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A b s t r a c t

Neuropsychological assessment has long been associated with epilepsy surgery and 

continues to play an important role in the presurgical evaluation of candidates for 

temporal lobectomy. However, material specific memory deficits are not invariably 

found in pre- or postoperative surgical candidates. The literature suggests that a 

number of factors may interact with the side of seizure focus and/or surgery in 

shaping the nature of the associated neuropsychological deficit. The heterogeneity in 

temporal lobe epilepsy (TLE) cases is clearly demonstrated by the findings from 

Magnetic Resonance Imaging (MRI) studies that enable the in vivo identification and 

quantification of a number of pathologies associated with TLE. The aim of the 

research presented in this thesis was to explore the factors associated with variable 

memory test performance in pre- and postoperative TLE patients with the ultimate 

aim of improving clinical neuropsychological practise both in terms of presurgical 

localisation and the prediction of postoperative memory decline. Five studies form 

the main body of the thesis.

In the first the development of a new test of non verbal memory is described. The 

findings suggest that the test may be a useful clinical tool in the presurgical 

assessment of TLE patients. The second study employed a multivariate approach to 

examine the relationship between the extent and laterality of hippocampal pathology 

and memory dysfunction. The results suggest that chronological age and age of 

onset of habitual epilepsy interact with the laterality and extent of pathology in 

patients with hippocampal sclerosis in determining the nature and the extent of the 

associated memory deficits. The third study explored these relationships further by 

examining the correlations between quantitative MRI measures of hippocampal
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pathology and functional measures from the intracarotid amobarbital procedure (lAP). 

MRI measures o f structural asymmetry were significantly correlated with the TAP 

measure of functional asymmetry supporting the role of the lAP in lateralising 

temporal lobe dysfunction. The fourth study examined the relationship between 

quantitative histology and pre- and postoperative memory function. Postoperative 

decline in verbal recall was associated with the excision o f a relatively intact left 

hippocampus. The excision o f a relatively intact right hippocampus was associated 

with a postoperative decline in non verbal recall. The final study examined the power 

of preoperative MRI measures, neuropsychological test profiles and demographic and 

epilepsy related variables in predicting postoperative memory decline. Approximately 

one third of the patients demonstrated a significant postoperative decline on each 

memory task. Different patients deteriorated on each task and the decline was task 

specific for many o f them. A high level of preoperative fimction was a significant risk 

factor for every task. The underlying pathology, side of surgery and epilepsy and 

demographic factors were also associated with decline on many o f the indices. The 

clinical and theoretical implications of these findings are discussed.
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Besides, his memory declines 
He recollects not what he says,
He cannot call his friends to mind. 
Forgets the place where last he din’d 
Plyes you with stories o’er and o’er 
He’s told them fifty times before.

Jonathan Swift
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O v e r v ie w

The advent of MRI heralded an immense resurgence of interest in surgery for 

temporal lobe epilepsy (TLE). This is evidenced by the almost exponential growth in 

the number of centres world-wide offering the treatment (Engel, 1987, 1993) and the 

proliferation of the research literature over the last 10 years. Across the world, 

epilepsy surgery patients are studied; at a molecular level examining the 

pathogenesis of seizure disorders, through to the burgeoning psychosocial and 

quality of life literature.

The neuropsychological characteristics of these patients have long been of interest. 

Although the main focus in this field has been on memory functioning, almost every 

aspect of cognitive and sensory function in these patients has been investigated 

including olfactory sensitivity, musical ability and sound localisation, to name but a 

few (Eskenazi et al, 1986, Kester et al, 1991, Mukhamedrakhimov, 1989). Recent 

research has focused the spotlight on the expressive and receptive language skills of 

TLE patients and the performance of pre- and postoperative patients on tests 

traditionally associated with frontal lobe dysfunction, such as the Wisconsin Card 

Sorting Test (Corcoran & Upton, 1993, Trenerry & Jack, 1994, Hermann & 

Seidenberg 1995).

Much of this literature falls beyond the scope of this review. As the title suggests, the 

broad aim behind the five studies presented in this thesis is to improve the clinical 

utility of the neuropsychological assessment both in terms of the presurgical 

latéralisation of temporal lobe dysfunction and the postoperative prediction of 

memory change. The emphasis on memory skills in the clinical context is therefore 

reflected throughout the following review.
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Introduction Chapter 1

N e u r o p s y c h o l o g y  &  E p il e p s y  S u r g e r y :

H is t o r ic a l  P e r s p e c t iv e  &  R e v ie w

'....Its a poor memory that only works backwards. '

The Mad Hatter

Surgery for the treatment of epilepsy has had a long, but less than glorious history. As 

a disorder, epilepsy continues to 'tax the supreme superstition and defy the resources 

of scientific medication' (Price, 1892)^^ .̂ This statement, made more than 100 years 

ago would still hold some relevance today. Stigma continues to surround people with 

epilepsy and although the majority can now be successfully treated with antiepileptic 

medication, a small percentage remain medically intractable. Early attempts at 

surgical remediation were based on the truly horrific combination of this superstition 

and the surgical skill available at the time. Evidence of multiple trephinations has 

been found in Neolithic skulls from all over the world. Historians believe these 

procedures were carried out for the relief of a variety of types of demonic possession 

some of which would no doubt be classified as epilepsy today. Over five thousand 

years later in the late 19th century, demons were no longer blamed but the perceived 

aetiology of epilepsy retained a moral dimension. In 1892 debauchery, chocolate, 

coffee, excessive lust and even amorous love songs were postulated in the reputable 

Journal o f  Nervous and Mental Diseases as '...great factors in its causation ', factors 

which had apparently been 'abundantly proven' (Price, 1892)^^^. Given these notions 

of aetiology it is perhaps not surprising that a variety of non-cerebral surgical 

treatments were carried out. These ranged from relatively benign practices, the 

removal of rotten teeth, a splinter from under the thumb or a foreign body from the
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Introduction Chapter 1

ear, to the outright mutilation of patients through castration/clitoridectomy, nerve 

stretching, burning and the amputation of limbs. All of these procedures reportedly 

cured the unfortunate patients although Dr Joseph Price, reviewing the literature, 

leaves the 'exact percentage for someone to calculate who has a greater taste for such 

work than himself !

In stark contrast to this intrepid approach to surgery and laissez faire attitude to 

reporting the outcome, Victor Horsley in the same year presented his paper ' The 

origin and seat o f epileptic disturbance'. Horsley conveyed his belief that epileptic 

seizures could only originate in the brain, not apparently with captivating rhetoric and 

moral zeal but with the measured tread of the cautious experimenter (Taylor, 1993)^^ .̂ 

He stressed that only by the careful examination of diagnosis, surgical procedure and 

outcome could any progress in epilepsy surgery be made. Even a cursory examination 

of the literature that has emerged in the century since he presented his paper proves 

him correct. The rigorous reporting of patient characteristics, methodology and 

outcome will be a recurring theme throughout this review.

During the first half of this century the primary rationale behind epilepsy surgery 

continued to be the removal of post traumatic lesions. Just as the development of 

aseptic techniques, anaesthesia and improved concepts of cerebral function 

underpinned Horsleys’ enterprises, so the next paradigm shift in the surgical 

remediation of epilepsy awaited the refinement of electrophysiological techniques. 

Although electrical activity had been recorded from animal brains as far back as 1875, 

the electroencephalogram was not applied to humans until 1933. Two years later
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Introduction Chapter 1

neurophysiologists were able to delineate the patterns related to epilepsy. In the same 

year the first electrocorticographic studies were reported. Foerster and Altenberger 

(1935)’ successfully reproduced a patients aura by electrical stimulation of the 

cortex under local anaesthetic. In the late 1930's Penfield became one of the first to 

operate on the evidence of EEG evidence alone. In the early 1950s Bailey joined him 

in operating on patients with a clinical diagnosis of complex partial seizures on the 

basis of EEG evidence alone, with no preoperative evidence of a pathological lesion 

(Meador et al, 1989)^^ .̂

The next chapter in the history of epilepsy surgery came from the meeting of two 

fields of medicine in a somewhat unholy alliance. In the late 1940's epilepsy surgeons 

found they were performing identical procedures to those trying to provide relief for 

profoundly disturbed individuals with psychotic disorders.

A very different set of circumstances had lead the psycho-surgeons to focus on the 

temporal lobes. The earliest anecdotal reports of bilateral temporal lobe surgery come 

from Burkhardt (1890)^’’ who attempted to influence auditory hallucinations by 

resecting portions of the temporal poles. He was not successful and the technique in 

humans was abandoned for nearly 60 years. In the interim however, scientists 

continued to be interested in the effects of temporal lobe resective surgery in animals 

and their findings undoubtedly contributed to the resurgence of interest in human 

bilateral temporal lobe excision. In the late 1930's Kliiver & Bucy (1937)^’̂* described 

'the most striking behaviour changes ever produced in animals', in the form of a 

distinct syndrome that followed bilateral temporal lobe excision, including the uncus
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Introduction Chapter I

and the hippocampus, in the Macacus Rhesus monkey. These behaviour changes 

included visual agnosia, strong oral tendencies, an excessive tendency to attend and 

react to visual stimuli, a remarkable decrease of aggressive behaviour and an increase 

in sexual activity. Bard & Mountcastle (1948)’  ̂also managed to produce marked 

behaviour changes in cats by removing the equivalent brain structures. However far 

from the 'remarkable decrease in aggressive behaviour' seen in Kliiver & Bucys 

primates, the cats became extremely aggressive and savage. These strikingly different 

results were attributed to the different animals used in each study and a debate on the 

equivalence of cerebral structures in different species ensued.

