undergone temporal lobectomy 

experiencing seizure freedom or worthwhile reduction, the appeal is clear; yet, this invasive 

neurological surgical procedure does carry risks, both neurologically and physically (Engel, 

1996; Spencer, 2003). Recent strides have been taken to increase the understanding of the 

effects, both short and long term, of temporal lobectomy. As 15 to 30 of these procedures are 

performed at Cook Children’s each year, a fair number of medical records of patients who have 

undergone temporal lobectomy since 2001 were available for review. The value of a scientific 

and systematic investigation of these existing health records was appreciated and the current 

study was developed. Thus, this study was designed as a retrospective chart review with the 

primary purpose to investigate the neuropsychological outcomes in pediatric patients 

undergoing temporal lobe surgery as they relate to undergoing temporal lobe surgery as they 
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relate to clinical, diagnostic, and therapeutic aspects of the disease. That is, the primary 

research question was:  

1. Which individual (age at onset), disease (duration of epilepsy, focality, seizure 

type(s), etiology, presurgical seizure frequency, lobe, lesionality, hemisphere), 

and therapeutic variables (prior and current AEDs) are predictive of both positive 

and negative neuropsychological outcomes following pediatric temporal lobe 

epilepsy surgery?  

A secondary purpose was then to compare the neuropsychological outcomes between 

patients undergoing temporal lobe epilepsy surgery in the iMRI and the standard operating 

suites. That research question was:  

2. How are the neuropsychological outcomes different for patients who underwent 

epilepsy resection in the iMRI versus the standard operating suite? 

As is the nature of medicine and retrospective reviews, an original sample size of 168 

patients was reduced to 77 patients in excluding subjects without baseline neuropsychological 

assessments. This was further reduced to 24 patients with at least one postsurgical assessment, 

11 patients with two postsurgical assessments and only 7 with three or more postsurgical 

assessments.  Further, the sample of subjects in this study are likely biased towards the more 

severe cases as Cook Children’s is a referral epilepsy center for a several state radius. Thus, 

patients are referred when their practitioners determine that they need additional assistance. 

At the point that some of the subjects arrived for Phase I surgical evaluation, they had already 

been exposed to a plethora of AEDs and possibly other therapies that are known to impact 

cognition, in addition to uncontrolled seizures. This is likely a contributing factor to the low 
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baseline FSIQ scores observed in this study. Additionally, while pediatric patients of all ages 

were included, the youngest patients in the cohort (< 3 years) did not undergo a complete 

neuropsychological battery making comparisons for those patients very difficult. Therefore, 

results are interpreted with caution.  

 

Research Question 1: Predictors of Neuropsychological Outcomes 

Several clinical, radiologic, and surgical variables whose predictive value had been 

previously described and/or were deemed appropriate for inclusion were included as potential 

predictors in the regression analyses of neuropsychological outcomes. One of these variables, 

age at epilepsy onset, has previously been described as an important predictor of cognitive 

outcome following temporal lobectomy (Griffin & Tranel, 2007). Defined by Powell, Polkey, and 

McMillan (1985), age greater than 11 years was considered to be “late onset.” They reported 

that subjects with late onset demonstrated poorer cognitive outcome following temporal 

lobectomy than did subjects with earlier onset. Saykin, Gur, Sussam, O’Connor, and Gur (1989) 

redefined “late onset” as greater than five years for the purpose of consistency with 

neurodevelopmental growth, as the human brain has attained approximately 96% of its adult 

size and weight by age 5 (Matsuzawa et al., 2001). With this definition, they found that subjects 

with late onset epilepsy demonstrated deterioration in verbal memory, as opposed to subjects 

with early onset who demonstrated deterioration in visual memory. Griffin and Tranel (2007) 

found similar results with a group of 66 patients with anterior temporal lobectomies. Wherein, 

patients with early onset epilepsy demonstrated relatively better outcome in several domains, 

especially verbal, than did their late onset counterparts.  
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The rationale for defining “late onset” in this study was given substantial consideration. 

Though the rationale of Saykin, Gur, Sussam, O’Connor, and Gur (1989) is consistent with 

neurodevelopmental growth, it does not take into account the stages of cognitive 

development. Consideration of Piaget’s developmental stage theory lends support to age 

seven, the end of the pre-operational stage, as an appropriate division. Children at this age 

tend to have completed the intuitive thought sub-stage, where knowledge seeking and 

primitive reasoning are emerging. Further, they have not moved to the concrete operational 

stage, which is characterized by an appropriate use of logical thinking. By including children 

through age 11, Powell, Polkey, and McMillan (1985) essentially included children whose 

thought processes are becoming more mature and “adult like.” Thus, “late onset” in this study 

was determined to be onset after 7 years of age.  

Similar to the findings of Saykin et al. (1989), subjects with late onset performed better 

at baseline than their counterparts with early onset. This is potentially due in part to the 

damage of years of seizures on the developing brain, demonstrated by the average duration of 

epilepsy of 6.48 years in the early onset group compared to 3.27 years in the late onset group. 

