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ABSTRACT 

The Intracarotid amobarbital procedure (IAP) is considered an essential 

part of the presurgical neurodiagnostic evaluation in most epilepsy centers 

throughout the country. Despite the IAP’s mainstream use, there is great 

variability in how the test is being performed across centers.  The main purpose of 

this study was to validate a standardized IAP memory measure and explore its 

value in predicting lateralization as well as treatment outcome.  The IAP memory 

measure had good overall reliability for all three Forms (Cronbach’s Alpha = .85 



vii 

for Form I, .83 for Form II, and .69 for Form III).  The majority of items on Form 

I and II had acceptable item difficulty values, item discrimination values, and 

item-total correlations.  There were a few items on Forms I and II that may be 

candidates for revision, but most items were only slightly below predicted ranges 

for what defines a “good” measure, and the majority of items contributed to the 

reliability of the test.  In terms of construct validity, correlations with other 

memory tests provided some evidence of convergent validity for the IAP memory 

measure, but were generally low.   In terms of divergent validity, both Forms I 

and II had low or no correlations with the executive functioning measures, 

providing preliminary support for the construct validity of the measure.  When 

utilizing a discrepancy score to predict lateralization in subjects with temporal 

lobe epilepsy, asymmetry scores from the IAP memory measure were able to 

classify 92% of subjects with either left or right TLE after applying a correction 

factor for left injection scores. There was limited data regarding post-operative 

seizure outcome. However, seizure-free subjects had a higher percentage of DS 

greater than 20% than those subjects who reported at least one seizure 

postoperatively.  In addition, there was a significant difference on Form I of the 

IAP memory measure between subjects who reported they were seizure free 

following temporal resection as compared to subjects who continued to report 

symptoms.  Overall, the IAP memory measure demonstrated good psychometric 
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properties and this study represents one of the most thorough analyses of the IAP 

memory test to date.       
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Chapter One: Introduction 

A seizure is an excessive and abnormal electrical discharge of neurons in 

the brain evidenced by behavioral or Electroencephalography (EEG) changes, or 

both (Guberman, 1994).  The term "epilepsy" encompasses a number of different 

syndromes manifested by recurrent unprovoked seizures. Epilepsy is one of the 

most common neurological problems worldwide. Approximately two million 

people in the United States suffer from epilepsy, and three percent of people in the 

general population will have epilepsy at some point in their lives (Wyllie, 2001).   

Epilepsy syndromes fall into two main categories: generalized and focal 

syndromes.  In generalized epilepsies, the predominant type of seizure begins 

simultaneously in both cerebral hemispheres. Many forms of generalized epilepsy 

have a strong genetic component and in most, there is no distinct lesion.  

Generalized motor seizures are often characterized by loss of consciousness, 

generalized tonic-clonic movements of the limbs, tongue biting, and incontinence.  

In focal epilepsy, seizures originate in one or more localized foci, although they 

can sometimes spread throughout the entire brain. Focal seizures are classified as 

either simple (without alteration of consciousness) or complex (with an alteration 

of consciousness; Sadock & Sadock, 2003). Most focal epilepsies are believed to 

be the result of one or more central nervous system insults, but in many cases the 

nature of the insult is not identified (Chang & Lowenstein, 2003).   Approximately 

50% of individuals with epilepsy have focal epilepsy (Guberman, 1994). 
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Approximately 20% of individuals with epilepsy have seizures that cannot 

be controlled by antiepileptic drugs.  It has been estimated that half of these 

individuals are potential candidates for surgical treatment (Engel & Shewmon, 

1993).   Correct lateralization and localization of epileptogenic origin is critical to 

the success of resective surgery in order to minimize damage to nearby regions of 

the brain.  To assist in seizure localization, an extensive neurodiagnostic 

evaluation involving EEG, structural and functional neuroimaging techniques, the 

Intracarotid Amobarbital Procedure (IAP), and neuropsychological assessment is 

conducted on potential surgical individuals (Rausch et al., 1993).  

The IAP is commonly included as part of the evaluation process and was 

first proposed in 1949 by Dr. Juhn Wada as a method to determine hemispheric 

lateralization of language functions (Wada, 1949).  This technique involves the 

injection of sodium amobarbital through a catheter into the internal carotid artery. 

The ipsilateral hemisphere of the brain becomes anesthetized, leaving the 

hemisphere contralateral to the injection to function in isolation. Impairment of 

speech functions during this process became the “gold standard” for determining 

language dominance.   

  Milner, Branch, and Rasmussen (1962) extended the use of the IAP to 

include assessment of hemispheric memory competence prior to performing 

temporal lobectomy for treatment of intractable temporal lobe epilepsy (TLE).  To 

assess memory performance during IAP, a subject is typically asked to recall 
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items presented when the functions of one hemisphere are suppressed by the 

amobarbital.  Use of the IAP for this purpose was further prompted by reports of 

global amnesia following unilateral temporal lobectomy (Corkin, 1984).   The 

IAP was soon utilized by epilepsy centers across the country as a procedure useful 

in isolating the memory capabilities of each hemisphere and helping neurologists 

identify individuals with severe memory impairment contralateral to the site of 

surgical resection (Simkins-Bullock, 2000).   

 Use of the IAP to assess memory capabilities is quite common.  A survey 

of 53 epilepsy surgery centers found that 98% use the IAP to assess hemispheric 

language dominance and memory functions prior to surgical resection of the 

temporal lobe (Rausch et al., 1993). Memory assessment during the IAP typically 

involves the presentation of a combination of pictures, objects, or words during 

the period of hemispheric anesthetization followed by recall or recognition of the 

information previously presented.  Despite its widespread use, there is not a 

widely standardized administration procedure or means of evaluating memory 

function.   Trenerry and Loring (1995) hypothesized that there are as many 

variations in IAP memory testing procedures as there are centers, making it 

difficult to compare outcome data across settings.   

 Multiple sources of variation in IAP memory testing protocols exist. There 

are differences in the manner in which the actual IAP is administered, including 

amount of drug injected, type of drug utilized, and rate of drug administration.  
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Substantial variability also exists in memory testing procedures administered 

during the IAP.  Centers vary widely in terms of type and number of memory 

stimuli presented, timing of stimulus presentation, method of memory testing (e.g., 

free recall versus forced-choice recognition), timing of recognition testing, and 

the definition of a “passing” or “failing” performance (Rausch et al., 1993).  

Important patient management decisions are made on the basis of IAP memory 

testing results, including the nature and extent of temporal lobe resection and, in 

some cases, whether surgery is performed at all.  It is clear that current IAP 

memory procedures vary widely by evaluating different types of memory (recall 

versus recognition) at different points in time (during anesthetization of post-drug 

effects), and with different methods of interpreting the resultant data.  These 

discrepancies pose limitations to widespread interpretation and application of IAP 

results, and highlight the need for a standardized method of testing memory 

functions during the IAP.   
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Chapter Two: Temporal Lobe Epilepsy 

   TLE is a type of focal epilepsy defined as recurrent seizures most often 

originating from mesial temporal lobe structures, although seizures can also arise 

from lateral temporal lobe structures.  Approximately 80% of complex partial 

seizures arise from the temporal lobes, and TLE is the most common form of 

epilepsy in adults, affecting approximately 3 in 1,000 people (Sadock & Sadock, 

2003).  Of the 1,200,000 Americans with focal epilepsy, TLE occurs in over 

400,000.  The onset of TLE is often in early childhood, but in approximately one 

third of the patients, seizures typically disappear for several years, returning in the 

teens or early adulthood (Kasper, 2005).  A history of febrile convulsions is found 

in approximately 40% of cases of intractable TLE (Devinsky, 2004).  TLE can be 

subclassified into mesial temporal lobe epilepsy (MTLE) and lateral temporal 

neocortical epilepsy. This subclassification is useful, because MTLE comprises 

the majority of the cases of epilepsy refractory to pharmacotherapy (Babb & 

Brown, 1987). 

 Typical mesial temporal lobe seizures usually begin with auras such as a 

sensation of epigastric rising, emotional features (most commonly fear), and 

occasionally psychic symptoms or olfactory or gustatory hallucinations, all 

indicating involvement of mesial temporal limbic structures (Guberman & Bruni, 

1999). Once the seizure progresses, individuals frequently lose awareness and 



Validation of IAP Memory Measure  19 

 

stare blankly.  Automatisms or nonpurposeful movements are common including 

chewing, lip smacking, or swallowing, or more elaborate behaviors such as a 

display of extreme emotion or running.   This phase lasts a minute or so, during 

which the patient is amnestic and apparently unaware of the environment. Then 

there is a subtle transition to increased environmental responsiveness, with more 

coordinated and purposeful activity, including intelligible verbalization. The ictal 

phase usually lasts 2 or 3 minutes and rarely more than 5 minutes (Davenport, 

1998). Afterwards there is confusion for varying periods of time, and the 

individual may experience some postictal aphasia if the seizures began in the 

language-dominant hemisphere. (Chang & Lowenstein, 2003). 

Individuals with TLE often show impairments in attention, memory, 

processing speed, executive functions, mood, and personality.  The most common 

interictal cognitive complaint is impaired memory.  In terms of emotional 

symptoms, interictal depression occurs in approximately one third of TLE 

individuals.  Nearly 20% of individuals with TLE report suicidal ideation and 

suicide rates in TLE are more than 10 times higher than in the general population 

(Devinsky, 2004).   

TLE is treated with medications, vagus nerve stimulation, and resective 

surgery.  Approximately one-third of patients with epilepsy do not respond to 

treatment with a single antiepileptic drug, and it becomes necessary to try a 

combination of drugs to control seizures (Kasper, 2005).   An estimated 90% of 
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hippocampal atrophy cases are intractable.  Patients with MTLE have a much 

lower response to medication and an estimated 75% of patients with MTLE fail 

most forms of medical treatment aside from surgical resection (Spencer, 2002).   

If adverse effects develop from one antiepileptic drug (AED), another 

monotherapy is usually tried.  When seizures persist despite high concentrations 

of AEDs in the blood, a trial of two AEDs is sometimes recommended.  When 

monotherapy fails, two AEDs will improve seizure control in more than one third 

of individuals, albeit with only 10% experiencing full control of seizures 

(Devinsky, 2004).   

The vagus nerve stimulator (VNS) is a relatively new nonintracranial 

surgical approach to the treatment of epilepsy.  Vagus nerve stimulation involves 

the implantation of an electric device that stimulates the vagus nerve and thus 

reduces seizure activity. The vagus nerve is one of the cranial nerves and has 

motor functions in the larynx (voice box), autonomic functions in the 

gastrointestinal system and heart, and sensory functions in the ears and tongue. 

Stimulation of the vagus nerve is thought to affect connections to areas in the 

brain that are prone to seizure activity although its precise mechanism of action is 

not entirely clear.  Individuals with complex partial seizures who do not respond 

to anticonvulsant medication and who are not good candidates for resective 

surgery are often considered for vagus nerve stimulation therapy (Devinsky, 

2004).  Approximately one-third to one-half of individuals implanted with VNS 
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have greater than 50% seizure reduction when used in addition to medication 

therapy (Guberman & Bruni, 1999).  However, VNS rarely provides full seizure 

control and medication reductions are modest when VNS is used as adjunctive 

therapy (Devinsky, 2004).  

  Individuals with temporal lobe seizures who are nonresponsive to 

medication are  diagnosed with refractory epilepsy (Engel, 1996).  Epilepsy 

surgery is frequently considered in these individuals since approximately 60% to 

80% of individuals are rendered seizure-free after temporal lobectomy (Devinsky, 

2004).    Correct lateralization and localization of epileptogenic origin is critical to 

the success of resective surgery in order to minimize damage to nearby regions of 

the brain.  Accurate localization is often difficult and it is estimated that only 10% 

to 15% of individuals with refractory partial seizures undergo surgical resection, 

in part due to the difficulty in localizing the seizure focus (Devous, 1995).     

To facilitate correct localization, an extensive neurodiagnostic evaluation 

is conducted to help determine the seizure focus. EEG, the IAP, brain imaging, 

and neuropsychological testing are common parts of a comprehensive assessment 

of surgical candidates.  Twenty-four hour EEG and video monitoring is common 

for surgical candidates and usually takes place on an epilepsy monitoring unit 

(EMU).  It is often necessary to reduce AEDs to precipitate seizures during this 

period of monitoring, and some centers reduce medication abruptly while others 
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tailor AED treatment to each individual patient based on seizure frequency.  

(Rausch et al., 1993).     

Neuroimaging is an initial part of the neurodiagnostic evaluation since it is 

useful in detecting the presence of hippocampal sclerosis, a common lesion found 

in many individuals with TLE.  In hippocampal sclerosis, there is selective loss of 

neurons in the hippocampus.  More specifically, the CA2 region is relatively 

spared in terms of cell loss, while approximately 75% of CA1 cells and 50% of 

CA3 neurons die (Wieser et al., 1993).  The dense gliosis that accompanies the 

loss of neurons causes shrinkage and hardening of tissue. The term "mesial 

temporal sclerosis" has also been used for this lesion, because often there is 

neuronal loss in the neighboring entorhinal cortex and amygdala (Chang & 

Lowenstein, 2003).   Although structural changes are concentrated in the 

hippocampus, amygdala, and adjacent limbic cortex, functional disturbances are 

more extensive.  Hypometabolism on positron emission tomography (PET) in 

TLE patients often involves the entire temporal lobe as well as the ipsilateral 

thalamus (Duchowny, Harvey, Sperling, & Williamson, 1998).  There continues 

to be great debate and uncertainty as to whether hippocampal sclerosis is a cause 

or an effect of seizures (Chang & Lowenstein, 2003).  Detection of mesial 

temporal sclerosis is important, since 80% of individuals with this lesion can 

expect to become free of disabling seizures following anterior temporal 

lobectomy (Guberman & Bruni, 1999).   
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The neurodiagnostic evaluation often involves neuropsychological 

evaluation, which consists of using standardized, measures to characterize 

patients’ neurocognitive functioning.  While the specific neuropsychological 

measures used in the evaluation vary from center to center, the overall test battery 

typically encompasses a common set of neuropsychological abilities.  Among 

these cognitive domains are measures of global intelligence, attention and 

concentration, learning and episodic memory, language, fine motor skills, and 

executive functioning (e.g., problem solving, mental flexibility, abstract reasoning; 

Trenerry, 1996). Neuropsychological assessment is currently the best available 

means of quantitatively describing a patient’s cognitive status.   

Memory testing is an important part of neuropsychological testing in 

individuals with epilepsy (Rausch, Le, & Langfitt, 1997).  Memory tests 

traditionally include measures that involve the recollection of verbal (e.g., word 

lists or stories) or visual information (e.g., geometric designs).  The 

neuropsychological evaluation provides a baseline assessment of cognitive 

abilities prior to surgery and allows the opportunity for individuals to be retested 

following surgery as a means of comparing pre and post-surgical cognitive 

functioning (Rausch et al., 1993).    

In addition, neuropsychological testing can yield diagnostic information 

that aids determining the location or lateralization of the seizure focus  (Snyder & 

Nussbaum, 1998).   More specifically, left hemisphere lesions, particularly those 
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involving the left temporal lobe, tend to result in lower performance on tasks 

involving verbal learning and recall.  Similarly, lesions in the right hemisphere are 

often associated with lower performance on learning and recall of spatial or 

nonverbal information.  Consequently, neuropsychological profiles offer useful 

information which can aid in determining lateralization of seizure focus.  

Neuropsychological evaluations are also frequently used to estimate 

neuropsychological outcome following surgical resection particularly with respect 

to memory functions.  Investigators have long sought methods for identifying 

individuals who are most at risk for developing memory complications following 

surgery.  Chelune (1995) explored two hypotheses regarding memory functioning:  

hippocampal adequacy versus functional reserve.  The functional reserve model 

asserts that the contralateral temporal lobe to resection is more predictive of 

patients at risk for developing post surgical memory deficits.  Therefore, if 

temporal resection is to occur on the left side, then poor IAP memory scores on 

the right side would signify the likelihood of memory deficits. The hippocampal 

adequacy model states that the functioning of the temporal lobe where resection is 

to occur is more predictive of patients at risk for developing relative memory 

losses (Chelune, 1995).  There is evidence from baseline neuropsychological 

studies and IAP investigations that the functional adequacy of the tissue to be 

resected in the ipsilateral temporal lobe determines the nature and extent of 

memory loss following surgery.  While there is debate as to which hypothesis is 
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more predictive of memory outcome following surgical resection, many 

neuropsychologists consider both theories when interpreting results.  



 

26 

Chapter Three: Intracarotid Amobarbital Procedure (IAP)   

 The IAP or Wada has become the “gold standard” for assessing 

hemispheric language dominance (Alpherts, Vermeulen, & van Veelen, 2000).   

The procedure involves injecting sodium amobarbital, a barbiturate, into one of 

the carotid arteries through a catheter placed in the femoral artery.  The 

barbiturate temporarily anesthetizes the portion of the ipsilateral cerebral 

hemisphere perfused by the anterior and middle cerebral arteries for 

approximately five minutes. While one hemisphere is inactivated, language 

functions such as confrontation naming, repetition, and reading are assessed 

(Simkins-Bullock, 2000).   

The first attempts to anesthetize the brain were made in the early 1940’s 

when a Canadian neurologist named Juhn A. Wada developed a technique to 

inactivate certain brain regions (Snyder & Harris, 1997).   Ironically, Wada’s 

development of the IAP technique was somewhat fortuitous, as his primary aim 

was to use sodium amobarbital as a means to improve efficacy of 

electroconvulsive therapy (ECT) for treating psychiatric individuals with 

depression or psychosis.  His goal was to use the IAP to determine speech 

dominance in order to place ECT electrodes closer to the non-speech dominant 

hemisphere.   

In 1962, Brenda Milner and colleagues extended the use of the IAP to 

predict postsurgical amnesia.  Milner originally advocated for the use of memory 
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assessment during the IAP to determine whether significant mesial temporal lobe 

damage contralateral to the proposed resection was present.  Her rationale was 

that after amobarbital injection there should not be any memory deficit unless 

there is a lesion in the hemisphere contralateral to injection.  However if there is a 

lesion, then the temporary inactivation of the “normal” hemisphere by the 

amobarbital should transiently produce memory deficits characteristic of 

individuals with a hippocampal lesion (Milner et al., 1962). Milner and colleagues 

examined the use of the IAP for memory assessment in 50 individuals undergoing 

the IAP for speech lateralization.  They found significant memory impairment (on 

recall of pictures of common objects presented prior to injection) in 11/50 

individuals who were injected contralateral to the side of the seizure focus (Milner, 

Branch, & Rasmussen, 1962).  Milner later replicated her findings in 226 

individuals undergoing the IAP.  She found a significant relationship between 

errors in recalling the pictures of objects and the side of pre-existing lesion 

(Milner, 1972).  Milner’s studies were the first to demonstrate how the IAP might 

be used to assess memory in individuals with a pre-existing lesion.   