With considerable hindsight one might argue that the clues are here as to what was to 

follow. Bilateral temporal lobe structures had been implicated in memory functioning 

as early as 1900 when Bekhterev presented the autopsy findings of a female patient 

who had a profound memory impairment as her earliest and most striking clinical 

abnormality. Her brain showed bilateral softening in the regions o f the uncus, 

hippocampus and adjoining mesial temporal cortex (Milner, 1972)^^ .̂ In a later 

detailed clinico-pathological case study Griinthal (1947)*^ ,̂ presented the autopsy 

findings on a woman who presented with profound memory disturbance in the context 

of a rapid onset, advanced dementia following insulin coma. The autopsy revealed an 

overall shrinkage of brain tissue, white matter and cortical changes and a total 

necrosis of both hippocampi. In the light of these studies one might also have 

pondered how the 'visual agnosia' of Kliiver & Bucys primates would manifest itself 

in human behaviour.
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Introduction Chapter 1

However, inspired rather than deterred, Obrador (1947)^^^ performed an experimental 

bilateral temporal lobotomy on two schizophrenic patients with the aim o f modifying 

their difficult behaviours. One of these unfortunate, but undoubtedly very resilient, 

patients had already undergone a bilateral prefrontal lobotomy. Following the 

temporal lobe surgery both became a little less irritable but Obrador expressed 

disappointment that the results were not more positive. Despite these less than 

promising initial results, bilateral temporal lobe surgery became increasingly popular 

in the following decade. During the 1940's and 50's, the findings from over 40 patients 

who had undergone various forms of the surgery were published. These patients can 

be broadly divided into two groups. The m^ority were patients suffering from various 

forms o f psychotic disorder, the primary aim o f the surgery being to modify their 

difficult behaviours. Seemingly undaunted by disappointing results time and again, 

these interventions represented experimental attempts to recreate some aspects o f the 

Kltiver-Bucy syndrome in humans. A discussion o f the behemothic ethical issues 

surrounding the desirability o f reproducing any features o f this syndrome in 

individuals, who by all accounts would not be in a position to give their informed 

consent is beyond the scope o f this review and has been addressed in both academic 

circles and popular culture. The second group were people with epilepsy. Surgery was 

performed in this group to remove suspected bilateral epileptogenic foci.

In the former group, 'outcome' was most frequently reported in terms o f the impact o f 

the surgery on the target behaviours. In an unnecessary replication o f Burkhardts 1890 

study. Freeman & Williams (1952)''^performed bilateral excisions limited to the 

amygdala and the temporal pole on a series o f  five patients in an effort to influence
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their auditory hallucinations. Although they appear to have been moderately 

successful in eliminating or distorting the ‘voices’ in three of the cases, the procedure 

had very little effect on the other behaviours associated with the psychosis. The 

authors report that there were no other modifications of note in the remaining patients. 

Walker (1953/'* reported similarly disappointing results in a series of 4 patients who 

remained floridly psychotic following bilateral ablation of the amygdaloid nucleus and 

the uncus.

Scoville et al (1953/^^ reported the effects of limited and extensive bilateral temporal 

lobe resections that had been carried out in a series o f 19 patients in 1950 and 1951 

(see Figure 1.1). Two of these patients had epilepsy in addition to their psychiatric 

symptoms. As in the other studies, the beneficial effects of the surgery on the 

psychotic symptoms were on the whole negligible and in some cases make chilling 

reading. Ironically the best result came from an operative catastrophe. The most 

improved patient (I.S.) sustained severe damage to the midline from electrocautery 

causing her to give an immense jerk on the operating table and immediately lose 

consciousness. Despite a very stormy postoperative period she was successfully 

rehabilitated back to her home five months later. Of the epilepsy patients one (V.M.) 

continued to have seizures although the frequency and severity was reduced 

postoperatively. The second epilepsy patient (G.D) suffered 13 consecutive seizures in 

the immediate postoperative period but thereafter became fully controlled on her 

medication. Notwithstanding the poor postoperative psychiatric outcomes, Scoville 

and his colleagues continued to perform limited and extensive bilateral temporal lobe 

resections to relieve psychiatric symptoms and severe epilepsy.

-23-



Introduction Chapter 1

Figure l . l  Diagrammatic cross section o f the human brain illustrating the extent o f  
bilateral medial temporal lobe resections in early temporal lobectomy studies 
(adaptedfrom Scoville & Milner, 1957)

For diagrammatic purposes the resection is illustrated on one side only.

8 cm
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\ uncus

B

hippocampus
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/

hippocampus
hippocampal gyrus 
(posterior part)
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In a short paper presented in October 1953, 10 months after M.B.’s surgery and some 

6 weeks after H.M. had undergone an extensive bilateral temporal lobe resection, 

Scoville remarked that an extensive bilateral hippocampal resection resulted in no 

marked physiologic or behaviour changes 'with the exception of a very grave, recent 

memory loss, so severe as to prevent one patient (H.M.) from remembering the 

location of the rooms in which he lives, the names of his close associates or even the 

way to the toilet.'^^  ̂It is perhaps unhelpful to speculate on the possible consequences 

for H.M., had M.B.’s amnesia been picked up before his own unfortunate situation 

prompted a retrospective search for similar cases. However given the exposure that 

was to follow, it is somewhat discomforting that this tragedy was allowed to befall a 

third patient (D.C.) 8 months later.

Since that time, the nature of H.M.’s memory deficit has been exhaustively studied 

(Scoville, 1968, Milner, Corkin & Teuber, 1968, Corkin et al, 1984, Corkin et al, 

1994)368,263,70,68 his core neuropsychological features have come to be known as 

the temporal lobe amnesic syndrome. In summary, he appears to be unable to learn 

new information despite normal attention. His ability to retrieve information learnt 

prior to the surgery is unaffected and his general intellectual function and personality 

remain intact. A lively debate supported by a large literature, continues to this day, as 

researchers endeavour to define the differences and similarities between the temporal 

lobe amnesic syndrome and amnesic syndromes arising from other pathological 

processes, for example damage to the diencephalic structures and Korsakoffs’ 

psychosis. A full discussion of these issues is beyond the scope of this review (but see 

Parkin, 1984 and Horel, 1994 for reviews, and Cummings et al, 1984, Graff Radford
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et al, 1990, Aggleton & Shaw 1996)̂ °̂ '̂ ^̂ '̂ '̂̂ ^̂ '̂ . For our purposes H.M. remains a 

landmark case, demonstrating the critical importance of the temporal lobes in memory 

functioning.

Table 1.1 presents the pre- and postoperative course o f H.M, M.B., and D.C. in more 

detail, together with the other cases of profound amnesia that have resulted from 

bilateral temporal lobe resections. Whilst this table includes all of the cases reported 

in sufficient detail in the literature, it is by no means exhaustive. Many of the 

psychiatric patients who underwent bilateral temporal lobe surgery continued to 

experience florid psychotic symptoms postoperatively which precluded any formal 

memory assessment. We can only estimate the extent o f the memory impairment in 

this group through the hints given in the reports, and in the light of subsequent studies. 

For example. Pool (1954)^^  ̂reported the case study of a schizophrenic patient who 

underwent a two stage extensive bilateral temporal lobectomy that extended as far 

back as the vein of Labbe and included part of the hippocampal gyri. In addition to a 

variety of abnormal eating behaviours associated with the Klüver-Bucy syndrome the 

patient became Very confused' after the second operation although this confusion 

appeared to resolve slightly over time. In the same year, Sawa et al (1954)^^  ̂ reported 

the outcome of 11 bilateral amygdaloidectomies, carried out on five schizophrenic 

patients, five people with epilepsy and one person who was described as 'a case o f 

hyperactive idiocy'. In three of the cases an 'erroneous recognition' o f both people and 

objects was recorded postoperatively.
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Table 1.1: Summary o f  Bilateral Temporal Lobe Excisions Leading to an Anterograde Amnesic Syndrome

A uthors & 
D ate

C ase E p ilepsy  H isto ry M em ory Physical E x am in a tio n / N eurorad io logy Surgery Postoperative  C ourse

Petit-
D utalis
(1954)^'

M ale.
U nem ployed

T em poral lobe ep ilepsy  
B ehav ioural d isorder.

N o form al testing N ot reported Tw o stage bilateral tem poral lobectom y 
but the h ippocam pal gyrus and the 
hippocam pus were spared  on the  right 
and the uncus and h ippocam pus were 
spared on the left.

A fter the second operation  the patien t initially  
show ed a m arked an terograde am nesia 
together w ith a re trograde am nesia  for the 
events o f  the m onths p reced ing  surgery Eight 
m onths later the anterograde am nesia  had 
en tire ly  cleared  a lthough som e retrograde 
am nesia  rem ained

Terzian & 
D alle O re 
(1953^^

M ale, aged 
19,
U nem ployed

Seizure  onset aged 3 
and a h a lf  years 
fo llow ing a febrile 
illness. P a tien t su ffered  
C PS  and generalised  
seizures w ith  head 
tu rn ing  to  the  right, 
v isual h a lluc inations  
and au tom atism s. 
In ter-ic tally  his 
behav iou r had  becom e 
increasing ly  aggressive 
and violent.

M em ory reported to be 
well preserved and  IQ 
w ith in  norm al lim its.

N orm al/N egative 12.10.52: T he pa tien t underw ent a 
resection o f  the left tem poral lobe 
ex tend ing  7 cm. M edically  m ost o f  the 
hippocam pus and uncus w ere rem oved 
111 .52: The patien t underw en t an 
identical procedure  on the  righ t tem poral 
lobe w ith the prim ary  aim  o f  m odify ing  
his aggressive behav iour

A right hem iparesis and m oderate aphasia  
follow ed the  first operation  but both resolved 
in a few days. T here w as no evidence o f  any 
m em ory im pairm ent. H is seizures and 
aggressive behav iour con tinued  as before. 19 
days after the first operation  he underw ent 
further surgery. Follow ing the second 
operation  the patien t show ed several 
behavioural changes, includ ing  changes in 
sexual behaviour, an increased appetite  and a 
com plete  loss o f  em otional response even to 
extrem e provocation . In add ition  the patien t 
failed to recognise anyone includ ing  his 
closest relatives and exh ib ited  a profound 
retrograde am nesia  ex tend ing  back to 
childhood. T he authors report that he was 
“com pletely  isolated, w ithou t a past to 
rem em ber and consequen tly  w ithou t any 
fu tu re” . He had  no  fu rther C PS  but the 
generalised  seizures continued.