Postoperatively, differences were observed for full-scale IQ and the Working Memory Index 

between subjects with early onset epilepsy and those with late onset epilepsy. Though 

relatively small and only marginally significant on both measures, the group of subjects with 

late onset of epilepsy declined over time, while the group with early onset improved. Several 

plausible explanations may serve as interpretations of this observation. On one hand, multiple 

studies have demonstrated that patients with significant preoperative dysfunction tend to 

perform better at follow-up, while patients with higher cognitive functioning at baseline have a 
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higher chance of experiencing post-op decline (Miranda & Smith, 2001; Freitag & Tuxhorn, 

2005; Gleissner, Clusmann, Sassen, Elger, & Helmstaedter, 2006; Skirrow et al., 2011) Though 

possibly a regression toward the mean (Hermann et al., 1991), Skirrow et al. (2011) did not 

observe this with FSIQ changes at the first postoperative assessment in their long-term study. 

Thus, the lower preoperative baseline scores may account for some or all of this variance. On 

the other hand, prior studies have suggested that the neuroplasticity of the developing brain 

may attribute to discrepancies in these findings (Sutula, 2004).  

Further, performance on the bias or response style measure of attention indicated a 

significant pattern shift for subjects at follow-up. This is a measure of strategy and decision 

making in response and believed to reflect the extent to which an individual is likely to respond 

quickly or conservatively. Essentially subjects in both groups performed similarly and equally 

rapid and cautious. On the follow-up assessment; however, the early onset group 

demonstrated a shift toward cautious response; likely driven by a desire to make sure they are 

correct when they give a response. On the other hand, the late onset group shifted toward 

rapid response whereby they tended to respond more freely to make sure they respond to 

most or all targets with less concern for mistaken response to a non-target (Griffin & Tranel, 

2007).  

 

Neuropsychological Outcomes 

A general review of the mean scores for individual independent variables revealed a 

generally low-functioning population with an average IQ of 74, falling in the borderline range of 

intellectual functioning. A standard deviation of 15.79 aligns with the standardized scaling of 
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the measure and indicates normal spread of scores in the population. Generally speaking, no 

single subscale proved to be a noticeable deficit; however, as  the highest scored index, the 

mean score for perceptual reasoning fell into the low average range (M = 86.70). A general 

observation of the scores over time seems to indicate improvement through the second year.  

 Similarly, performance on an assessment of memory and learning revealed memory 

functioning in the low-average range for verbal memory and borderline range for visual 

memory. The same was found for indices of verbal and visual learning. As a whole, these scores 

remained fairly stable, with the exception of a brief drop in verbal memory at the first 

postoperative assessment. On the other hand, a measure of attention generally appears to 

improve over time. This is most especially noticeable in errors of perseverations. While the 

baseline scores for the sample as a whole primarily fell into the indeterminate range (i.e., a 

score just above the indiscriminate score of 50%), the mean of several domains were in the 

non-clinical range on follow-up assessments.  Finally, measures of achievement revealed low-

average academic functioning at baseline, which remained fairly stable over time. Scores for 

the last recorded assessment period were markedly lower than the baseline score for almost 

every measure. This may be indicative of a sub-group of subjects with continued cognitive 

issues and/or continued seizures returning for long-term follow-up. 

 Numerous variables were entered into regression analyses in a forward selection 

method to determine which predictors accounted for variance in each of the criterion variables. 

The variables determined to possibly account for variance in some or all of the measures are 

those with a known or suspected relationship with cognitive status including: duration of 

epilepsy, current number of AEDs, current seizure status coded as favorable or unfavorable, 
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epileptogenic focus coded as unifocal or multifocal, etiology coded as focal cortical dysplasia or 

other, preoperative seizure frequency coded as daily or less frequent, location as temporal lobe 

only or multilobar, lesionality coded as lesional or non-lesional, and hemisphere coded as left or 

right and presence or absence of bilateral disease (Hermann, 2007).   

 

Intelligence. Intelligence, the most frequently evaluated domain in cognition studies of 

epilepsy, was evaluated in relation to the independent variables.  The original intent of this 

study was to include extended follow-up to provide additional support or contradiction to the 

single published study with an extended follow-up period of greater than five years (Skirrow, et 

al., 2011). Unfortunately, due to the retrospective nature, very few subjects have assessments 

beyond the first postoperative follow-up. Thus, the follow-up period of this study aligns with 

those published to include follow-up assessment at approximately one year post surgery. This is 

unfortunate as recent empirical literature has suggested that long-term follow-up of greater 

than six years is needed to demonstrate potential cognitive improvement. Andersson-Roswall, 

Malmgren, Engman, & Samuelsson (2012) showed that verbal memory decline is less frequent 

at 10 years than at two years, suggesting that most patients reach a stable state or show partial 

recovery. Skirrow et al. (2011) found a more pronounced change with a significant increase in 

IQ of at least 10 points after an extended follow-up period of greater than five years.  

The finding that no combination of duration of epilepsy, current number of AEDs, 

current seizure status, epileptogenic focus, lesionality, location, etiology, or presurgical 

frequency was found to be a significant predictor of change in FSIQ, supports the current 

literature that short-term intellectual outcome in children after temporal lobe surgery shows 
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little or no group changes in IQ (D’Argenzio, 2011). This is consistent across intelligence 

measures, including the two indices for which significant predictors were identified. To that 

end, verbal comprehension index scores were expected to decrease postoperatively for 

subjects with identified lesions located in the left hemisphere after accounting for the other 

variables in the model, though the magnitude of change was small at 3.5 points. Conceptually, 

this is expected as left-sided lesions produce defects primarily in the learning of verbal 

information, which is the primary focus of the VCI (i.e., a measure of general verbal skills, such 

as verbal fluency, ability to understand and use verbal reasoning, and verbal knowledge). Thus, 

decreased scores from several patients with left-sided temporal lobectomies may be affecting 

the overall change score. Similarly, an interaction was observed on a pre-post analysis of VCI on 

epileptogenic focus of disease. Essentially, subjects with multifocal disease performed slightly 

worse than those with unifocal disease at baseline, but this pattern reversed at follow-up 

assessment. This could possibly represent the effect that the most prominent focus has on 

other structures and lobes in multilobar disease, wherein removal of the greatest insult allows 

for more rapid resiliency of the remaining structures. This finding is consistent with the most 

recent long-term studies of cognitive outcome which suggests that presurgical IQ was found to 

be a negative predictor of changes in IQ such that children on the low end of the IQ spectrum 

demonstrated greater improvement than those with higher IQ (Loddenkemper et al., 2007; Yu 

et al., 2009; Skirrow, 2011).  

