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CHAPTER 11

Neuropsychology of Epilepsy

Carl B. Dodrill

Epilepsy is one of the areas that has been most sadly ne-elected by psychologists. It is

substantially underrepresented in the academic, research, and clinical programs of
psychology (Mostofsky, 1978), a fact dramatically underscored by the incidence of this
disorder. Very few psychologists are aware of the fact that epilepsy is probably more
prevalent than are all psychotic disorders combined. The Professional Advisory Board of
the Epilepsy Foundation of America, after detailed srudy of the literature, concluded that
at least 2?o af the population of the United States suffer from some form of epilepsy. This
includes the commonly reco-enized forms of this disorder, plus many other epileptiform
manifestations less well reco,Rnized (Epilepsy Foundation of America, 1975). Even if one
were to use the more conservative figure of lVo, a staggering number of people are

affected. Furthermore, the narure of epilepsy with the intermittent occurrence, the stigma,
and the lifelong need to take intoxicating medications results in numerous psychological
and social problems that could well use the services of the clinical psychologist and
particularly the cli ni cal neuropsychologist.

This chapter presents basic information about epilepsy and about the neuropsychology
of seizure disorders, including the correlates of seizure history variables such as age at
onset of seizure disorder, duration of disorder, the effects of anticonvulsant medications
on performance, the neuropsychological correlates of the elecroencephalogram, psyche
logical phenomena associated with disorders of the temporal lobes, the effects of cortical
resection surgery for epilepsy on performance, and the personal and social adjustment of
&e epileptic. Finally, specialized tools developed by me for the neuropsychological and
psychosocial evaluation of persons with seizure disorders are presented.

NATURE OF EPILEPSY

lpilepsy may be defined simply as recurrent seizures. Seizures are paroxysmal events of
;erebral origin that have a wide variery of manifestations. Because of the frequency with
which seizure disorders are encountered, it is imperative that the neuropsychologist have a

basic understanding concerning the seizure fypes that do exist.
The International Classification of Seizure Disorders (Gastaut, 1970) reprcsents an

:ffort to categorize the diversity of seizure types. While no scheme of seizure classifica-
tion has achieved universal recognition, this method of classification is now in general use

and makes several important contributions. It underscores the fact that the old terms
"grand mal," "petit mal, " and "psychomotor" are inadequate and that they are insuffi-
ciently specific to describe the numerous varieties of seizures that are now known to exist.
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Furthermore, it emphasizes that an adequate seizure classification must use broadly based
information, including clinical, anatomical, etiological, electro€ncephalographic, and bi-
ographical factors. In so doing, it provides a basis for the multiplicity of seizure types that
are found. In this classification scheme, a basic differentiation is made between seizures
of focal onset (partial seizures) and attacks that are bilaterally symmetrical and without
focal onset (generalized seizures). Almost all attacks can be classified under one of these
two headings. In the area of partial seizures, a distinction occurs between seizures having
no impairment of consciousness (partial seizures with elementary symptomology) and
seizures generally accompanied by such alterations (partial seizures with complex
symptomology). In general, focal sensory and./or focal motor seizures fall under the
former heading, while psychomotor attacks or episodes tif temporal lobe origin fail under
the latter classitjcation. This last group may be especially complex in iis manifestations,
but attacks here are typically accompanied by an inability to respond to siurations in a
purposeful and meaningful fashion.

Generalized seizures, by definition, involve the entire brain, and regardless of their
type, they tend to have a more striking impact on functioning. Classified under this rnajor
category are absence attacks, a certain subcategory of which has previously been known
as Petit mal. Myoclonic seizures, infantile spasms, clonic seizures, tonic attacks, tonic-
clonic seizures (often referred to as grand mal epilepsy), atonic seizures, and akinetic
attacks are the other principal types falling in this group. Absence attacks represent
relatively brief episodes of a few seconds during which the patient is momentarily unre-
sponsive to the environment. While motor components may exist, they represent only a
very minor part of the episode; in no way do they represent behavior that is even semipur-
poseful in appearance. Also unlike complex partial attacks, the patient is unaware of
environmental events during the episode and does not respond to them. Finally, while
complex panial atucks are seen most frequently in adolescents and in adulthood, classical
absence attacks are not usually seen after the age of twenty. Other types of generalized
epilepsies include myoclonic attacks that often involve simultaneous and synchronous
jerks ofboth sides of the body and atonic or akinetic attacks (drop seizures) in which the
patient often suddenly loses total muscle tone and collapses to the floor.

AII epileptic seizures have in common their relatively sudden onset and origin in the
brain. However, the complex and multifaceted aspects of seizure disorders have led to a
concept of "the epilepsies" rather than "epilepsy." While some epileptics have attacks
that are easily recognized, at least some persons who have seizures are not even aware of
this fact, even though on close questioning they will reveal that indeed they do have times
when they cannot do what they are normally able to do or that they have experienced
periods when they do strange things aod do not know why. Naturally, psychiatric and
emotional factors may be involved that may make differential diagnosis diffrcult-

The electroencephalogram (EEG) is very often crucial in establishing the diagnosis of
seizure disorder. Abnormal electrical patterns termed "epileptiform discharges" are fre-
quently seen in persons having seizure disorders. When thcy do appear in combination
with a positive clinical history. a diagnosis of epilepsy can be confrdently made. The
difficulty is that thd EEG evaluates only a rclatively small segment of the behavior of the
brain (usually thirty minutes or less) and that it is further handicapped by being able to
detect electrical potentiats only from a few millimeters of superficial corte.r. Furthermore,
these minute electrical variations are customarily recorded through the relatively thick
in<ularing tiecues of the hoad and distortions rcsult. Thc rcsult is Uat a nUmbef of tndi-
viduals are known to have seizure disordcrs on lhe basis of their history who never
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demonstrate even a single epileptiform pattern on their EEGs. EEGs recorded from
implanted depth electrodes can be productive and can effectively complement the EEGs
obtained frcrm the scalp. There are instances in which, within a single tracing, distinct
epileptiform discharges have been recorded by intracerebral, but not scalp. electrodes
whereas exactly the opposite may be seen, even in the same tracing. It is fair to say that
when positive findings appear in the EEG of a patient wittr a highly suggestive histor),
they are extremely helpful in making a positive diagnosis. When they are nol found, they
do not rule out the possibility of a seizure disorder.

Examples of EEG epileptifon"n dischrrg:s are provided in Figures I an.I 2. in Figure I ,

focal discharges are seen primarily in ttre right frontotemporal area in a twenty year old
patient who has a history of partial complex attacks that have included focal features
pertaining to the left side of the body. Here, tire EEG was extremely helpful in confrrming
the presence of a seizure disorder and in suggesting its type. Note the appearance of the
spikes as indicated by the arrows. Figure 2 was taken on a seventeen year old boy with a

history of a single generalized convulsion. The epileptiform discharges seen on this
tracing are compatible with a generalized seizure disorder. It is observed that the nature of
the abnormal electrical findings is substantially different in Figure 2 than in Figure l. In
Figure I the discharges are rather specifically related to one area of the brain and are of a

different overall form than those seen in Figure 2. As might well be suspected, these two
fi-gures are indicative of rather substantially different seizure disorders with markedly
different behavioral manifestations.

The causes of seizure disorders have long been srudied, but because of the complexity'
of the factors involved, definitive answers are frequently lacking. The most frequently
mentioned causes of epilepsy prior to or immediately following birth include the follorv-
ing: toxemia and infectious processes during pregnancy, difficult birth with mechanical
trauma or inadequate respirations, high fevers, congenital defects, and inherited problems

such as meubolic errors. The full effect of any of these problems may not be manifested

until later in life. In the school years, head injuries, high fevers, and infectious diseases

are often believed to be causes of seizure disorders and in adulthood brain tumors and
vascular problems appear as significant factors. Essentially, any condition that disrupts
the normal functioning of the brain and provides the basis for abnormal electrical panerns
can result in a seizure disorder. Furthermore, even though a very- careful medical history is
taken, in onty'about half the instances can even the probable cause of epilepsy be ascer-
tained. Such individuals are said to be suffering from "symptomatic" epilepsy. In the
remainin-e cases, a fraction have family members with confirmed disorders, but in the
majority of cases in this group, no family history of epilepsy can be found. This last group
is often said to be suffering from a form of epilepsy known as "cryptogenic,"
"idiopathic," or "essential." Regardless of the cause, there is a tendency forepilepsy'' to
occur relatively early in life, with 307c of the persons who will ultimately have atlacks

demonstrating them prior to the school years,64Vc by the end of elementary school, 777c

by the end of adolescence,93% through young adulthood, and 987c before old age and

retirement (Epilepsy Foundation of America, 1975). With the age of onset being relatit'ely
early and the duration relatively long, the disorder has many oppomrnities to impact
development. as well as lifelong adjustment.