Table 1.1: Summary o f  Bilateral Temporal Lobe Excisions Leading to an Anterograde Amnesic Syndrome (continued)

A uthors & 
Date

C ase E p ilepsy  H istory M em ory P hysical E xam ina tion / N euroradio logy Surgery P ostopera tive  C ourse

Scoville 
(1954f^ 
Scoville  & 
M ilner 
(1957f^"

looo

H .M . m ale, 
aged 29 
years. 
M otor 
W inder

Seizure  onset aged 8 
years. H .M . suffered  
C P S 's  w here  he becam e 
unresponsive , and 
w ould  c lose  his eyes, 
open his m outh , and 
cross his arm s. He was 
sem i-consc ious  during  
these  ep isodes. A t the 
age o f  16 he began to 
experience  generalised  
convulsions. D espite 
heavy m edication  his 
seizures increased  in 
frequency  and severity  
and  he w as finally  
unab le  to w ork  at the 
age o f  27.______________

N o obv ious m em ory 
d istu rbance  prior to 
surgery. HM  passed high 
school exam inations 
w ithou t difficulty .

N orm al/N egative 1.9.53. B ila teral tem poral resection 
ex tend ing  posterio rly  for 8cm  from  the 
m id po in ts o f  the tip s o f  the tem poral 
lobes, w ith  the  tem poral horns 
co nstitu ting  the  lateral edges o f  the 
resection.

The patien t was drow sy for the first few  days 
but it soon becam e clear that he was suffering  
from  a severe anterograde am nesia. This has 
persisted  and the nature o f  his deficits 
con tinue to  be s tud ied  to the p resent day. In 
1964 H .M . described his problem s thus ' right 
now  I'm w ondering ... You see at this m om ent 
every th ing  looks c lear to m e, bu t w hat 
happened  ju s t before? T h a t’s w hat w orries me, 
its like w ak ing  from  a dream , I ju s t don 't 
rem em ber'. He has not undergone any 
personality  change or any loss in intellectual 
ab ilities. H is seizures continue.

Scoville 
(1954)% " 
Scoville  & 
M ilner(1957)365

M ilner
( 1966)%"

D.C. M ale 
aged 47 
years. 
D octor

N o h isto ry  o f  epilepsy. 
A 4 year h isto ry  o f  
v io len t behaviour. 
D iagnosed  to  be a 
parano id  sch izophren ic .

N ot reported Physical exam ination  norm al 13.5.54. B ila teral m edial tem poral lobe 
resection  ex ten d in g  posterio rly  for 
5 .5cm  from  the m id  poin ts o f  the tips o f  
the tem poral lobes.

D.C. show ed no neurological deficit 
p ostsu rg ically  and his behav iour had 
im proved although  som e paranoid  content was 
still apparen t in his speech. H ow ever, a dense 
and persisten t an terograde am nesia  was 
apparent. He show ed no in tellectual 
d e terio ra tion  and w as assessed  to have an IQ 
o f  122, I I  years after surgery. He was 
how ever still unab le  to find his w ay around 
the  hospital.___________________________________

Scoville  & 
M ilner
(1957)365

M B. Fem ale 
aged 55 
years. 
C lerical 
W orker

N o h isto ry  o f  epilepsy. 
A d iagnosis  o f  m anic  
depression  w as m ade 
on adm ission  to 
hosp ita l in D ecem ber 
1951.

N o obv ious m em ory 
d istu rbance. She was 
restless and agita ted  but 
w as well o rien ta ted  in all 
spheres and could 
rem em ber c lin ic  tim es.

Physical exam ination  norm al 18.12.52  A rad ical bila tera l m edial 
tem poral lobe resec tion  w as carried out 
ex tend ing  8cm  from  the tem poral tips

M B  w as stuporous and confused  for one w eek 
follow ing surgery, but then she recovered 
w ithou t neurological deficit. T esting  3 years 
after surgery  revealed  a dense anterograde 
am nesia  bu t preserved intelligence.

n
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Pallais et al (1952)^^  ̂reported anecdotal evidence of a disturbance in recent memory 

in two patients who had undergone a two stage bilateral temporal lobectomy including 

resection of the uncus and part of the hippocampus. These disturbances only became 

apparent after the second operation and their memory for remote events appeared to 

be intact. Mapses (1954)̂ "̂  ̂reported 'a considerable impoverishment of the intellectual 

patrimony' in a patient who had undergone a radical bilateral temporal lobectomy for 

the resection of bilateral EEG seizure foci. A year later, Falconer (1955)'*° in his 

review of temporal lobectomy for epilepsy noted that one patient showed 'a profound 

disturbance of memory' in the six months that he survived the surgery.

Some of the patients were however well enough postoperatively to be formally 

assessed. Scoville & Milner (1957)^^  ̂ reported the results of memory and intelligence 

tests carried out on 1 0  patients who had undergone both limited and extensive 

bilateral medial temporal lobe resections. They found that all o f the patients in the 

series who had undergone resections extensive enough to damage portions of the 

hippocampus and hippocampal gyrus displayed a clear and persistent disturbance of 

recent memory and noted that the extent of the resection seemed to be related to the 

magnitude of the memory disturbance. H.M. and M.B. had both undergone a 

particularly radical excision in which the posterior limit of the removal was at least 

8 cm from the temporal tips. However, D.C who was as amnesic as the other two cases 

had had a more limited resection (5.5cm removal). To explain their imperfect 

correlation, Scoville and Milner suggested that the exact extent of resection may have 

been greater. In the light o f his continuing seizures we may speculate that the 

unresected tissue was not normal and healthy and the limited surgical resection may
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have effected a complete bilateral removal of function. The extensive resections 

included the removal of the uncus and the amygdala as well as the anterior two thirds 

of the hippocampi. The patients (n=5) who had undergone less extensive resections 

extending 5-6 cm back, including a portion of the hippocampi, also showed fairly 

marked memory deficits. Although these individuals were able to retain some 

impression of new people, places and events, they were unable to reliably learn new 

associations. On formal tests requiring the learning and free recall o f both verbal and 

visual material their scores were extremely impaired. As with the patients with a 

dense amnesia, these people appeared to be fully aware of their memory difficulties. 

Extensive memory deficits were not however present in all o f the sample. One of the 

patients in the series, (I.S, discussed earlier) underwent a less extensive resection 

(4cm) which spared the hippocampi but removed the uncus and amygdala. 

Postsurgically she obtained a superior Wechsler Memory Quotient of 122, despite 

prolonged psychosis, over 1 2 0  electroconvulsive shock treatments and brain stem 

damage of an undetermined extent. This finding was concordant with the report of 

Narabayashi et al (1963)^^  ̂who anecdotally reported no memory disturbances in 21 

patients who had undergone a bilateral amygdalotomy, sparing the hippocampus, for 

the relief of behaviour problems, although no formal testing was carried out.

Analysing the postoperative pattern of memory deficits in the context of the medial 

temporal lobe structures which were left wholly or partly in situ, Scoville & Milner 

suggested a critical role for the hippocampus in memory functioning. These findings 

resulted in two significant changes in neuropsychology and epilepsy surgery practice. 

Firstly, the era ended with a firm focus on the critical role of the hippocampus in
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memory functioning. Secondly, manifestly unsuccessful in treating psychotic 

disorders and with the risk of catastrophic memory impairment, the widespread 

dissemination of Milners’ findings effectively tolled the death knell for bilateral 

temporal lobe resections, certainly for the relief of epilepsy and psychiatric symptoms.

With a daring disregard rather than ignorance of Milners’ work, bilateral 

hippocampal resections were still advocated by some fearless individuals some 

thirteen years after the world first leamt of H.M. Gol & Faibush, (1967)’̂  ̂reported 4 

cases who had undergone radical (80-90%) bilateral ablations o f the hippocampi for 

chronic pain. In their discussion of the outcome the authors do not address the 

memory changes that occurred in their patients beyond claiming that 'certainly, 

bilaterally extensive hippocampal lesions did not produce the extreme memory 

deficits described by Penfield, Scoville & Milner'. However, close examination of the 

text of their paper prompts a different interpretation. Of the 4 patients, only one 

survived the procedure by more than 6  months. In the first case, a 27 year old man 

who survived the surgery by 4 months, no formal memory testing seems to have been 

carried out, but following the surgery the patient could not give his full address, the 

date or the month and could not name the President. The authors describe another case 

as having a 'marked memory defect', unable to remember his age. The third case, 

became extremely confused and manifested marked features o f the Klüver-Bucy 

syndrome in the 2 months that he survived the procedure. The extent of his manic 

behaviour did not allow for a formal memory assessment or an informal judgement on 

his memory functioning. In the final case, the patient demonstrated a drop of 27 

Wechsler Memory Quotient points postoperatively compared to preoperatively
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assessed levels, and showed impairments in both old and recent memories. A decrease 

in learning ability was also noted.

With the exception of these occasional maverick attempts at resurrection, the demise 

of the bilateral temporal lobectomy closed a window of research on the very structure 

that was so instrumental in its downfall. For the following thirty years, until advances 

in neuroradiology enabled the in-vivo examination of the integrity of brain structures, 

research on the function of the hippocampi and medial temporal lobe structures 

shifted to studies of the patients with unilateral temporal lobe lesions, animal studies 

and autopsy findings from patients who had developed amnesic syndromes prior to 

their death.