The IAP is a popular procedure and continues to be used throughout 

epilepsy centers around the world.  At the 1992 Palm Desert Epilepsy Surgery 

Conference, 71 epilepsy surgery centers participated in a survey in order to gather 

more information about IAP’s uses and procedures (Rausch et al., 1993).  Of the 

71 surgery centers, 68 reported using the IAP in epilepsy surgery candidates.  The 
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three not performing the IAP included a center in Russia, one in Italy and a new 

epilepsy center in the United States.  Survey responses reported over 1,569 

standard IAP procedures being performed each year.  This figure is an obvious 

underestimate since there were many epilepsy centers who did not participate in 

the survey.  The majority of epilepsy centers reported using the IAP for assessing 

both language and memory in temporal lobe surgery candidates (Rausch et al., 

1993).   

Certain aspects of the IAP appear common to most epilepsy centers 

(Acharya & Dinner, 1997).  In most centers, a cerebral angiogram is performed 

shortly before the IAP to evaluate the vascular anatomy and to assess the degree 

of hemispheric cross-flow.  This is important in order to document any anomalous 

patterns that may influence the distribution of the drug or affect the interpretation 

of results. The angiogram is also used to detect basilar artery filling which could 

cause the patient to lose consciousness and stop breathing.  Following the 

angiogram a catheter is inserted in the internal carotid artery via the femoral 

artery.  The patient is then asked to keep his/her arms elevated and is told to start 

counting aloud.  Sodium amytal is then injected over several seconds.  The 

contralateral arm drops as hemiplegia quickly develops.  If the dominant 

hemisphere is injected, global aphasia typically develops and the patient becomes 

mute for a brief period (usually 2-3 minutes).  Speech then returns but paraphasic 

errors are common for the next few minutes.  In addition to aphasia, confusion 
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and inattention can result from dominant hemisphere injection.  When the 

nondominant hemisphere is injected, the patient continues to count but usually has 

some degree of dysarthria.  Muteness may also occur but lasts only 20-30 seconds.  

Language and memory items are presented for the duration of the hemiparesis.  In 

some epilepsy centers, both retrograde and anterograde memory functions are 

assessed.  Anterograde memory assessment involves recall of items presented 

during the peak unilateral drug effect.  Retrograde memory assessment refers to 

recall of items (after amobarbital has dissipated) presented to the patient prior to 

injection.   The 1992 Palm Desert Survey indicated that 79% of participants 

“always to almost always” inject both hemispheres when evaluating memory 

competence (Rausch et al., 1993).  In most epilepsy centers, the side of the 

presumed seizure focus is injected first, followed by the other hemisphere 

(Acharya & Dinner, 1997).   

For the past 25 years, the IAP has been used to predict postsurgical 

memory outcome in epilepsy centers throughout the country (Acharya & Dinner, 

1997).  Despite its mainstream use, no standardized protocols exist.  A recent 

review article regarding the variability of the IAP stated:  

Other than the vessel selected, there is very little that is “standard” about 

the IAP.  Instead the IAP involves varying procedures, varying stimuli, 

varying personnel, and essentially differs to a lesser or greater extent in 

every institution employing the procedure.  The drug dosages; the manner 
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in which the drug is delivered; the method for determining or defining 

when the drug has, in fact, taken place; and the type of stimuli used; the 

timing of stimuli; and the criteria for “passing” and “failing” all vary from 

center to center (Simkins-Bullock, 2000, p. 42).  

This makes for a difficult comparison of IAP data across testing centers and 

highlights a need for a more standardized procedure for the IAP.   

In addition to differences in how the procedure is performed, there is also 

great variability in the behavioral measures of the IAP.  In terms of stimuli, there 

are two procedures that are commonly used in order to assess memory.  The first 

involves presenting several different stimuli to the patient.  The patient is then 

presented a distractor task, followed by the presentation of the original stimuli 

again to see if he/she can recognize it.  This format often continues until the 

patient’s performance returns to baseline levels.  The second procedure involves 

the presentation of a preset number of discrete stimuli during the period of the 

drug effect. Then the patient’s recall or recognition memory for the stimuli is 

tested once the drug anesthetization has worn off (Loring et al., 1992).   

Different test stimuli are used across centers, including tangible objects, 

line drawings of objects or designs, cards with printed words or sentences, spoken 

phrases or words, and photographs.  Some centers recommend using stimuli that 

can be dually encoded (based on verbal and visual characteristics) as a means of 

identifying individuals at risk for post-surgical amnesia.   Both verbal and 
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nonverbal stimuli are recommended since reduced performance on verbal 

memory items has been demonstrated following amobarbital injection into the 

dominant language hemisphere (Loring et al., 1992; Loring et al., 1993).  At the 

University of Texas Southwestern Medical Center (UTSWMC), the memory 

measure alternates between written words and pictorial items presented following 

injection of amobarbital.  

Some studies have reported that certain test stimuli (e.g., real objects 

versus line drawings or objects versus words) may be more effective in assessing 

a patient’s lateralized memory performance.    One study conducted at a hospital 

in Sweden found that memory for pictures of common objects or for concrete 

words was sensitive to both left and right temporal lobe lesions while abstract 

words are predominantly processed by the intact left hemisphere. The authors 

reported that abstract figures and faces are processed by both hemispheres 

(Christianson, Saisa, & Silfvenius, 1990).  Loring and colleagues (1997) found 

that real objects were superior to line drawings on the IAP in demonstrating 

lateralized temporal impairment.  

There have been few studies comparing different IAP behavioral 

procedures in terms of prediction of surgical outcome.  In one of the few studies 

comparing IAP procedures, Dodrill and Ojemann (1997) compared the percentage 

of agreement for three different methods of memory assessment for the IAP (in 
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terms of “passing” the IAP versus “failing” the IAP) as well as the ability of the 

three methods to predict verbal memory deficits following epilepsy surgery.   

The first memory procedure, known as “the Montreal” procedure (Branch, 

Milner, & Rasmussen, 1964) involves the presentation of five line drawings after 

the amobarbital has taken effect, followed by recognition memory assessment 

when the amobarbital has dissipated.  The second procedure, referred to as “the 

Seattle” procedure has been used at the Washington School of Medicine’s 

epilepsy center for more than 20 years and is described by Dodrill and Ojemann 

(1997).  The procedure involves the continuous presentation of a three part task: 

Object naming in which a solid object is presented to the patient followed by 

Reading where a short sentence printed on a card for the patient to read as a 

distractor, and Recall in which the patient is asked to recall the object presented to 

him prior to reading the card.   

The last procedure, known as the Interview procedure, has been described 

by Dodrill and Ojemann (1997) and involves waiting until the amobarbital has 

dissipated and the patient has returned to “normal.”  Then individuals are 

evaluated for five basic events that occurred during the period of drug effect. The 

events are: presence versus absence of speech blockage, presence or absence of 

motor weakness (the correct arm must be indicated based on side of injection), 

presence of absence of object naming errors, presence or absence of errors when 

reading sentences, and whether or not errors were made in recalling the items 
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presented during the Seattle procedure (Dodrill & Ojemann, 1997).  Passing the 

IAP following ipsilateral injection was defined as greater than three out of five 

correct for the Montreal procedure, less than 50% error rate for the Seattle 

procedure, and four out of five items correct for the Interview procedure.   

Dodrill and Ojemann administered all three memory procedures to 172 

individuals, with the Montreal items interspersed among the Seattle procedure at 

specified intervals followed by the Interview procedure once the drug effect had 

dissipated.  The results indicated significant differences in the percentage of 

individuals passing across all three procedures.  Passing of all three amobarbital 

procedures occurred in only 30% of the 318 injections.   Individuals more 

frequently passed the Montreal and Seattle procedures than the Interview 

procedures.  Dodrill and Ojemann hypothesized that the Interview procedure was 

the most diverse procedure, and unlike the other two, does not limit itself to recall 

of specific stimuli.    The Montreal and the Seattle procedures were in the most 

agreement, with nearly 70% of cases in agreement with respect to passing and 

failing the IAP.  The Seattle and Interview procedures had the least concordance, 

with agreement in only 45% of the cases (Dodrill & Ojemann, 1997).  This study 

suggests that the same patient could have differing results in terms of passing or 

failing the IAP, depending on which epilepsy center and procedure is being 

utilized.       
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In order to explore the ability of the procedures to predict post surgical 

verbal memory deficits, the authors conducted postoperative memory testing on 

60 of the 172 individuals involved in this study.  They used both objective and 

subjective criteria to define post surgical memory deficits.  The subjective criteria 

were simply the patient’s self-report on whether they had experienced any 

memory loss.  The objective criteria were defined as a 40% decline on two out of 

three standardized neuropsychological measures (Wechsler Memory Scale-

Revised: Logical Memory-immediate recall, Logical Memory-delayed recall, and 

Paired Associates-delayed recall). Out of the 60 individuals, 15 met objective and 

subjective criteria for post surgical memory loss.   The Seattle procedure offered 

the best prediction of post surgical memory deficits (based on subtests from the 

Wechsler Memory Scale), with 76% of cases correctly classified.  The Interview 

identified post surgical verbal memory deficits correctly in 52% of the individuals, 

while the Montreal correctly predicted memory deficits in 48% of the individuals.  

The Seattle procedure had the lowest error rate and the highest sensitivity and 

specificity when compared to the other two procedures (Dodrill & Ojemann, 

1997).   There are some limitations in this study (e.g., using just the three subtests 

from the WMS-R as the only objective outcome measure); however, this study is 

the only reported attempt to compare different IAPs in their ability to predict 

memory deficits following surgery.   
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Timing of memory stimuli presentation also varies from center to center.  

The IAP memory testing protocol at the Medical College in Georgia involves the 

presentation of one set of stimuli at an “early” stage (before speech has recovered) 

and another set of stimuli at a “late” stage after language functions have returned 

(Loring, Lee, Meador, Flanigin, & et al., 1990).  Other criteria used to determine 

timing of presentation of stimuli include a predetermined time limit after injection 

ranging from 0 to 5 minutes or the presence of hemiparesis with or without 

marked ipsilateral EEG slowing (Acharya & Dinner, 1997). The Palm Desert 

Survey indicated that 60% of respondents presented items within the first three 

minutes following amobarbital injection while the rest waited until after three 

minutes before presentation of memory items (Rausch et al., 1993). Timing of 

stimulus presentation is important because following amobarbital injection there 

is an initial period of muteness, confusion, disorientation, inattention, and 

impaired responsiveness especially when the language dominant hemisphere is 

injected.  Lesser, Dinner, Luders, and Morris (1986) explored whether stimuli 

presented during the initial stage of confusion can be recalled after a delay.  

Lesser and colleagues investigated 36 individuals who had left injections and 

were left hemisphere dominant for language.  The authors were investigating 

whether the initial muteness and apparent confusion after amobarbital injection 

prohibited the formation of new memories.  For the purposes of the study, 

“confusion” was defined as a period of time occurring after cessation of counting 
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and during which the patient was unable to maintain attention on a single object 

or person, except transiently.  Immediately after the arm contralateral to injection 

fell, the patient was presented several different objects.  Often it was necessary to 

hold a patient’s eye open to show an object.  After confusion began to clear EEG 

slowing began to dissipate, the patients were shown additional stimuli including 

words, phrases, and pictures.  As soon as EEG slowing was no longer present and 

strength had returned to baseline the patient’s memory was tested for the “early” 

objects presented immediately following injection as well as the “late” stimuli.  

Foils were used to control for confabulation.  The results demonstrated that 18 out 

of 24 patients with left TLE and 4 out of 12 with right TLE recognized at least 

two-thirds of the “early” objects during post-testing.  The authors concluded that 

the initial stage of confusion after amobarbital injection did not prevent the 

formation of new memories (Lesser et al., 1986).   

To explore stimulus timing effects on IAP memory testing, Loring and 

colleagues at the Medical College of Georgia (1994) compared item presentation 

at three different time periods.  Eight common objects were presented during the 

“early” period, which occurred about 30 to 45 seconds following injection.  Five 

stimuli (two objects, one rhyme, and two designs) were presented during the 

“middle” phase, which occurred about 3 to 3 1/2 minutes following injection.  

Four stimuli (line drawings) were presented during the “late” phase, which 

occurred 5-1/2 to 6-1/2 minutes following injection.  Results indicated that the 
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memory performance on the early items was significantly better at predicting 

seizure laterality than was performance on the middle or late items (Loring et al., 

1994).  Consequently, it would be worthwhile for other epilepsy centers with 

different protocols to perform similar studies on items presented shortly after 

injection of amobarbital versus items presented several minutes following 

injection.    

Another difference between epilepsy centers in terms of memory protocols 

is the number of test stimuli presented.  Loring and colleagues present 8 tangible 

objects during their “early” stage, followed by presentation of 2 objects, a nursery 

rhyme, and 2 visual discrimination items during the “late” stage.  The IAP 

protocol at the Cleveland Clinic involves presenting a maximum of 20 items, 

including 4 objects, 2 line drawings, 5 written words, 1 color, 1 number, 3 

pictures, and 4 spoken phrases (Wyllie et al., 1991).  The Seattle procedure 

mentioned earlier involves the continuous presentation of stimuli over a 5-minute 

period.  The same 20 stimuli and distractors are used repeatedly throughout the 

duration of the IAP (Dodrill & Ojemann, 1997).   

 Memory for stimuli presented during the IAP is tested by free recall, 

forced-choice recognition, or multiple-choice recognition procedures.  When 

recognition procedures are employed, the number of foils (i.e., distractor items) 

presented varies from center to center.  Loring and colleagues (1990) utilize two 

foils for each target item, while the Cleveland Clinic’s protocol includes three 
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foils per target item (Wyllie et al., 1991).  At the University of Texas 

Southwestern Medical Center (UTSWMC), the recognition component of the IAP 

memory protocol includes a larger number of foils, with 7 distractor items per 

target stimulus.  This version was compared to another 16-item IAP protocol that 

utilized a forced-choice recognition format with no foils, showing that the 7-foil 

procedure correctly identified lateralized memory dysfunction at a higher rate 

(51% versus 29%).  This suggests that a greater number of foils may enhance 

accuracy of the recognition component of IAP memory assessment (Epker et al., 

2000).   

 Most centers complete the memory portion of the IAP when effects of the 

drug are believed to have resolved.  Criteria for determining when drug effects 

have dissipated also vary, and include predetermined time intervals, resolution of 

hemiparesis, and return to EEG baseline (Acharya & Dinner, 1997).  The 

procedure utilized by Dodrill and colleagues at the University of Washington 

differs in that recall is continuously assessed during the drug effect, rather than 

after the patient has recovered (Dodrill & Ojemann, 1997).   

 While most epilepsy centers have a method for determining whether a 

subject “passed” or “failed” memory testing following anesthetization of each 

hemisphere, there is considerable variability across epilepsy centers in how IAP 

data are interpreted.  For example, clinicians at the Cleveland Clinic utilize a 

comparative method whereby memory results from each hemisphere are 
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compared.  Failure is defined by less than 67% retention on either side (Wyllie et 

al., 1991; Kneebone, Chelune, Dinner, Naugle, & Awad, 1995).  The Seattle IAP 

method derives a memory score for the percentage of errors made within the five 

minutes of memory testing.  Error rates of 0 to 49% are considered passing, while 

an error rate of greater than 50% constitutes failure (Dodrill & Ojemann, 1997).  

Loring and colleagues do not utilize a fixed pass/fail criterion for memory 

performance. They do require recognition of at least 2/8 memory stimuli in order 

to not repeat the Wada memory assessment, and are more comfortable with scores 

of at least 3/8 correct (Trenerry & Loring, 1995).   

One procedure that has been described in several articles published by 

Loring and colleagues is the IAP used at the Medical College of Georgia.  The 

procedure involves the presentation of eight common objects for 4-8 seconds each. 

The object names are repeated twice to the patient and include a combination of 

ordinary household items (e.g., fork, mousetrap), small toys (e.g., troll), and 

plastic food (e.g., hotdog, pizza).  Recognition memory of the material presented 

during the procedure is tested after amobarbital effects have worn off with each of 

the 8 objects presented randomly interspersed with 16 foils. The patient is 

instructed to choose the items presented previously.  To correct for response bias 

and guessing, Loring and colleagues incorporated a correction by subtracting one-

half of the incorrect (false-positive) responses from the total number of correct 

responses (Loring et al., 1993). 
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Utilizing this procedure, Loring and colleagues (1993) reported a 

significant correlation (r = 0.78) between IAP memory asymmetries (differences 

in IAP memory scores between the left versus right hemisphere) and Magnetic 

Resonance Imaging (MRI) hippocampal volume asymmetries in 20 individuals 

with complex partial seizures using this procedure.  In several other studies out of 

the Medical College of Georgia, scores from this protocol have been shown to be 

related to hippocampal pathology, seizure laterality, seizure outcome after 

surgical resection, and post-operative material-specific memory decline (Loring et 

al., 1997; Loring et al., 1990; Loring, Murro, Meador, Lee, & et al., 1993;  Loring 

et al., 1994).   

 Due to the varied IAP protocols, there is a significant lack of reliability 

and validity studies.  The 1992 Palm Desert Survey indicated that the lack of 

validation studies was a major concern of participants (Rausch et al., 1993).  Most 

studies on IAP reliability involve looking at the results from individuals who were 

readministered the IAP to see if they had the same pass-fail classification.  In the 

Palm Desert Survey (Rausch et al., 1993), more than a quarter of respondents 

reported they perform repeat IAPs in all of their individuals who fail their initial 

IAP.  There are a few cases in the literature of individuals who failed an IAP, 

were retested, and then passed the second procedure.  In a brief report, Dinner, 

Luder, Morris, Wyllie and Kramer (1987) readministered the IAP to five 

individuals and found improvement in their memory scores following the second 
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administration. The authors speculated that the improvement may have been due 

(in part) to practice effects.   In contrast to the speculations of Dinner and 

colleagues (1987), McGlone and MacDonald (1989) collected data on 70 patients, 

most of whom were epilepsy surgery candidates.  The two hemispheres were 

injected on different days, in most cases 24 hours apart.  The side injected first 

was counterbalanced across sex and hand preference.  The order of injection 

(ipsilateral vs. contralateral) was not counterbalanced.  The results indicated that 

recognition of memory scores was better following injection ipsilateral to the 

seizure focus as opposed to injection contralateral to the seizure focus.  Further, 

they found no significant difference whether the right or left hemisphere was 

injected first.  The authors concluded there was no evidence for a practice effect 

or transfer of learning (McGlone & MacDonald, 1989).     