As can be seen from this brief review, epilepsy actually represents a specmrm of
disorders that are complex and multifaceted in their expression with etiologies which are

equally' varied. As can be suspected immediately, such a disorder is not likely to have any

single form of behavioral or emotional consequence. and the full range of psychological

impacs of seizure disorders are very complex indeed.
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PSYCHOLOGICAL CORRELATES OF SEIZURE HISTORY VARIABLES

A large number of studies have been done that have related certain psychotogical corre-
lates (especially intelligence) to certain variables pertaining to seizure history. Ivlany of
these have been previously reviewed (Lennox & Lennox, 1960; Tarter, 1972). Because of
the large number of studies that have been done, the review provided here only sum-
marizes the results of several representative studies for each variable evaluated. It should
be noted that whereas statistically significant findings are often reported, lhe variance
accounted for by any of these dimensions is fairly small and the predictability on a single
case basis is essentially nil.

Etiolog-v

Probably the most established general finding of the intellectual correlate of any of these

variables is with respect to etioiogy. In a series of studies summarized by Tarter {1972),
individuals who had seizure disorders of known etiology average approximately five to ten

fewer IQ points than those whose etiology is unknown. A detailed examination of these

studies, however, also reveals that on those demonstrating the largest differences, no
effort was made to control the groups with respect to the amount of education received
(Arieff & Yacorzynski, 1942; Collins, I95l; Lennox & Lennox, 1960; Sands & Price,
1947). At the same time, studies such as that performed by Kl6ve and Matthervs (1966),
which made more of an effort to control for education across groups, demonstrated

smaller differences. Even here, however, education is not controlled for exactly; there-

fore, one wonders if the IQ difference of four or five points might not, in part, represent

both differences in educational experience. as well as differences in etiology.
To further examine correlates of known and unknown etiology, Klgve and lv{atthews

(1966) administered the battery of neuropsychological tests originated by Halstead and

developed b1' Reiran (Reitan & Davison, 1974). Epileptics with known etiology consis-

tently performed more poorly than those with conditions of uncertain origin, although
onlf in a portion of the comparisons did the differences achieve statistical significance.
The differences were most prominent with patients having psychomotor attacks, but
similar trends were observed with persons having generalized clonic-tonic seizures as

well.
From these studies, it does appear that knowledge of causative factors in epilepsy is

correlated with abilities and adequacy of brain functions, but only io a modest degree. It
does seem likell,that individuals who have suffered a sufficiently severe insult to establish
a medical history of the same may also have suffered more impairment in brain functions
than persons who have seizures, but no record of such incidents. In addition, of course,
individuals who have more brain injury tend to be duller, and duller persons tend not to go
as far through school. These are at least some of the factors involved here, but in
individual cases there may be others as well.

Age at Onset and Duration of Disorder

In general, the literature suggests that the earlier the age at onset and the Ionger the

duration, the lower the mental abilities. The studies *'ith intelligence have typically
produced only moderate differences across groups (typically l0 IO score points or less).
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De Haas and Magnus (1958) and Lennox and Lennox (1960) present data suggesting that
the differences are most prominent when generalized tonic-clonic attacks are considered.
In addition, a more detailed neuropsychological study has been conducted by Klove and
Matthews (1969) and by Dikmen, Matthews, and Harley (1975). In each instance, some
findings are reported that support the general thesis. One is impressed by their limited
magniNde, horvever, even on sophisticated neuropsychological tests and even when onll'
groups extreme on this variable are considered (Dikmen et al., I975). The su_s-sestion is
that many factors are involved in the determination of ultimate performance level and that
these variables are only 2 of many that are involved.

Seizure Type

The literarure si.lggests that perscn: irrving prii:rarily generslized icnic-clonic tgrrn..l n':alt

attacks demonstrate the most impairment, while other forms of seizures are associatgd
with less impairment. Matthews and Klgve (1967), for example, demonstrated rhar
generalized tonic-clonic seizures were associated with more impairment aqross man]'
neuropsychological variables than were individuals suffering from complex panial
(psychomotor) attacks. Furthermore, seizure t)'pe was more potent than etiology in corre-
lation with performance, but an interplay betrveen these factors was demonstrated since a
maximal spread in scores was observed when they were simultaneously considered.

Turning to t)'pes of seizures, the interictal behavioral correlates of generalized absence

(petit mal) attacks have in some cases been so minor that it has not been possible to
differentiate persons with this form of epilepsy from individuals having no history of
seizures. Horvever, possible sequelae of generalized absence seizures cannot be com-
pletely dismissed (Rodin, 1976). To complicate the issue further, it is well known that
there are substantial differences across individuals carrying the same seizure dia_enosis

with respect to the severir) of the attacks, Clonic-tonic episodes in some individuals tend
to be much longer than others, for example; and in some persons respiratory arrest occur-.

with re-cularity, whereas in others this is rare or nonexistent. Thus severity of amacks

within each seizure classification is of marked interest to the neuropsychologist, but the
variable is so elusive that it is virtually never included in studies, and the extent of its
correlates with behavior is not known.

Seizure Frequency

In general, one might conclude that the more frequent the seizures, the greater the
impairment. Conclusive findings for this are not evident from the literature, however. B1

restricting themselves to patients with generalized tonic-clonic attacks, Dikmen and Ilat-
thews ( 1977) were able to demonstrate an orderly decrease in abilities on neuropsy'cholog-
ical tests with increasing seizure frequencies, but the differences found were quite limited
in both scope and extent. Objective test results confirming even these findin-es are -sener-
ally lacking in the literature. probably at least, in part, because most investigators consid-
ered a vdriety of seizure t1'pes. Thus unless one considers only the most severe forms of
seizures, a relationship is not likely to be denronstrated, and even then it is not likell'to be
substantial. In addition, most studies evaluate seizure frequency only at one point in time
and are unable to consider the lifelong history of attacks, which is likely to be more
revealing. Although this is obviously difficult to do, preliminary work that I have done
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suggests that this variable may ultimately demonstrate substantial relationships wi& per-

fornrance.

Deterioration in Performance

All the factors that complicate an assessment of the effects of seizures on pelformance,
plus others, must be taken into consideration when a loss in abilities is evaluated. In
particular. the possible effects of anticonvulsant medications must be considered, as well
as ihe effects ct aging. The forrr.er are covere,i in detail in the next section. Harris (1972)

and Wasterlain and Duffy (1973) have shown that there is neuronal degeneration as-

sociated with repeated attacks in animals and also that seizures have an inhibitory effect on

brain protein synthesis, brain growth, and eventually on behavioral development in in-
frahuman species. With these studies as a background, it is not surprising that several

investigators do implicate a gradual deterioration of intellectual abilities (Arieff & Yacor-
zynski, 1942;De Haas & lvlagnus, 1958; Lennox & Lennox, 1950). In a srudy of I pair of
identical epileptic twins, Dodrill and Troupin (1976) were able to report a lifelong major
motor seizure count of 7 for I twin and 37 for the other. The difference in seizure

frequency was associated with substantial differences in performances across a variety of
areas and also with differences in emotional problems. Individuals working in the area,

including myself, have seen several cases in *'hich a substantial deterioration in perfor-
mance has indeed occurred over time, particularly when numerous major motor attacks
are involved and especially so when they come in rapid succession (status epilepticus). At
the same time, many individuals (especially among those having partial seizures) demon-
strate ver)' linie, if any, deterioration over several years of observation. This area is a
particularly important one, since it appears that many persons working with epileptics are

not cognizant of the deleterious effects that seizures can have and of the importance of
reducing their frequency to the lowest possible level. It is furthermore the firm conviction
of many workers in the area that seizures themselves increase the probability of more
anacks with 1'et even more being therefore likely. The importance of bringing seizures to a
complete halt is clear, and the recommendation of treatment facilities where advanced
medical care is available can be one of the most important interventive services that the
neuropsychologist can offer.

ANTICO)i}ULS.{NTS AND PERFORIL{NCE

The assessment of the possible effects of medications taken for seizures on a person's
ability' to function has been of interest for many years. Certain methodological difficulties
complicate investigation in the area and prominently include the following; (l) When
changes in anticonvulsant regimens are made, there is often a change in seizure frequency
so that the net effects of the drug are confounded. (2) The use of placebos in comparison
with an active agent is not an effective technique for evaluating changes in performance,
because the addition of any active agent to a preexisting drug regimen tends to decrease
performance (any drug therefore appears detrimental if evaluated within this experimental
paradigm). (3) Several studies in the area have used only normal control persons v,ho
undoubtedly metabolized the drugs differentll' than epileptics who have taken them for
many years. And (4) the majority of studies that have been done in the area use a single
test (or at most a few tests) which does not sample a sufficiently broad range of abilities
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that a pattern of drug impacts can be ascertained. Despite these limitations, some facts
concerning the effects of anticonwlsants have come to light and the results of the best
known studies are summarized next.