Hemisphere was also found to play a role in change in aspects of intelligence on 

measures of working memory. Performance on the Working Memory Index slightly declined 

following surgery for subjects with disease in the right hemisphere and improved for those with 
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bilateral and left hemisphere disease. The verbal-visio-spatial distinction may provide some 

insight into this observation as the subtests comprising the WMI include digit span, letter-

number sequencing and arithmetic. These subtests all require sequential processing and thus 

likely rely heavily on the left hemisphere. One possible suggestion is that individuals with a 

focus on the left side may experience decreased performance due to inhibition of normal 

function from the epileptogenic focus and active seizures. Once this area of insult is removed, 

the normal brain can begin to fully function again.  

No other significant findings were made, though it should be noted that the baseline 

FSIQ for the subjects was on the low end of the range of published scores, though consistent 

with some studies (Liang et al., 2012). While tempting to conclude that intelligence scores did 

not change significantly over time, the current sample size limits drawing any such conclusion. 

The conclusion that can be drawn from evaluation of assessment of intelligence is that while 

lesions in the left side may negatively impact the verbal comprehension index, no other factors 

were observed to impact intelligence.  

 

Memory. As expected, over 50% of the variance in changes in verbal memory scores was 

accounted for in the model. Three independent variables in particular were significant 

contributors: duration of epilepsy, surgical resection on the left hemisphere, and preoperative 

daily seizures. Duration and frequency are both measures of the chronicity and severity of the 

insult. Every seizure can negatively impact function and cognition, thus frequent insults 

occurring over a period of years will likely affect function in the area of insult.  Further, if the 
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insult occurs in the left hemisphere, damage to the structures essential for learning of verbal 

information may be affected.  

This result parallels that of Davies, Bell, Bush, and Wyler (2005). They assessed decline in 

memory by deriving multiple regression equations using independent variables similar to those 

of the current study and found a combination of age, FSIQ, sex, side of surgery and 

preoperative score was highly predictive of postoperative memory scores.  Binder et al. (2008) 

utilized functional MRI to predict verbal memory decline after temporal lobe epilepsy surgery. 

Similar to the 23% of subjects that demonstrated decline on verbal memory in the current 

study, Binder observed memory decline in over 30% of the patients. The model of best fit for 

predicting memory performance included preoperative performance, late age at onset of 

epilepsy, and left dominance predicting memory decline. Comparable to the variance 

accounted for in this study by duration, a function of age at onset, Binder found that 

preoperative performance and age at onset accounted for approximately 50% of the variance in 

memory outcome.  

 

Attention. To this point, the results of the current study have confirmed prior research 

and ensured the sample was similar in response to that used in other studies; however, an 

evaluation of attention is limited, if not nonexistent, in the literature. In this study, measures of 

attention as observed through scores on Conners’ Continuous Performance Test were 

evaluated over time. The confidence index of the CPT-II is a discriminant function that indicates 

how closely the results of an administration match a clinical profile. Twenty percent of the 

variance in the follow-up assessment was accounted for by presence of lesion. Further, subjects 
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with nonlesional disease performed significantly better on the CPT at follow-up than those with 

lesional disease.  Additionally, though mean scores remained fairly constant with a slight drop 

overall, an evaluation of change scores reveals that 16 of the 20 (69%) subjects with follow-up 

CPT-II assessment improved on follow-up testing. While this is a general observation and not a 

statistical finding, it is worth noting.  

A second measure of attention obtained by Conner’s CPT with significant predictors was 

hit reaction time (i.e., the reaction time to all signals over all six time blocks, recorded to the 

nearest millisecond and log transformed.) In this measure, both high and low T-scores can be 

significant; such that low T-scores may be associated with impulsivity and high T scores may 

indicate inattentiveness.  Presence of bilateral disease accounted for 32.7% of variance in hit 

reaction time change; while presence of multilobar disease and baseline score accounted for 

55% of the variance in hit reaction time at follow-up assessment. This finding is understandable 

given the functions of the parietal temporal cortex in spatial orientation and relations, 

sequencing, timing and time perception (Diaz-Asper, Dopkins, Potolicchio, & Caputy, 2006). 

A significant predictive model was identified for one final measure of attention on the 

CPT, response style. The response style indicator, as described above, represents an individual's 

response tendency. Seizure type was found to account for 37.7% of the variance in change in 

response style at follow-up assessment. That is, subjects with complex focal seizures were 

expected to have lower scores on response style at follow-up assessment. This indicates that 

individuals with complex focal epilepsy may respond more rapidly following surgery. Given that 

complex focal seizures interfere with consciousness and cause an altered, somewhat dreamlike, 
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experience for which an individual is not fully in tune with their environment, seizure reduction 

or seizure freedom could most certainly result in more timely and accurate responses.  