Jones Gotman (1992) examined 14 repeated cases at the Montreal 

Neurological Institute and Hospital. The interval between first administration and 

second administration ranged from 3 days to 14 years.  Eleven of the 14 cases had 

the same results as on the first administration, with three cases being classified as 

failing after passing the first administration.  She concluded that their IAP 

procedure is reliable since 79% of the individuals had the same results as their 

first IAP.    

There is a need for individual centers to measure, monitor, and publish 

their success rates for predicting postsurgical memory changes so that centers 
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with weaker reliabilities and validities can switch to methods with empirical 

support (Simkins-Bullock, 2000).  In short, there is a clear need for an extensive 

investigation of the reliability and validity of different IAP methods in predicting 

postsurgical memory deficits.  

The Palm Desert Survey (Rausch et al., (1993) referenced cases related to 

the validity of the IAP. Participant findings were divided into True Positives, 

False Negatives and False Positives. True Positives were defined as cases where 

individuals failed the IAP with injection ipsilateral to proposed resection and later 

developed post-surgical memory impairments; False Positives referred to 

individuals who failed the IAP but went on to benefit from surgical resection; and 

False Negatives were instances where individuals “passed” the IAP but later went 

on to develop postoperative amnesia or other memory complications. Of the 71 

survey respondents, six indicated they “had knowledge of a patient who failed the 

memory component of the IAP (with injection ipsilateral to proposed surgery) and 

subsequently became amnesic (permanently or transiently) after temporal lobe 

surgery.”    Loring and colleagues (1994) described a case of post surgical 

amnesia in which the patient had a right seizure focus and recalled none of the 8 

items presented after right hemisphere injection. The patient recalled all the items 

presented to him after left injection.  This asymmetry or difference between right 

and left hemisphere performance is predictive of an individual at risk for 

postoperative amnesia.   Other factors including neuropsychological testing 
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predicted no increased risk of amnesia.  The patient underwent right temporal 

lobectomy and following surgery, the patient developed a permanent anterograde 

amnestic syndrome.   

Jones-Gotman (1992) reported on 11 out of 72 individuals who had failed 

their ipsilateral IAP. The 11 individuals underwent limited surgical resection.  

The postoperative performances were compared to the 61 individuals who passed 

their ipsilateral IAPs utilizing three subtests from the WMS-R (Logical Memory, 

Associative Learning, and Visual Reproduction).  The results indicated that the 11 

individuals who had failed the IAP performed significantly worse postoperatively 

than the 61 individuals who passed their ipsilateral IAP.  There was some 

improvement in performance for the 11 individuals who failed the IAP after the 

one year follow-up. However, they still performed worse than the other 61 

individuals who passed the IAP.  The results speak to the validity of the IAP and 

the authors state the results “strongly support its [the Wada] validity as a screen to 

protect memory” (Jones-Gotman, 1992).  

One of the purposes of the IAP is to act as a screen and prevent 

individuals from undergoing surgery that might result in severe postsurgical 

amnesia.  However, there is some discussion in the literature regarding the IAP’s 

specificity.  In other words, is the IAP preventing individuals from having surgery 

who might have gone on to benefit from surgical resection?   
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Rausch and colleagues (1993) reported that the possibility of failing more 

individuals than necessary “is a major concern to most centers.”  Stanulis and 

colleagues (1990) reported that only 4/180 consecutive individuals performed 

poorly enough on the IAP to require retesting and in three of the four cases, 

repeated IAPs resulted in a passing performance.  All four cases underwent 

surgical resection without major complication.  The authors stated that current 

pass/fail criteria are a misuse of the IAP, resulting in an unacceptably high rate of 

false-positive results and denial of modification of operative treatment” (Stanulis, 

Valentine, & DeToledo, 1990).  Novelly and Wiliamson (1989) investigated 325 

IAP protocols and reported that IAP failure was found in 25/325 (7.5%) of the 

cases.  When the individuals underwent repeat testing using a lower dose of 

amytal, 21 out of 25 of them “passed” the second IAP and later underwent 

surgical resection without postoperative amnesia.  These authors concluded that 

false positives can result from IAP and that retesting can be done with valid 

results.    

Most of the research on the validity of the IAP is limited by the obvious 

challenges in conducting experimental research to assess the reliability and 

validity of the technique.  It would be unethical to conduct a prospective study 

randomizing individuals into groups using the IAP as an independent variable. 

The literature is lacking in any comprehensive comparison of postoperative 

memory outcomes among individuals who did or did not undergo IAP testing.  In 
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addition, several epilepsy centers exclude data from individuals who do not 

undergo surgical resection because of results from IAP testing (Martin & Grote, 

2002).  Consequently, there is not a clear understanding of the reliability and 

validity of the IAP in predicting risk for postsurgical memory loss. 

  One way to gather more information regarding the reliability and validity 

of the IAP is for each epilepsy center to conduct an examination of their own IAP 

and investigate how well their procedure predicts different postsurgical outcomes. 

To better understand the IAP, each center needs to carefully examine the 

psychometric properties of their memory assessment procedures, and maintain a 

detailed database on individuals undergoing the IAP.     

As discussed earlier, the IAP currently has two major uses: 

language/speech lateralization and prediction of memory deficits following 

surgical resection.  However, there are two more investigational uses of the IAP 

that are worth discussing since they are employed by some epilepsy centers.  The 

IAP has also been used to provide confirmatory evidence of lateralization of 

seizure focus as well as prediction of outcome in terms of seizure relief following 

surgery (Simkins-Bullock, 2000).   The literature on these two uses will briefly be 

explored as they both relate to this study.   

There is research supporting the use of the IAP to provide accurate 

confirmatory evidence of seizure lateralization.  Perrine and colleagues (1993) 

reported on 57 individuals with temporal lobe epilepsy who were administered 
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eight memory items.  Verbal and non-verbal stimuli were used and left versus 

right memory performances were compared.  Of the 57 individuals, 83% were 

correctly classified with poorer performance in the hemisphere ipsilateral to the 

seizure focus.  In another study, Perrine and colleagues (1995) examined the 

relationship between seizure laterality and IAP Difference Scores in 70 

individuals with temporal lobe seizure onset, left-hemisphere language, and no 

evidence of structural lesions. An IAP Difference score was defined as a memory 

score following right hemisphere injection minus the score following left 

hemisphere injection.  This scoring system was able to classify 50 out of the 70 

individuals into lateralized groups.  Of the 50 individuals, 100% of the right 

seizure focus individuals and 96.4% of the left seizure focus individuals were 

correctly classified in terms of their seizure origin.  In another study, Rausch, 

Babb, Engel and Crandall (1989) showed that impaired performance on the IAP 

memory test following injection to the hemisphere contralateral to the seizure 

focus strongly correlated with the hemispheric side of seizure focus in 19 of 30 

individuals with intractable complex partial seizures.  Wyllie and colleagues 

(1991) found similar results in 37 temporal lobectomy individuals with intractable 

partial epilepsy.  Difference scores have also been used to predict lateralization in 

pediatric epilepsy surgery candidates with temporal lobe epilepsy.  Lee and 

colleagues (2002) found differences in mean memory scores between left and 

right injections accurately predicted seizure-onset laterality to a statistically 
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significant degree among the 87 children in the study who had unilateral TLE.  In 

summary, there is evidence that the IAP can be helpful in predicting seizure 

lateralization and may be a useful adjunct to the neurodiagnostic evaluation.   

There is also research to suggest the IAP is useful in predicting seizure 

outcome.  One study reported on IAP memory asymmetries in 44 individuals who 

were seizure-free and 11 individuals who continued to have seizures one year 

following surgery.  Asymmetries were defined as the disparity between memory 

scores during the left versus right hemisphere injection.   When the authors 

grouped the individuals according to their ipsilateral-contralateral IAP asymmetry 

scores, significantly more individuals with large IAP memory disparities were 

seizure-free at follow up compared with individuals with small disparities.  Out of 

the 44 patients, 36 had asymmetry scores of at least three points.  Of these 36 

patients 32 (89%) were seizure-free one year post surgery, and only 12 of the 19 

patients (63%) of the patients with asymmetry scores less than 3 points were 

seizure-free at follow up (Loring, Meador, Lee, Nichols, et al., 1994).  Perrine and 

colleagues (1995) examined the efficacy of memory difference scores in 

predicting postoperative seizure control in 70 individuals who underwent epilepsy 

surgery and had preoperative IAP memory testing.  Outcome data for all 70 

individuals were collected one year following IAP memory testing.  The results 

indicated that IAP memory disparities were predictive of postoperative seizure 

control, with greater IAP memory asymmetries associated with better seizure 
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control following surgery.  Although there is evidence to suggest that the IAP is 

useful in predicting seizure outcome, additional outcome research is needed to 

establish the test as a predictor of seizure relief following surgical resection.          



 

49 

Chapter Four: The Purpose of This Study 

Important treatment decisions are often influenced by IAP memory testing 

results, including the nature and extent of temporal lobe resection and, in some 

cases, whether surgery is performed at all. In the 1992 Palm Desert Survey, all 71 

epilepsy centers reported they use the IAP to determine surgical parameters and 

approach (Rausch et al., 1993).  Current IAP memory procedures vary widely by 

evaluating different types of memory (recall versus recognition) at different points 

in time (during anesthetization or post-drug effects), and with different methods 

of interpreting the resultant data.  Consequently, different behavioral procedures 

might yield significantly different results and a patient may theoretically “pass” 

an IAP at one center and “fail” at another center.  Recommendations from the 

1992 Palm Desert Survey included the need to determine the validity of individual 

procedures and the need for a more standardized test among centers (Rausch et al., 

1993).   While standardization of procedures across centers is unlikely, there is a 

need for more centers to publish their IAP studies describing in detail their 

protocols, success rates for predicting postsurgical memory deficits, and other 

relevant validation data.   If one center demonstrates validation data for their 

protocol, then other centers can adopt that protocol and greater uniformity in 

procedures across centers will hopefully result.     

 The primary purpose of this investigation was to validate an IAP memory 

assessment procedure designed using a statistical approach to help increase 
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predictive value and reduce the probability of false positive and false negative 

errors. Reliability and validity data for this IAP memory assessment are presented, 

as well as correlations between IAP memory results and standardized 

neuropsychological assessment measures. 
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Hypotheses  

Overall Goal: To investigate the psychometric properties of the IAP memory 

measure used at Parkland Health and Hospital System at UTSWMC in Dallas in 

an effort to demonstrate the reliability and validity of the test. 

 

Specific Aim Number One:  To investigate the overall reliability of three Forms 

of the IAP memory measure.   

 

Hypothesis 1- Each form of the IAP memory test will demonstrate adequate 

internal consistency (r  > .70) based on Cronbach’s alpha.   

 

Specific Aim Number Two:  To investigate the psychometric properties of the 

IAP memory measure Forms I, II, and III through an examination of item-total 

correlations, item difficulty, item distractor analysis and item discrimination.    

 

Hypothesis 2- All items on Forms I and II will have moderate difficulty (values 

between .20 and .80). In terms of difficulty, Form III will have the highest values, 

followed by Form I, and then Form II.         
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Hypothesis 3- Items on Forms I and II will demonstrate adequate discrimination 

(D > .30) between individuals who correctly recall > 50% of items correct and 

those who correctly recall < 50% of the items correct.   

Hypothesis 4- All items on Forms I and II will have moderate item-total 

correlations (r > .30).  

 

Hypothesis 5- For all items on Forms I and II, none of the seven distractors will 

be selected more than expected. To calculate the number of subjects expected to 

select each distractor, the number of subjects who answered the item wrong is 

divided by the number of distractors. Item distractor analysis will be conducted to 

investigate patterns of response on foils.   

 

Specific Aim Number Three:  To investigate the convergent validity of the IAP 

by investigating its relationship with standard neuropsychological tests of 

memory [i.e., the California Verbal Learning Test (CVLT), Rey-Osterrieth 

Complex Figure Test (Rey-O), and Wechsler Memory Scale-III (WMS-III)]. 

 

Hypothesis 6- The IAP memory scores on Forms I and II will significantly 

correlate (r > .70) with CVLT delayed recall, WMS-III total scores for Logical 

Memory II and Visual Reproduction II, and Rey-O delayed recall total score.   

 



Validation of IAP Memory Measure  53 

 

 

Hypothesis: 6a: 

The IAP score for word items on Forms I and II will be more highly correlated 

with  CVLT delayed recall and WMS-III Logical Memory II total score than 

Visual Reproduction II total score and Rey-O delayed recall total score.  The IAP 

total score for picture items on Forms I and II will be more highly correlated with 

Visual Reproduction II total score and Rey-O delayed recall total score than 

CVLT delayed recall and WMS-III Logical Memory II total score.   

 

Specific Aim Number Four:  To investigate the divergent validity of the IAP by 

investigating its relationship with standard neuropsychological tests.   

 

Hypothesis 7- The IAP total scores on Forms I and II will demonstrate low 

correlations (r < .40) with Trail Making Test parts A & B and Wisconsin Card 

Sorting Test number of perseverations.   

 

Specific Aim Number Five: To explore the strength of the relationship between 

IAP performance and seizure lateralization.    
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Hypothesis 8 –Discrepancy Scores between left and right IAP injection 

performances on Forms I and II will predict seizure lateralization (based on 

clinical diagnosis).   

 

Exploratory Hypotheses  

Specific Aim Number Six: Examine the IAP memory measure’s usefulness in 

predicting seizure outcome.   

 

Hypothesis 9-Discrepancy Scores between left and right IAP injection 

performances on Forms I and II will be examined to see if there is relationship 

between higher discrepancies (in the expected direction) and better seizure 

outcome. 
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Chapter Five: Method  

I. Subjects  

  Subjects included 90 consecutive individuals who underwent 

comprehensive neurodiagnostic assessment at Parkland Health and Hospital 

System between 1998 and 2005.  Classification of individuals (i.e., left or right 

TLE) was determined by an epileptologist after interpretation of findings from a 

comprehensive neurodiagnostic evaluation including EEG, structural and 

functional neuroimaging techniques, IAP results, and neuropsychological 

assessment.  Specific inclusion and exclusion criteria are listed below.   

 

Inclusion Criteria: 

1. Age 18 years of age or older. 

2. Evaluated at the Epilepsy Monitoring Unit at Parkland Hospital. 

3. Primarily English-speaking and evaluation with the IAP and 

neuropsychological testing in English.   

4.  Had a comprehensive neurodiagnostic evaluation. 

5. Completed full 18 item IAP testing (i.e., baseline, left, and right 

injections). 
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Exclusion Criteria: 

1. The IAP was considered invalid in the opinion of the attending 

epileptologist.       

2. Individuals diagnosed with a mass lesion.        

 

IAP Memory Measure  

The IAP memory measure was developed at the University of Texas 

Southwestern Medical Center in 1998.  The memory measure consists of 18 items 

composed of written words and pictorial items presented following injection of 

sodium amobarbital.   The memory measure originally consisted of 16 items but 

two additional items were added to each form including a picture (i.e., The Taj 

Mahal) and a nursery rhyme (i.e., Roses are Red, Violets are Blue).   Subjects are 

administered each item in the ipsilateral visual field during the period of 

hemiplegia and delta slowing on the EEG within 3 minutes of injection.  Subjects 

are instructed to look at each picture and read each word aloud.  The items 

alternate between written words (e.g., MINE, EXCEPT, INDEED) and pictorial 

items, which include both abstract shapes and everyday items (e.g., Cow, 4 

curved arrows, safety goggles).  After recovery of the hemiparesis and return of 

the EEG to baseline (approximately 10 minutes), recognition memory testing is 

conducted by having the patient select the target item presented earlier from eight 

items, seven of which are foils.     All items are presented on an 8 ½ by 11 inch 
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white paper.  Recognition memory is tested with each correct item accompanied 

by 7 foils also presented on an 8 ½ by 11 inch sheet of white paper.  The location 

of the correct response is varied across the 7 foils.   

The IAP has three different forms with similar items.   Form I is used 

following the first injection, Form II following the second injection, and Form III 

is used to obtain a baseline score.  As a baseline, Form III was designed for all 

subjects to perform well.  The number of items and foils were based on a binomial 

probability formula used to calculate the optimal number of foils for each tests 

with 16 to 18 items so that there was a low probability of obtaining a “passing 

score” by random guessing.  Assuming a binomial distribution of guesses, 

individuals with no memory in the hemisphere being tested would have <.02 

probability of obtaining a score of >33% correct by guessing on the test.  The test 

is designed with sufficient difficulty to prevent both floor and ceiling effects so 

that individuals with moderate memory problems would have difficulty in 

selecting the correct item.  During the design of the test, Form III was 

administered to 10 cognitively normal volunteers who all achieved a 100% recall 

score. The IAP was administered and scored by an attending epileptologist.  See 

Appendix A for a complete copy of all three forms of the memory measure.     
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Neuropsychological Measures 

The neuropsychological measures were chosen from a standard clinical 

epilepsy protocol used in the Neuropsychological Service at the University of 

Texas Southwestern Medical Center.  With the exception of the IAP, all measures 

were administered and scored by experienced psychometricians or psychology 

interns who had no knowledge of the current study aims or hypotheses.  The 

neuropsychological measures utilized in this study are described in Appendix B.   

 

Procedure  

Approval to conduct this study was obtained from the Institutional Review 

Board of the University of Texas Southwestern Medical Center at Dallas 

(UTSWMC) and written consent for clinical evaluation was obtained for all 

subjects.  The subjects in this study underwent IAP testing at UTSWMC from 

May 1998 to January 2005 as part of a comprehensive presurgical evaluation.  All 

individuals had prolonged surface ictal and interictal audiovisual and EEG 

recording.  Interictal and ictal EEGs were reviewed by board-certified 

electrophysiologists.  All individuals also underwent structural or functional 

imaging of the brain, using a technique sensitive for detecting sclerosis of the 

mesial temporal structures.  Neuropsychological evaluation was conducted to help 

characterize neurobehavioral aspects of the seizure disorder.   Administration of 

the complete test battery typically required four to six hours, and was usually 
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completed in one day.  While only the neuropsychological measures described in 

Appendix B were included in the statistical analyses, the entire battery was not 

limited to those measures.  The neuropsychological battery generally included the 

following measures: Weschler Adult Intelligence Scale-Third Edition (WAIS-III), 

Wisconsin Card Sorting Test, Trail Making Test Part A and B,  Rey-Osterrieith 

Complex Figure Test, California Verbal Learning Test (CVLT), and the Weschler 

Memory Scale-Third Edition (WMS-III) selected subtests, (Logical Memory and 

Visual Reproduction subtests), Digit Vigilance Test, Boston Naming Test, Oral 

Fluency Tests (FAS/Animals), finger tapping, and the Minnesota Multiphasic 

Personality Inventory-2.   The order of the administration of tests was varied to 

meet the needs of each subject, with care taken to elicit maximum performance 

from all patients.   