Undoubtedly. pheny'toin (Dilantin) is the most widely used anticonyulsant in the world
today. It is eftective in dealing with a broad range of attacks, including generalized
tonic-clonic seizures, most types of partial seizures, and some other less frequently ob-
served seizure tlpes as well. Some studies (Booker, Matthews, & Slaby, 1967; Idestrom,
Schalling, Carlquist, & Sjoqvist, 1972; Stevens, Shaffer, & Brown, 1974) have evaluated
the effects of this agent administered to normal persons, usually over relatively short
periods of time and in fairly small doses. No consistent objective findings were produced
from such studies, even though a variety of tests were used. Matthews and Harley (1975)
assessed the effects of this agent in combination rvith those of primidone (Mysoline) and
phenobarbirei rvith chronic epileptics using a broad range of tess. Fur*rermore, they
considered drug serum levels and classifled patients as toxic or nontoxic based on those
levels. The groups of patients examined were different in terms of serum levels, but in
general, the toxic group had only moderately high levels. This group tended to perform
more poorly than the nontoxic group, but the differences reached statistical significance
on only a small number of variables. These pertain primarily to the functions of attention
and concentration, to motor coordination, and to static tremor. I (Dodrill, 1975) evaluated
the effects of phenytoin administered as sole anticonvulsant to chronic epileptics. In the
first analysis, subjects were divided according to whether they had serum levels in excess

of 30 pglml with high and low groups resulting. The high group had a very large amount
of drug in their serum (average of 43 pglml). The groups were matched for age,

education, and so on. In the second analysis, the patients were divided into toxic and

nontoxic groups based on clinical examination. Evaluation of a broad range of abilities
based on a series of tests revealed statistically significant findings only on tests with a

strong motor component. The findings were most prominent in the analysis with subjecs
grouped according to serum levels. This study suggests that phenytoin has effects rather
specifically relauble to motor performance. It is noteworthy that despite the extremely
high serum levels reported, evidence could not be found that would suggest a general

mental dulling. The findings of this study are consistent with those of Ghatak, Santeso,

and McKinney (1976) and Rapport and Shaw (1977) that relate cerebellar degeneration to
chronic phenl'toin administration.

The other anticonvulsant repeatedly evaluated with psychological tests is phenobarbital.
In an early srudy of this type (Somerfeld-Ziskind & Ziskind, I 940) , one group of epilep
tics was administered phenobarbital, while another group was essentially untreated. No
deleterious effects of phenobarbital were noted as assessed by the Stanford-Binet Intelli-
gence Scale (1916 version) and, in fact, the mental age increased more for children on
phenobarbital over a one year period than those children not being administered this agent.
It was also observed that there were far fewer seizures rvhen phenobarbital was adminis-
tered than when it was not. This illustrates the fact that despite any negative effects which
may be associated with anticonvulsant administration, it is routinely better to administer
the drug and stop the seizures than not to do so. The study also illustrates a difticulty in
inteqpreting investigations of this type-namely, that drug changes are frequently accom-
panied by changes in seizure frequency.

In a short, but revealing, srudy, Hutt, Jackson, Belsham, and Higgins ( 1968) adminis-
tered phenobarbital to normal subjects with serum level control. They found decreases in
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abilities with phenobarbital administration that in many instances were related to
phenobarbital blood serum levels. These effects were seen most prominently on tasks
requiring sustained attention, psychomotor performance, and spontaneous speech. The
drug effects became more prominent as the tasks became more difficult and more lengthy
and as the degree of external constraint (having the examiner in the room) was decreased.
These findings emphasized some of those reported by Matthews and Harley ( 1975), which
is not surprising, since both primidone and phenobarbital result in phenobarbital in the
blood serum. It is concluded that phenobarbital has effects maximally evident on tasks
requiring attention and concentration, but that it may have effects on motor coordination
as rvell.

Another anticonvulsant that has received rpecial atteniion bccuuse of its presumed

"psychotropic" efflects is carbamazepine (Tegretol). In a major review of the literarure
(Dalby, 1975) that cited nearly 40 srudies, about half of the srudies reported a beneficial
psychologic effect. Typically, an improvement in mood and behavior has been noted as

manifested by greater cooperativeness, reduced aggression and irritability, and a possible
decrease in depression, but these conclusions were based on subjective observations rather
than objective testing. Rodin, Rim, and Rennick (1974) attempted to validate these results
with epileptics by contrasting the effects of carbamazepine with a placebo when either was

added on to a preexisting drug regimen. They were unable to demonstrate any clear
psychotropic effect of this medication and, in fact, noted slightly decreased performances,
particularly with respect to tasks requiring attention and concentration. This, of course, is
the expected finding when a sedating drug is contrasted with an inactive substance.

Dodrill and Troupin (1977) used a singie agent, double-blind, crossover design and
compared performance and psychological well-being with carbamazepine (Tegretol) ad-
ministration to that assessed under phenytoin administration. With seizure control about
the same under each agent, sorne modest improvements in performance were noted on
mental tasks requiring attention and problem solving with carbamazepine administration.
In addition, emotional status as evaluated by the lr{innesota Multiphasic Personality
Inventory (M\,{PI) also showed slight improvement. Duller persons and persons with
more extensive psychiatric difficulties appeared to improve the most. However, one
cannot be certain that the change is entirely due to the instifution of carbamazepine
administration or whether it is due to the discontinuance of phenytoin. It does appear
likely that this drug is less sedating with increased performance specifically in higher-level
mental skills. It is of some interest to note that this is the case despite the fact that EEGs
taken under carbamazepine administration'actually looked somervhat worse than under
phenytoin administration (Wilkus, Dodrill, & Troupin, 1978).

Studies with other anticonvulsanb may be briefly mentioned. Mephenytoin is a potent
agent that appears to permit better attention to the task than phenytoin (Troupin, Ojemann,
& Dodrill, 1976), but which can have serious side effects and is therefore infrequently
used. A relativel; new agent used in the United States is valproate sodium or valproic acid
(Depakene), rvhich at the time of this writing has not received adequate evaluation with
respect to psychological correlates. Studies of valproic acid such as that reported by
Sommerbeck, Theilgaard, Rasmussen, Lohren, Gram, and Wulff (1977) which are based

on an active agent versus a placebo cannot be used to indicate that valproic acid is
associated with decreased performance. In reality, the neurologist is forced to decide
which drug will be used, not whether a drug will be used. Furthermore, studies of such

agents must take into account thc fact that each new medication tends to be applied to the
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worst patients so that if no improvement is seen, this does not necessarily indicate that it is
any less eft-ective than any of the agents already in common use.

After having spent several years working specifically in the area ofanticonvulsants and
their effects on behavior, I cannot help concluding this section with two observations-
First, when anticonyulsant serum levels fall within therapeutic ranges and when there are
no overt signs of toxicity, the chances are that any deleteriqus effects are only minimal if
detectable at all. A review of all the studies mentioned thus far fails to identify even one
investigation in which striking and far-reaching effects were noted. In general, the mag-
nitude of psychological correlates are significantly less than those of the other variables
discussed in this chapter. Furthermore, the effects are decidedly offset by decreased
seizure frequency, which has known effects on the deterioration of mental functions; and
it is far more preierable to huve rnodest drug side ei-tects than seizures.

The second general obsenation is that studies that ar.ld on act"ive agents to preexisting
drug regimens and contrast them with inactive placebos may routinely be expected to
result in decreased performance with the addition of the active toxic agent. These studies
therefore provide little information for the neuropsychologist, although they may be of
greater interest to the neurologist, who must often decide if another drug is to be added to
an existing drug regimen.

In concluding this section, one should note that the assessment of anticonvulsant side
effects is undoubtedly one of the most challenging tasks of the neuropsychologist working
with seizure patients. One should be aware that the foregoing statements are generaliza-
tions and that unusual reactions in individual patients can by no means be ruled out.
Furthermore, it is possible, if not probable, that the full range of anticonvulsant effects are

not assessed by existing test measures. Facts such as these underscore the need for
additional information in this area and the desirability of caution in drawing conclusions
with respect to particular cases encountered in clinical work.

ELECTROENCEPHALOGRAPHIC VARIABLES

Electrical changes of cortical origin represent the heart of the epileptic attack. Even in
instances when such changes cannol be demonstrated by the EEG using scalp electrodes,
such changes are assumed to exist within the brain at a level not within the rage of the
standard EEG. As is well known, the presence of epilepsy can frequently be documented
between attacks by the appearance of interictal epileptiform dischar-ees as were illustrated
in Figures I and 2. These patterns, characteristic of epilepsy, have attracted a special
interest when they appear as the three-per-second spike-and-wave discharges often
seen in generalized absence attacks. In a series of papers, Mirsky and associates (Mirsky,
Primac, Ajmone Marsan, Rosvold, & Stevens, 1960; Mirsky & Van Buren, 1965) have
demonstrated that such paroxysms are accompanied by substantially decreased perfor-
mances at the point where they occur. Kooi and Hovey (1957) found that certain
"nonanswer" responses judged inappropriate relative to a patient's usual performance
occurred during generalized oi focal clinical or subclinical discharges.

Wilkus and Dodrill (1976) evaluated epileptics who on a single EEG demonstrated
generalized discharges, focal discharges, or no signs of discharges. A broad battery of
neuropsychological tests were used, including those originated by Halstead and developed
by Reitan. A very striking ordering of the groups was obserryed with respect to perfor-
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mance with &e generalized discharge group having the greatest impairment, the focal
discharge group having intermediate impairment, and the group with no evidence of
discharges on a sinEile tracing having the least impairment. In the same stud)', average rate
of occurrence of discharges was also examined with respect to neuropsychological corre-
lates, with the group demonstrating no discharges performing best, the group with dis-
charges of less than one per minute being generally intermediate, and the group with
discharges of more than one per minute being the worst. It was possible to demonstrate
that individuals with generalized discharges greater than one per minute had the worst
performances of all. Thus increasing involvement of the brain with epileptiform dis-
charges is systematically and lawfully relcted to decreased performance. Furthermore, the
decre.r.ied performances associated wi& this condition are conspicucusll wiCespread and
involve many different kinds of functions. One may raise the question about whether the
decreased performance is a product of the immediate effects of the discharges or whether
the discharges and the decreased performance are in the typical instance both symptoms of
underlying brain pathology. Putting generalized absence attacks aside, the latter alterna-
tive appears most likely to me.