Finally, none of the independent variables were found to predict change in the 

remaining measures. Generally, scores on all measures of attention tended to decline over 

time; indicating improved performance. However, these observations are made in relation to 

the interpretation of T-scores wherein the average score for each measure at each time point is 

proximate to the non-determinate score of T=50, indicating neither a match to the clinical or 

non-clinical normative sample.  

 

Research Question 2: Outcomes of Surgery Using iMRI 

 Since 2007 the majority of neurosurgical procedures performed at Cook Children’s for 

treatment of epilepsy have been done using the intraoperative MRI (iMRI). This technology 

allows real-time intraoperative imaging to guide surgical intervention and allows for greater 

precision in complete resection of visible lesions where appropriate. Use of iMRI during surgery 

greatly reduces the risk of damaging other areas located near a focal point and helps confirm 

successful removal of the entire epileptogenic focus prior to surgical completion. Though still in 

its infancy, a handful of retrospective studies have evaluated the impact of functional 

neuronavigation and intraoperative MRI (iMRI) on surgery. Buchfelder, Fahlbusch, Ganslandt, 

Stefan, and Nimsky (2002) found that iMRI allowed for a reliable evaluation of the localization 

and extent of resection in epilepsy surgery within the operative procedure. Sommer et al. 

(2013) reviewed 25 patient cases and found that further intraoperative resection was 

performed in 20%, following intraoperative imaging due to documented residual lesions. They 
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reported favorable postoperative seizure control, as defined by Engel Classes I and II, in 84% of 

their sample, 72% of which were seizure free.  

 Sixty-five percent of subjects in the current study who underwent neurosurgical 

procedure in the iMRI were seizure free at the one-year postoperative follow-up. An additional 

14% were Engel Class II (i.e., > 90% seizure reduction) and 5% were Engel Class III (i.e., > 50% 

reduction). Though this percentage is lower than some of the existing studies that report 80 -

90% seizure freedom (Skirrow, 2011), it is consistent with other reports of between 50 and 70% 

(Yu et al., 2009; Andersson-Roswall et al., 2012).  Proportionally fewer subjects in the iMRI 

group required a second surgery (8% vs 16%) or had a post-operative seizure in the hospital (9% 

vs 23%) than did subjects in the standard operating room group. As a significant predictor of 

overall seizure outcome, the difference in proportion of patients who experienced a 

postoperative seizure may be of greater importance than currently realized (Sommer, 2013). A 

comparison between groups on neuropsychological measures did not reveal any significant 

observations. Although no definitive conclusions can be drawn from this evaluation, these 

results indicate that iMRI likely presents similar seizure freedom and neurocognitive outcomes, 

but with less risk of a patient requiring a second surgery or experiencing a post-operative 

seizure. This is an important finding as it is well know that the best predictor of seizure freedom 

is complete resection. Inevitably, cognitive improvement will likely improve for patients who 

are seizure free after several years of follow-up as AEDs are gradually weaned.  
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Limitations and Implications for Future Studies 

Although the scientific and systematic investigation of existing health records is an 

important and valued methodology in health care research (Gearing, 2006), the major 

limitation of this study is the lack of prospective, randomized controlled data that compare 

outcomes of patients with and without neurosurgical resection. The most notable resultant 

limitations are a direct result of the archival nature of the data. This includes dependency on 

the accuracy of the original data collector to record data in the electronic medical records 

system and the information dictated in the neurosurgical reports, missing data that cannot be 

recaptured and thus greatly reduced the sample size, and difficulty in controlling bias in the 

nonrandom nature of responders to long-term follow up. That is, subjects with considerable 

decline or continued seizures returned for follow-up, but a large portion of subjects who had 

obtained seizure freedom did not return, thus the data is negatively skewed. Further, although 

the neuropsychological assessments were conducted in the series of epilepsy surgery patients, 

neuropsychological assessments were not conducted in the non-surgical patients from the 

same population. Therefore, the study was designed as a case series rather than a case-

controlled series. Similarly, the standard operating suite group typically underwent surgery 

prior to 2007, at which time the iMRI was installed. Since the installation, the Comprehensive 

Epilepsy Program has also implemented additional imagining modalities and standards to use 

during the Phase I surgical evaluation which allow for co-registration of imaging (PET, MRI, CT, 

fMRI, SPECT). These images can then be reviewed in combination with video monitoring and 

eeg monitoring to appreciate various aspects of seizure activity. These modalities have only 

been available since 2009 and may have contributed in part to any observable changes in 
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outcome as they provide a mechanism to more clearly define the epileptogenic zone.  In the 

same light, both the pathology and radiology departments have implemented new criteria for 

their respective fields, thus older reports had to be re-evaluated to match the current criteria.  

Additional limitations include the lack of a second measure of attention as it is the novel 

aspect of this study, especially a measure of auditory attention as the current measure tests 

only visual attention. The addition of a second would have strengthened the overall 

measurement and may have yielded additional supportive or differing results. Another 

limitation of this study is the referral nature of Cook Children’s. As a referral center for several 

adjacent states, the population of patients observed may be more severely cognitively 

impacted prior to surgery, thus limiting the generalizability to the population of pediatric 

patients with epilepsy.  