In contrast to the overwhelmingly negative results obtained from bilateral temporal 

lobectomies, unilateral temporal lobe surgery steadily gained recognition as an 

efficacious treatment for the relief of intractable epilepsy. Unlike its bilateral 

counterpart in the treatment of psychotic disorders, this surgical treatment was not 

empirical but was directed towards the removal of an abnormality that could be 

localised anatomically, and could be objectively demonstrated through EEG records 

and ictal semiology. Early reports of the effects of the surgery on seizure control were 

encouraging. Bailey et al (1953)^  ̂reported that 64% of their surgical sample who had 

a clear unilateral EEG seizure focus became seizure free. Given the relative lack of 

sophisticated preoperative localising techniques available at the time it may seem 

surprising that these figures are comparable to those reported today (Sisodiya et al, 

1996,1997)^^^’̂ ^̂ . However, their seizure free rate dropped to 23% in patients with a
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bilateral EEG abnormality. It would seem that our current technologies have enabled 

us to select the best surgical candidates with greater accuracy, improving the odds of 

becoming seizure free through careful sample selection rather than through significant 

advances in surgical technique.

Sensitised to the difficulties in memory functioning, caused by the bilateral ablation of 

the medial temporal lobe structures, Brenda Milner (1966)̂ "̂̂  thoroughly examined 

these unilateral cases for any sign of memory disturbance. She concluded that 'Careful 

testing does...reveal mild and highly specific learning disabilities, which vary with the 

side of the lesion, but generalised memory disorders are rare'. Since that time well 

over 2 0 0  studies have been published examining the nature of these deficits and their 

relationship to laterality, location and type of lesion. These studies are reviewed in the 

following chapters. Suffice to say here, that the risks to memory functioning following 

a unilateral temporal lobectomy, particularly on the language dominant hemisphere 

are increasingly recognised and play an expanding role in the surgical decision making 

process (see Chapter 5).

Although it is a rare occurrence, some patients have sustained a severe anterograde 

amnesic syndrome following a unilateral temporal lobectomy. The pre- and 

postoperative course of these patients is summarised in Table 1.2. Penfield & Milner 

(1958)^’ * were the first to report an amnesic syndrome in two patients who had 

undergone a left temporal lobectomy. Although both eventually returned to work after 

the surgery, their memory skills remained grossly impaired. It is interesting to note 

that both returned to jobs that had a heavy reliance on procedural skills learned
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preoperatively. A civil engineer (P.B) was demoted to a draughtsman, as he was too 

forgetful to handle the administrative side of his work and F.C. returned to his job as a 

glove cutter. Penfield & Milner attributed the amnesia to the presence of an additional 

destructive lesion of the opposite hippocampal region. Thus when the hippocampus 

was resected unilaterally the patients were effectively deprived of its function 

bilaterally. Their initial hypothesis was supported by the fact that both patients had an 

abnormal EEG focus in the right temporal lobe postoperatively. Further hints as to the 

possible presence of a bilateral lesion came from the pathological examination of the 

epileptogenic tissue removed from F.C. The grey matter was yellow and tough and 

part o f the hippocampus occupied a hollow in the lateral surface of the midbrain. 

Herniation of this sort had been previously reported to occur during birth and was 

known to frequently produce a bilateral ischemic lesion of the hippocampal zones. 

Final confirmation in the case of P.B. came from his autopsy findings. Fourteen years 

after the surgery, P.B. died from a massive pulmonary embolism. His autopsy revealed 

destruction of the neurons in the right hippocampus, that in all probability occurred at 

the time of birth. The thalamic nuclei and other diencephalic structures were all intact 

bilaterally as was the right amygdala. In their discussion o f the autopsy findings 

Penfield & Mathieson (1974)^*® suggested that the ability to recall each preceding 

event after any diversion, was dependent on the integrity of the anterior half of at least 

one hippocampus. These findings are concordant with Baldwins’ (1956)*^ report of a 

generalised memory impairment following a left temporal lobectomy in two cases 

with a bilateral temporal lobe EEG abnormalities preoperatively. As in Milners’ 

series, these gross disturbances in memory did not occur in patients who had a 

unilateral EEG seizure focus.
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Table 1.2: Summary o f  Unilateral Temporal Lobe Excisions Leading to an Anterograde Amnesic Syndrome

A uthors C ase E p ilep sy  H is to ry M em ory Physical exam ination / 
neurorad io logy_______

S urgery P ostoperative  ou tcom e

Penfield & 
M ilner 
1958 311

F.C, M ale 
aged 28. 
G love C u tte r

S eizure  o n se t age 12. 
F.C. exp erien ced  C PS  
w hich  consis ted  o f  a 
cold sensa tion  fo llow ed 
by au tom atism s 
in c lu d in g  h u m m in g  and 
sw allow ing . He had  no 
m em ory' for the  seizure  
and rem ained  am nesic  
for a sho rt tim e 
afterw ards.

There is som e anecdotal ev idence 
for bilateral m em ory d ifficu lties. 
F.C. ob tained  poor grades at 
school because he could not 
rem em ber facts, m em orise 
m athem atical form ulae, or 
rem em ber the con ten ts  o f  books. 
He could  not reassem ble a 
m ach ine as he could not 
rem em ber the relative positions 
o f  the various parts. O n form al 
tests he had an IQ o f  106, and 
show ed som e w eaknesses in 
m em ory for both verbal and 
v isual m aterial

F.C. had a left facial 
w eakness. He was 
am bidex trous. An x-ray 
revealed  a s ligh t relative 
sm allness o f  the left 
hem isphere

F.C. underw ent an ex tensive 
(6.5) cm  resection  o f  the left 
tem poral lobe. T he tissue in the 
region o f  the uncus and 
h ippocam pus w as m arked ly  
abnorm al, the grey m atte r w as 
yellow  and tough.

F.C. was m arkedly  aphasie  for 1 w eek after the 
surgery  His com prehension  o f  the spoken w ord was 
im paired  and he was confused  and disorientated . As 
these problem s resolved it becam e increasingly  
ev iden t tha t he had a m arked anterograde am nesia. He 
did  not recognise close relatives o r recall events that 
had  occurred  earlier in the day. His recall o f  distan t 
events was in tact but he had a retrograde am nesia  that 
ex tended  four years prior to  the surgery and could not 
recall his g irlfriend  o f  18 m onths. O n form al testing  
he show ed verbal and v isual m em ory im pairm ents 
w ith neglig ib le im provem ents over 3 years. He 
re ta ined  his g lovecuttting , problem  solv ing and 
in tellectual sk ills although his previous store o f  
general know ledge suffered  som e im pairm ent. Four 
years after the surgery. F.C. con tinued  to have som e 
seizures w ith a right tem poral EEG focus._____________

Penfield &
M ilner,
1958
Penfield & 
M athieson. 
1974

P.B. M ale 
aged 41 
years.
D raugh tsm an  
& am ateur 
m eteorologist

S e izure  onset age 35.
He w ou ld  experience  an 
aura  w here  the  situa tion  
he w as in w ould  appear 
to  be absu rd  o r silly, he 
w ould  then  stare, 
becom e un responsive  
and  perfo rm  s tereo typ ic  
behav iou rs. He had no 
m em ory  for the  even t 
and w ould  have a p o st
ictal am n esia  o f  abou t 
15 m in u tes  w ell in to  the 
c lin ica lly  ap p aren t 
recovery . Five years 
after the  first opera tion  
PB w as readm itted  w ith 
p e rs istin g  seizures.

PB had no m em ory com plain ts 
prio r to surgery Five years after 
the first operation  he had given 
up read ing  for p leasure. The 
postoperative  aphasia  had 
com pletely  resolved. He had an 
IQ o f  118 and his v isual m em ory 
w as assessed  to  be intact. N o 
verbal m em ory tests were 
adm inistered

M oderate, d iffu se  
cerebral and cerebellar 
a trophy. N o  evidence o f  
any local b ra in  lesion.

PB underw ent a partial (4cm ) 
resection o f  the  left tem poral 
lobe. The surgeon d id  not note 
any objective  abno rm ality  in 
the resected tissue. In the 
second operation  the  uncus and 
h ippocam pal fo rm ation  in the 
left tem poral lobe were 
rem oved under local 
anaesthetic. 22 m m  o f  the 
posterior h ippocam pus w as left 
in situ.

PB was aphasie , d iso rien ta ted  and confused du ring  
the w eek follow ing surgery. H ow ever one m onth later 
these problem s had largely resolved and only a m ild 
aphasia  rem ained. Follow ing the second operation  
PB was not aphasie  but had a m arked, though  not 
com plete  anterograde am nesia. H is m em ory im proved 
over the  first year follow ing the second operation  but 
4 and a h a lf  years later he con tinued  to  have severe 
residual im pairm ents. He w as unable to learn 
any th ing  new  and had been dem oted  at w ork due to 
his poor m em ory. He also had a re trograde am nesia  
ex tend ing  3 m onths prio r to  the  surgery. His 
in tellectual functions rem ained intact. He continued 
to  have approx im ately  2 seizures a m onth, w ith a 
righ t tem poral lobe EEG onset. In 1965, PB died 
aged 59 follow ing a heart a ttack. A utopsy revealed 
p robable  long-stand ing  righ t am m ons horn sclerosis, 
w ith neuronal loss and g liosis in the pyram idal cell 
layer. The righ t am ygdalo id  nucleus rem ained intact.
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Table 1.2: Summary o f  Unilateral Temporal Lobe Excisions Leading to an Anterograde Amnesic Syndrome (continued)

A uthors C ase E p ilepsy  H isto ry M em ory Physical exam ination / 
neuroradio logy

Surgery P ostoperative  ou tcom e

D im sdale,
Logue &
Piercy,
1964*'
W arrington
& D uchen,
1992

N T, Fem ale 
aged 53 
H ousew ife

Seizure  onset age 25 .NT 
suffered  generalised  
seizures tha t had 
increased  in severity  
and frequency  over the 
years. At the age o f  37 
she had been adm itted  
to  a p sych ia tric  hospital 
and w as d iagnosed  w ith 
paran o ia  and 
depression .

Preoperative  IQ 100.The 
neuropsycholog ical tests (W M S) 
revealed a selective  verbal 
m em ory deficit.

N orm al: N o sign ifican t 
abnorm alities on 
arteriogram , x-ray or 
ventriculogram  
EEG studies suggested a 
right an terior tem poral 
focal abnorm ality .