The IAP procedure involves angiographic visualization of the carotid 

circulation bilaterally to exclude anomalous vascular anatomy. Following 

angiographic visualization, 120 mg amobarbital, at a concentration of 20 mg/ml, 

is injected by hand over approximately 10 seconds into the internal carotid artery.  

In each case, the presumptive epileptogenic hemisphere was injected first 

(ipsilateral injection), followed 45 minutes later by presumptive nonepileptogenic 

hemisphere (contralateral injection).  Individuals were examined clinically by an 

attending epileptologist, with continuous EEG monitoring, and the duration of 

hemiplegia, hemiparesis, hemianopia, aphasia, and EEG slowing was recorded.  
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The presence of obtundation and inattention was also noted.  Tests were 

considered invalid if in the opinion of the attending epileptologist, obtundation or 

inattention was sufficient to interfere with registration of items during the 

presentation phase.   

Subjects were then administered the 18 item test and items were presented 

in the ipsilateral visual field during the period of hemiplegia and delta slowing on 

the EEG.    Items were presented within 3 minutes of injection.  After recovery of 

the hemiparesis and return of the EEG baseline (approximately 10 minutes), 

recognition was tested by presenting the recognition stimuli involving each item 

accompanied by seven similar foils, and individuals were forced to choose one of 

the eight items.  The test was scored as the fraction of items recalled correctly.  

Form II was used after the second injection, contralateral to the presumptive 

seizure focus.  Form III was presented prior to the first injection to obtain a 

baseline score.  

 

Statistical Procedures  

  The first aim of the study involved investigating the reliability of all three 

forms of the IAP memory test.  Reliability refers to the consistency or 

dependability of measurements.  The measure of reliability included in this study 

was internal consistency.    
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Hypothesis 1 stated that each form of the IAP will demonstrate adequate 

internal consistency (r  > .70).  Cronbach’s coefficient alpha was used to measure 

the internal consistency of each form of the IAP.  Cronbach’s coefficient alpha is 

a numerical coefficient of reliability which ranges in value from 0 to 1.  Alpha 

levels of .70 or higher are associated with increased test reliability as it indicates 

greater homogeneity and consistency of items (Nunnaly, 1978).    Cronbach’s 

alpha will be calculated for each item individually to assess the individual 

reliability of all 54 items.   

 

Specific Aim Number Two involved investigating the psychometric 

properties of the IAP memory measure Forms I, II, and III through an 

examination of item-total correlations, item difficulty, item distractor analysis, 

and item discrimination.    

 

Hypothesis 2 stated that all items on Forms I and II would have moderate 

difficulties (values between .20 and .80).  In terms of difficulty, Form III would 

have the highest values, followed by Form I, and then Form II.  Item difficulty 

was calculated for all 18 items on the two forms of the IAP memory measure.   

Item difficulty refers to the proportion or percentage of test takers who answer an 

item correctly.  The higher this percentage is, the easier the item is (Crocker & 

Algina, 1986).   
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Hypothesis 3 stated that items on Forms I and II would demonstrate 

adequate discrimination (D > .30) between individuals who correctly recalled > 

50% of items and those who correctly recalled < 50% of the items.  An item 

discrimination index was calculated for all 18 items on the two forms.  The item 

discrimination index, or D, is a measure of the effectiveness of an item in 

discriminating between high and low scorers on the test as a whole.  The higher 

the value of D is, the more effective the item becomes.  Items yielding positive 

discrimination index values of .30 or above, are considered good discriminators 

(Ebel, 1965).   

 

Hypothesis 4 stated that all items on Forms I and II will have adequate 

item-total correlations. Item-total correlations were calculated for all 18 items on 

the two forms.  An Item-total correlation is a correlation of each test item with the 

total score.  Item-total correlations use a point-biserial correlation and range in 

values from +1 to -1.  A positive biserial above .30 indicates the item is adequate 

(Crocker & Algina, 1986).   

 

Hypothesis 5 stated that for all items on Forms I and II, none of the seven 

distractors would be selected more than expected. To calculate the number of 

subjects expected to select each distractor, the number of subjects who answered 
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the item wrong was divided by the number of distractors. Item distractor analysis 

was conducted to investigate patterns of response on foils.    Distractor analysis is 

a method of determining if foils are functioning as intended. Distractor analysis 

provides the frequency each foil is picked, and indicates the average number of 

subjects expected to select each distractor.  The method also involves counting the 

number of times each foil is selected as the right answer by examinees in the 

upper group, middle group, and lower group. The lower group consisted of 

subjects who had less than 33% of the items correct, the middle group included 

subjects who had 34%-66% of the items correct, and the upper group consisted of 

subjects who had more than 66% of the items correct.  Distractor analysis 

provides the percentage correct for all three groups, the percentage of distractors 

picked by all three groups, and the percentage from all three groups who picked 

the most frequently selected distractors.   

 

Specific aims number three and four and hypotheses 6 and 7, involved 

investigating the validity of the IAP.  Validity refers to the extent to which a test 

measures what it is supposed to measure.  The two types of validity explored in 

this study were convergent and divergent validity.  Convergent validity refers to 

the relationship between the IAP test scores and other related measures (in this 

case standard neuropsychological tests of memory).  Divergent validity refers to 

the relationship between IAP test scores and unrelated measures.  A Pearson 
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correlation coefficient was utilized for all hypotheses and sub-hypotheses under 

specific aims three and four in order to measure the strength of relationships 

between tests.  To further explore the convergent and divergent validity of the 

IAP memory measure, subjects injected on the right side first (left side second) 

were compared to subjects injected on the left side first (right side second) on the 

neuropsychological memory measures.  Similarly, subjects with LTLE were 

compared to subjects with RTLE.  This division of subjects into these subgroups 

allowed for easier comparison of left and right hemisphere memory performance 

on the IAP memory measure with neuropsychological testing.   

 

Specific aim number five involved exploring the strength of the relationship 

between IAP and seizure lateralization.    

 

Hypothesis 8 stated that Discrepancy Scores (DS) between left and right 

IAP injection performances on Forms I and II will predict seizure lateralization 

(based on clinical diagnosis).  A discrepancy score or asymmetry score has been 

used in several studies involving IAP and accurate lateralization of seizure focus 

(Loring et al.,1994; Loring et al.,1995; Perrine et al., 1995).  The discrepancy 

score (DS) used in this study was based on one described by Lee and colleagues 

(2002).  As per Lee and Colleagues (2002) asymmetries were analyzed by using a 

difference score calculated by subtracting the percentage of items correctly 
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recognized after the right injection from the percentage correctly recognized after 

the left injection (left memory minus right memory).  DS can range from positive 

100 to negative 100.  Difference scores > 20% suggest significant asymmetry 

with negative scores indicating better performance in the right hemisphere and 

positive scores indicating better performance in the left hemisphere.  DS less than 

20% were considered nonlateralized or indeterminate.  These analyses were 

conducted with and without a correction factor.  To compensate for lower 

performance as a result of aphasia, paraphasia, or mutism during left hemisphere 

injections.  Perrine and colleagues (1995) applied a 17% correction factor to DSs 

in their investigation of the efficacy of DSs in predicting laterality. For this study, 

a 10% correction factor was applied to the DSs for all left injections.   A 10% 

correction factor was selected as it provided the highest classification accuracy 

when compared to other correction factors (e.g., 5%, 15%, 20%).   Logistic 

regression was used to explore the relationship between consensus diagnosis and 

the DS.  Logistic regression is a predictive analysis of a dichotomous dependent 

variable.  In this case, X is the DS finding (i.e., left or right seizure lateralization) 

and Y is the clinical diagnosis.   

 

Exploratory Hypotheses 

Specific aim number six was an exploratory analysis of the IAP memory 

measure’s usefulness in predicting seizure outcome.   
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Hypothesis 9 involved investigating the use of Discrepancy Scores between left 

and right IAP injection performances on Forms I and II to see if there is 

relationship between higher discrepancies (in the expected direction) and better 

seizure outcome.   DS were calculated as in the previous hypothesis with 20% 

used as the criterion for asymmetry significance.  Outcome classification was 

based on Engel’s four class postopertive classification.  Class I refers to complete 

freedom from disabling seizures, Class II refers to rare disabling seizures, Class 

III indicates worthwhile improvement or prolonged seizure-free intervals, and 

Class IV refers to no worthwhile improvement.   Outcome would be measured by 

reported seizure status 6 months post surgery.   Class I was considered seizure 

free and Class II-IV were considered non-seizure free.   (Engel & Shewmon, 

1993).  Outcome was examined qualitatively to see how discrepancy scores 

related to good vs. bad outcome.   
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Chapter Six: Results  

 Table 1 presents selected demographic characteristics of the sample.  The 

90 subjects who met inclusion criteria for the study included 39 males (43.3%) 

and 51 females (56.7%). The mean age was 35.6 years, and the mean years of 

education were 12.5 years.   Excluded subjects included 43 subjects who were 

administered an older (16-item) version of the IAP memory measure and two 

subjects under the age of eighteen.  Seventy-two subjects completed 

neuropsychological testing as part of their evaluation. The mean duration of 

seizures was 18 years and the mean estimated Full Scale IQ (FSIQ) was 87.  

Fifty-two subjects (57.8%) were Caucasian, 22 (24.4%) were Hispanic, 11 (12.2%) 

were African-American, two were Middle Eastern, and one was Asian.  Seventy-

three (81%) subjects were right-handed, and sixteen (19%) were left-handed.  

Seventy-nine (88%) subjects were left hemisphere language dominant, four (4%) 

were right hemisphere language dominant, and seven (8%) had bilateral language 

representation.   

 

----Insert Table 1 here---- 

 

Seizure focus was determined by an epileptologist after interpretation of 

findings from a comprehensive neurodiagnostic evaluation including EEG, 

structural and functional neuroimaging techniques, IAP results, and 
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neuropsychological assessment. Seizures were localized in the left hemisphere 

(n=42) more often than the right (n=22).  Five subjects had bilateral seizure onset, 

and seizure lateralization was indeterminate after EMU evaluations in 21 subjects.  

Chi-square analyzes indicated no significant differences between sex and 

ethnicity among subjects with left versus right seizure lateralization.  Fisher’s 

Exact Test demonstrated no significant differences between handedness and 

language dominance in terms of subjects with right TLE (RTLE) versus Left TLE 

(LTLE).  Independent-samples t tests indicated no significant difference in age, 

education, FSIQ or epilepsy duration, among subjects with left versus right 

seizure lateralization (Tables 2 and 3).   There was also no significant difference 

in age, sex, ethnicity, handedness, education, FSIQ, or seizure duration between 

subjects injected on the right side compared to subjects injected on the left side 

first.  There was no significant difference between subjects with an IQ < 85 (n = 

33) and subjects with an IQ > 85 (n = 21) on Forms I, II, or III.   

 

  

----Insert Tables 2 and 3 here---- 

 

Eighty-four subjects were diagnosed with TLE, 28 of whom were 

confirmed as having mesial temporal lobe epilepsy (MTLE).   Six subjects had a 
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nondiagnostic seizure evaluation.  Table 4 presents the respective diagnoses as 

well as the diagnoses in terms of seizure lateralization.   

 

----Insert Table 4 here---- 

 

Investigation of differences in performance across the IAP memory forms 

in relation to demographic variables showed that for Form I, Caucasians 

performed better than other ethnic groups, t (86) = 2.03, p < .05, and left handed 

subjects performed better than right handed subjects t (87) = -2.149, p < .03. 

Subjects with right language dominance performed better than subjects with left 

language dominance t (81) = 2.335, p < .03, and patients with a right seizure 

focus performed better than those with left seizure focus t (67) = 2.678, p < .01.    

There was a significant negative correlation between age and performance on 

Form I (r = -.33, p < .01), but there was no correlation between Form I and years 

of education, FSIQ, or disease duration.    

On Form II, subjects diagnosed with a left seizure focus performed better 

than those with a right seizure focus t (67) = -4.511, p < .01.  Performance on 

Form II significantly correlated with disease duration (r = -.34, p < .01), and FSIQ 

(r = .31, p <.01), but not age or years of education.  There were no significant 

differences in performance across other demographic characteristics on Form II or 

Form III.  Nor were there significant differences across demographic 
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characteristics on Form III.  Form III correlated with FSIQ (r = .29, p <.05) but 

not age, years of education, or disease duration. Table 5 presents the means and 

standard deviations for the raw scores for Forms I and II across sample 

characteristics.    

 

----Insert Table 5 here---- 

 

Research Hypotheses  

The first aim of the study involved investigating the reliability of all three 

forms of the IAP memory test.  Hypothesis 1 stated that each form of the IAP 

tests would demonstrate adequate internal consistency (α > .70).  Cronbach’s 

Alpha was utilized as a measure of internal consistency and had a value of α = .85 

for Form I, α = .83 for Form II, and α = .69 for Form III.  The majority of items 

on the three forms contributed to test reliability as alpha values decreased when 

most items were deleted (see table 6).  Thus, hypothesis 1 was supported for 

Forms I and II, and Form III was only slightly below .7.    

 

----Insert Table 6 here---- 
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Specific Aim Number two involved investigating the psychometric 

properties of IAP Forms I, II, and III through an examination of item-total 

correlations, item difficulty, item distractor analysis, and item discrimination.    

Hypothesis 2 stated that all items on Forms I and II would have moderate 

difficulty (values between .20 and .80). Higher difficulty values are associated 

with a higher percentage of subjects answering the item correctly.  In terms of 

difficulty, Form III was predicted to have the highest values, followed by Form I, 

and then Form II.   Form III was expected to have the highest item difficulty 

values since it is a baseline measure and subjects are not injected with 

amobarbital during its administration. As predicted, the average item difficulty 

was .85 for Form III, .57 for Form I, and .41 for Form II.   Form II was harder for 

all subjects regardless of injection side.  For subjects injected on the left side first, 

the average item difficulty for Form I was .50 and .47 for Form II (second 

injection).  For subjects injected on the right side first, the average difficulty for 

Form I was .68 and .31 for Form II or second injection (see table 7).    For 

subjects injected on the left side first, there were six items on Form II that had 

item difficulty values less than .20.  For subjects injected on the right side first, 

there was only one item with an item difficulty less than .20.     

  Items 13, 15 and 17 on Form I were greater than .80 and item 5 on Form 

II was less than .20. Following left injection on Form I, word items had a lower 

average item difficulty (.37) than picture items (.63).  Following right injection, 
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word items also had a lower average item difficulty (.66) than picture items (.70) 

on Form I, though the values were more similar.  On Form II, following right 

injection, picture items had a lower average item difficulty (.45) than word items 

(.49).  Following left injection, word items had a lower average item difficulty 

(.24) than picture items (.35) on Form II.   Tables 8-10 present a complete 

summary of item difficulty across Forms I-III by first injection side.  Hypothesis 2 

was not completely supported, as it predicted that all the items would have 

moderate difficulties (values between .20 and .80) on Forms I and II (32 out of 36 

items).  However, most items on Forms I and II had moderate item difficulty 

values (89%), which is in within acceptable limits for such a test.    

 

----Insert Tables 7, 8, 9, and 10 here---- 

 

Hypothesis 3 stated that items on Forms I and II would demonstrate 

adequate discrimination (D < .30) between individuals who correctly recalled > 

50% of items and individuals who recalled < 50% of items correctly.  An item 

discrimination index was calculated for all 18 items on the three forms.  The item 

discrimination index, or D, is a measure of the effectiveness of an item in 

discriminating between high and low scorers on the test as a whole.  The higher 

the value of D is, the more effective the item.  Items yielding positive 

discrimination index values of .30 or above are considered good discriminators 
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(Crocker & Algina, 1986).  Table 11 presents a listing of the item discrimination 

index scores for each item on all three Forms.  On Form I, items 11, 13, and 14 

had indexes below .3. Form II had no items with a discrimination value below .3.  

On Form III, a total of 13 items had item discrimination values below .3, which is 

not surprising since this is a baseline measure and most subjects performed at a 

high level.   Form III had the largest range of values (0 to .57) followed by Form I 

(.22 to .74) and Form II (.32 to .83).   Consequently, hypothesis 3 was fully 

supported for Form II and only partially supported for Forms I and III.     

 

----Insert Table 11 here---- 

 

Hypothesis 4 stated that all items on Forms I and II would have moderate 

item-total correlations (r > .30). Item-total correlations use a point-biserial 

correlation and range in values from +1 to -1.  A positive biserial correlation 

above .30 indicates the item is adequately measuring the same overall construct as 

the rest of the test.  Table 12 presents the item-total correlations for all three forms.  

All items were predicted to be greater than .3, but on Form I, item 14 had an item-

total correlation below .30 (r =.22); while on Form II, items 2, 5, 8, and 11 had 

item-total correlations below .30.  There were eight items on Form III with item-

total correlations below .3.   Thus, hypothesis 4 was mostly supported for Form I 

and partially supported for Form II.     
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----Insert Tables 12 here---- 

 

Hypothesis 5 stated that for all items on Forms I and II, none of the seven 

distractors would be selected more than expected. To calculate the number of 

subjects expected to select each distractor, the number of subjects who answered 

the item wrong was divided by the number of distractors. The analysis indicated 

that on Form I items 5 and 12 had foils chosen three times more than expected 

and on Form II items 1 and 15 also had foils selected three times more than 

expected.  On Form I, item 11 had a distractor that was chosen more than the 

correct response but not more than expected based on the formula provided above.  

On Form II, item 15 had a distractor that was chosen more than the correct 

response but not more than expected. Consequently, hypothesis 5 was mostly, but 

not completely supported for Forms I and II.   In terms of distractors not selected 

by any subjects, on Form I, items 1, 8, and 17 had a foil that was not selected by 

any subject.  On Form II, items 2, 4, and 15 had a foil that was not selected by any 

subject.    Form III had the largest amount of items with foils not selected by any 

subject and the largest percentages of correct item selection among the lower 

group when compared to Forms I and II.   

The third aim of the study involved investigating the convergent validity 

of the IAP memory measure. Hypothesis 6 stated that the IAP memory scores on 
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Forms I and II would be significantly correlated (r > .70) with CVLT delayed 

recall, WMS-III total scores for LM II and VR II, and Rey-O delayed recall total 

score. Pearson correlations indicated a significant relationship between Form I 

total score and CVLT delayed recall (r = .39, p < .001) as well as LM II (r = .30, p 

< .009).  A significant relationship was also found between Form II total score 

and Rey-O delayed recall (r = .36, p < .001) and VR II (r = 0.31, p < .008). As 

indicated in table 13, Form I did not correlate with VR II or the Rey-O and Form 

II did not correlate with LM II and CVLT. Therefore, hypothesis 6 was not 

completely supported when looking at the whole sample of TLE patients who had 

neuropsychological testing.  Table 14 includes the means and standard deviation 

for all subjects on the IAP memory measure as well as neuropsychological testing. 