The EEGs of epileptics have also been srudied with respect to rhythm frequency. In the
general literarure, probably tte greatest amount of attention has been paid to the dominant
posterior rhythm (Giannirapani , 1969; Lennox & Lennox, 1960; Vislie & Heruiksen,
1958). Generally, decreased abilities were demonstrated with slower rhythm frequencies.
It is unfortunate that many studies in this area have limited the scope of the rhythms
examined to the raditional alpha range (8 to 13 Hz) and also that the psychological test
variables have almost always pertained only to the area of intelligence. In an effort to
remedy the situation, Dodrill and Wilkus (1976) studied the performance of a large group
of epileptic patients on a broad range of neuropsychological tests. In general, performance
was not substantially' decreased until the dominant posterior rhythm frequency dropped
below 8.0 Hz when performance rather substantially diminished. Furthermore, patients
with such rhythms in the range of 5 to 6 Hz routinely showed very substantially decreased

performance, Although decreased performances were seen to some degree across a range
of skills, those particularly requiring simultaneous attention and complex mental manipu-
Iations showed the greatest losses. The magnitude of the differences seen was less than
that penaining to epileptiform discharges, holever (Wilkus & Dodrill, I976).

Ps1'chological correlates of generalized nonepileptiform EEG abnormalities have also
been evaluated. Vislie and Henriksen ( 1958) found lowered intelligence and clinical signs

of dementia among individuals exhibiting "diffuse dy'srhythmia." Lenno.r and Lennox
(1960) produced similar findings with various measures of intelligence and concluded,
"Slow waves often match slow wits" (p. 673). Jenkins (1962) srudied a variety of
neurological patients and demonstrated a relationship between slowing and performance
on the Wechsler Adult lntelligence Scale (WAIS) that was consistent across both the
Verbal and Performance scales, but which reached statistically significant proportions
only on the Performance Scale. Increased slowing was accompanied by decreased perfor-
mance. In an effort to shed funher light on the area and using only epileptics, Dodrill and
\Yilkus (1978) used a broad range ofneuropsychological tests with patients grouped by
specific criteria according to whether they showed mild abnormalities, moderate abnor-
malities, or marked abnormalities. With patients grouped in this fashion, very striking
differences were noted across a full series of neuropsychological test variablesl the mag-
nirude of these differences exceeded that found with both epileptiform discharges (Wilkus

& Dodrill, 1976) and the dominant posterior rhythm frequency (Dodrill & Wilkus, 1976).
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The foregoing findings are remarkable and require comment on several points. First,
although undoubtedly generalized nonepileptiform EEG abnormalities demonstrate the
most potent relationships with performance, they have clearly been the least investigated
and apparently do not have the appeal to the investigator that the other variables seem to
present. Second, as has been recently shown by Wilkus and Dodrill (1978), simultaneous
consideration of several of these EEG variables is likely to result in the greatest correla-
tions rvith performance. Third, the arel of simultaneous EEG and neuropsychological
testin-s has only begun to be tapped, entl most of the studies just mentioned dici not collect
data by simultaneous psychological testing and EEG recording. 'fhis is an imponant area
for research, particularly since epileptiform patterns may disrupt activities even when no
seizure occurs. Finally, one should observe that the order of magnirude of differences in
performance noted on many of these EEG studies exceeds that of most of the foregoing
studies, including that of anticonvulsants and seizure history variables. Even considering
limitations of the standard EEG, it is apparent that there are many prospects for continued
work in this area.

EMOTIONAL ADJUSTMENT AND TE}IPORAL LOBE PHENO]VTENA

As one of America's foremost epileptologists has said, "There is practically no epileptic
patient who is not confronted with some type of psychosocial problem . . ." (Rodin,
1971,p.74). For centuries, epileptics have been observed and it has been believed that
some form of behavioral pattern generally characterizes them. An early statement of this
was made by Aretaeus (Temkin, 1945): "They become languid, spiritless, stupid, inhu-
man, unsociable, not disposed to hold intercourse, not sociable at any period of life:
sleepless, subject to many horrid dreams, without appetite and with bad digestion, pale, of
Ieaden colour, slow to learn from the torpidiry of understanding and of the senses." We
understand today that the nature of the disorder and the multiplicity of its manifestations
are such that this type of sweeping generalization could hardly be true. However, it is
disturbing to see how such stereotypes hold to the present time and that they even appear
in some of the most recent literature (Bear & Fedio, 1977; Flor-Henry, 1972). The use of
such terms can only do disservice to patients suffering from seizure disorders, and they
cloud the issues at hand more than they clarify them.

While investigators have given up attempting to find a universal "epileptic personal-
ity," they have instead sought out particulcr personality patterns to be associated with
particular seizure types. Undoubtedly, the most common of these pertains to the rype said
to be assocaited with psychomotor epilepsy or complex partial seizures arising predomi-
nantly from the temporal areas. Unquestionably, the most prolific investigator in this area
has been Flor-Henry, who, in a sizable series of papers, has investigated the question of
psychosis as related to temporal lobe seizure disorders. The most important papers in this
series are cited here (Flor-Henry, 1969, 1972, 1974, 1976).In particular, Flor-Henry
directs himself to the question of psychosis versus epilepsy. Beginning with a psychiaric
population and evaluating epileptics within that population, he concludes that schizophre-
nia among epileptics is associated with EEG epileptiform discharges arising from the left
temporal arca, whereas affective psychoses arc associated with epileptifbrm discharges

arising from the risht temporal area (Flor-Henry, 1969). In a summary statement, he

concludes, ". . . in schizophrenic and manic-depressive psychoses associated with tem-
poral lobe epilepsy, the schizophrenic syndrome is very significantly related to dominant,'l
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and the manic-depressive syndrome to non-dominant, temporal-limbic dysfunction . . ."
(Flor-Henry, 1974, p. 146). In the briefest of forms, he also presents neuropsychological

test information comparing these groups and used a series of tests, including portions of
the Halstead-Reitan Neuropsychological Test BaEery, as well as other measures. With
blind evaluations of such findings, he reports extremely high associations of frontotem-
poral dysfunction of the ri-eht cerebral hemisphere with affective disorders and the left
cerebral hemisphere with schizoohrenic disorders. In fuct,82 out of lCii psychotic tndi-
viduals rviih temporal lobe epilepsy were coriectly chssiiied as having primarily right or
left temporal lobe dysfunction on the basis of the neuropsychological tests (Flor-Henry,
1976).

Occasional support for Flor-Henry's position has been found (see, for example, Bear &
Fedio, 1977a; Gur, 1978). In the majority of instances, however, investigations in this

area have not supported Flor-Henry's conclusions; if they have been generally supportive,
they have not provided the explicit support required to document the clear-cut conclusions
given by Flor-Henry. The question about whether complex partial attacks are to be

associated with increased psychiatric disturbance has been raised and a series of srudies

have found no support for this contention (Rodin, 1973; Stevens ,1966; Stevens, Milstein,
& Goldstein, 1972). Where psychiatric problems have often been related to the temporal
Iobes, they have often taken the form of difficulties other than psychosis, such as aggres-

siveness (Serafetinides, 1965), or they have only been found when various seizure ry'pes

have simultaneously coexisted (Rodin, Katz, & Lennox, 1976). In this last srudy, numer-
ous epileptics were extensivell' evaluated and support for Flor-Henry's lateralization
h1'pothesis was not found.