23.1.61 N T. underw ent a 
radical righ t tem poral 
lobectom y (6cm ). T he uncus 
and the am ygdala  w ere also 
rem oved.

N T rem ained p rofoundly  am nesic  for day to day 
events until her death  a t the age o f  79. At autopsy , the 
left h ippocam pus w as severely depleted o f  neurons.

W alker
1957

M ale, aged 
53 years 
S treet V endor

Seizure  onset aged 34 
years. D uring  the first 
e igh t years the  a ttacks 
occurred  once every six 
m onths. T hey then 
changed  to once a 
m onth . T ypically  he 
w ould  get up, tu rn  to 
the left and then  fall.

N o form al tests reported. On physical and  
neurological exam ination  
no significant 
abnorm alities w ere 
reported. EEG stud ies 
suggested a R tem poral 
lobe focus.

E x tensive (7cm ) righ t tem poral 
lobectom y. Postoperative  
pa tho logy  reported  the resected 
cortex as norm al.

The patien t was successfu lly  rehabilita ted  to his jo b  
on a new spaper stand, and functioned well until he 
was found unconscious on the  street 18 m onths 
follow ing surgery. Follow ing this presum ed 
neurological incident he rem ained confused , unable to 
find his w ay hom e and unable to return to work.

Loring et 
al, 1994

M ale, aged 
27 years 
U nem ployed

The pa tien t had a febrile 
convu lsion  at age 9 
m o n th s . H is habitual 
seizures started  a t the 
age o f  3 w hen he 
developed  ep isodes o f  
s ta rin g  assoc iated  w ith 
an arrest o f  activ ity  and 
au tom atism s.

Low average IQ. Im paired  
m em ory for verbal m ateria l. His 
m em ory for non verbal w as 
assessed  to  be intact.
W ada evaluation  ind ica ted  that 
he w as righ t hem isphere  
dom inan t for language.

Seizures not localised 
w ith scalp recordings. 
D epth EEG  studies 
suggested  bilateral 
tem poral foci.
M Rl equivocal:
? norm al
? Left tem poral horn 
dilation

13.1.89. A righ t an tero tem poral 
lobectom y w as perform ed 
involv ing  a 4 .5cm  resection  o f  
la tero tem poral cortex  w ith 
subpial asp ira tion  o f  the 
h ippocam pus to  the posterior 
m argin  o f  the  cerebral peduncle

Im m ediately  follow ing the  surgery, a p rom inent 
recent m em ory defic it w as observed in con junction  
w ith an expressive aphasia . The aphasia  resolved  to a 
m oderate dysnom ia by the tim e o f  hospital d ischarge. 
There has been no sign ifican t postoperative  reduction  
in seizure frequency. T he am nesia  has persisted  for 
three years, a lthough his psychom etric  m em ory 
perform ances have im proved slightly.
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Table 1.2: Summary o f  Unilateral Temporal Lobe Excisions Leading to an Anterograde Amnesic Syndrome (continued)

A utho rs C ase E pilepsy  H istory M em ory Physical ex am ination / 
neuroradio logy

Surgeiy' P ostoperative  ou tcom e

O xbury  et 
al 1997

C G , M ale 
aged 18

CG had a prolonged 
convulsion  (20 
m inutes) aged 4. His 
habitual ep ilepsy  began 
at age 13.

P reopera tive ly  C G  perform ed 
well on tests involv ing  the 
learn ing  and recall o f  non verbal 
m ateria l. H is m em ory for verbal 
m ateria l w as im paired  and he 
dem onstra ted  rap id  forgetting 
over a delay.

Physical exam ination  
norm al.
EEG studies suggested  a 
left an terior tem poral 
focus
C T  scans revealed left 
tem poral horn and lateral 
ventricle en largem ent.

A 6cm  en bloc anterior 
tem poral lobectom y was 
carried  out in 1983. At surgery  
the left tem poral lobe appeared  
to  be abnorm ally  sm all.

The patien t rem ained seizure free, w ith no s ign ifican t 
change  in his postoperative  m em ory for verbal o r non 
verbal m aterial, until a pro longed convulsion  
follow ing a head in jury susta ined  8 years after 
surgery. He becam e severely am nesic  follow ing a 
fourth convulsion  16 m onths later and d ied in status 
ep ilep ticus 2 years later. P ostoperative  histology 
revealed  severe neuronal depletion  in the right 
h ippocam pus.

i j j
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Introduction Chapter 1

Walker (195?/'^ presented 4 cases described as having 'severe' memory disturbance 

following a unilateral temporal lobectomy. The first case underwent a fairly extensive 

(7cm) right temporal lobectomy. Although there was no detailed pathological report 

on the resected specimen, resections of the cortex were reported as normal. Following 

a few early 'blips' in his postoperative course, the patient was successfully 

rehabilitated to his job in a newspaper kiosk. He remained well for the next two years 

until he was found unconscious, in a coma on the street. Following this incident he 

became very confused and was unable to find his way home or continue with his 

work. Whilst his final condition would certainly seem to constitute an amnesic state, 

in the absence of a formal assessment it is not clear how 'pure' the syndrome was. It is 

also very difficult to ascertain the anatomical basis of this state. The aetiology of the 

sudden onset coma appears to be critical in this regard as the patient had no memory 

impairment for over a year following the temporal lobectomy. The second case also 

underwent an extensive right temporal lobectomy (6 cm). Some confusion and obvious 

memory impairment was apparent in the immediate postoperative period although the 

patient, apparently aware of her deficit, 'cleverly circumvented' all attempts at formal 

testing. A postoperative EEG revealed slow wave abnormalities over the unresected 

left temporal lobe. However the memory impairment clearly resolved over time as the 

patient was eventually able to return to her job as a manager of a large store. The third 

case had preoperative bilateral slow wave activity in both temporal regions with a 

consistent left temporal spike focus. On this basis he underwent an extensive (6 cm) 

left temporal lobectomy. Immediately after the surgery he became very confused and 

developed some paranoid ideas. On his discharge home his family described him as 

having 'no memory at all'. He was formally assessed 3 years after the surgery and
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clearly continued to have a severe memory deficit. He could not remember his journey 

to the hospital or details of his appointment the previous day. He was unable to 

remember any salient features from a paragraph immediately after he read it, but his 

naming, spelling and digit span appeared to be intact. The -Ŝ urth case did not show 

any amnesic features following the removal of the anterior 5cm of the left temporal 

lobe and the clipping of a large aneurysm along the ocularmotor nerve. She did 

however show a marked deficit in her learning and recall of verbal material. Clearly 

only one of these patients (case 3) sustained a memory deficit as a direct consequence 

of the unilateral temporal lobe excision which was as severe and persistent as those 

described by Penfield & Milner. Bilateral abnormalities were indicated in this case in 

the preoperative EEG records.

In a more recent case, reminiscent of Walkers’ case 1, Oxbury et al (1997)^®  ̂

described a patient who developed a severe amnesic syndrome 8  years after a left 

temporal lobectomy. The patient remained seizure free, with no significant 

postoperative change in his memory for verbal or non verbal material, until a 

prolonged convulsion following a head injury sustained 8  years after surgery. He 

became severely amnesic following a fourth convulsion 16 months later and died in 

status epilepticus 2 years after that. A repeat MRI scan following the onset of the 

amnesic syndrome revealed that his right hippocampus was 36% smaller than it had 

been prior to the prolonged convulsion. Post-mortem histology revealed severe 

neuronal depletion in the CAl and CA4 subfields of the right hippocampus, together 

with more recent diffuse damage associated with the cause of death. This case
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dramatically highlights the way in which postoperative neuropsychological deficits 

can be affected by ongoing seizure activity.

All of the available evidence from the unilateral temporal lobectomies that have 

resulted in amnesia seem to provide support for Milners’ 1966 contention that only 

patients with bilateral temporal lobe damage would be liable to become amnesic after 

a unilateral temporal lobectomy.

Despite this plausible hypothesis, some authors have questioned the necessary 

presence of bilateral temporal lesions as an essential prerequisite for global amnesia 

after temporal lobectomy. A temporary ‘fly in the ointment’ appeared in Dimsdale, 

Logue and Piercy's (1964)^* report on N.T. (See Table 1.2). This patient became 

densely amnesic following a very extensive right temporal lobectomy. The pre- and 

postoperative EEG, air encephalography, angiography and clinical examination failed 

to provide evidence of a cerebral lesion on the unresected left side. The authors argued 

that 'there is no reason to suppose that a bilateral lesion was present'. However, 

preoperatively N.T. obtained a low average memory quotient (80) on the Wechsler 

Memory Scale which was apparently due to her 'poor rate (o f) verbal learning and 

immediate memory for verbal material'. Given the wealth of evidence that has 

amassed for lateralised memory functions since this study, this pattern of memory 

difficulties would certainly be considered enough today to suggest the possibility of 

dominant temporal lobe disturbance. In 1964 some evidence was already beginning to 

accumulate. Meyer & Yates, (1955)^^  ̂and Milner (1958,1962 had published 

evidence that left temporal lobe lesions typically impair the learning, recognition and
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recall of verbal material. Neglecting this vital piece of the puzzle, the authors 

suggested that N.T.s' amnesic state resulted from either an unusually large resection, 

or an 'unusually organised' brain in temis o f memory function, analogous to the rare 

cross latéralisation of language function. The histological examination of the surgical 

specimen was limited due to the small amount of resected tissue available but no 

abnormalities were found.

N.T. remained profoundly amnesic for the twenty five years she survived the surgery. 

At the age of 79 she died as a result of a heart attack. At autopsy pathological changes 

consistent with a picture of marked left hippocampal sclerosis were found including: 

'A severe reduction in the number of pyramidal cells...in the CAl to CA4 subfields. 