 

----Insert Tables 13 and 14 here---- 

 

The sub-hypotheses stated that total score for the word items on Forms I 

and II would more highly correlate with CVLT delayed recall and WMS-III LM 

II than with VR II and Rey-O delayed recall scores.  Conversely, it was predicted 

that total scores for picture items on Forms I and II would more highly correlate 

with VR II total score and Rey-O delayed recall, than with CVLT delayed recall 

and WMS-III LM II.   
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The word item total score on Form I significantly correlated with LM II (r 

= .28, p < .01) and CVLT delayed recall (r = .39, p < .001), while correlations 

were not significant for VR II or Rey-O delayed recall.  Word items from Form II 

were not correlated with  CVLT delayed recall, LM II, or VR II, but were 

significantly correlated with Rey-O delayed recall (r = .31, p < .007).   The 

Picture item total score from Form I significantly correlated with VR II (r = .28, p 

< .02) and CVLT delayed recall (r = .26, p < .04).  The Picture item total score 

from Form II correlated with VR II (r = .36, p < .002) and Rey-O delayed recall    

(r = .34, p < .003), as well as LM II (r = .25, p < .031), but not CVLT delayed 

recall (see table 13).  Thus, the sub-hypotheses were not completely supported 

when looking at the entire sample of patients.   

The fourth aim of the study was to explore the divergent validity of the 

IAP memory measure by investigating its relationship with standard 

neuropsychological tests not associated with memory functioning.  Hypothesis 7 

stated that IAP total scores on Forms I and II would demonstrate low correlations 

(r < .40) with Trail Making Test parts A & B and the Wisconsin Card Sorting Test 

(WCST) number of perseverative responses.  Form I total score was not 

correlated with Trail Making Test part A (r = -.07, p =.55), part B (r = -.04, p =.72) 

or WCST perseverations (r = -.01, p =.99).  Form II total score had a low but 

significant negative correlation with Trail Making Test part B (r = -.26, p = .03) 
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but was not correlated with Trail Making Test part A (r = -.09, p = .49) or WCST 

perseverations (r = -.11, p = .39).  Therefore, this hypothesis was supported.   

To further explore the convergent and divergent validity of the IAP 

memory measure, subjects injected on the right side first (left side second) were 

compared to subjects injected on the left side first (right side second) on the 

neuropsychological memory measures.  Similarly, subjects with LTLE were 

compared to subjects with RTLE.  The division of subjects into these subgroups 

allowed for comparisons between left and right hemisphere memory performance 

on the IAP memory measure with neuropsychological testing.  Statistical analyses 

for these subgroups excluded six subjects who were not diagnosed with TLE.  The 

first group of subjects examined included TLE patients injected on the right side 

first.  Consequently, these patients received Form I after the first injection on the 

right side and Form II after the second injection on the left side.  Table 15 depicts 

the means and standard deviations for the IAP memory measure scores as well as 

the neuropsychological memory test scores for this subgroup of subjects.  Table 

16 includes correlations between Forms I and II and CVLT, LM II, VR II and 

Rey-O delayed recall scores.   

 

----Insert Tables 15 and 16 here---- 
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For TLE subjects injected on the right side first (n = 31), Form I total 

score correlated with the CVLT delayed recall (r = .49, p < .008) as well as LM II 

(r = .57, p < .001).  Form II total score correlated with VR II (r = .42, p < .02), but 

not Rey-O delayed recall.  In terms of divergent validity, Form I total score was 

not correlated with Trail Making Test parts A & B or WCST number of 

perseverations.  Form II total score negatively correlated with Trail Making Test 

part A (r = -.40, p = .03), but not WCST perseverations.   

The word item total score on Form I was correlated with LM II (r = .53, p 

< .003) and CVLT delayed recall (r = .56, p < .002).  There were no significant 

correlations between word item total scores from Form I and VR II or Rey-O 

delayed recall.  The word item total scores on Form II were not correlated with 

any of the verbal or nonverbal memory tests.   The picture item total scores from 

Form I were significantly correlated with LM II (r = .44, p < .02) but were not 

associated with any of the other memory tests.   The picture item total scores from 

Form II were significantly correlated with VR II (r = .49, p < .007) but were not 

related to any other memory test.   

Convergent and divergent validity was further explored in 53 TLE patients 

injected on the left side first.  These patients received Form I after left injection 

and Form II after right injection.  Table 17 provides the means and standard 

deviations for the IAP memory measure scores as well as the neuropsychological 
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memory test scores.     Table 18 includes correlations between Form I and II and 

CVLT, LM II, VR II and Rey-O delayed recall scores.   

 

----Insert Tables 17 and 18 here---- 

 

For these subjects, Form I (left injection) did not significantly correlate 

with any of the memory tests.  However, Form II (right injection) significantly 

correlated with Rey-O delayed recall (r = .34, p < .03).  Form I word item total 

scores did not correlate with any memory tests, but Form II word item scores 

correlated with Rey-O delayed recall (r = .37, p < .02).  The picture item total 

scores from Forms I and II were not correlated with any of the memory measures.  

In terms of divergent validity, Forms I and II did not correlate with the Trail 

Making Test or WCST.   

Convergent and divergent validity was examined in the same sample by 

delineating subjects based on diagnosis of right versus left TLE.  For subjects 

with RTLE (n = 22), Form I correlated with LM II (r = .55, p < .009) and the 

CVLT delayed recall (r = .45, p < .04), and Form II correlated with VR II (r = .44, 

p < .04) and the CVLT delayed recall (r = .48, p < .03).  As with Form I total 

scores, Form I word item total scores correlated with LM II (r = .52, p < .02) and 

the CVLT (r = .53, p < .01). Form II total word item scores did not correlate with 

any memory tests.  The picture item total scores on Form I did not correlate with 
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any memory tests; however, the picture item total scores on Form II correlated 

with the VR II (r = .50, p < .02) and the CVLT (r = .49, p < .02).   In terms of 

divergent validity, Forms I and II did not correlate with Trail Making Test parts A 

& B or WCST perseverations.  Table 19 provides the means and standard 

deviations for the IAP memory measure scores as well as the neuropsychological 

memory test scores. Table 20 includes correlations between Form I and II and 

neuropsychological variables.   

 

----Insert Tables 19 and 20 here---- 

 

When correlations for patients with LTLE (n = 42) were examined, Form I 

(left injection) did not significantly correlate with any of the memory tests; 

however, Form II (right injection) correlated with LM II (r = .37, p < .04) and the 

Rey-O delayed recall (r = .35, p < .05).  Form I word item total scores did not 

correlate with any memory tests, though Form II word item total scores correlated 

with  Rey-O delayed recall (r = .39, p < .02), the CVLT (r = .36, p < .05) and LM 

II (r = .39, p < .03) .  The picture item total scores did not have significant 

correlations with any memory test.  In terms of divergent validity, Forms I and II 

did not correlate with Trail Making Test parts A & B or the WCST perseverations.   

Table 21 provides the means and standard deviations for the IAP memory 

measure scores as well as neuropsychological memory test scores. In summary, 
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there was some convergent validity for both Forms in subjects injected on the 

right first.  For subjects injected on the left first there was some convergent 

validity for Form II but not Form I.  Table 22 includes correlations between Form 

I and II and neuropsychological variables.   

 

----Insert Tables 21 and 22 here---- 

 

Specific Aim Number Five involved exploring the strength of the 

relationship between IAP memory scores and seizure lateralization.   Hypothesis 8 

stated that Discrepancy Scores (DS) between the left and right IAP injection (right 

memory minus left memory) performances on Forms I and II would predict 

seizure lateralization (based on diagnosis).  Logistic regression was used to see if 

DS predicted seizure lateralization.  Difference scores > 20% suggest significant 

asymmetry with negative scores indicating better performance in the right 

hemisphere and positive scores indicating better performance in the left 

hemisphere.  DS less than 20% were considered nonlateralized or indeterminate.  

A 10% correction factor was added to DS scores following left hemisphere 

injections to compensate for lower performances associated with aphasia.  These 

analyses were conducted with and without a correction factor and the DS were 

entered into the analyses as a continuous variable.       
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There were 42 subjects diagnosed with LTLE and 22 subjects diagnosed 

with RTLE.  For subjects with RTLE, the mean DS was 45.45, and for subjects 

with LTLE, the mean DS was 1.11.  For subjects with RTLE, all DS were positive 

and greater than 20% with or without a correction factor.  For subjects with LTLE, 

12 subjects (29%) had negative DS greater than 20%, 11 (28%) had falsely 

lateteralized DS greater than 20% and 19 had indeterminate scores.  When 

applying the correction factor, 16 subjects (38%) had negative DS greater than 

20%, 7 (17%) subjects had positive DS greater than 20%, and 19 (45%) subjects 

had indeterminate scores (Table 23). When entering the DS (without the 

correction factor) into the equation, the logistic regression was statistically 

significant and the model was able to correctly classify 83% of the subjects in 

terms of lateralization. The Wald statistic, which determines if any of the 

independent variables in the regression equation has a significant relationship 

with the dependent variable using a conventional significance level of p < .001, 

demonstrated that the DS score significantly contributed to the regression model  

χ2 (1, N = 64) = 14.84, p< .001.   However, the Hosmer and Lemeshow Goodness 

of Fit Test showed this regression equation’s model had a limited fit with the 

observed data χ2 (8, N = 64) = 14.32, p <.08.  When the logistic regression for the 

DS was compared to logistic regression analyses when Form I and II total scores 

were both entered into the equation, the total scores had nearly the same 

percentage of correct classification (80%) and the Hosmer and Lemeshow 



Validation of IAP Memory Measure  83 

 

Goodness of Fit Test showed that this regression equation’s model had a good fit 

with the observed data χ2 (8, N = 64) = .121, p <.95.  The Wald statistic was 

significant for both Form I, χ2 (1, N = 61) = 10.60, p < .001 and Form II (1, N = 

61) = 10.99, p < .001. 

When a correction factor was employed to see if the DS became a better 

predictor of lateralization, the logistic regression was statistically significant and 

the model was able to correctly classify 92% of subjects in terms of lateralization.  

The Wald statistic demonstrated that the DS score significantly contributed to the 

regression model χ2 (1, N = 64) = 10.80, p < .001.  When using the correction 

factor, the Hosmer Lemeshow Goodness of Fit test showed this regression 

equation’s model had a good fit of the observed data  χ2 (8, N = 64) = 5.17, p 

= .74.  Consequently, the DS (when using the correction factor) was a better 

predictor of lateralization than Form I and II total scores by themselves.  

Therefore, Hypothesis 8 was supported by the logistic regression, as the corrected 

DS was able to classify 92% of subjects.  Table 23 includes the mean DS for the 

patients with right and left TLE.    

 

----Insert Tables 23 here---- 

 

 

 



Validation of IAP Memory Measure  84 

 

Exploratory Hypotheses 

Specific Aim Number Six is an exploratory analysis of the IAP memory 

measure’s usefulness in predicting seizure outcome.  Hypothesis 9 involved 

investigating the use of Discrepancy Scores between left and right IAP injection 

performances on Forms I and II to see if there was relationship between higher 

discrepancies (in the expected direction) and better seizure outcome.  DS were 

calculated as in the previous hypothesis with 20% used as the criterion for 

asymmetry significance.  Among the TLE patients, there were 40 subjects who 

had outcome data and 44 subjects with missing data.  A total of 26 subjects (68%) 

had complete freedom from disabling seizures (Class I) and 14 subjects (35%) 

had at least one post-operative seizure.  For seizure free subjects, 21 (81%) had 

DS greater than 20%.  For non seizure-free subjects, 8 (57%) had DS greater than 

20% and 6 had DS less than 20%. Seizure free subjects had a significantly larger 

mean discrepancy score [42.74 (t (38) = 2.167, p < .05)] than non seizure-free 

subjects (27.38).  In addition, when comparing performance means on Form I 

there was a significant difference between seizure free versus non-seizure free 

patients on Form I with TLE t (38) = 2.264, p < .05.    



 

85 

Chapter Seven: Discussion 

 Over 400,000 individuals suffer from temporal lobe epilepsy and for many, 

seizures are refractory even with pharmacological intervention.  Surgical resection 

is the most promising treatment for intractable TLE, as 60%-80% of patients are 

rendered seizure free following temporal lobectomy (Devinsky, 2004).  The goal 

of surgical resection is to remove the seizure focus to substantially reduce or 

eliminate seizures.   IAP is considered an essential part of the presurgical 

neurodiagnostic evaluation in most epilepsy centers throughout the country 

(Rausch, 1993).  The IAP’s original purpose was to establish language dominance, 

but in 1962, Brenda Milner and colleagues extended the use to include testing of 

memory functions.  Today the IAP continues to be routinely used to predict 

memory deficits following surgery.  However, many epilepsy centers also utilize 

the IAP to provide confirmatory evidence regarding seizure lateralization and 

prediction of seizure relief following surgery (Simkins-Bullock, 2000).       

 Even with the IAP’s mainstream use, there is great variability in how the 

test is being performed across centers.   The inconsistencies in procedure include 

amount of amobarbital injected, drug injection procedure, the criteria for 

determining whether the drug has taken effect and the definition of “passing” 

versus “failing” the test.   In addition, there is wide variability in the memory 

measure of the IAP including the nature of the stimuli presented (i.e., real objects 

or line drawings), the timing of memory stimuli presentation, the number of 
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stimuli presented, and the use of free recall versus recognition (Simkins-Bullock, 

2000).     

Despite the inconsistencies in procedures across centers, it is not 

uncommon for treatment decisions regarding surgical resection to be influenced 

by the results from IAP testing and in some cases, patients may be denied surgery 

if the IAP is suggestive of risk of amnesia following resection (Rausch et al., 

1993).  The high success rate of anterior temporal lobectomy (ATL) has led to its 

wide acceptance as a treatment of choice, although it is still underutilized.  The 

number of patients undergoing ATL represents only a small percentage of the 

potential candidates for surgery (Engel & Shewmon, 1993).  Determination of 

neuropsychological outcome continues to be a major factor in deciding whether to 

proceed with ATL.  The majority of cognitive abilities remain stable following 

ATL (Chelune, Naugle, Luders, Sedlak, & Awad, 1993); and postsurgical 

amnestic disorders are rare, although significant decline in episodic memory is 

sometimes associated with ATL (Loring et al., 1994; Rausch et al., 1993).      

The value of IAP in predicting post-surgical memory deficits has been 

determined in several studies (Chelune, et al., 1993; Kneebone et al., 1995).   

There are two theories regarding prediction of post-surgical memory deficits that 

are frequently considered.   The functional reserve model asserts that postsurgical 

memory deficits depend on the integrity of the temporal lobe contralateral to the 

side of resection to support memory function following surgery.  The 
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hippocampal adequacy model states that postsurgical memory deficits are 

dependent on the functional capacity of the tissue to be resected (Chelune, 1995).  

In most epilepsy centers, the side of the presumed seizure focus is injected first in 

case of procedural complications that prevent second injection (Acharya & Dinner, 

1997).  The 1992 Palm Desert Survey indicated that 36% of epilepsy centers use 

evidence regarding intact contralateral memory to consider modifying surgical 

approach (Rausch et al., 1993).  Therefore, the functional reserve model appears 

to be an important factor in determining postsurgical memory functioning.     

The main purpose of this study was to validate a standardized IAP 

memory test and explore its value in predicting lateralization as well as treatment 

outcome.   Four components of test validation were examined in the current study:  

1) The overall reliability of the measure was examined as well as the reliability of 

the individual items. 2) A comprehensive examination of the 54 items and 378 

foils that comprise the memory measure.  This item analysis included item 

difficulty, item discrimination, item-total correlation, and distractor analysis. 3) 

Correlations with other neuropsychological memory measures were conducted to 

demonstrate convergent and divergent validity. 4) Examination of the utility of 

discrepancy scores in predicting seizure lateralization and surgical outcome.   The 

hypotheses in this study were based on criteria which define characteristics of a 

“good test.”   In the ensuing sections, the findings and limitations of the study will 

be discussed and implications for further research will be addressed.   
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In terms of demographic variables, the group of subjects injected on the 

left side first was comparable to the group injected on the right side first.  In terms 

of race,  Caucasians performed significantly better than other ethnicities on Form 

I.  In addition, left handed subjects performed better than right handed subjects on 

Form I.  In terms of overall performance, subjects diagnosed with RTLE 

performed better than subjects with LTLE on Form I. This is not surprising, as 

LTLE subjects were typically injected first on the left side first, and left injections 

have been associated with worse IAP performance (Grote et al., 1999).  Subjects 

with LTLE performed better than subjects with RTLE on Form II.  This is not 

unexpected, as their second injection was on the right side, and left injections 

often negatively impact performance.  For subjects with RTLE, the total mean 

score was significantly worse (t (21) = 13.94, p < .05) for Form II (4.32) 

compared to Form I (12.5).  Such a large discrepancy may be related to the impact 

during the second injection of testing the affected hemisphere in addition to 

aphasia during memory testing.   FSIQ scores did not correlate with Form I, but 

had a small correlation (r = .29 to .31) with Forms II and III. There was no 

significant difference in total scores between subjects with a FSIQ greater than 85 

and subjects with a FSIQ less than 85 on any of the Forms from the IAP memory 

measure. Thus, FSIQ scores did not appear to have a significant impact on results.    

Reliability   
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Reliability refers to the consistency of measurement.  One aspect of 

reliability is internal consistency, which refers to the degree individual items 

measure a similar construct (Anastasi, 1988).  The first aim of the study involved 

investigating the reliability of all three Forms of the IAP.  Hypothesis 1 stated that 

each form of the IAP would demonstrate adequate internal consistency (r  > .70) 

based on Cronbach’s alpha.  As predicted, both Forms I and II had high reliability 

with alpha values of .85 for Form I, and .83 for Form II.  Nunnaly (1978) has 

indicated .7 to be an acceptable reliability coefficient, but lower thresholds are 

sometimes used in the literature.  As indicated in Table 6, the majority of items on 

Forms I and II contributed to the reliability of the test with the exception of Item 2 

on Form II (“These”).  For this item, there was a small increase (.01) in reliability 

when the item was removed.  This item also had a low item-total correlation (r 

= .17) and may be testing a different construct from the overall test.   