Several factors appear to be relevant to the discrepancies among these findings. First,
the samples evaluated vary dramatically from one to the next. Flor-Henry's u'ork (and that
of most other investigators providing at least partial support for his findings) start with
clear-cut psychiatric populations rather than epileptic groups. The importance of this
sin-ele point cannot be overestimated. If one begins with a psychotic group that also has

epileps;- and finds certain modist associations between the type of psychosis and the
origin of the epileptic foci, one cannot at all conclude that if one has epileptic foci in these

locations, one must therefore be psychotic. A second problem in this area pertains to the

common equivalent usage of the terms "psychomotor" and "temporal lobe" epilepsy.
About one-fifth of patients with a temporal lobe focus never have a psychomotor seizure
and another one-fifth of patiens with psychomotor or complex partial attacks never
demonsEate a temporal lobe electroencephalographic focus (Stevens, 1966). Thus particu-
larly when the American versus European studies are contrasted, it is not clear that the
same patients are being compared. A third problem is the tendency to misinterpret the fact
that about three-fifths of persons with epilepsy and psychoses have complex partial at-
tacks. One cannot therefore necessarily conclude that these two phenomena are related.
As Stevens (1966) has pointed out, about three-fifths of all epileptics have psychomotor
attacks! A fourth problem is the apparent failure of some investigators to take into account
the fact that most epileptics and particularly psychotic epileptics do not have highly focal
disorden with all other parts of the EEG falling absolutely and entirely within normal
limits, Wtren Flor-Henry (1969) takes the possibility of bilateral involvement into ac-

count, he actually finds higher rates of psychosis of almost any rype associated with such

bilateral foci than with unilateral foci. It is not clear that ttris finding from his own data

agrees with his basic hypothesis.
A fifih problem prevcnting a full acceptance of Flor-Henry's conclusions is that person-
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ality inventories and neuropsychological tests routinely have failed to support his
hypothesis. Even in the examination of the most relevant study (Flor-Henry, 1976), one
finds that he has classified such tests as the Trail Making Test and Seashore furythm Test
as specifically implicating I hemisphere and I hemisphere only. Furthermore, some of the
data he reports on lateralized motor rneasures implicate the right cerebral hemisphere for
5qhihrphrcnia ra&er than ule ieft hemispircre. Thus schizophrenics maiie morc erors on
the tinger localizaiion task with both the nght and lcft hands than persons',uiL: af^"ecrive

disorders. An examination of Flor-Henry's data, in fact, reveals that the schizophrenics
performed more poorly on erery one of the I I test variables reported. The general deficit
associated with schizophrenia is completely ignored in Flor-Henry's report. Other find-
ings not consistent wi& his hvpotheses are also ignored. For example, the schizophrenics
are never reported as havin-e significantly lower Verbal IQ scores than patients with
affective disorders or the reverse for the Performance IQs.

A sixth, and final, point is that the schizophrenics classically reported may not be the
same as those who appear with epilepsy. This viewpoint is presented in detail by Slater
and Beard (1963) and is one hypothesis that must be entertained by any serious srudent in
this area.

What can we then conclude about social and emotional problems in epilepsy, as well as

personality characteristics associated with this disorder? Unquestionably, many social and
emotional problems are found with epileptics that are far in excess of the base rate of the
population. The etiolo_ey of these problems is more obscure, however, undoubtedl)-

stemming in part from (l) seizures themselves, with their disruption of experience and
activity, (2) decreased adaptive abilities stemming from impairment in brain functions.
and (3) social stigma and factors affecting the interaction wilh others. With the presence of
these and other etiological factors and with the complex manifestations of this disorder, it
seems likely that few if any one-to-one relationships can be drawn betrveen the rypes of
seizure disorders and emotional starus. With respect to temporal lobe disorders, whereas.
in fact, some of Flor-Henry's findings may be accurate in part, these relationships are

more likely to be found when one begins with a severely disturbed population. In no rvar'

is it expected that Flor-Henry's observations will be confirmed when one begins with a

general epileptic group, because the incidence of psychotic or psychoticlike reactions in
this group is simply too low. Even when one begins with severely disturbed individuals
who also have epilepsy, it appears that the relationships found by Flor-Henry are not
nearly as clear-cut as he presents them.

The arca of emotional adjustment and temporal lobe phenomena is one with a srong
appeal to investigators, and it is also one of major clinical importance. Because of &is. it
is believed that there will be a great deal of activity here in the future. As in the past, it is
suspected that there will be a tendency to arrive at premarure conclusions throu_gh over-
simplification o[ the prcrblems at hand. Caution in this regard is strongly urged.

CORI'ICAL RESECTIO\ SURGERY FOR EPILEPSY

ln the 1920s at the lvtontreal Neurological Institute, Wilder Penfield developed the tech-

nique of cortical resection surgery for epilepsy; and despite the addition of more recent

technological advanses, in manl- respects, the same procedures are used today. In general.

scalp EEGs identify an arex that appears to be the origin of persistent epileptiform
abnormalities in patients wirh poor response to anticonvulsant medications. Under local
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anesthesia, a bone flap is turned and the cortical surface is exposed on the area surrouncl-
ing that previously identified by the EEG as associated with the discharges. In the majority
of instances, EEG elecrodes are placed directly on the brain and the exact location of the
spike source is identified. Assuming that this is an area not directly identified with vital
functions (including speech and motor abilities), the portion of the brain associated with
the discharges is then removed.

This section of the chapter is primarily concerned with the success of the procedurc and
the possible contribution that neuropsychology may make to improvement in success
rates. In terms of successt this procedure can be generally said to lead to a significant
reduction or arrest of seizures in about 70Vo of the patients (Feindel, 1975). The largest
series of surgery patients is that done in the Montreal Neurological Insdrute, where more
than 2000 patients have now been operated on for reliefofseizures. Feindel (1975) briefly
sunrmarized their results on l2-30 patients bv inciicating that)lTc rvere seizure-free since
clischarge, l87o becarne seizure-fr:s after some early attacks, 97c hacr rxre or occasi.rnal
attacks 3 or more years following surgery, l9Vo expeienced a marked reduction of seizure
frequencybutnotcomplete control, and337o hadamoderatetonoreductionof seizure
frequency. Thus while in a sizable portion of patients distinct improvement can be ex-
pected, there is also about a third of the patients in which little or no improvement is
realized. This has, of course, led to a number of srudies in an effort to better predict
surgery outcome from a medical viewpoint; these studies have been summarized and
several variables examined (Bengzon, Rasmussen, Gloor, Dussault, & Stephens, 1968;
Feindel, 1975). From a medical perspective, some variables of interest have been iden-
tified such as discreteness of focus, unresponsiveness to standard anticonwlsant regi-
mens, localization of the focus in a "dispensable" area, and so on. Nevertheless, a sizable
failure rate persists; as a consequence, neuropsychologists have raised the possibiliry that
study of the brain from a neuropsychological perspective might be of assistance in predict-
ing outcome of sur-eery.

Undoubtedly, the srudy most specifically directed toward this issue is that done by
Wannamaker and lvlatttrews (1976). Using a small group of patients (N = 14) they
intensively evaluated them both before and after surgery and discovered that individuals
who had the least neuropsychological impairment preoperatively tended to have the best
seizure control following surgery. With patients divided into groups according to whether
the>'(l) were seizure-free, (2) had experienced definite improvement, but were not
seizure-free, and (3) had experienced no significant improvement, successively higher
leveis of impairment were demonstrated. In addition, some evidence indicated that pa-
tients who were most impaired preoperatively were inclined to develop the greatest neuro-
psychological impairment postoperatively.

One cannot complete a section discussing neuropsychology and cortical resection
surgery for epilepsl' without making reference to the detailed work of Brenda Milner at the
Montreal Neurological Instirute. In a long series of papers, she and her colleagues studied
many aspects of memory in epilepsy and the alteration of this by surgery (Milner, 1964;
Milner, Corkin, & Teuber, 1968; Penfield & Milner, 1958). Although these studies
involved cvaluation of functions related primarily to the temporal lobes, she has done
additional studies pertaining to the frontal lobes and associated functions (Milner, 1963;
Milner, 1969t. The findings from these papers and many others are not reviewed here, but
reference is specifically made to one study arising from the group of investigators at
Monreal (Bengzon, Rasmussen, Gloor, Dussault, & Stephens, 1968) with relevance to
the question of prognosis concerning the alleviation of seizures. This srudy demonstrated
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ttrat if cerebral dysfunction as evaluated by ttre neuropsychologist was localized to the

temporal areas (the area of surgery), there was a much more favorable outcome than if
problems were detected elsewhere as well. This finding ccrtainly agrees with those of
Wannamaker and Nlatthervs ( 1976) and raises the possibility that if the brain is essentially

normal (except for a highly localized area of dysfunction) and if the abnormality can be

removed from that alea, the overall condition of the organism may actually be improved.
The progntrstic possibilities of neuropsychological tests in this context Ccserve further
exploration.

While not revie*ed in detail here, the reader may find of interest a series of papers

detailing various psychological changes following surgery. In the intellectual and neuro-
psychological areas. several findings have been summarized by Meyer and Yates (1955)

and by Milner ( 1975). A series of snrdies have been done evaluating surgerl"s effects on
psychosocial functioning, including Falconer (1973), Horowitz and Cohen (1968), Savard

and Walker (1965), Serafetinides (1975), Serafetinides and Cherlow (1976).In general

while some specific neuropsychological deficits can be found, psychosocial adjustment is

often improved following surgery for epilepsy provided that &e surgery is at least in part

successful in permitdng greater control of the seizures.

NEUROPSYCHOLOGICAL EVALUATION IN EPILEPSY

Having now completed a review of the major variables of interest to neuropsychologists

that pertain to epilepsy, we now come to the question of the formal neuropsychological

evaluation of epileptics. This section summarizes the work I have done in this area.

As is well knoun, the brain is a complex organ; as such, an evaluative approach that

recognizes this complexity is required. In particular, in line wi& the work of Halstead
(194'1) and Reitan ( 1955a), a series of measures must be used rather than a single test to

obtain a suitable index of brain functioning. One simply cannot adequately evaluate brain
functions by having the patient draw a few figures, for example. Furthermtrre, although
there has been a s[ong tendency to evaluate epileptics only with tests of intelligence, we

know that such tesis were ori-qinally designed to predict how well children would do in a
school situation and they were not constructed with neurological assessment in mind. Any
test used with neurological groups should, of course, have specifically demonstratd
sensitivity to impairment in brain functions with adequate validational studies.