Yet another limitation is the use of change scores as they are sensitive to the variance of 

the sample. Additionally, change scores introduce the potential for increased error into the 

estimate of treatment effect. In light of Lord’s Paradox (1956, 1958, 1963), the baseline score 

was included as a covariate, thus increasing the likelihood of obtaining a more accurate 

estimate of the true change score. Regression using forward entry was also performed. Though, 

the number of analyses performed does increase the change of error.  

While these are indeed notable limitations, as a methodology, a retrospective chart 

review provided numerous advantages including, a relatively inexpensive method to research 

the rich, readily-accessible existing data, the ability to examine a rare therapy of a common 

condition in a longitudinal design, and most importantly, the generation of hypotheses that 

then would be tested prospectively (Hess, 2004). As such, this study has provided several 
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interesting findings of neurocognitive outcomes of temporal lobe epilepsy, but was limited in 

both design and sample size.  Results of the current study could be used to power a 

longitudinal, prospective study; a design that is greatly lacking in this area, but would be greatly 

beneficial. Understandably, the cost and commitment of a longitudinal, prospective design may 

be a limiting factor, in which case additional cases collected from other treating facilities could 

greatly increase the power of the analyses.  Given a larger sample, a latent change score 

analysis using SEM could be properly employed (McArdle et al., 2004). In addition to fully 

replicating the repeated measures ANOVA and linear general models and results, LCS is much 

broader and capable to relax assumptions (McArdle, 2009). Additionally, another measure of 

attention could be employed. This would greatly improve upon the current study as the 

measure utilized only measured visual attention. Another improvement would be a 

considerable evaluation of measures of achievement. This study had very few subjects who had 

completed achievement testing, but some observations were made. These results could be 

confirmed or refuted with a robust sample.  

Finally, a study designed as controlling bias and estimating the effect of iMRI on seizure 

and cognitive outcome would be beneficial. The subjects in this study who underwent temporal 

lobe epilepsy surgery in the iMRI were at less risk of requiring a second surgery or experiencing 

a postoperative seizure. As seizure freedom is the number one predictor of cognitive outcome, 

a study in which a tool aimed at focused, complete resection seems to offer promising 

contributions to this field. Ultimately, a prospective, multicenter study with long-term follow-up 

would provide the necessary power to confirm these results that are supported by empirical 
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literature. In doing so, patients and their families could be better informed and advised on the 

outcomes of temporal lobe epilepsy surgery.   
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CHAPTER 5 

CONCLUSIONS 

In conclusion, this study demonstrated the predictive ability of several disease-specific 

variables on neurocognitive outcomes of temporal lobectomy in pediatric patients including 

epileptogenic focus, hemisphere, multilobar disease, presence of lesion, duration of epilepsy, 

preoperative daily seizures, and seizure type. Including these variables of known and unknown 

predictors of intelligence and memory allowed for general comparison to other published trials 

focused on outcomes of intelligence and memory. The novel contributions of this study 

included the evaluation of a measure of attention and the utilization of the intraoperative MRI; 

both of which provided additional insight into additional predictors of both seizure and 

cognitive outcome. Finally, the definition of “late onset” was re-evaluated. Previous studies 

have determined this based upon arbitrary cutoffs or neurodevelopmental growth, but 

definition of this construct was determined based upon Piaget’s stages of cognitive 

development. With a selected age of seven years representing “late onset” epilepsy, these 

groups differ on measures of intelligence and attention.  

Additionally, iMRI is a useful tool for performing resections of epileptogenic foci for 

pharmacoresistant temporal lobe epilepsy with positive seizure outcomes. As has been 

suggested, postoperative seizure may be an important predictor of seizure outcome leading to 

suggestions that iMRI may actually fair slightly superior to resection in the standard operating 

suite. Additionally, with the ability to adjust for inaccuracy of coregistration due to potential 

brain shift that may occur during surgery and improve the accuracy of functional mapping and 

fiber tracking, iMRI seemingly provides for additional precision that may lead to avoidance or 
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marked reduction of postoperative neuropsychological deficits. The favorable results 

demonstrate that iMRI is a major contribution to the prevention of functional deficits in these 

patients. Ultimately, regardless of surgical suite temporal lobectomy offers patients an 

opportunity to attain seizure freedom, or at least seizure reduction. And paired with the 

knowledge that aspects of memory and intelligence are impacted by epilepsy surgery during 

the first two postoperative years followed by a likely rebound; and, epilepsy surgery may 

impact certain facets of attention, providers can provide surgical candidates and their legal 

guardians with a outcomes information to assist in making a fully informed medical decision. 
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Table 1 

Patient demographics 

 n Median Range 
Age at Time of surgery 74 12.09 1.10-21.82 
Duration of Epilepsy 74 4.42 0.06-17.59 
Age at Onset 74 4.95 0.00-17.21 
No. Follow-up Surgeries 6 1 1-3 
Handedness    

Right 59 (80%)  
Left 10 (13%)  
Undefined   5 (7%)  

Gender    
Male 42 (57%)  
Female 32 (43%)  

Hemisphere of Resection    
Right 30 (41%)  
Left 36 (48%)  
Bilateral   8 (11%)  

Resection    
Anterior Temporal Lobectomy (ATL) 56 (76%)  
Frontotemporal Lobectomy 2 (3%)  
Parietotemporal Lobectomy 1 (1%)  
Modified ATL 2 (2%)  
Temporal Lobectomy 5 (7%)  
Multiple Lobes (>2) 2 (3%)  
Tumor Excision 6 (8%)  
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Table 2 