Since Form III is without amobarbital injection, the majority of subjects 

obtained near perfect scores; therefore, there was less variance among scores.  As 

indicated in Table 6, Form III had several items in which the reliability of the 

Form increases if those items are deleted.  This is most likely a result of the 

limited variance of this baseline Form.  Cronbach’s alpha is related to the variance 

of the item scores as well as total test variance.  If there is less variance in the 

items as well as less variance in the total test scores, alpha levels will be lower. 

Even with less variance, Form III maintains an alpha level (.69) close to the .7 
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standard for psychometric tests.  Cronbach’s alpha measures the uniformity, or 

homogeneity of items throughout the test.  Therefore, based on the alpha levels 

across the three forms, the IAP memory procedure appears overall to have good 

reliability and internal consistency.  Reliability estimates remained above .8 

regardless of FSIQ score, with the exception of Form III. For Form III, 

Cronbach’s alpha dropped to .6 in subjects with a FSIQ > 85.  This is not 

surprising as these subjects answered most items correctly; limiting the variance 

of item scores and negatively impacting the reliability of the measure.       

Item Analysis  

Specific aim number two involved investigating the psychometric 

properties of Forms I, II, and III through an examination of item-total correlations, 

item difficulty, item distractor analysis, and item discrimination.   Hypothesis 2 

stated that all items on Forms I and II would have moderate difficulty (values 

between .20 and .80).  It was also predicted that Form III would have the highest 

values, followed by Form I, and then Form II. A higher item difficulty value is 

associated with a greater percentage of subjects answering the item correctly.  As 

predicted, Form III had the highest mean item difficulty values, followed by Form 

I, and then Form II.  Form III was predicted to have the highest item difficulty 

values since it is a baseline measure in which there is no injection of sodium 

amobarbital (i.e., subjects are supposed to do well at baseline).  Form II had the 
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lowest item difficulty value regardless of injection side, most likely because Form 

II is usually testing the affected hemisphere.     

  In terms of overall item difficulty, several items on Forms I and II had 

difficulty values greater than .8 or less than .2.    Items 13, 15 and 17 on Form I 

were greater than .80 and item 5 on Form II was less than .20.  On Form I, Item 

13 (picture of a gymnast on a balance beam) had an item difficulty value of .84 

suggesting it was an easier item, as at least 84% of subjects picked the item 

regardless of side of injection.  Items 15 (picture of a 4 star flag) and 17 (picture 

of the Taj Mahal) on Form I, also had item difficulty values greater than .8.  Thus, 

these three items may be candidates for revision as their item difficulty values 

suggest that more than 80% of subjects answered the item correctly.  For subjects 

injected on the right first, six items had item difficulty values greater than .8.  

Four of these items were pictures and two were word items.  Since verbal memory 

is considered to be a function of the left cerebral hemisphere and visual memory a 

function of the right cerebral hemisphere (Kimura, 1963; Kolb & Whishaw, 1990) 

it is surprising that higher item difficulty values would be associated with picture 

items when testing left memory.  Since five of these items (13, 15, 16, 17, and 18) 

occur later in the test, it is possible that the amobarbital’s effect had dissipated to 

some degree.   Most epilepsy centers present stimulus items within the first three 

minutes following amobarbital injection to avoid presentating items without the 

effect of the amobarbital.   Loring and collegues (1994) demonstrated that 
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stimulus items presented 30 to 45 seconds following injection were significantly 

better at predicting seizure laterality than items presented later during the IAP.  

However, in this study, higher item difficulty values were not consistently 

observed in later items.  Thus, these five items may just be less difficult for 

subjects injected on the right side first.  

For subjects injected in the left hemisphere first, the item difficulty values 

were all in the moderate range.  The most difficult item was Item 11 on Form I 

(picture of China) which had an item difficulty value of .21.  This particular item 

did not discriminate well (D = .28) between the upper and lower performing 

groups and it had a low item-total correlation.  This item will be discussed further 

in a later section.       

On Form II, Item 5 (picture of the state of Virginia) is a good candidate for 

revision as it is had an item difficulty value of .12 regardless of side of injection. 

This item was the most difficult item on the IAP memory measure, as only 32% 

of subjects in the upper performing group (top 33% of subjects) were able to get 

this item correct, which is in contrast to the upper performing group’s 

performance on all other items on Form II (range of percentage of items correct 

= .32 to .97).  For subjects injected on the right side second, item difficulty values 

were in the moderate range with the exception of item 5 (Form II).  For subjects 

injected on the left side second, six items had item difficulty values below .20.  

One of those items was item 5 (picture of Virginia) which was previously 
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discussed.  The other five items were word items.  It is not surprising that these 

items had low item difficulty values since the right affected hemisphere was being 

tested (i.e., performance negatively impacted by loss of language with left 

injection and testing affected hemisphere).  Since the IAP is also used to assess 

language dominance, left injection usually results in global aphasia, paraphasias 

or muteness for a brief period provided the left hemisphere is language dominant 

(Rausch et al., 1993).   Thus, it is not surprising that word items on Forms I and II 

had lower average item difficulty values following left injection than picture 

items.     

Form III had an average item difficulty value of .85 and contained six 

items with item difficulty values above .95, suggesting that almost all subjects 

obtained near perfect scores on these items.  The most difficult item on Form III 

(“after”) had an item difficulty of .49, while Item 7 (picture of a grape cluster) 

was correctly selected by all subjects. Overall, the majority of items on Forms I 

and II had moderate difficulty values, supporting the second hypothesis and the 

use of the IAP memory measure.     

Item discrimination is an evaluation of how individual items discriminate 

between the group of subjects who performed well on the test (the upper 

performing group) and the group of subjects who performed poorly on the test 

(the lower performing group).  Hypothesis 3 stated that items on Forms I and II 

would demonstrate adequate discrimination (D > .30) between individuals who 
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correctly recalled > 50% of items and those who correctly recalled < 50% of the 

items.   

On Form I, items 11, 13, and 14 had item discrimination indexes below .3.  

Item 11 (picture of China) had a difficulty value of .24 indicating that it was a 

difficult item for subjects. This was most likely the reason it did not discriminate 

well between groups. In fact, more subjects selected the foil with a picture of 

Brazil over the correct answer.  This item’s low discrimination and difficulty 

value may be related to the similarity of the foils.  As mentioned earlier, item 13 

had an item difficulty value of .84, signifying most subjects correctly identified it. 

This is the reason this item has a low discrimination value.  Item 14 on Form I 

(“between”) had an item difficulty value in the moderate range (.41), but had a 

similar percentage of subjects in the lower performing group selecting that item as 

in the upper performing group.  In addition, the low item-total correlation for item 

14 on From I (r = .22) suggests it is tapping a different construct from the rest of 

the test. Therefore, items 11, 13, and 14 on Form I may be candidates for revision.  

Form II had no items with a discrimination value below .3 and Form III had eight 

items with discrimination values below .3.  Given that subjects got most of the 

items correct on Form III, there was less of a range in performance on items and 

consequently, low discrimination values.  Overall, 33 out of 36 items on Forms I 

and II had acceptable discrimination values, supporting the hypothesis and the use 

of the IAP memory measure.    
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The next hypothesis involved item-total correlations which assess the 

degree to which items are measuring the same construct as the overall test.  

Higher correlations are associated with greater test reliability and internal 

consistency.  High item-total correlations also indicate that the items discriminate 

examinees in the same direction as does the whole test.  Hypothesis 4 stated that 

all items on Forms I and II would have moderate item-total correlations (r > .30).   

On Form I, item 5 (picture of Washington) and item 14 (“restore”) had item-total 

correlations below .3.  On Form II, items 2 (“these”), 5 (picture of Virginia), 8 

(“hanger”), and 11 (picture of Africa) had item-total correlations below .30.  

Items 5 and 11 on Forms I and II consist of geographical locations (Washington, 

China, Virginia and Africa, respectively).  The foils for these items appear less 

distinct than other items which may be the reason they are harder for subjects to 

discriminate.  They also appear more abstract or less identifiable than other foils.  

These items may be good candidates for revision since three of them are testing 

different constructs than the overall test, and item 11 on Form I had a low 

discrimination value.   Form III had eight items with item-total correlations 

below .3.  This is not unexpected as the items on Form III have limited variance 

which creates a restricted range.  Correlations are smaller when there is a 

restricted range (Heiman, 1996).  

Hypothesis 5 stated that for all items on Forms I and II, none of the seven 

distractors would be selected more than expected. To calculate the number of 
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subjects expected to select each distractor, the number of subjects who answered 

the item wrong was divided by the number of distractors. This hypothesis was not 

entirely supported as there were a few foils selected more than expected.  On 

Form I, item 5 (picture of Washington) and item 12 (“lantern”) had one foil that 

was selected much more than expected.  For item 5, the average number of 

subjects expected to choose each distractor was 7. However, the last foil (picture 

of New York) was selected 21 times and thus stands out or appears more distinct 

than other foils.  For item 12, the average number of subjects expected to choose 

each distractor was 7. Yet, the foil “elevator” was selected 24 times.   On Form II, 

item 1 (picture of safety goggles) and item 15 (picture of Betsy Ross Flag) had 

foils selected much more than expected.  For item 1, the average number of 

subjects expected to select each distractor was 8.  The first foil (picture of 

hammer) on item one was selected 30 times.  This item was most likely confused 

with item 4 on Form I (the word “hammer”).  For item 15, the average number of 

subjects expected to choose each distractor was 9.  The first foil (picture of flag 

with 13 stars) on item 15 was selected 36 times.  Distractor analysis also indicated 

items in which foils were not selected by any subject.  Usually, if foils are not 

selected, they are easy for subjects to discount and may be too dissimilar from the 

correct item.  On Form I, items 1 (picture of cow), 8 (“river”), and 17 (picture of 

Taj Mahal) had foils that were not selected by any subject and on Form II, items 2 

(“these”), 4 (“apple”), and 15 (picture of Betsy Ross Flag) had foils that were not 
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selected.   For Form III, almost every item had a foil that was not selected.  This is 

not surprising as most subjects selected the correct answers.   Although these foils 

are selected much more or less than expected, most are not among the problematic 

items discussed earlier and are not negatively impacting the overall reliability of 

the test.   

In summary, the IAP memory measure had good overall reliability for all 

three Forms (Cronbach’s Alpha = .85 for Form I, .83 for Form II, and .69 for 

Form III).  There were some items on Form I (5, 11, 13, 14, 15, and 17) and a few 

items on Form II (2, 5, 8, and 11) that may benefit from revision, but most items 

on both forms contributed to the reliability of the test, and overall, the majority of 

hypotheses with respect to specific aims one and two were supported.       

Convergent and Divergent Validation  

Determining if a test is measuring the construct it was designed to measure 

is an important aspect of test validation.   Two components of construct validation 

are convergent and divergent validity.  Convergent validity is represented by the 

positive correlation of the IAP memory measure with scores from other 

neuropsychological memory measures.  Conversely, divergent validity is 

demonstrated by low correlations with tests that do not measure memory skills.   

Hypothesis 6 stated that the IAP memory scores on Forms I and II would be 

significantly correlated (r > .70) with CVLT delayed recall, WMS-III total scores 

for LM II and VR II, and Rey-O delayed recall total score.  When looking at these 
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hypotheses with all subjects, various factors complicated the interpretation of 

correlations.  Subjects varied in terms of side of injection, side of seizure 

lateralization, side of language dominance, and diagnosis.  To simplify 

interpretation, correlations were limited to subjects diagnosed with TLE with left 

or mixed language dominance (n = 86).  In addition, subjects were investigated in 

terms of side of injection and side of seizure focus.  The division of subjects into 

these subgroups allowed for greater understanding of left and right hemisphere 

performance on the IAP memory measure in relationship to the 

neuropsychological testing.  Thus, the hypotheses from specific aims three and 

four were explored in terms of side of amobarbital injection (i.e., left injection 

first, right injection second) and side of seizure focus (i.e., LTLE or RTLE).   

The sub-hypotheses stated that the total score for word items on each of 

Forms I and II would be more highly correlated with CVLT delayed recall and 

WMS-III LM II, than VR II and Rey-O delayed recall scores.  Conversely, it was 

predicted that total scores for picture items on each of Forms I and II would be 

more highly correlated with VR II and Rey-O delayed total, than with CVLT 

delayed recall and WMS-III LM II.  Since verbal memory is considered to be a 

function of the left cerebral hemisphere and visual memory a function of the right 

cerebral hemisphere (Kimura, 1963), it was assumed that the word items would 

more highly correlate with verbal tasks following right injection (left memory) 
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and the picture items would more highly correlate visual tasks following left 

injection (right memory).  However, this assumption was not consistently found.   

When looking at the correlations for subjects injected on the right side first 

or with RTLE, the hypotheses are largely supported.  When injecting the right 

side first and testing the left hemisphere, the word item total score from Form I 

correlated with LM II and CVLT delayed recall.  Although correlations were 

lower than predicted, this finding provides some validation for the word items on 

Form I as they were related to the verbal memory tasks.  The picture items on 

Form I correlated with LM II.  This may indicate that the picture items on Form I 

are being verbally encoded.  Following second left injection, picture items on 

Form II (testing right memory) correlated with VR II but not Rey-O.  This 

provides some convergent validity for the picture items on Form II. In addition, in 

the RTLE group, the picture items correlated with the CVLT.  This is another 

indication that some picture items may have been verbally encoded.   

In both hypothesis 6 and the sub-hypotheses, it was predicted that the IAP 

memory test would be highly correlated with the neuropsychological memory 

measures (r > .70).  However, the highest correlation was r =.5, and correlations 

ranged from r = -.03 to r =.57.  Correlations around .5 indicate a moderate 

relationship between variables.  One possible explanation for the lower 

correlations with the neuropsychological memory tests is that the IAP memory 

measure is a different task as compared to the neuropsychological memory tests.   
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Unlike the IAP memory measure, the neuropsychological memory tests assess 

verbal and visual memory in different subtests.  The IAP memory measure also 

involves a recognition format.  The correlated components of the 

neuropsychological tests were not recognition formats.  In addition, the 

neuropsychological memory tests were administered without interference of 

amobarbital.  In addition, correlations between the neuropsychological measures 

themselves are not above .7.  The Psychological Corporation (1997) examined 

correlations between WMS-III, CVLT, WMS-R, and Rey-O in several clinical 

groups.  The WMS-III Auditory Delayed Index is composed of LM II total score 

and Verbal Paired Associates II Recall total score.  This index had a .5 correlation 

with the CVLT.  The WMS-III Visual Delayed Index (composed of Faces II and 

Family Pictures II) had a low correlation (r =.22) with the Rey-O delayed total 

score.  In other studies, correlations with visual memory tests and the Rey-O have 

ranged from .45 to .65 (Knight & Kaplan, 2003).  Thus, only modest correlations 

between some of the neuropsychological memory measures themselves have been 

demonstrated.  In addition, low correlations may have resulted from the limited 

range of performance on the IAP memory measure under some conditions.  For 

example, raw IAP scores were particularly low for RTLE subjects during second 

injection (mean total score was 4.32).  This low performance on the IAP memory 

measure may have impacted the correlations due to the restricted range of scores.  

Another reason the correlations were lower than expected may be related to the 
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time interval between neuropsychological assessment and the IAP assessment.  

The mean interval was 7 months but ranged from 0 to 51 months.  Thus, it is 

possible that this time interval between assessments may have impacted certain 

correlations.  Overall, it appears that the prediction of correlations greater than .7 

was an overestimate and somewhat unrealistic.   

As mentioned earlier, the correlations between picture items on Forms I 

and II with verbal memory tests such as CVLT and LM II may indicate that the 

picture items were being verbally encoded.  For subjects with RTLE, the picture 

items were examined individually. Item 15 shows a significant correlation with 

CVLT (r = .83, p < .001).  When the picture item total score from Form II is 

correlated without item 15, there is no significant correlation with CVLT in 

patients with RTLE (r = .26, p =.180).   Item 15 on Form II was not a problematic 

item for the IAP memory test.  The item portrays a picture of the Betsy Ross flag 

and the high correlation provides evidence that the item may be verbally 

processed.  In terms of neuropsychological assessment, the development of truly 

“nonverbal” stimuli has been challenging.   In one study, Eadie and Shum (1995) 

explored the utility of Chinese characters to assess nonverbal memory.  They 

found Chinese characters to be a better measure of visual memory than geometric 

figures.  Thus, the creation of stimuli that truly measure nonverbal memory 

continues to be a challenge.   
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Convergent validity was further examined in subjects injected on the left 

first as well as subjects diagnosed with LTLE.  When testing right memory, Form 

I had no significant correlations with any of the memory tests. Similarly, Form I 

word item total score and the picture item total score were unrelated to the 

neuropsychological memory tests. This finding was somewhat surprising.  One 

possible explanation for this finding is that Form I is not a good measure of right 

hemisphere function.  However, it is also possible that some aspects of visual 

memory may be processed in the left hemisphere as well.  Several studies have 

demonstrated verbal deficits in patients with TLE but have failed to identify 

nonverbal memory decrements (Barr, 1997; Chelune et al., 1991; Delaney, et al., 

1980).  In addition, Larrabee and colleagues (1985) were unable to demonstrate 

the presence of a nonverbal memory factor when examining the factor structure of 

the WMS-R.  In addition, some studies have alluded to the fact that the construct 

of “pure” right hemisphere nonverbal memory may not exist (Larrabee et al., 

1985; Smith et al., 1992). In general, studies have supported verbal memory 

decline following left ATL.  Consistent results have been found using verbal list 

tasks (Herman, Wyler, Bush, & Tabatabai, 1992; Mungas, Blunden, Benington, 

Stone, & Palma, 1990), and paragraph recall measures (Delaney, Rosen, Mattson, 

& Novelly, 1980).  Nonverbal memory tasks have been much less successful at 

identifying impairments in patients with right TLE (Naugle et al., 1993).  In fact, 

the WMS-R Visual Reproduction subtest has not consistently demonstrated 
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differences in VR subtest scores between patients with left or right TLE (Chelune 

et al., 1991; Glowinski, 1973); Ivnik et al., 1987).  One study found no 

relationship between the Visual Reproduction subtest of the WMS-R and right 

hippocampal sclerosis (Rausch and Babb, 1993).  Thus, the overall difficulty in 

measuring right hemisphere function has been demonstrated in the literature and 

is likely to be an obstacle for most IAP memory procedures.   

When testing left memory following second injection, Form II was 

unrelated to the verbal memory tests, but demonstrated a low, but significant, 

correlation with the Rey-O.  In subjects with LTLE, The word item total score 

from Form II (testing left memory) correlated with LM II and CVLT in addition 

to Rey-O.  Thus, there appears to be some convergent validation for the word 

items on Form II in subjects with LTLE; however, the correlations are much 

lower than expected.    