These factors led me to believe that to evaluate neuropsychological deficits in epilep-

tics, a comprehensive battery of measures was needed that would meet the forementioned
criteria. More than this, the battery of tests to be used should be selected specifically for
its relevance to epilepsy and epileptic-related phenomena. The tests must include mea-

sures sensitive to the side effects of anticonvulsants, the influences of seizures on abilities,
and the correlates of important EEG findings such as epileptiform discharges. Further-
more, such a banery must be responsive to the complaints often made by professionals

dealing with epileptics and by the epileptics themselves to maintain sustained attention to
the task. While the Halstead-Reitan Neuropsychological Battery appeared to meet some of
these demands, it wcs not designed specifically for epileptics or to meet the requirements

arising with respect ro that disorder. At the time this banery was developed, of course, few

anticonvulsants existed, very little was known about the relationship of EEG epileptiform
discharges to performance, and the effects of seizures themselves on abilities *'ere very

poorly described indeed. Since that time, many studies have been done documenting thet
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these factors ard others are related to abilities, with several of these studies having been
summarized in the preceding sections of this chapter. Furthermore, despite the fact that
the Halstead-Reitan Neuropsychological Battery has demonstrated usefulness in many
contexts (Reiun & Davison, I 974), not all the tess in that battery have been standardized
and none on an epileptic population. Halstead did much of his original work on tumor and
head injury cases, and the substantial alterations in brain tissue frequently seen in those
cases would probably not be found in the typical epileptic today. Otherfactors such as sex
differences in performance were also not considered at that time, although they have at
least some signifrcance (Dodrill, 1979). Finally, the normal or control samples used in
previous studies have routinely been drawn from selective groups not representative of the
general population (Halstead, 1947; Reitan, 1955a: Vega & Parsons, 1967).
Parsons,1967r.

All these factors led me to believe that it would be desirable if not essential to develop a

battery of neuropsychological tests specificalll' to deal with the problems frequently seen
with epileptics and standardized on that group. The battery of neuropsychological tests
(the Neurops-v-chological Banery for Epilepsy) that was ultimately developed specifically
for the neuropsychological evaluation of adult epileptics is briefly described next. A
detailed descriprion is provided elsewhere (Dodrill, 1978).

Method

In selecting subjects for the study, it was desired rhat they be representative of epileptics
referred for neuropsychological evaluations. All patients referred during a period of 6
years were therefore examined with respect to the variables of sex, age, education,
occupational sarus, and race. A total of 75 epileptics, (50 for the main study, 25 for the
cross-validational study) were selected who had characteristics highly similar to the over-
all group. Control subjects were individuals with no histories of neurological disease or
other events drat may have affected the nenous system. They were selected in various
ways from the general community and not from any patient population. Every' control
person was inCividually matched with an epileptic for the variables in question. The final
group was about 607c male and 40Vc female. Thel'averaged2T years of age and typically
had hi-eh schtrcl educations. Approximately 9892 were Caucasian. Some 207c were stu-
dents, 307c were employed persons, 4O?c were unemployed, and lOVc were housewives.
Concerning primar)' seizure type, about 60Vc had complex partial anacks, l27c had
e!ementa[v panial seizures, 25Vo had some form ol generalized seizure, and the remainder
had several seizure types given as primaq' diagnoses. Age at onset of seizure disorder had
tlpically been b_v- eaily adolescence.

Previous c.r.perience and research with respect to the question of test selection suggested
that two tvpes of tests should be included in the battery. First, certain General Measures
appeared to be necessar)' to provide basic information concerning the individuals
evaluated in rhe areas of intelligence, emotional adjustment, and preference in handed-
ness. On the basis of clinical experience, the measures selected for these areas were the

WAIS, the \tltPl. and the Lateral Dominance Examination (Reitan, 1966). No further
evaluation of these measures was made: attention instead was turned to the second series

of tests that consisted of specialized neuropsl'chological measures designed to assess the
particular brain-related difficulties in performance often seen in epilepsy. These
specialized tests. ultimately labeled as Discriminative Measures, combined with the Gen-
eral Measures and constituted the Neuropsychological Battery for Epilepsy.
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The tests selected for evaluation in this srudy as possible Discriminative Measures
included the well-established neuropsychological tests of the Halstead-Reitan Neuropsl'-
chological Battery. Material produced from the Aphasia Screening Test was evaluated on
the basis of a manual developed for this pulpose, a procedure that has been used previ-
ously (Dodrill & Troupin,1977).In addition to these well-established tests, others were
added for this specific patienl population, including the Wechsler N1emory Scale (WItlS)
(Form I), a modification of the Stroop Color-Word Test (Stroop, 1935), the Seashore

Tonal Memory Test (Seashore, Lewis, & Saeteveit, 1960), and the Wonderlic Personnel
Test (Wonderlic, 1973). These tests were included because of demonstrated sensitivity to
the effects of anticonvulsant medication, because previous work by other investigators had
shown them to be useful in eoilepsy. or because they appeared to ad&ess the complcints
that putients rvcre frequentl;' repor:in-t. An inform:rl content anrl,vsis of the entire consi:l-
lation of tests was done to assure that simple and complex motor, cognitive, and percep-
tual functions were represented. Although the final selection of tests to be evaluated was
somewhat arbirary and other tests might have been included, the procedures used at least
insured the inclusion of tests representing the areas perceived to be important in evaluating
the neuropsychological conelates of epilepsy.

After this set of tests had been established, a pilot study with 33 control-epileptic pairs
was completed to initially assess the effectiveness of all measures and also to evaluate the
use of various new scores and combinations of scores devised by me that I thought
possibly to be of use. For example, since the performances of both hands are routinely
added together for the Tactual Performance Test (TPT), an effort was made to do this for
other tests as well, such as for the Tapping Test. A total of approximately 100 neuropsy-
chological test variables were evaluated in this fashion, but many of these appeared to
contribute little or nothing to the commonly used scores and were therefore discarded. In
particular, the Coin Recognition portion of the Reitan-Klgve perceptual examination was

discarded as were all parts of the WMS, except for Logical N{emory and Visual Reproduc-
tion. In sum, the pilot study resulted in the reduction of variables to be considered from
approximately 100 to 35. Data on these 35 variables were then collected using the 75
control-epileptic pairs described earlier. The selection of the final set of Discriminative
Measures was then begun and a three step successive sieve approach was used.

First, the criterion of discrimination was applied following the work of previous inves-
tigators in the area (Halstead, i947; Reitan, 1955a; Vega & Parsons, 1967). It was believed
that unless the measures sho*ed a consistent ability to discriminate between normal and
epileptic persons, they'were not likety to be sensitive to the brain-related problems
associated with seizure disorders. With extraneous factors such as age and education held
constant, epileptics must corlsistently perform more poorly than their matched controls on
a given test before that test can be presumed to evaluate a deficit relatable to the seizure
disorder. It rvas therefore a priori decided that any test measure that did not statisticall)'
differentiate normal control individuals from epileptics at the .01 level or better would be
discarded. Application of this technique resultetl in the elimination of two variabtes,
including the Speech-sounds Perception Test and the Time Component of the Tactile
Form Recognition Test.

Second, the criterion of test overlap was applied in an effort to reduce the number of
redundant test measures. In consideration o[ both the principal control (A = 50) and
epileptic (N = 50) groups, a test was eliminated when it correlated with another test more
than any 2 of Halstead's tests correlated with each other. Thus no test could correlate more
than .66 with any other test. In the elimination of duplicative measures, the pen'asiveness

of the overlap of the tests with others rvas primarily considered, but some attention was



Neuropsychological Evaluation in Epibpsy 3t5

also paid to the extent of discriminability of the measures. Application of this criterion
resulted in the elimination of 17 of the 33 rernaining test measures.

Finally, each of the 16 variables meeting the first 2 criteria was subjected to the
criterion of, cross-validation by differentiating between normals and epileptics in a final
study. This cross-validational effort included 25 new control-epileptic pairs. On this
occasion, the .05 Ievel of discriminability was used as criterion, and all l6 measures met
this criterion and were considered to be cross-validated. A listing of these l6 test measures
are given in Table I and is based on all 75 control-epileptic pairs.