Patient characteristics 

 n % 
Seizure Type   

Complex focal 44 59% 
Simple Focal 1 1% 
Focal Secondarily Generalized 5 7% 
Multiple 24 33% 

Etiology   
Focal Cortical Dysplasia 38 51% 
Tumor 12 16% 
MTLE 12 16% 
Stroke 5 6% 
Neurocutaneous Syndrome 3 5% 
Infection 2 3% 
Mild Malformation of Cortical Development 2 3% 

Pre-Surgical Seizure Frequency   
Daily 19 25% 
Weekly 29 39% 
Monthly or greater 27 36% 

History of Status Epilepticus 19 25% 
History of VNS 8 11% 
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Table 3 

Physical and neuropsychological comorbidities 

 n % 
Physical Comorbidities   

Tumor 7 9% 
Cerebral Palsy 4 5% 
Insulin-Dependent Diabetes 1 1% 
Essential Hypertension and Tachycardia 1 1% 
Tuberous Sclerosis 1 1% 

Neuropsychological Comorbidities   
Mood Disorder 24 32% 
ADHD 10 14% 
Mental Retardation 8 10% 
Anxiety 7 9% 
Dementia 7 9% 
Oppositional Defiant Disorder 5 7% 
Pervasive Developmental Disorder 4 5% 
Developmental delay 3 4% 
Expressive Language Disorder  3 4% 
Learning Disabilities 3 4% 
Obsessive-Compulsive Personality Disorder 3 4% 
Conduct Disorder 2 3% 
Selective Mutism 2 3% 
Suicidal ideation 2 3% 
Intermittent Explosive Disorder 1 1% 

Note. Some patients have more than one comorbidity.  

Table 4 

Engel classification scale for follow-up at T1, T2, and T3 

         T1       T2       T3 
 n % n % n % 
Class I 35 66.0 19 59.4 13 56.5 
Class II 5   9.4 5 15.6 3 13.0 
Class III 5   9.4 5 15.6 4 17.4 
Class IV 8 15.1 3 9.4 3 13.0 
Notes.  Engel Class I: free of disabling seizures 
 Engel Class II: rare disabling seizures (i.e., >90% seizure free) 
 Engel Class III: Worthwhile improvement (i.e., >50% seizure free) 
 Engel Class IV: No worthwhile improvement (i.e.,<50% seizure free) 

63 



Table 5 

Descriptive statistics for measures of intelligence, attention, memory and learning, and 

achievement 

Scale 

Baseline  T1  T2  T3 
n    M    SD   n    M    SD  n    M   SD  n    M   SD 

FSIQ 72 74.61 15.79  28 74.54 15.17  13 78.31 13.93  10 64.50 13.04 
VCI 52 80.83 12.73  25 78.96 10.31  12 81.92 13.23  9 73.78   8.76 
PRI 54 86.70 17.07  22 83.14 17.17  12 80.00 12.37  8 72.63   8.02 
WMI 53 79.06 15.24  26 81.19* 15.35  12 85.17* 15.75  8 75.63 19.18 
PSI 55 79.73 15.38  24 80.25 17.39  12 81.08 17.51  9 75.78 12.88 
Verbal Memory 50 83.20 17.23  27 77.37* 15.49  10 81.40 21.19  7 74.71 18.26 
Visual Memory 49 76.12 14.73  25 76.60 13.67  10 73.90 15.46  7 70.14 13.06 
Verbal Recognition 47 83.68 17.29  24 84.75 18.04  7 88.00 * 20.23  6 73.50 15.48 
Visual Recognition 42 81.40 13.09  21 79.86 16.57  6 78.67 11.11  5 82.40*   6.19 
CPT-II 47 57.47 23.16  26 55.55 24.93  12 52.84 23.13  7 67.96 25.61 
Omissions 45 64.45 28.67  20 58.23 21.42  10 51.81   8.67  6 80.32 18.19 
Commissions 46 50.82 10.82  20 52.06 13.14  10 45.34 10.70  6 61.70 18.75 
Hit Reaction Time 46 62.81 17.12  20 57.89 15.35  10 61.12 18.48  6 60.49 13.56 
Variability 46 54.39 12.09  20 51.70 11.36  10 49.89   8.57  6 65.16 12.86 
Detectability 47 51.53 12.24  20 53.53 14.86  10 45.52 12.98  6 50.20   8.72 
Response Style 46 56.72 14.11  20 51.81 12.48  10 57.48 20.76  6 54.50   9.22 
Perseverations 46 52.31 10.54  20 54.81 17.28  10 46.50*   1.52  6 77.03 59.58 
Word Reading 23 80.57 12.72  10 85.90* 18.46  3 76.67 19.01  2 65.50 31.82 
Spelling 21 81.43 15.11  17 78.76 14.14  9 82.00 16.18  5 53.80 25.05 
Reading Comprehension 34 83.03 17.13  16 77.63** 16.41  9 82.78 14.35  3 63.00   4.00 
Number Operations 32 78.03 20.72  16 78.94 16.90  8 77.75 12.29  4 67.00 14.90 
Math Problem Solving 35 78.23 18.87  8 78.25 11.41  - - -  - - - 

Notes. Paired samples t-tests were performed at each time point compared to baseline score. 
Scores that were found to differ statistically from baseline are noted. 
* p <.10, ** p <.05
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Table 6 

Descriptive statistics for measures of intelligence* 

Scale 
Baseline (T1)  T1  Baseline (T2)  T2 
n    M    SD       M SD  n M   SD   M   SD 

FSIQ 28 75.20 14.77   74.54 15.17  13 73.60 17.30   78.31 13.93 

VCI 25 82.19 13.74   78.96 10.31  12 82.77 13.29   81.92 13.23 

PRI 22 87.75 18.84   83.14 17.17  12 86.25 17.32   80.00 12.37 

WMI 26 78.56 15.80   81.19* 15.35  12 77.67 16.18   85.17* 15.75 
PSI 24 79.11 15.70   80.25 17.39  12 77.15 19.22   81.08 17.51 

Notes. *Current versioned age-appropriate Wechsler scales (WISC, WAIS, and WPSSI) were 
used for this assessment. The only significant difference was observed in WMI: T1, t(24) = -1.83, 
p = .080, and T2, t(10) = -2.05, p = .067. 