The fact that the Rey-O correlated with the word items may indicate that 

aspects of the Rey-O stimuli can be verbalized.  The Rey-O and other visual 

memory tasks have been criticized for their susceptibility to verbalization 

(Heilbronner, 1992).  The Rey-O has failed to lateralize epilepsy in several studies 

(Knight & Kaplan, 2003).  Barr and colleagues (1997) compared the Rey-O 

performance of 187 LTLE patients with 168 patients RTLE, and found no 

significant differences across seven epilepsy centers.  Taylor (1969) attempted to 

create a more “complex” visual figure than the Rey-O, but found no differences in 
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performance between patients with left and right TLE.  However, he did find that 

the right TLE group recalled significantly fewer details after a 40 minute delay 

interval.  Miller and colleagues (1993) found decreased recall of details of the 

complex figure in patients with hippocampal sclerosis, but found no differences 

between right and left temporal groups.    

Specific aim four involved examining the divergent validity of the IAP 

memory measure. Divergent validity reflects the adequacy of a test by showing 

insignificant relationships to measures that are extraneous to the target construct 

(Knight & Kaplan, 2003).  Therefore, in Hypothesis 7, it was predicted that the 

IAP total scores on Forms I and II would demonstrate low correlations (r < .40) 

with the Trail Making Test and the Wisconsin Card Sorting Test.  In subjects 

injected on the right side first, Form I total score was not correlated with Trail 

Making Test or the WCST and supports the divergent validity of this Form.  Form 

II total score negatively correlated with Trail Making Test part A (r = -.40, p 

< .03), but was not associated with Trails part B or WCST perseverations.  This 

negative correlation suggests that better performance on Trails A was associated 

with higher scores on Form II.  This finding does not support hypothesis 7; 

however, the correlation is only slightly greater than .4.  In addition, Trails A is a 

measure of visual attention and the IAP memory measure involves visual 

attention. Thus, Trails A may not be the best measure of divergent validity.  For 

subjects injected on the left side first, Forms I and II did not correlate with Trails 



Validation of IAP Memory Measure  105 

 

Making Test parts A & B or WCST perseverations supporting the construct 

validity of the IAP memory measure.  There were also no significant correlations 

between Forms I and II and Trail Making Test A & B or WCST perseverations in 

the right and left TLE groups.  Overall, divergent validity is provided by the low 

and mostly insignificant correlations with these neuropsychological tests.   

In summary, word items on Forms I and II demonstrated some convergent 

validity, through correlations with the verbal memory tests.  The correlations were 

well below expectation; however, the prediction of high correlations (r > .7) may 

have been unrealistic.  The picture items on Form II demonstrated some 

convergent validity through correlations with VR II.  Conversely, the picture 

items on Form I failed to correlate with the visual memory tests which may 

represent the difficulty in developing stimuli that assess “nonverbal” memory.  In 

addition, this finding may be an indication that nonverbal memory involves more 

than just the right hemisphere. For example, some studies have demonstrated 

more anterior brain regions in localization of nonverbal forms of working 

memory (Courtney, Petit, Maisog, Ungerleider, & Haxby, 1998).  In terms of 

divergent validity, the IAP memory measure was validated through low 

correlations with neuropsychological measures unrelated to memory.  Overall, 

there appears to be evidence for the construct validity of the IAP memory 

measure.         
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Discussion of Specific Aims Five and Six  

Some investigators have found difference scores between left and right 

injection performances on the IAP to be associated with accurate lateralization of 

seizure focus (Loring et al.,1994; Loring et al.,1995; Perrine et al., 1995).  In this 

study, a DS (as described by Lee and colleagues, 2002) was calculated by 

subtracting left memory IAP scores from right memory IAP scores.  For patients 

injected on the right first, the DS were calculated by subtracting the percentage of 

items correctly identified on Form I from the percentage of items correctly 

recognized on Form II (left memory minus right memory).   Difference scores > 

20% were defined as a significant asymmetry, with negative scores indicating 

better performance in the right hemisphere and positive scores indicating better 

performance in the left hemisphere.  DS less than 20% were considered 

nonlateralized or indeterminate.  Aphasia, paraphasia, and mutism often occur 

following left injection and consequently performance on the IAP has been shown 

to be adversely impacted during left injection.  Without use of a correction factor, 

the logistic regression was able to classify 82% of subjects, but the model did not 

have a good fit with the data.  When applying a correction factor to those subjects 

with lateralization data, the logistic regression was able to classify 92% of 

subjects with right or left TLE, and the model had a much greater fit with the data.  

As indicated in the results section, all subjects with RTLE had DS greater than 

20% that were in the correct direction.  Among the subjects with LTLE, 16 (39%) 
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had DS greater than 20% in the correct direction and 7 DS were falsely lateralized.  

It is not surprising that DS falsely lateralized subjects with LTLE.  Subjects with 

LTLE frequently demonstrate more wide spread memory deficits than subjects 

with RTLE.  Perrine and colleagues (1995) examined the use of DS and with a 

17% correction factor, and were able to classify 98% of subjects correctly in 

terms of lateralization.  The IAP procedure in this study is different from the IAP 

memory measure in this study, but nonetheless, the high classification accuracy 

rate further validates this IAP memory procedure.   

 Specific aim six involved using difference scores to predict post-surgical 

outcome. Hypothesis 9 involved examining the use of Discrepancy Scores 

between left and right IAP injection performances on Forms I and II to see if there 

was a relationship between higher discrepancies (in the expected direction) and 

subjects who reported complete freedom from disabling seizures (Class I) versus 

those who continued to report symptoms (Classes II-IV). The results indicated a 

larger percentage of seizure free subjects (81%) with DS greater than 20% than 

those non-seizure free subjects with DS greater than 20% (57%)  In addition, 

seizure free subjects had significantly larger mean DS. Consequently, there was a 

relationship between DS and outcome.   

 When looking at Form I, there was a significant difference in performance 

for subjects who were seizure free versus those who were not.  Subjects who were 

not seizure free (Class II-IV) performed significantly worse (mean score = 8.3) on 
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Form I compared to subjects who were seizure free (mean score = 11.9).  This 

finding may relate to Chelune’s (1995) functional reserve model, which asserts 

that the contralateral temporal lobe to resection is more predictive of patients at 

risk for developing post surgical memory deficits.  Since Form I assessed memory 

functioning in the contralateral hemisphere to surgical resection, it appears that 

scores on Form I may be useful in predicting outcome in TLE patients.    

 

Conclusions 

There is significant variability in the IAP across epilepsy centers. The IAP 

memory measures across centers utilize different stimuli and formats to predict 

post-surgical memory deficits.  In addition to variability in procedures, there have 

been limited studies pertaining to the reliability and validity of IAP memory 

measures being used, limiting comparisons across centers as to which procedure 

is the most empirically sound.  Consequently, there is a need for individual 

centers to examine the psychometric properties of their IAP memory measure as 

well as their success rates for predicting post-surgical memory changes (Simkins-

Bullock, 2000).  

In this study, the IAP memory measure was examined in terms of its 

overall psychometric properties.  The IAP memory measure demonstrated good 

reliability across forms.  The majority of items on Forms I and II had acceptable 

item difficulty values, item discrimination values, and item-total correlations.  
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There were a few items on Forms I and II that may be candidates for revision, but 

most items were only slightly below predicted ranges. In terms of construct 

validity, correlations were lower than expected, but provided some evidence of 

convergent validity for the IAP memory measure. Assessment of convergent 

validity was likely complicated by the interaction of amobarbital on side of 

injection, differences in seizure lateralization among subjects, and aphasia during 

left hemisphere assessment.  In terms of divergent validity, both Forms I and II 

had low correlations with the executive functioning measures, providing some 

preliminary support for the construct validity of the measure.      

 When utilizing a discrepancy score to predict lateralization in subjects 

with TLE, asymmetry scores from the IAP memory measure were able to classify 

92% of subjects with either left or right TLE after applying a correction factor for 

left injection scores. There was limited data regarding post-operative seizure 

outcome. However, a higher percentage of seizure-free subjects had DS greater 

than 20% as compared to those subjects who were not seizure-free.  In addition, 

there was a significant difference on Form I between subjects who reported they 

were seizure-free following temporal resection as compared to subjects who 

continued to report symptoms.  

 This study may represent the most detailed examination of the 

psychometric properties of an IAP procedure to date.  Consequently, it is difficult 

to compare this procedure to others currently used.  This IAP measure has several 
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unique characteristics likely to contribute to the reliability of the measure.  First, 

the number of items and foils were based on a binomial probability formula used 

to calculate the optimal number of foils to minimize the probability of obtaining a 

“passing score” by random guessing.  Second, the IAP memory measure has 18 

items (more than most centers) and reliability increases as the number of items on 

a test increase.  Third, the majority of items appear to be testing a similar 

construct, and this homogeneity of items is directly related to the overall 

reliability of the measure.   In terms of validity, the IAP measure demonstrated 

convergent and divergent validity with the neuropsychological tests although 

correlations were lower than expected.  The IAP measure also demonstrated 

clinical utility in that it was able to predict seizure lateralization in 92% of 

subjects when applying a correction factor.  Although there are items that may 

benefit from revision and improvement, the majority of hypotheses were 

supported and this IAP memory measure appears to have good overall 

psychometric properties.   

 

Limitations 

  Psychometric validation of a test involves several aspects that were not 

included in this study.  Calculation of Cronbach’s alpha was the only reliability 

estimate included in this study.  Although there is no reason to suspect differences 

in scoring the IAP memory measure, interrater reliability was not assessed in this 
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study.  In addition, there was no measure of test-retest reliability, as it was 

impossible and unethical to systematically readminister amobarbital at a later time.  

Due to the fact that subjects were injected on different sides while administered 

different forms, there was no measure of alternate forms reliability and no means 

of direct comparison of the three forms.  Another limitation of the study is the 

small sample.  Even though there were 90 patients, when looking at the group of 

patients by side of injection, the group sample sizes were much smaller.  The 

limited number of subjects in certain analyses necessitates cautious interpretation 

of some findings.  In addition, there were some subjects in which lateralization 

data, outcome data, and neuropsychological assessment was missing.  This 

limited the comparisons between groups as well as the results regarding outcome.   

When Milner and colleagues (1962) extended the use of the IAP to assess 

memory, the procedure became routinely used to predict future memory 

decrements.  However, it was outside the scope of this study to evaluate how well 

this measure predicts post-surgical deficits.  This is an important limitation of this 

study and further discussed in terms of future directions.   
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Directions for Future Research 

Replication of the current study using a larger sample size may provide 

further validation of this measure.  A larger sample size would provide an 

opportunity to conduct factor analysis, which is commonly employed in the 

validation of psychological tests.  A sample size with either 100 subjects or 10 

times the number of variables is suggested for an effective factor analysis 

(Crocker & Algina, 1986).  Further validation of this memory measure through 

correlations with neuroimaging techniques should be examined.  The IAP 

procedure utilized at the Medical College of Georgia had been validated through 

studies demonstrating the relationship between IAP scores and hippocampal 

volume asymmetries in subjects with complex partial seizures, and the protocol 

has been shown to be related to hippocampal pathology and post-operative 

material-specific memory decline (Loring et al., 1997; Loring et al., 1990; Loring, 

Murro, Meador, Lee, & et al., 1993;  Loring et al., 1994). However, the IAP 

memory procedure has not been examined in terms of reliability, item-analysis, or 

convergent validity.  It is recommended that subjects undergoing ATL routinely 

be referred for neuropsychological assessment post-surgery.   Predictive validity 

should then be examined to see if performance on the IAP memory measure is 

related to material specific deficits assessed by neuropsychological memory 

measures.   Investigation of the relationship between pre and post 
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neuropsychological memory performance and IAP memory testing would help 

validate this measure with respect to post-surgical memory deficits.    
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Table 1 

Demographic variables and duration of epilepsy 

   
 
                                                          N  Mean         SD         Range 
     
     

Age (years) 90 35.6 10.8 18-69 

Education (years) 76 12.5 3.2 5-20 

FSIQ 57 86.7 14.0 67-127 

Duration of epilepsy (years) 73 18.2 12.7 1-50 

    
 
Note. FSIQ is Estimated Full Scale Intelligence Quotient from the Wechsler Adult 
Intelligence Scale-Third Edition.    
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Table 2 

Demographic variables in patients with LTLE and RTLE.  

   
Demographic variables/seizure focus                                                                   
Total 
                                            
 
Sex   Males Females   

RTLE  9 17  26 

LTLE  13 25  38 

Ethnicity   Caucasian Other*   

RTLE  14 8  22 

LTLE  22 20  42 

Handedness  Left Right Bilateral  

RTLE  4 18 0 22 

LTLE  7 34 1 42 

Language Dominance Left Right Mixed  

RTLE  22 0 0 22 

LTLE  36 2 4 42 

 
*RTLE = 2 African American, 6 Hispanic.  LTLE 7 African American, 10 
Hispanic, 1 Asian, 1 Middle Eastern.  Chi-Square analyzes indicated no 
significant differences between sex and ethnicity in RTLE versus LTLE groups.  
Fisher’s Exact Test indicated no significant difference in handedness or language 
dominance among subjects with RTLE and LTLE.   



 

116 

Table 3 

Demographic variables in patients with LTLE and RTLE.  

   
                    RTLE       N       Mean           SD       LTLE            N       Mean       SD 
                                            
Age  22 37.41 12.84  42 36.07 9.74

Education  21 11.81 3.08  33 13.09 3.06

FSIQ  14 88.21 12.42  26 86.65 16.4

Seizure   19 21.71 15.73  34 16.41 11.41

 
Note. FSIQ Full Scale IQ from Wechsler Adult Intelligence Scale-III.  
Independent-samples t test indicated no significant differences between RTLE 
and LTLE groups.   
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Table 4 

Diagnostic Categories and diagnosis by seizure lateralization.  

Diagnosis                           N         Percent 
MTLE  28 31.1 

TLE  56 62.2 

Nondiagnostic Seizure Evaluation 6 6.7 

Total  90 100 

    
Diagnosis            N                                  RTLE       LTLE    
Bilateral  
     
Undetermined seizure focus 21     

MTLE 28 9 17 2

TLE 41 13 25 3

Total 90 22 42 5

     
 
MTLE = Mesial Temporal Lobe Epilepsy, TLE = Temporal Lobe Epilepsy.   
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Table 5 
 
Means and standard deviations for the raw scores on Forms I and II across 

demographic characteristics.   

Form/Variable                  N                 Mean        SD  N          Mean      SD                 
 
Form I 90 10.14 4.47    

Form II 90 7.38 4.47    

Ethnicity Caucasian   Other   

Form I 52 11.00* 4.36 36 9.08 4.34 

Form II 52 8.06 4.57 36 6.47 4.21 

Handedness                    Right   Left    

Form I 73 9.64 4.63 16 12.25* 3.00 

Form II 73 7.29 4.72 16 7.56 3.24 

Language Right   Left   

Form I 4 15.25* 0.96 79 10.05 4.42 

Form II 4 6.25 2.75 79 7.70 4.56 

Lateralization                 Right   Left    

Form I 22 12.50* 3.54 42 8.93 4.27 

Form II 22 4.32 2.66 42 8.95* 4.45 

       
*Indicates significantly better performance on that Form. p < .05.  Independent-
samples t tests were used to compare mean performance for variables on each 
form.  Ethnicity refers to Caucasians versus all other ethnicities.  Language refers 
to side of language dominance.  Lateralization refers to side of seizure focus.    
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Table 6 

Calculation of Cronbach’s Alpha for IAP memory measure if item is deleted 

across Form I, II, and III 

   Form I                   r                      Form II            r                   Form III                  
r 
 

1 .83 1 .82 1 .70

2 .83 2 .84 2 .70

3 .84 3 .83 3 .69

4 .83 4 .83 4 .66

5 .85 5 .83 5 .69

6 .84 6 .82 6 .66

7 .83 7 .83 7* 

8 .84 8 .83 8 .66

9 .84 9 .82 9 .69

10 .84 10 .82 10 .65

11 .84 11 .83 11 .68

12 .84 12 .82 12 .65

 



 

120 

Table 6 Continued 
 

13 .84 13 .82 13 .69

14 .85 14 .82 14 .67

15 .84 15 .83 15 .67

16 .84 16 .82 16 .67

17 .84 17 .82 17 .70

18 .83 18 .83 18 .68

         
*Item 7 had zero variance and was removed from analysis. Note. This table 
examines whether each the reliability for each Form increases or decrease if 
individual item is deleted.   
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Table 7 

Mean item difficulty values by side of injection 

 

Form           Side of injection            Mean                 N    
  
 
 
Form I Right .68 33

 Left .50 57

    

Form II Right .47 57

 Left .31 33
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Table 8 
 
Item Difficulty for all subjects and across second injection side for Form II 

 
                  

                  For all subjects   Right 2nd injection (N=57)    Left 2nd injection (N=33)                          
 
1. .73 .91                 .63

2. .38 .58 .26

3. .60 .64 .58

4. .51 .73 .39

5. .44 .39 .47

6. .49 .70 .37

7. .69 .73 .67

8. .37 .52 .28

9. .71 .70 .72

10. .46 .61 .37

11. .24 .30 .21

12. .43 .64 .32

13. .84 .85 .84

14. .41 .55 .33
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Table 8 Continued 
 
15. .81 .91 .75

16. .61 .82 .49

17. .82 .91 .77

18. .64 .85 .53

 
Note. Picture items are odd numbered items and word items are even numbered 
items.   
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Table 9 
 
Item Difficulty for all subjects and across second injection side for Form II 

 
                  

                  For all subjects       Right 2nd injection (N=57)   Left 2nd injection (N=33)                          
 
1. .41 .51 .24

2. .52 .53 .52

3. .33 .32 .36

4. .33 .39 .24

5. .12 .12 .12

6. .33 .44 .15

7. .64 .67 .60

8. .43 .51 .30

9. .49 .54 .39

10. .28 .37 .12

11. .44 .49 .36

12. .32 .44 .12

13. .46 .47 .42

14. .36 .47 .15
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Table 9 Continued 
 
15. .33 .23 .52

16. .42 .56 .18

17. .60 .70 .42

18. .60 .70 .42

 
Note. Picture items are odd numbered items and word items are even numbered 
items.   
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Table 10 
 
Item Difficulty for all subjects on Form III 

 
 
1. .99 

2. .86 

3. .98 

4. .87 

5. .92 

6. .49 

7. 1.00 

8. .79 

9. .98 

10. .63 

11. .88 

12. .83 

13. .94 

14. .74 

15. .88 

16. .62 

17. .96 

18. .97 
 
Note. Picture items are odd numbered items and word items are even numbered 
items.   
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Table 11 

Item discrimination for Forms I-III 

 

Item Number           Form I            Form II             Form III    
  
      
1. .60 .82 .02 

2. .67 .43 .14 

3. .53 .42 .05 

4. .74 .32 .30 

5. .35 .32 .13 

6. .59 .61 .49 

7. .69 .57 0 

8. .50 .37 .33 

9. .58 .71 0 

10. .46 .56 .57 

11. .28 .44 .24 

12. .62 .59 .30 

13. .28 .62 .08 

14. .22 .54 .34 
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Table 11 Continued 
 
 
15. .49 .33 .24 

16. .53 .69 .56 

17. .44 .83 .05 

18. .63 .41 .07 
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Table 12 
 
Item-Total Correlations for Forms I, II, and III 
 
Item Number           Form I                  Form II               Form III    
 
1. .55  .54  -.03 

2. .65  .17   .06 

3. .44  .38   .15 

4. .53  .34  .40 

5. .23  .23  .18 

6. .46  .54  .40 

7. .58  .41  0 

8. .44  .29  .45 

9. .45  .56  .12 

10. .42  .56  .48 

11. .34  .29  .26 

12. .46  .58  .48 

13. .33  .48  .10 

14. .22  .48  .37 

15. .46  .35  .37 

16. .45  .55  .37 

17. .49  .58  -.01 

18. .50  .33  .36 
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Table 13   
 
Correlations between Forms I and II and neuropsychological measures for all 

subjects. 