An examination of the test measures listed in Table I is of interest in its own right. Of
the l6 test variables, the f,rrst 6 originate from the work of Halstead. the next 5 primaril.;
from the rvork of Reitan. unc! the last 5 corne fronr achliti,tnal sources. With respect to the
test measures trom Halstead, the original scores are used except for the elimination of the
Speech-sounds Perception Test and for alterations in the Finger Tapping Test. In the
latter, the sum total of the performances by both hands was a more reliable indicator than
the preferred hand alone. Furthermore, sex differences have now been documented on this
test (Dodrill, 1979) that are in substantial part due to differences in hand size. Therefore,
the performances for males and females are considered separately. With respect to the
measures contributed by Reitan, the scoring system for the Aphasia Screening Test
permined an objective evaluation of the number of language-related errors and also for the
extent of consmJctional dyspraxia (0 = None; 1 = Questionable; 2 : Mild; 3 :
N{oderate; 4 : Severe). With respect to the remaining test measures, it should be observed
that Part I of the Sroop Test represents the easy part of reading the words printed in

Table l. Comparison of )teans across Control (ff = 75) and Epileptic (.V = 79 Samplet for rhe Final
Group of Discriminative ilIeasures

Control group Epilepic group

Test variable SDMSDM

Category
TPT, Toial Time
TPT. \lemor.v
TPT, Localization
Seashore Rhythm
Tapping, Total {malcs)
Tapping, Tonl (females)

Trail lUaking, Pan B
Aphasia Screening. Errors
Consrructional D1 :praria
Perceprurl Ex:imingtion, Enors
Name Writing, Total (lenerisec)

Seashore Tonal !r'lemorl
Stroop, Pan I
Stroop, Pan II-Pan I
Irtemory Scale, Logical lv{cmory

lvtemory Scalc, Visual Reproduction

Summarl': Number of tests outside normal limits

38.60 21.34
13.63 E. 17

8.09 t.24
5.47 2.25

26.36 2.93
107.47 9.83
97.6 8.70
74.5t 45.99
1.76 2.46
0.57 0.83
4.47 5.58
1.03 0.34

23.63 5.52
87.31 t 8.37
t32-47 46.53

22.81 7.5t
ll-10 3.06
3.60 3.73

5E.52 30.44 5-38c
26.86 15.42 7.W
6.87 t.77 5.63.
3.52 2.21 6.W

23.77 4.75 4.27b
89.33 15. 14 8.89
78.91 14.63 7.2ic

I19. t7 76_62 5.34c
3.88 4.10 5.9r
1.45 l.2l 4.6*

12.57 t4.27 5.2ff
0.74 0.2E 6-6G
18.64 7.34 4.85.

I12.93 4l.99 5.49.
195.,f4 E5.60 6.94'
17.95 7 -06 3.99
8.21 3.09 5.67c

9.7I 4.08 l2.Olc

Nata: AII r statistics were calculated on the basis of &te in T-scora form-
cp < 001.
t p < .0001.
c p < .000O1.
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various colors of ink, while Pan II requires sustained attention in order to read the colors
of ink rrhile ignoring the u'ords eiving incongruous color names. When the former is

subtracted from the latter (Sroop, Part lI minus Parr I), a measure of interference or
distractability is obtained.

It can also be observed that the Name Writing procedure used in the Lateral Dominance
examination is now evaluated by calculating the number of letters executed per second

with the preferred hand, the nonpreferred hand, and then with both of these performances

simultaneously considered. This was necessary because the length of names varies rather
markedly. Finall.v, on the \\'-\lS, while the Visual Reproduction score is identical to that
used by Wechsler, the Logica-l llemory score represents the total number of memories for
the 2 passages on the WIIS. Form I, without division by 2.

Table I also presents the basic data on group differences for all Discriminative Mea-
sures lvhen the totri group of75 control-epileptic pairs are considered. Ifone uses the size

of rhe r statistics as an inCer ,:f discriininabiliry. it is ob.;ious that all tests diseriminute
between groups at high leiels of statistical conhdence. Furthermore, many of the tests,

which are relatively new in this contert, do as rvell as some of the better-known measures.

The abiliry of the tests to discriminate between control and epileptic persons was also

evaluated on a subject-by-subject basis. To do this, a unifoim cutoff system was estab-

lished and after some experimentation with the original subject groups of 50 conuols and

50 epileptics, it was determined that cutoff scores are most effectively established for both
controls and epileptics when ?0 to 30Va (about 25Vo overall) of the controls are misclas-

sified on each test measure. The establishment of a new set of cutoff scores had the

advantage of uniformity. It seemed necessary since the use of the cutoff scores established

by Halstead (19471and Reiran (1955b) resulted in the misclassification of from 6to40qo
of the controls and from 5 n 66Vc of the epileptics, depending on the particular test

variable examined. As can be seen from Table 2, the present cutoff scores are much more

consistent from one to the nert and in general it can be said that there is approximately a

25Vc chance of an individuai wi& no history of neurological problems falling outside
normal Imits on any of the test measures.

In examining the test scores presented in Table 2, it can be obsen'ed that where critical
scores have been established previously, the present cutoff values tend to vary only
moderately from the prerious ones, but with some differences noted, particularly on the

drawings associated with the TPT. With respect to the classification of individual subjects

overall, it is of interest to obs;n'e that the Category Test is the poorest measure out of the

16, while in Reitan's studl (Reitan, 1955a) it was the best. Furthermore, some of the best

discriminators have strong moio. components, with the best single measure of all being
the Finger Tapping Test. These are not findings that would be expected in a general

neurolo-sical population. The possibility has been raised that differences in the patient
groups between the present subjects and those evaluated by'Reitan (1955a) may be

partially responsible. For e.tample , it is likely that the majority of Reitan's patients has

grossly identifiable brain iesions, whereas with the present group of epileptics (whose

problem is essentially elecrical in narure), it is likely that not nearly as many structural
lesions could be documented. It is possible that such measures as the Category Test are

more sensitive to such strucrural lesions than to electrical abnornralities and that dif-
ferences across groups are rarely found when such groups were developed on the basis of
EEG variables (Dodrill & \\llkus, 1976, 1978; Wilkus & Dodrill, 1976). Furthernore,
some of the anticonvulsants such as Dilantin have very strong motor components (Dodrill,
1975) and are certainly, at least in part, responsible for the unusually great differences
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Table 2, Culoff Score end Perceotages of Correct Classification of Subjects for All Discriminent IHer
surea

P erc e nt cor rect elas sifi cation

Test variable
Curoff

(insideloutside) Controls Epileptics

Category
TPT, Total Time
TPT, Memory
TPT, Localization
Seashore Rhythm
Tapping, Total (males)

Tapping, Total (females)

Trail lvtaking, Pan B
Aphrsia Sureening

Con;tructional D) rpri (i,1
Pcrceptual Examination
Namc Writing, Total
Seashorc Tonal !lemory
Stroop, Part I
Strmp, Part II-Pan I
Mcmory Scale, Logical lvlemor-r

Memory Scale, Visual Reproduction
Summarl,: Total tests

53/54 errors
16.2/16.3 min
8i7 blocks remembered
4/3 blocks localized
26/25 conect
l0l/100 taps (averagc)

92191 taps (average)

8 l/82 sec

2/3 encrs
qu.!tionsbie,'mild
617 enors
.85/.8.1 letters/sec
lll ll coftecl
93/94 sec

150/l5l sec

19/18 total memories
I l/10 total ptrins
6/7 outside normal limis

16

79
76
77

71

80
76

79
79

80

79
12

73
75
77
16
77

E3

49
69
37
s2
59
tE
t5
u
53

49

5t
72
60
6l
63

59
78

79

between groups on the Finger Tapping Test. Since such drugs must be continually in-
gested, their side effects become part of the patient's disability that must be evaluated. It is
concluded that whereas there are commonalities between epileptics and other neurological
groups, there are also important differences.

The foregoing has briefl1' summarized the development of a neuropsychological battery
specificall)' tailored for this neurological disorder. To my knowledge, this is the first such
specialized neuropsycholo-Eical batter) that has been developed as a comprehensive tool to
deal with this specific neurological group. It is observed that the summary measure from
this battery is more effective in discriminating epileptics from normal conrol persons than
is the Halstead Impairment Index, and we have found the former to be considerably more
stable in making o!'erall estimates of functioning disabilities. Furthermore, the battery
incorporates some features (such as the objective scheme for scoring the aphasia examina-
tion) that would appear to be useful with any neurological group. Research is underway at
our Epilepsv Center to determine the full effectiveness of the battery with patients having
seizure disorders.

ASSESS}IE\T OF PSYCHOSOCIAL FUNCTIOMNG

As has aiready been documented previously, the majority of inclividuals with epilepsy
suffer from ps)'chological and/or social problems. It has been the impression of many of
us working *ith these patients that such problems more often than not outweigh in
imponance *re seizures themselves. In the Vocational Unit of our Epilepsy Center, for
example , a survey was recently undenaken by following up the placement of approxi-
mately 100 epileptics in job situations. Of these, approximately 2O?o had lost their jobs



38E Neurops;chology of Epileps,v

within a year, but in only I instance could seizures be documented as being relevant to the
job loss. In that instance, low pay rvas also a significant factorinjob discontinuance. In all
other instances, social, psychological, emotional, and other factors representetl the pri-
mary reasons for job loss. This does not, of course, deny the possibility that seizures may
be contributing to social and psy'chological problems, but we have become convinced that

such psychological and social difficulties represent the leading reason for ineffectiveness
in functioning rather than factors related to seizure control. Despite the importance of such
psychosocial factors, however, we were unable to find a single test or inYentory specifi-
call_v <Jesigned to objectivelr assess these proL'lems in the epiicptic.