 

Table 7 

Descriptive statistics for measures of memory and learning* 

Scale 
Baseline (T1)  T1  Baseline (T2)  T2 
n M    SD       M SD  n M SD   M   SD 

Verbal Memory 27 82.93 18.30 
  

77.37* 15.49 
 

10 80.64 23.67 
  

81.40 21.19 

Visual Memory 25 79.08 14.96 
  

76.60 13.67 
 

10 74.20 16.07 
  

73.90 15.46 

Verbal Recognition 24 82.56 16.50 
  

84.75 18.04 
 

7 80.64 21.49 
  

88.00* 20.23 

Visual Recognition 21 82.00 12.77 
  

79.86 16.57 
 

6 83.63 10.50 
  

78.67 11.11 

Notes. *Wide Range Assessment of Memory and Learning  (WRAML) was used for this 
assessment. Two subscales revealed significant differences: Verbal Memory from baseline to 
T1, t(25) = 2.16, p = .041  and Verbal Recognition from baseline to T2,  t(6) = -2.38, p= .055.  
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Table 8 

Descriptive statistics for measures of attention* 

Scale 
Baseline (T1)  T1  Baseline (T2)  T2 
n    M    SD      M    SD  n    M   SD   M   SD 

CPT-II 26 60.14 22.92   55.55 24.93  12 50.90 14.27   52.84 23.13 
Omissions 20 62.61 18.16   58.23 21.42  10 53.73 12.16   51.81   8.67 
Commissions 20 51.99 10.39   52.06 13.14  10 49.42 12.09   45.34 10.70 
Hit Reaction Time 20 63.69 16.69   57.89 15.35  10 54.29 15.31   61.12 18.48 

Variability 20 56.17 9.95   51.70 11.36  10 51.22 12.33   49.89   8.57 
Detectability 20 51.32 14.04   53.53 14.86  10 51.05 12.38   45.52 12.98 
Response Style 20 55.35 10.85   51.81 12.48  10 53.43 11.07   57.48 20.76 
Perseverations 20 54.15 12.78   54.81 17.28  10 48.39 2.39   46.50   1.52 
Notes. *Conner’s Continuous Performance Test (CPT-II) was used in this assessment.  
Conversions were made for scores on the CPT-II so that high T-scores (i.e., >= 60) indicate poor 
performance.   

 

Table 9 

Descriptive statistics for measures of achievement 

Scale 

Baseline (T1)  T1  Baseline (T2)  T2 
n    M    SD      M    SD  n    M   SD      M   SD 

Word Reading 10 81.79 14.46   85.90* 18.46  3 75.43 7.50   76.67 19.01 
Spelling 17 87.85 17.91   78.76 14.14  9 81.43 6.83   82.00 16.18 
Reading Comprehension 16 80.39 17.02   77.63** 16.41  9 82.67 16.77   82.78 14.35 
Number Operations 16 81.00 21.00   78.94 16.90  8 79.38 13.14   77.75 12.29 
Math Problem Solving 8 81.79 14.46   78.25 11.41  - - -   - - 
Note. *Wechsler Individual Achievement Test (WIAT) was used to measure achievement.   
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Table 10 

Pre-post comparison of mean scores for measures of intelligence, attention, memory and 
learning, and achievement on group of age of onset  
 
 Early Onset  Late Onset 

n M1 SD1 M2 SD2  n M1 SD1 M2 SD2 
FSIQ  18 73.78 14.35 73.61 15.79  9 82.33 16.13 77.00 15.30 
VCI 14 82.36 14.15 79.57 7.10  10 82.60 12.01 78.10 12.39 
PRI  12 81.00 18.38 80.67 18.20  10 92.70 21.04 86.10 16.29 
WMI  13 77.15 15.50 83.85 12.95  12 77.17 16.19 81.33 15.02 
PSI  13 78.62 14.23 80.46 17.84  11 81.64 16.43 80.00 17.71 
Verbal Memory 14 81.64 20.95 77.71 15.93  12 85.17 16.07 78.50 15.32 
Visual Memory 12 77.67 12.09 75.33 16.75  11 79.55 17.64 79.45 8.89 
Verbal Recognition 9 83.56 15.02 91.33 21.07  12 83.83 17.70 82.50 16.74 
Visual Recognition 10 77.17 16.06 83.33 18.45  6 81.80 13.74 77.40 18.52 
CPT-II* 13 67.21 23.90 59.65 25.59  10 49.62 21.48 49.99 20.61 
Omissions* 8 63.24 11.97 64.52 30.40  10 55.29 12.33 51.98 9.33 
Commissions* 8 54.91 10.62 49.45 12.89  10 53.72 8.19 55.37 14.14 
Hit Reaction Time* 8 61.03 13.48 58.65 12.67  10 56.53 14.53 56.28 18.02 
Variability* 8 58.77 6.38 54.17 12.86  10 54.79 9.18 49.99 8.50 
Detectability* 8 51.68 11.22 52.45 16.69  10 49.13 17.32 54.80 15.33 
Response Style* 8 50.83 4.45 58.61 17.67  10 50.61 6.54 46.71 3.95 
Perseverations* 8 48.91 1.94 59.30 20.14  10 51.06 6.50 51.51 16.10 