Memory Test              N                        Form I                    Form II       
 

  Total Score Total Score 

LM II 75 .30** .21 

CVLT 70 .39** .13 

VR II 72 .23 .31** 

ROCF 76 .12 .36** 

  Word Score Word Score 

LM II 76 .28* .16 

CVLT 71 .39* .06 

VR II 73 .13 .21 

ROCF 76 -.01 .31* 

  Picture score Picture score 

LM II 76 .22 .25* 

CVLT 71 .26* .21 

VR II 73 .28* .36** 

ROCF 76 .22 .34* 

    
 
LM II = Logical Memory II, VR II =Visual Reproduction II, CVLT = California 
Verbal Learning Test.  CVLT score is the total score for the long delay free recall, 
Rey-Osterrieth Complex Figure (ROCF) score is the total score for delayed recall. 
**P < 0.01.   *P < 0.05.   
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Table 14   
 
Performance on IAP Forms and Neuropsychological testing for all subjects. 

Memory Test Scores                        N                      Mean            SD 
 
Form I total score 90 10.14 4.47 

Form I word total  90 4.30 2.65 

Form I picture total  90 5.90 2.28 

Form II total score 90 7.38 4.47 

Form II word total  90 3.60 2.48 

Form II picture total  90 3.83 2.48 

Form III total score 90 15.16 2.80 

LM II Raw score 76 18.88 10.17 

VR II Raw score 73 41.68 23.02 

CVLT LD Free recall 71 8.61 3.62 

Rey-O Delay Delayed recall 76 15.25 6.39 

TMT A (Seconds) 76 34.88 15.30 

TMT B (Seconds) 76 97.57 46.23 

WCST #PSV 69 24.22 19.21 

 
LM II = Logical Memory II, VR II = Visual Reproduction II, CVLT = California 
Verbal Learning Test. CVLT score is the total score for the long delay free recall. 
TMT A = Trail Making Test Part A, TMT B = Trail Making Test Part B, WCST 
#PSV = Wisconsin Card Sorting Test number of perseverations.   



 

132 

Table 15   

Performance on IAP Forms and neuropsychological measures for TLE subjects 

injected on the right side first.   

Memory Test Scores                        N           Mean        SD 
 
Form I total score 31 12.33 3.93

Form I word total 31 5.97 2.27

Form I picture total 31 6.33 1.96

Form II total score 31 5.45 3.49

Form II word total 31 2.21 1.58

Form II picture total  31 3.45 2.65

Form III total score 31 14.58 3.58

LM II Raw score 29 19.94 10.78

VR II Raw score 29 41.58 20.57

CVLT LD Free recall 29 9.23 3.22

Rey-O Delayed recall 29 15.03 5.93

TMT A (Seconds) 29 32.26 13.31

TMT B (Seconds) 29 101.26 55.45

WCST # PSV 26 23.15 18.75

 
LM II = Logical Memory II, VR II = Visual Reproduction II CVLT = California 
Verbal Learning Test. CVLT score is the total score for the long delay free recall. 
TMT A = Trail Making Test Part A, TMT B = Trail Making Test Part B, WCST 
#PSV = Wisconsin Card Sorting Test number of perseverations.   
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Table 16   
 
Correlations between cognitive measures and IAP scores for subjects with TLE 

injected on the right side first and left side second.   

Memory Test               N         Form I (Left Memory)           Form II (Right 
Memory)       
 
 

LM II 29 .57** .09 

CVLT 29 .49** .30 

VR II 29 .29 .42* 

ROCF 29 .21 .29 

  Word Score Word Score 

LM II 29 .53** .11 

CVLT 29 .56** .12 

VR II 29 .21 .15 

ROCF 28 .07 .04 

  Picture score Picture score 

LM II 29 .44* .12 

CVLT 29 .25 .36 

VR II 29 .29 .49** 

ROCF 29 .22 .33 

    

 

LM II =Logical Memory II, VR II =Visual Reproduction II, CVLT =California 
Verbal Learning Test.  CVLT score is the total score for the long delay free recall, 
the Rey-Osterrieth Complex Figure (ROCF) score is the total score for delayed 
recall. **P < 0.01.   *P < 0.05.   
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Table 17   
 
Performance on IAP Forms and neuropsychological measures for subjects with 

TLE injected on the left side first.   

Memory Test Scores                     N            Mean       SD 
 
Form I total score 53 8.88 4.30

Form I word total 53 3.33 2.37

Form I picture total 53 5.65 2.42

Form II score 53 8.49 4.61

Form II word total 53 4.40 2.56

Form II picture total 53 4.05 2.37

Form III total score 53 15.49 2.20

LM II Raw score 42 18.16 9.79

VR II Raw score 42 41.76 24.92

CVLT LD Free recall 42 8.13 3.86

Rey-O Delayed recall 42 15.39 6.74

TMT A (Seconds) 42 36.69 16.44

TMT B (Seconds) 42 95.02 39.12

WCST #PSV 42 24.86 19.67

 
LM II = Logical Memory II, VR II = Visual Reproduction II, CVLT = California 
Verbal Learning Test. CVLT score is the total score for the long delay free recall. 
TMT A = Trail Making Test Part A, TMT B = Trail Making Test Part B, WCST 
#PSV = Wisconsin Card Sorting Test number of perseverations.   
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Table 18   
 
Correlations between cognitive measures and IAP scores for TLE subjects 

injected on the left side first.   

Memory Test               N         Form I (Right Memory)           Form II (Left 
Memory)       
 
 

LM II 42 .08 .23 

CVLT 42 .28 .26 

VR II 42 .19 .23 

ROCF 42 .10 .34* 

  Word Score Word Score 

LM II 42 .08 .22 

CVLT 42 .25 .30 

VR II 42 .07 .20 

ROCF 42 -.04 .37* 

  Picture score Picture score 

LM II 42 .04 .23 

CVLT 42 .22 .20 

VR II 42 .24 .24 

ROCF 42 .24 .27 

    

 

LM II =Logical Memory II, VR II =Visual Reproduction II, CVLT =California 
Verbal Learning Test.  CVLT score is the total score for the long delay free recall, 
the Rey-Osterrieth Complex Figure (ROCF) score is the total score for delayed 
recall. **P < 0.01.   *P < 0.05.   
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Table 19  
 
Performance on IAP Forms and neuropsychological measures for subjects with 

RTLE.    

Memory Test Scores                                 N            Mean          SD 
 
Form I total score 22 12.5 3.54 

Form I  word total 22 6.05 2.01 

Form I picture total 22 6.45 1.87 

Form II total score 22 4.32 2.66 

Form II word total 22 1.73 1.12 

Form II picture total 22 2.68 2.48 

Form III total score 22 15.00 2.78 

LM II Raw score 21 21.14 9.70 

VR II Raw score 21 40.86 21.12 

CVLT LD Free recall 21 9.43 3.44 

Rey-O Delayed recall 21 15.19 6.55 

TMT A (Seconds) 21 33.71 14.13 

TMT B (Seconds) 21 104.19 62.88 

WCST #PSV 18 23.61 17.83 

 
LM II = Logical Memory II, VR II = Visual Reproduction II, CVLT = California 
Verbal Learning Test. CVLT score is the total score for the long delay free recall.  
TMT A = Trail Making Test Part A, TMT B = Trail Making Test Part B, WCST 
#PSV = Wisconsin Card Sorting Test number of perseverations.   



 

137 

Table 20   
 
Correlations between cognitive measures and IAP scores for subjects with RTLE. 
 
Memory Test               N         Form I (Left Memory)           Form II (Right 
Memory)       
 
 

LM II 21 .55** .26 

CVLT 21 .45* .48* 

VR II 21 .35 .44* 

ROCF 21 .28 .37 

  Word Score Word Score 

LM II 21 .52* .22 

CVLT 21 .53* .23 

VR II 21 .30 .11 

ROCF 21 .14 .10 

  Picture score Picture score 

LM II 21 .36 .26 

CVLT 21 .17 .49* 

VR II 21 .28 .50* 

ROCF 21 .24 .37 

    

 

LM II =Logical Memory II, VR II =Visual Reproduction II, CVLT =California 
Verbal Learning Test.  CVLT score is the total score for the long delay free recall, 
the Rey-Osterrieth Complex Figure (ROCF) score is the total score for delayed 
recall. **P < 0.01.   *P < 0.05.   
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Table 21   
 
Performance on IAP Forms and neuropsychological measures for subjects with 

LTLE.   

Memory Test Scores                              N         Mean          SD 
 
Form I total score 42 8.8 4.22 

Form I word total 42 3.20 2.28 

Form I picture total 42 5.70 2.52 

Form II total score 42 9.05 4.52 

Form II word total score 42 4.65 2.62 

Form II picture total score 42 4.38 2.26 

Form III total score 42 15.45 2.18 

LM II Raw score 33 18.24 10.02 

VR II Raw score 31 44.16 22.98 

CVLT LD Free recall 30 8.37 4.15 

Rey-O Delayed recall 33 15.70 7.35 

TMT A (Seconds) 32 35.22 14.10 

TMT B (Seconds) 32 92.75 42.27 

WCST #PSV 31 24.26 20.98 

 
LM II = Logical Memory II, VR II = Visual Reproduction II, CVLT = California 
Verbal Learning Test. CVLT score is the total score for the long delay free recall. 
TMT A = Trail Making Test Part A, TMT B = Trail Making Test Part B, WCST 
#PSV = Wisconsin Card Sorting Test number of perseverations.   
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Table 22   
 
Correlations between memory measures and total score for subjects with LTLE. 
 
Memory Test               N         Form I (Right Memory)           Form II (Left 
Memory)       
 
 

LM II 33 .09 .37* 

CVLT 30 .28 .30 

VR II 31 .14 .26 

ROCF 33 .13 .35* 

  Word Score Word Score 

LM II 33 .06 .39* 

CVLT 30 .25 .36* 

VR II 31 .02 .23 

ROCF 33 -.03 .39* 

  Picture score Picture score 

LM II 33 .09 .30 

CVLT 30 .23 .19 

VR II 31 .20 .26 

ROCF 33 .27 .25 

    

 

LM II =Logical Memory II, VR II =Visual Reproduction II, CVLT =California 
Verbal Learning Test.  CVLT score is the total score for the long delay free recall, 
the Rey-Osterrieth Complex Figure (ROCF) score is the total score for delayed 
recall. **P < 0.01.   *P < 0.05.   
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Table 23    
 
Discrepancy Scores for Patients with TLE for use in logistic regression. 
 
Diagnosis                      N             Min                  Max             Mean         SD 
 
RTLE 22 22.22 66.67 45.45 15.30

Corrected RTLE 22 32.22 76.67 55.45 15.30

LTLE 42 -61.11 66.67 1.11 29.75

Corrected LTLE 42 -71.11 56.67 -8.61 29.74

 
 
 
Note.  N is the total number of subjects with left or right TLE.  DS Discrepancy 
scores > 20% suggested significant asymmetry with negative scores indicating 
better performance in the right hemisphere and positive scores indicating better 
performance in the left hemisphere.  DS less than 20% were considered 
nonlateralized or indeterminate.  Correction was 10 percentage points added to 
DS. Corrected RTLE = Corrected score for left injection in subjects with RTLE.  
Corrected LTLE = Corrected score for left injection in subjects with LTLE.     
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Appendix A  

The California Verbal Learning Test (CVLT): 

The CVLT (Delis et al., 1987) is an individually-administered measure of 

verbal learning and memory.  Sixteen words (Monday list) are presented orally, 

and subjects are asked to repeat as many items as they can, in any order, for each 

of five (learning) trials.  The words are from four categories (fruits, tools, clothing, 

spices and herbs), although they are not organized as such in their presentation to 

the subject.  After the fifth trial, subjects are asked to repeat words from a new list 

of sixteen items (Tuesday list).  Immediately after the Tuesday list, subjects are 

asked to recall as many items as they can from the Monday list (short delay free 

recall), and then are cued to recall the items from each of the four categories 

(short delay cued recall).  After approximately 20 minutes, the recall procedure 

for the Monday list is repeated for both the free recall (long delay free recall), and 

cued recall (long delay cued recall) conditions.  Next, a longer list of words 

comprised of the entire Monday list, parts of the Tuesday list and several novel 

words is presented, and subjects are asked to identify which words were part of 

the Monday list (recognition).  Computerized scoring yields standard scores for 

total learning, all four recall conditions, and recognition.  Also included are 

learning characteristics, such as whether the subjects encoded the list in order of 

the words presented (serial clustering), or by grouping words into four categories 

(semantic clustering).   
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 Internal consistency reliability coefficients for the CVLT range from r 

= .69 to r =.92 (Delis et al., 1987), and factor analyses yielded a six factor solution, 

including general verbal learning, response discrimination, learning strategy, 

proactive effect, serial position effect, and acquisition rate (Delis, Freeland, 

Kramer & Kaplan, 1988).     

 

Rey-Osterrieth Complex Figure Test (Rey-O) 

 The  Rey-Osterrieth Complex Figure Test (Loring, Martin, Meador, & Lee, 

1990; Osterrieth, 1944) is a measure of visuospatial constructional ability and 

visual memory.  There are four components in the version of the Rey-O used in 

this study: Copy, Immediate Recall, Delayed Recall, and Recognition. The subject 

is given a blank sheet of paper (8 ½’’ by 11”) and asked to reproduce the figure as 

it is drawn on the stimulus sheet, using three colored pencils given to the subject 

by the examiner at roughly equal points of the subject’s reproduction. Afterwards, 

the stimulus and drawing are removed and the subject is asked to reproduce the 

figure from memory, using the same three-pencil method. Following a 15 minute 

delay, the subject is again asked to reproduce the figure from memory.  Finally, 

the subject is asked to choose the original figure from eight similar-looking 

drawings during the recognition portion of the test.  Standardized scoring of the 

protocols is used (Loring et al., 1990).  Inter-rater reliability coefficients are high 

for all three trials, r = .80 for the copy, r =.93 for immediate recall, and r =.96 for 
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delayed recall (Loring, Martin, Meador, & Lee, 1990).  One year test-retest 

reliability coefficients range from r =.47 to r =.59 for immediate and delayed 

recall trials (Berry, Allen, & Schmitt, 1991).   

 

Wechsler Memory Scale-III (WMS-III) 

 Two subtests of the WMS-III (Wechsler, 1997), Logical Memory and 

Visual Reproduction, were examined in this study. Logical Memory assesses 

immediate and delayed recall of structured verbal information in the form of two 

short stories.  The subject is read the stories and then asked to recall as much of it 

he or she can remember immediately after the stories are read and again after a 

30-minute delay. The second story is read twice to the subject.  Visual 

Reproduction assesses immediate and delayed recall of nonverbal information in 

the form of five cards with seven simple geometric figures.  The subject is 

presented each stimulus, one at a time for 10 seconds, and then asked to draw the 

stimulus immediately from memory and again after a 30 minute delay.  Scoring of 

these measures is rather detailed, and complete rules are outlined in the WMS-III 

manual.  The WMS-III was co-normed with the Weschler Adult Intelligence 

Scale-Third Edition (WAIS-III) according to the 1995 U.S. census data.  Internal 

consistency assessed using split-half reliability estimates for Logical Memory and 

Visual Reproduction ranged from r =. 77 to r = .88.  Inter-rater reliability 
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coefficients for Logical Memory and Visual Reproduction were greater than r 

= .90, using the scoring rules defined in the manual (Wechsler, 1997).     

 

Wisconsin Card Sorting Test (WCST) 

 The WCST (Heaton et al., 1981) is a measure of flexibility of thought and 

problem solving. Examinees are asked to match response cards each to one of 

four stimulus cards using the sorting principles of color (red, green, yellow, blue), 

form (triangles, stars, crosses, circles), or number (one, two, three, four).  These 

principles are not explicitly explained, although correct/incorrect feedback is 

given for each response. After ten correct matches in a row, the correct sorting 

principle is covertly changed.  The test continues until the patient has made six 

runs of ten consecutive correct matches or has not completed any categories after 

64 card placements, or has used all 128 response cards.  The WCST yields scores 

such as number of perseverative responses, loss of set, and number of categories 

completed.   

 The WCST has excellent inter-rater reliability, with coefficients of r =.93 

for perseverative responses, r =.92 for perseverative errors and r = .88 for non-

perseverative errors (Axelrod, Goldman, & Woodard, 1992).  Extensive research 

on the concurrent and construct validity of the WCST has been conducted, with 

most results suggesting the WCST is a valid measure of “executive functioning” 

(See WCST manual).   
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Trail Making Tests, Parts A (TMT A) & B (TMT B) 

The Trail Making Tests (Reitan, 1955) provide a measure of attention, 

scanning speed, mental sequencing, and flexibility of thought (Spreen et al., 1988).  

TMT A requires drawing a line to sequentially connect encircled numbers (1 to 25) 

on a page. During TMTB, subjects alternate between drawing lines from encircled 

numbers to encircled letters (e.g., 1-A-2-B-3-C etc. to 13).  The reader may 

consult Spreen and Struass (1988) for a complete description of standardized 

administration procedures.  Raw scores for time to complete the two conditions 

may be converted to age, sex, and education-corrected T scores. The test has been 

shown to be sensitive to neuropsychological dysfunction in a wide variety of 

individuals (Lezak, 1995).   
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Appendix B 
 

Form I Answers 
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Form II Answers 
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Form III Answers 
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