The factors just nrentioned led us to believe that it would be uselul to derelop an

inventory specifically designed to evaluate the important psychosocial problem areas often
seen with persons suffering from seizure disorders. With the help of a grant obtained from
the Epilepsy Foundation of America, a major project was initiated at our Epilepsy Center

involving neuropsychology, social service, and biostatistics. The product of the project
was the Washington Psychosocial Seizure Inventor), the development and use of which is

briefly described next, but which is reported in detail elsewhere (Dodrill, Batzel, Queis-
ser, & Temkin, 1980).

Initially, it was determined that seven areas of psychosocial problems were of interest:
( l) family background, (2) emotional adjustment, (3) interpersonal skills and adjustment,
(4) vocational adjustment, (5) financial status, (6) acceptance of seizures, and (7) the
patient's evaluation of medical treatment received. ln addition, an overall indicator of
psychosocial functioning r*'as deemed desirable. Fuflhermore, to serve as checks on
validity, a lie scale, a scale of rarell- endorsed items (such as the F scale on the N'1\1PI),
and an indicator of the number of items left blank rvere included. On the basis of 2
complete pilot studies and the administration of preliminary forms of the invenrory, 132
yes-no items were selected that constituted the final form of the Inventory. and the
principal validation study was begun.

In all, 127 adult epileptics, representing an unbiased sample of patients coming throu-eh
- our Outpatient Clinic, were the subjects used in this srudy. They were typically' in their

late twenties and had high school diplomas. The majority had partial seizures; in panicu-
lar, complex partial attacks were very well represented. The majority had had their
seizures for several years. with the beginning of such attacks usually by early adolescence.
Each participant was approached at the time of the clinic visit and paid for their panicipa-
tion. Participation consisted of a psychosocial interview by a social worker or a

psy,chologist and the completion of the Inventory. After the inten'iews, profcssionals rated
each patient on each of the ps1'chosocial areas of interest, and each area ultimately became
a scale on the Inventory. By' conducting l0 joint inten,iervs, interrater reliability was

established for each of the scales (ercept for the validity scales) and ranged from .80 ro
.95.

The Inventory scales were developed in much the same fashion as was the MN{PI. Each
of the 132 items was cor€lated u'ith professional ratings of psychosocial adjustment in
each area of interest, with the use of the point-biserial correlation coefficient. An item rras
considered for inclusion in an Inventory scale if it had a statistically significant
correlation rvith professional ratings of that psychoso"'ial area, regardless of the contenr of
the item. A significance level of .01 was used for individual scales and .001 for Overall
Psychosocial Functioning. When an item conelated to this extenl with more than I basic
psychosoc'ial area, it was includeil only in the area with which it correlated highest. In this
fashion, each scale was composed on a purely statistical and predictive brsis, but no item



Assessrncnt of Psychosocial Functioning 3E9

appeared in more than I of the basic clinical scales (Background, Emotional, lnterper-

sonal, Vocational, Financial, Adjustment to Seizures, and Medicine and Medical Man-
agemenr). The number of items in each of the single clinical scales ranged from 7 to 34,
but there were 57 items in the Overall Psychosocial Functioning Scale. Finally, the Lie
Scale had l0 items and the Rare Items Scale had 17 items.

The reliability and validiry of the clinical scales were then assessed. Thirty-day test-

retest reliability and internal consistency evaluated by split-half technique with application
of the Spearman-Brown Prophecy Formula are presented in Table 3. While these coeffi-
cients rver: generally considered to be adequate, t\ey were sorr.ewhat lower on the shorter
scales. Validity was evaluated by correlating the scales of the Inventory with the judge-

ments by professionals. These coefficients are also presented in Table 3 and represent the

final product of original and cross-validational efforts described in detail elsewhere (Dod-
rill et al., 1980). The coefficients suggest that the inventory, to a considerable degree,

reproduces the professional judgments that rvould be made about the adequacy of
functioning in patients had those patients been evaluated individually by social workers or
psychologists.

With the Inventory thus developed, we searched for a method by which the results
could efficiently and meaningfully be presented to all individuals working with epileptics.
Because the Inventory consisted of items directed specifically toward individuals with
seizures, it was not possible to collect Inventory data on a normal control group and to use

such data as a reference in developing scale scores. Furthermore, we observed that our
patient population had substantially different amounts of difficulty in the various areas in
question. For example, the majority of our patients have definite emotional dift-rculties,
but few of them express any dislike for their physicians and the medical trearment they are

Table 3. Reliabilitl' and Validity Coefllcients of the \1?SI Scales

IIPSI scales

Reliabilit-t
lesl-retest
(n = 21)

Coeficients
splir-half
(n = 1271

Validity
coefficients
(n : t27)

Clinical Scales

l-Background

2-Emotionel

3-lnterpersonal

4-Vocarional

5-Financial

6-Adjustment to
Seizures

7-ltledicine and

Iltedical !\{lnagement

8-Overall Psl chosocial

Functioning

Validit' Sc?les

A-No. Blank

B-Lic
C-Rarc ltems

.72

.71

.70

.75

.70

.66

.58

.73

.69

.92

.88

.82

.88

.88

.68

.95

.75

.31

.83

.84

.80

.73

.87

.70

.85

.28

.58

.58
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receiving. Thus the use of scores such as percentiles woutd have greatl)'different mean-

in_es depending on the particular area in question. After much consideration, it was finally
decided to develop a clinical profile based directly on the professional ratings. Figure 3
presents the profile that we use. The raw scores are plotted in the various columns, and

they are found to correspond to the professional ratings as indicated on the far left. Here,
the higher the numbers, the more indicators of psychosocial difficulties. Because we
lacked standard scores to use as guidelines for interpretative purposes, we eventually
developed a series of 4 profile areas that are identified on the right side of the profile and

have clinically been found to have approximately the following meanings: Area l-scores
here are suggestive of no significant difficulties; Area 2-scores in this area suggest the
presince ofpossible problems. but any problems here are not usually far-reaching and do

not have substantial adjustmental significance; .fuea 3-scorcs here indicatc disdnct an.l

definite difficulties having unquestionable a justmental significance; Area 4-scores fall-
ing in this area routinely point to very sriking problems with marked adjustmental signif,r-
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cance. By drawing a profile for each patient and by using these standards as general
guidelines, it is possible to identify for each patient which area or areas represent those
where the greatest adjustrnental problems are likely to be found.

To illusrate tlre general use of the profile and to describe our patient population more
thoroughly, the average score for the 127 persons involved in this study is plotted on the
profile presented in Figure 3. This profile presents what we believe to be true about our
Patients based on our clinical work-namely, that on the average they have emotional
problems at the foremost. The patients also have significant interpersonal, vocational, and
financial concerns, as well as difficulties in adjusting to their seizure problems. This is
consistent with the fact that we deal primarily with long-standing seizure disorders.

Beyond clinical experience, we have thus far completed I unpublished study with this
Inventory to evaluate its usefulness, The stud."- was designed to more specifically validate
tte Vocational Scale. Fifty-eight adult epileptics were divided into eniploved (A' : 20),
underemployed (N = 8), and unemployed (rV : 30) groups. Slight differences across
various scales of the Inventory were found with higher profile elevations being systemati-
cally associated with decreased employment. On the Vocational Scale, however, a highly
statistically significant difference was found (F : 8.78,p < .005), and the groups were
ordered according to extent of employment. In the same study, it was possible to compare
the ability of this scale to differentiate between the various groups with that of standard
MMPI scales, a summary measure of neuropsychological impairment (the number of the
Discriminative Measures outside normal limits of the Neuropsychological Battery for
Epilepsy), formal education, and intelligence. The WPSI Vocational Scale differentiated
between these groups more effectively than did any of the other variables. Furthermore,
when the discriminant function was applied, the Vocational Scale and the indicator of
neuropsychological impairment were the most important dimensions, and they were, in
fact, the only 2 variables to make statistically significant contributions to the predictive
process.

At the present time, we are continuing both clinical work and research investigarions
with the WPSI. Although we believe it to be a promising Inventory, its full usefulness is
yet to be demonstrated. We have noted that by giving the Inventory in advance of formal
clinical assessment, one can quickly screen for dift-iculties in several areas and can have a

much more directed interview. Our clinical work has suggested that the WPSI may be
sensitive to chan-ees in psychosocial functioning, and we are therefore incorporating it into
studies where behavioral changes may be obsen'ed. These include evaluating effects of
treatment at our specialized facility, evaluating cortical resection surgery for epilepsy, and
assessing the effects of certain anticonvulsant medications. In time, information concern-
ing the WPSI's uselulness in these contexts will be available.

CONCLUSIO:\iS

In this chapter it is concluded that epilepsy is one of those areas about which clinical
ps1'chologists and even neuropsychologists know entirely too little, especially in view of
&is disorder's prevalence. Furthermore, several variables complicate the adjustment of
persons with epilepsy, including the effects of seizures themselves, epileptiform dis-
charges without clinical signs, psychosocial and emotional problems, and the sporadic and
ofien unpredictable appearance of the disorder. The stress that the disorder places on the
person is often sadly compounded by social sti-ema, and the final product may be a



392 Neuropsychology of Epllepsy

decrease in functioning that far exceeds the momentary effects of the seizures themselves.

The prevalence is so high, the disabilities are often so great, and the human suffering is so

substantial that this is certainly one of the areas that deserves our attention the most in the

years to come.
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