The CA2 subfield was almost completely depleted of neurons with only an occasional 

cell remaining. Whilst the cells of the CAl subfield were relatively preserved, the 

CA3 neurons were present in patches and those of the CA4 were much reduced in 

number especially posteriorally where very few remained. The granule cells of the 

dentate facia were also much reduced in number particularly in its dorsal part at all 

levels anteriorally and posteriorally.' (Warrington & Duchen, 1992/^^. In addition to 

the findings in the left hippocampal region, the right mamillary body was very small 

and contained few neurons. The left mamillary body contained a moderate number of 

neurons but these were less densely packed than normal. Although it is difficult to 

accurately determine the age of cerebral lesions, the appearance of these changes at 

autopsy suggested that they were long-standing and given the immediate onset of the 

amnesic state following the right temporal lobectomy, it is highly probable that the 

presence of a sclerotic lesion in the left hippocampus predated the surgery. Whilst the
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case of N.T. turned out to support, rather than disprove, Milners’ contention that 

bilateral hippocampal lesions were necessary to produce amnesia, the case remains 

important in that N.T. was the first (and to date, only) case to be formally reported, 

who developed an amnesic state following a temporal lobe resection o f the 

(presumably) nondominant language hemisphere. '

The realisation of the inadequacy of the available techniques to unequivocally rule out 

the possibility of bilateral temporal lobe damage lead to the application of the Wada 

procedure (also called the sodium amytal test or intracarotid amobarbital procedure) in 

the presurgical screening of prospective surgical candidates (Milner et al 1962)^^ .̂ 

Sodium amytal injected into the brain via the left or right carotid artery temporarily 

anaesthetises one hemisphere, enabling the clinician to test the language or crude 

memory function of the contralateral hemisphere. Whilst the wide application of the 

sodium amytal test in presurgical programmes has undoubtedly identified some of the 

patients most at risk o f becoming amnesic following a unilateral temporal lobectomy, 

the reliability and validity of the test have recently been called into question on a 

number of counts (see Chapter 6 ). However it is clear that the combination of the 

sodium amytal test and advancements in neuroradiology and electrophysiology have 

increased the accuracy of predictions about the functional and structural integrity of 

the temporal lobe contralateral to the side o f the proposed surgery. Despite the 

introduction of these safeguards and their increasing sensitivity, two more patients 

have recently been reported to become amnesic following a unilateral temporal 

lobectomy (See Table 1.2).

T erzian (1958),^'^'* reported the  personal com m unication  o fG a s tu it w ho  described  a s im ila r m em ory im pairm ent 
follow ing a right tem poral lobectom y, but there are no further details.
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Rausch et al (1985)^^  ̂described a patient who became amnesic following a left 

temporal lobectomy. A postoperative MRI showed that the non resected hippocampus 

was grossly intact although there was evidence of damage to the internal capsule in 

the non resected hemisphere. In a more recent study, Loring et al (1994)^^  ̂reported 

the case of a young man with exclusive right hemisphere language representation who 

became amnesic following a right temporal lobectomy. The baseline 

neuropsychological measures were concordant with dominant temporal lobe 

disturbance, with a generally impaired verbal memory whilst his memory for visual 

material was assessed to be intact. Whilst the results o f a sodium amytal test indicated 

right cerebral language dominance, they also suggested the superiority of the right 

hemisphere in memory functioning.

The neuroradiological and electrophysiological evidence was not clearly lateralising. 

His interictal EEGs showed rare epileptiform discharges from the temporal regions 

without a clear predominance, with only occasional right sided spike and wave 

activity. Seven seizures were recorded which all appeared to be clinically similar, with 

head and body turning to the left, but the onset could not be clearly lateralised with 

scalp electrodes. The patient subsequently underwent two depth electrode studies 

(stereotactic electroencephalogram, SEEG). In both studies the interictal SEEG 

showed bilaterally independent mesiotemporal epileptiform discharges, including both 

spike and wave and slow wave discharges. Three clinically similar seizures were 

recorded in the first study, all with head and body turning to the left. In the first 

seizure, rhythmic beta activity appeared bilaterally in the mesiotemporal region at the
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clinical onset o f the seizure. In the remaining two, the electrographic seizure evolved 

in the right hippocampus and spread to the left mesiotemporal region 2  seconds later. 

The patient underwent three preoperative MRIs. The first suggested possible left 

temporal horn dilation and mild deep atrophy but this pattern was not found on the 

two subsequent scans which were reported as normal with no structural abnormalities. 

The original epilepsy centre deferred a decision on surgery based on the EEG 

indications o f bilateral temporal abnormalities and the absence of a clear structural 

lesion on the MRI. However the patient and his family were nothing if not determined 

and pursued the option of surgery at another centre. The second SEEG studies showed 

two seizures with a clear right mesiotemporal onset and two with an undetermined 

onset characterised by simultaneous changes in the right and left mesiotemporal 

regions. Despite this, the patient underwent a right anterior temporal lobectomy, 

involving a 4.5cm resection of laterotemporal cortex, with subpial aspiration of the 

hippocampus to the posterior margin of the cerebral peduncle. Immediately after the 

surgery a prominent deficit in recent memory was apparent. This anterograde amnesia 

has persisted for 3 years, although his performance has improved slightly on some 

psychometric tests, suggesting that his amnesia may not be as severe as that 

experienced by H.M. However in everyday functional terms he remains very disabled. 

His family report that when he goes out, for example for a meal or to the cinema, he 

will have no recollection of it the following day. Like H.M. he will complete the same 

word puzles and crosswords over and over again with no realisation that he had 

previously worked on and completed the same problem. It is perhaps not surprising 

that there has been no significant reduction in his seizures. A postoperative volumetric 

MRI revealed a small left hippocampus, well outside the range measured in normal
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controls. In a control group the left hippocampus was measured as larger than the 

right. It is unclear which normative values constitute the appropriate comparison, 

given his right hemisphere language dominance. However his left hippocampal 

volume fell three standard deviations below the norm for the left hippocampus and 

two standard deviations below the norm for the right hippocampus indicating 

significantly decreased volume regardless o f the comparison group. The volumetric 

MRI protocol was not available for this patient preoperatively. We may surmise that 

no gross hippocampal asymmetry (greater than around 70%) was present 

preoperatively as this would have been detected by a simple eyeball examination of 

the standard images. It is probable that this patient had bilateral hippocampal 

sclerosis, a pattern that would certainly fit the findings from the EEG and SEEG 

studies. This case report highlights the fact that baseline neuropsychological testing 

may falsely lateralise material specific memory function in patients with atypical 

language representation.

A review of the cases who have become truly amnesic following a bilateral or 

unilateral temporal lobectomy reveals that, without exception, all have some evidence 

suggestive of bilateral temporal lobe abnormalities. In many of the cases the evidence 

implicates the fundamental role of the hippocampi in memory functioning. Patients 

who became amnesic following a bilateral temporal lobectomy had surgery that 

clearly encroached upon a substantial proportion of both hippocampi. Patients with 

less extensive resections, who were presumably left with some healthy, functioning 

tissue in both hippocampi showed significant memory deficits, but were not amnesic. 

The autopsy findings from two patients who became amnesic following a unilateral
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temporal lobectomy revealed a sclerotic lesion of the unresected hippocampus. A 

volumetric MRI of the unresected hippocampus in a third patient revealed significant 

volume loss, probably due to diffuse sclerosis.

In a thorough re-examination of the data, Horel (1978)*^  ̂questioned the hippocampal 

model of memory and proposed an alternative model to explain the memory 

dysfunction seen in patients with bilateral temporal lobe damage. His theory was 

based upon the discordant findings from the early animal studies where bilateral 

lesions of the hippocampus had failed to produce clear disorders of learning and 

memory. These discrepant findings had previously been attributed to the disparity 

between the tasks used in the animal and human literature and the unique function of 

the human hippocampus. Horel suggested that researchers had become 'crystallised in 

their thinking on the matter to the degree that any data was unable to force a rejection 

of the hippocampal model of memory'. He argued that the 'task equivalence stance' 

lead to a circularity of reasoning whereby only the tasks that became impaired 

following a bilateral lesion would be considered equivalent to their human 

counterpart. Similarly, arguments about the unique characteristics o f the human 

hippocampus were impossible to refute since all species have unique characteristics. 

Horel conceded that a fundamental role in memory for the amygdala and entrorhinal 

cortex had been persuasively ruled out by both the human and the animal data but 

proposed that it was lesions to the temporal stem that were probably responsible for 

the amnesia seen in both animals and humans following bilateral medial temporal lobe 

damage. Despite this unorthodox view even Horel acceded that 'we should not be
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surprised to find memory functions for the hippocampus even through its destruction 

is probably not responsible for the symptoms of mesial temporal amnesia.'

With improved memory tasks the animal studies conducted during the 1980s cast 

doubt on the importance of the temporal stem in memory impaired primates and once 

again turned the spotlight on the hippocampus (Mishkin et al, 1982, Squire & Zola 

Morgan, 1983, Mahut & Moss, j984)277,384,240 studies attempted to reproduce

H.M.s” surgical lesion in primates. This kind of extensive bilateral temporal lobe 

ablation involved removal of amygdala and hippocampus including the dentate gyrus 

and subicular complex, as well as adjacent cortical, regions and was termed the H+A+ 

lesion by Zola Morgan & Squire (1984,1985/'^'^’'̂ '*̂ where H represented the 

hippocampus, A represented the amygdala and + represented the adjacent cortical 

tissue. Monkeys with H+A+ lesions demonstrated severe and enduring memory 

impairments on a number o f tasks analogous to the tasks that human amnesics fail.

As in humans, the impairment appears to be multimodal (Murray & Mishkin 1984)^^  ̂

whilst procedural learning is intact (Zola Morgan & Squire, 1984/"̂ "̂ . To test Horels’ 

temporal stem hypothesis, Zola Morgan & Squire (1982/"^  ̂compared H+A monkeys 

to those with bilateral resections of the white matter of the temporal stem. The latter 

group were unimpaired on the task whilst the former exhibited a severe memory 

deficit.