Notes: *Conversions were made for scores on the CPT-II so that high T-scores (i.e., >= 60) 
indicate poor performance  

 

Table 11 

Summary of multiple regression analysis for verbal memory (N=25) 

 Variable B SE(B) β t Sig. (p) 
Step 1      
 Duration 1.68 0.45 0.59 3.77 .001 
Step 2      
 Hemisphere -10.76 3.76 -0.44 -2.86 .009 
Step 3      
 Seizure Frequency -8.42 3.90 -0.33 -2.16 .043 
 R2 .63     
 F for change in R2 8.33*     
Notes. R2 = .26 for Step 1; ∆R2 = .17 for Step 2 (p =.02); ∆R2 = .11 for Step 3 (p =.04) 
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Table 12 

Engel classification scale between subjects with neurosurgical procedure in iMRI vs standard 

operating suite at follow-up at T1, T2, and T3 

 iMRI Group  Standard Group 
 T1 T2 T3  T1 T2 T3 
 n % n % n %  n % n % n % 
Class I 23 65.7 14 58.3 8 57.1  12 66.7 5 62.5 5 55.6 
Class II 5 14.3 4 16.7 2 14.3  0 0 1 12.5 1 11.1 
Class III 2 5.7 4 16.7 2 14.3  3 16.7 1 12.5 2 22.2 
Class IV 5 14.3 2 8.3 2 14.3  3 16.7 1 12.5 1 11.1 
Notes.  Engel Class I: free of disabling seizures 
 Engel Class II: rare disabling seizures (i.e., >90% seizure free) 
 Engel Class III: Worthwhile improvement (i.e., >50% seizure free) 
 Engel Class IV: No worthwhile improvement (i.e.,<50% seizure free) 
 

Table 13 

Intelligence test scores grouped by surgical suite 

  iMRI  Standard OR 
Measure Period n M SD  n M SD 
FSIQ Baseline 17 75.41 15.22  10 78.70 12.31 

Postoperative 17 73.88 16.54  10 76.20 14.00 
VCI Baseline 15 83.60 13.53  9 80.56 12.68 

Postoperative 15 78.13   9.30  9 80.33 10.07 
PRI Baseline 14 83.29 22.39  8 91.63 14.99 

Postoperative 14 83.71 18.34  8 82.13 16.06 
WMI Baseline 17 76.29 15.31  8 79.00 16.79 

Postoperative 17 79.76 11.23  8 88.75 17.22 
PSI Baseline 16 81.13 17.41  8 77.75   9.08 

Postoperative 16 78.31 17.74  8 84.13 17.25 
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Table 14 

Attention scores grouped by surgical suite 

  iMRI Standard OR 
Measure Period n M   SD n M   SD 
CPT-II Baseline 15 62.08 23.53 8 54.85 26.00 

Postoperative 15 60.90 25.52 8 45.22 16.05 
Omissions Baseline 12 58.65 11.84 6 59.17 14.89 

Postoperative 12 60.50 25.67 6 51.67   8.82 
Commissions Baseline 12 54.46   8.79 6 53.83 10.46 

Postoperative 12 49.62 12.61 6 59.00 14.24 
Hit Rate Baseline 12 59.21 15.38 6 57.17 11.34 

Postoperative 12 56.58 11.16 6 58.83 23.16 
Variability Baseline 12 57.51   7.05 6 54.67 10.35 
 Postoperative 12 53.60 10.94 6 48.33   9.56 
Detectability Baseline 12 53.65   9.90 6 43.50 20.60 
 Postoperative 12 50.42 14.45 6 59.83 17.09 
Response Style Baseline 12 50.57   5.95 6 51.00   5.18 
 Postoperative 12 54.75 15.45 6 46.50   3.33 
Perseverations Baseline 12 50.41   4.84 6 49.50   5.75 

Postoperative 12 55.21 17.06 6 54.50 21.16 
 

Table 15 

Memory and learning scores grouped by surgical suite 
 

  iMRI Standard OR 
Measure Period n M SD n M SD 
Verbal Memory Baseline 16 85.63 19.42 10 79.50 17.46 

Postoperative 16 77.06 14.67 10 79.70 17.05 
Visual Memory Baseline 13 77.15 15.39 10 80.40 14.29 

Postoperative 13 77.15 15.39 10 79.38 15.32 
Verbal Recognition Baseline 13 82.85 15.81 8 85.13 17.84 

Postoperative 13 83.92 18.93 8 90.13 19.06 
Visual Recognition Baseline 9 78.44 13.35 7 82.14 16.26 

Postoperative 9 76.67 15.85 7 83.43 21.33 
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Figure 1. Baseline FSIQ grouped by age at onset. This figure demonstrates a significant 

correlation between age of onset and baseline FSIQ where subjects with “early onset” (shaded 

in blue) received significantly lower scores at baseline than did their “late onset” (shaded in 

green) counterparts, r=.373, p = .001.  
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