Monkeys with H+ lesions (involving the hippocampus, dentate gyrus, subicular 

complex, posterior entrorhinal cortex and much of the parahippocampal gyrus) also 

demonstrate a significant memory impairments (Mahut et al 1982, Zola Morgan &
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Squire 1985, Zola Morgan et ai although the impairment is not as

severe as that of H+A+ lesion primates (Mishkin, 1978, Zola Morgan et al, 

1986)^^ ’̂'̂ '̂ '. The extent of the lesion and memory deficit in these two primate groups 

corresponds to those recorded in the cases of R.B (see below) who sustained a lesion 

limited to the hippocampus and H.M whose lesion was much more extensive 

(H+A+).

The anatomic substrates underlying these memory deficits are also suggested in 

patients who have sustained bilateral hippocampal lesions, not under the surgeons 

knife, but through lesions caused by cerebral and vascular disease. Until the recent 

advent o f MRI, the organic nature of these deficits had to be surmised until autopsy 

revealed the underlying structural lesions. This presented researchers with two major 

difficulties. First, it is rare for an amnesic syndrome to develop in its pure form 

uncontaminated by language disorders, perceptual deficits, general intellectual loss or 

confabulation since many cerebral vascular diseases cause diffuse lesions in the brain, 

which disrupt a variety of functions. Second, even if amnesia does occur in a pure 

form at the onset of an organic process, the patient will probably sustain a variety of 

other lesions as the disease progresses before they can be finally examined at a post

mortem. In addition to the lack of opportunity to manipulate experimental variables in 

human case studies, the interpretation of many of the earlier studies is hampered by 

methodological flaws. The assessment o f memory was often based on anecdotal 

reports, and in the majority of the cases the damage was not confined purely to the 

hippocampus. Also in some o f the studies only a cursory histological examination was 

carried out. However, a few convincing case reports documenting circumscribed
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lesions to various combinations of the medial temporal lobe structures have provided 

additional evidence for the critical role o f the hippocampi in memory functioning. 

More recently further cases have been added using computed tomography (CT) and 

latterly MRI to assess the integrity of the brain structures circumventing the need to 

wait until autopsy.

The role of the hippocampus in memory functioning has been demonstrated in a 

number of reports o f patients with isolated hippocampal lesions following anoxic 

episodes The hippocampus is particularly vulnerable during periods o f anoxia 

(Berlyne & Strachen, 1968)^ .̂ Zola-Morgan et al (1986)'̂ '̂ * reported a case (R.B.) who 

developed amnesia following an ischemic episode. For the following five years until 

his death R.B. showed no signs of cognitive impairment other than a marked 

anterograde amnesia. A very thorough histological examination revealed a 

circumscribed bilateral lesion involving the entire CAl field of the hippocampi. There 

were minor changes elsewhere in the brain but the authors present a cogent argument 

that the hippocampal lesion is the only one that could be reasonably associated with 

the memory deficit. Victor & Agamanolis (1990)'̂ *'* described similar lesions limited 

to the hippocampi in the autopsy report of a patient who became amnesic following 

asphyxiation.

In a human replication of the primate temporal stem studies, Schneider et al (1994)̂ "̂̂  

described a man who suffered a very severe anterograde and retrograde amnesia 

following infarction of both medial temporal lobes which damaged the hippocampi 

and adjacent cortex and the left inferior temporal-occipital area. The temporal stem
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and the amygdala were left intact. The authors conclude that a very severe anterograde 

amnesia does not require a lesion of the temporal stem or the amygdala. A more recent 

study narrowed the focus to specific subfields within the hippocampus. Kartsounis et 

al (1995)’̂  ̂presented the MRI study of a man who became severely amnesic 

following an apparent migraine attack and major convulsion. The MRI of the brain in 

the saggital and horizontal plane was normal but coronal section through the temporal 

lobes revealed abnormal signals from the hippocampi confined to the CAl and CA2 

subfields. Some of the nuclei of the left amygdala were also involved . The 

mammillary bodies and the thalamus were not involved.

An alternative way of looking at the problem is to examine the memory functions of 

patients who have sustained bilateral temporal lobe damage sparing the hippocampi.

In a fairly limited report, Petit-Dutallis et al (1954)^^  ̂described the effects of a 

bilateral temporal lobe resection that spared the hippocampus. In the immediate 

postoperative period the patient appeared to have some anterograde and retrograde 

memory difficulties, but these resolved and he made a good long term recovery with 

no apparent memory loss. The early memory difficulties could be attributed to the 

temporary disruption of hippocampal function caused by the surgical insult to the 

temporal lobes. In an elegant study, Kapur et al (1992)*^* reported the case o f a man,

T. J. who sustained the 'mirror image' lesions to H.M. as a result o f cerebral 

radionecrosis. The patient, a 45 year old man, had bilateral pathology of the white 

matter and neocortical temporal lobe structures, with the medial temporal lobe 

structures spared. On formal memoiy tests, with the exception of a mild impairment
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on the story recall task and a poor performance on the a facial recognition task, his 

scores fell well within the normal range with many landing above the 75th percentile.

An effective way of disproving the fundamental importance of the hippocampus in 

memory functioning would be to present a case with clearly documented bilateral 

hippocampal damage and normal memory functioning. Nathan & Smith (1950)^*  ̂

presented a patient who was thoroughly examined with psychological tests prior to his 

death at age 34. No behavioural or intellectual difficulties were found and he had been 

at the top of his class in school. On autopsy his hippocampi had an abnormal structure 

and were very small. In addition the fornix and fimbria were completely absent. The 

abnormality was clearly congenital. This case has two possible interpretations. Firstly, 

an abnormal structure may not necessary indicate abnormal function. Secondly, the 

brain may be able to relocate memory functions provided the hippocampal 

insult/abnormality occurs early enough in life. This second possibility certainly has 

important implications for temporal lobe epilepsy patients who often sustain 

hippocampal damage following a febrile convulsion early in life (see Chapter 4). 

Henke & Wieser (1996)^^ also report a case of bilateral temporal lobe damage 

without an amnesic syndrome. K.H.J, a 54 year old patient developed epilepsy at the 

age of 18. MRI investigations revealed bilateral subarachnoid cysts in the temporal 

fossa which were congenital in origin and probably formed within the first two 

months of gestation. The lesions compressed both hippocampal formations, the left 

more than right. The left hippocampus was laterally displaced by compression, 

markedly deformed and flattened whilst the left amygdala could not be identified. The 

right hippocampus was also displaced and slightly compressed. On the left side, the
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arachnoid cyst measured about 6x4cm whilst on the right it was about 4x3cm. EEG 

telemetry studies suggested a clear cut temporal focus in the left fronto-temporal area. 

The baseline neuropsychological studies suggested left hemisphere language 

dominance and a poor memory for non verbal material. His memory for verbal 

material was assessed to be intact. However a selective amobarbital procedure 

suggested that the memory capacity of the right temporal lobe was adequate to sustain 

useful memory unilaterally and the patient underwent a selective removal of the 

compressed and displaced left medial temporal lobe structures posterior to the cyst. 

Nineteen months postoperatively his memory for verbal material had declined 

significantly compared to the levels assessed preoperatively. However his memory for 

non verbal material had improved and was assessed to be intact. He remained seizure 

free. It is interesting to note that the displaced and atrophic left temporal lobe 

structures appeared to support useful memory function prior to their removal and that 

the cessation o f frequent seizure activity postoperatively also appeared to allow the 

distorted right temporal lobe structures to regain adequate function. Again this case 

suggests considerable plasticity in the developing brain with the possibility of 

functional rearrangement around the cyst. These rare cases highlight the critical role 

that the aetiology of an epileptic lesion has shaping any associated neuropsychological 

deficits (see Chapter 4).

The evidence for the role of the amygdala in memory functioning is less clear. The 

large series o f bilateral amygdalotomies (n=21) reported by Narabayashi et al 

(1963)^^  ̂did not appear to result in any patient becoming amnesic, but formal 

memory testing was not carried out, and thus the extent and nature of any resultant
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memory deficits is unclear. In Scoville & Milners’ series (1957)^^  ̂one patient (I.S) 

clearly did not have any memory deficits following the bilateral excision of the 

amygdala. However in a clear contrast, Tranel et al (1990/^‘ reported a patient who, 

whilst not amnesic, had significant deficits in non verbal, visual memory following 

bilateral amygdala damage. In an effort to elucidate the role of the amygdala in 

memory functioning Zola Morgan & Squire (1989/"^  ̂ compared monkeys with a 

lesion limited to the amygdala ('A' group) to 'H+' and 'H+A' groups. They found that 

the A' group were not impaired on any memory or learning tasks. The 'H+' and 'H+A' 

group were equally impaired on all o f the memory tasks. These findings suggest that 

damage to structures other than amygdala account for severe memory impairment that 

follows large lesions of medial temporal lobe region. One possibility is that damage to 

the cortical regions that surround the amygdala may contribute to memory impairment 

and it may have been this damage, rather than damage to the amygdala per se that 

caused the memory deficits in Tranel et als’ case.
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Summary

The temporal lobes have long been associated with memory functioning. In the latter half of  

this century research has focused on the critical the role o f the hippocampus. Extensive 

bilateral surgical removal o f the hippocampus results in a severe amnesia whilst less 

extensive resections lead to less profound memory difficulties. Animal studies and the study 

of patients who have sustained circumscribed hippocampal lesions as a result o f accident or 

illness have provided additional evidence for the particular role of the hippocampus over and 

above other medial and lateral temporal lobe structures in memory functioning. The 

importance o f this role may be reduced if the hippocampi develop abnormally or sustain 

damage early in life. It is however important to maintain a distinction between our knowledge 

of the function of a brain structure and our knowledge o f the symptoms of its destruction.

This review has been solely concerned with the latter in establishing the basis for a role o f the 

hippocampus in memory functioning. The fact that bilateral hippocampal lesions lead to an 

amnesia does not necessarily mean that memory is an exclusive function o f the hippocampi. 

Amnesia can result from a number of lesions that do not involve the hippocampi and a large 

literature continues to proliferate examining the neuroanatomical basis o f memory. On the 

basis o f these studies it seems likely that memory is not the exclusive function o f any one 

structure but rather the result o f a number of operations. However within these circuits it 

seems that bilaterally damaged hippocampi act as critical circuit breakers, in that when both 

hippocampi are severely damaged, the ability to lay down new memories is lost. Whilst less 

catastrophic than their bilateral counterparts, unilateral hippocampal lesions can also lead to 

disruption in memory functions. Having established a general role for the hippocampus in 

emory function. Chapter two examines the nature o f the memory deficits caused by unilateral 

hippocampal lesions.
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T h e  F a l l  &  R is e  o f  t h e  U n il a t e r a l  T e m p o r a l  L o b e c t o m y

In stark contrast to bilateral temporal lobe surgery, a unilateral temporal lobe resection 

performed for the relief of epilepsy is well established as an efficacious treatment for 

medically intractable epilepsy. As early as 1953, Hill set out the criteria for patients 

who should be selected for the operation "...upon evidence, first clinical then 

electroencephalographic, that a single dominant focus exists in the anterior part o f a 

temporal lobe; secondly that the seizures have not been controlled by adequate anti

convulsant therapy'. This sentiment was recently endorsed by the Royal College of 

Physicians 1996/7 working party for the setting of standards of care in the treatment of 

medically intractable patients.

From the mid 1950's to the late 1980's surgeons continued to operate on these criteria, 

frequently blind to the pathology, on patients with a clinical diagnosis of complex 

partial seizures with supporting EEG evidence. In terms of seizure control some 

patients did well postoperatively, whilst others did not. Postoperative 

histopathological examination of the resected specimens revealed that the presence of 

hippocampal sclerosis was associated with a good surgical outcome but these patients 

could only be diagnosed presurgically through their characteristic ictal semiology or 

seizure history. Advances in pharmacology and the subsequent development of 

effective anti-epileptic medications also meant that fewer patients were medically 

intractable. As a result, during the 1970’s and early 1980's a unilateral temporal 

lobectomy became very much the last resort treatment for a small number of patients 

who had very severe epilepsy. However in the late 1980's advances in neuroradiology
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enabled the confident in vivo identification of a number of pathologies associated with 

epilepsy. In particular the magnetic resonance volumetric and T2 weighted images of 

the hippocampi have been shovm to be highly effective in identifying hippocampal 

sclerosis (see Chapter 5). It has now become possible to identify 'good' surgical 

candidates with confidence using the ever increasing sophistication of MRI, in 

conjunction with the EEG data and ictal semiology afforded by the current telemetry 

technology (Delgado-Escueta & Wal, 1983, Duncan & Sagar, 1987, Blume et al,

1994, Garcia et al, 1 9 9 4 )86,100,39,121 Consequently a temporal lobectomy has become a 

viable surgical option for an increasing number of patients with medically intractable 

epilepsy. This is reflected in the recent dramatic increase in the number of centres 

world-wide who offer the treatment. In 1986 delegates from over 50 centres attended 

the first international Palm Desert Epilepsy Surgery conference. In 1991, the number 

had more than doubled to 118 (Engel, 1987;1993)*®'*’’^̂ .

In addition to increasing the availability of a surgical option to some patients, 

advances in MRI applications also continue to shape the characteristics o f the surgical 

sample. This is clearly illustrated in the case of patients vdth cortical dysgenesis. 

Cerebral cortical dysgenesis (CD) is a heterogeneous disorder o f cortical development 

and organisation with a variety of subtypes. Until recently CD was often only 

diagnosed at autopsy, in surgical specimens or in children with severe psychomotor 

retardation and gross developmental abnormalities o f the brain. With the advent of 

high quality MRI many other more subtle forms of CD presenting with epilepsy alone 

can now be diagnosed in vivo with a high degree of confidence (see Chapter 4). These 

imaging techniques have lead to the recognition of new subcategories o f CD including
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dysembryoplastic neuroepithelial tumours (DNTs) and dysgenesis of the archicortex. 

Seizure outcome after surgical resection of dysgenetic tissue is variable, but few 

patients have been reported to be seizure free (with the exception of the resection of 

DNTs for which the postoperative seizure outcome appears to be good, Daumas- 

Duport et al, 1988,1993)^*'^ .̂ The reasons for the less than favourable postoperative 

seizure outcome for the other sub-categories o f CD may relate to problems in defining 

the true margins of a dysgenetic lesion, which are often more widespread than the 

imaging defined lesions or those apparent at surgery. Whilst the majority of surgical 

candidates with medically intractable temporal lobe epilepsy have hippocampal 

sclerosis (Gloor, 1991)^^\a significant number (15%-20%) may also have areas of 

cortical dysgenesis separate from the mesial temporal structures (Raymond et al, 

1994,1996) '̂ '̂'’̂ '’̂  The relatively poor postoperative prognosis associated with these 

pathologies which can now be identified preoperatively has resulted in fewer o f these 

patients taking the surgical option.

This historical context has an important bearing on the conclusions that can be drawn 

from the studies of the neuropsychological correlates o f temporal lobectomy. The 

contemporary technologies have determined both the availability o f a surgical option 

and the characteristics of the surgical sample over the past 5 decades 

(Andermann, 1987;Gates et al, 1990/’*̂ .̂ Temporal lobectomy patients are not a 

homogeneous group. The patients studied in each decade, differ in key characteristics 

from those studied in later years. These differences play an important part in 

interpretation of the data and often, in the light of subsequent studies, provide a 

plausible explanation for apparently discrepant results.
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The literature on the patients who underwent a unilateral temporal lobectomy prior to 

1955 is sparse and frequently flawed, with neuropsychological details largely ignored 

and very seldom quantified. Many of the early surgical series that were conducted for 

the relief of focal epilepsy without the complicating factor o f a tumour were 

exclusively concerned with effect o f surgery on seizure control and failed to report 

any neuropsychological data, anecdotal or otherwise (Furlow, 1938; German, 1939; 

Penfield & Flanigin, 1950; Obrador, 1 9 5 3 )̂ 2 3 ,120,309 ,299 p^ustratingly, other authors 

administered some neuropsychological tests, but failed to report the findings (Bailey 

and Gibbs, 1951: Green, Dusiberg & McGrath 1951)*"̂ ’'̂ .̂ However, Hebb (1939)^^  ̂

observed that intelligence remained high postoperatively (measured by the Binet 

Intelligence scale) in one patient who had undergone an extensive right temporal 

lobectomy but noted that the patients performance on some tests of a non verbal 

nature had declined. He concluded that a single overall score could result in 

misleading conclusions, an important point that remains very relevant (see Chapter 3).

Systematic examination of the memory functions of postoperative temporal lobectomy 

patients originated from the observation of the devastating effects on memory of a 

bilateral temporal lobectomy. The case of H.M. and others not only dramatically 

highlighted the risks of temporal lobe surgery to overall memory function but 

prompted an investigation of the qualitative and quantitative features of the patients 

who had not become amnesic following surgery (Scoville & Milner, 1957)^^ .̂ The 

Montreal group spearheaded this research over the following decade In her 

review of the literature, Milner wrote in 1966:-
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' It is now well established that a left temporal lobe lesion in the dominant hemisphere 

for speech impairs the learning and retention of verbal material, whether aurally or 

visually presented, and regardless of whether retention is measured by recognition, 

free recall, or rate of associative learning. Although patients with these lesions may 

complain of their poor memory, this expression is misleading since the deficit is

purely verbal conversely patients with right, non dominant, temporal lobe lesions

are impaired in the memorisation of non verbal patterned stimuli, visual and auditory, 

but have no verbal memory deficit. (my italics).

This is a clear and unambiguous statement and with little qualification, it continues to 

underpin clinical practise in the neuropsychological investigation of patients in 

epilepsy surgery programmes world-wide (Jones Gotman et al, 1996)^^ .̂ Indeed, the 

sentiment has become virtually enshrined in epilepsy surgery doctrine. Over ninety 

five percent o f the scientific papers published in 1994, looking at neuropsychological 

variables in temporal lobectomy patients, stated in one form or another in the 

introduction that a dominant temporal lobe resection results in a verbal memory 

deficit whilst a non dominant resection results in a visual memory deficit.

In all scientific disciplines the findings from new studies are most frequently reviewed 

and discussed with a view to blending them into agreement with the current 

hypotheses. To counter against this inevitable bias, it is important to critically 

examine the evidence for the original premise. A re-examination of the early temporal
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lobectomy studies reveals that the story may not be as simple or as clear cut as 

Milners’ statement suggests.

Many of the early studies did report a verbal memory deficit following a left temporal 

lobectomy. However the postoperative deficits were not exclusively limited to the 

learning, recall or recognition of verbal material. Falconer et al (1955)^^® reported 

wider memory deficits that resulted from a left temporal lobectomy in two patients. 

One had difficulties in learning a motor skill and another had problems in navigating 

his way through the streets of London. Whilst these skills may have a verbal memory 

component they are not traditionally thought of as verbal memory skills and the 

patients' difficulties would certainly not fall into Milners’ category of a 'purely verbal 

deficit. Stepien & Sierpinski (1964)^*  ̂ reported a postoperative improvement in both 

verbal and visual memory skills in one patient who underwent a left temporal 

lobectomy. Changes in general intellectual function were also reported following a 

dominant left temporal lobectomy. Meyer & Yates (1955)^^  ̂and Meyer (1959)^^° 

reported a postoperative deterioration in Performance IQ and Full Scale IQ in patients 

who had undergone a left temporal lobectomy although others have failed to replicate 

these findings (Powell et al, 1985, McMillan et al, 1987, Goldstein & Polkey, 

1992)323,255,129 some studies found visual memory deficits in patients who had

undergone a right temporal lobectomy others did not. Meyer (1959)^^  ̂found no 

postoperative change on a number of visual recall and recognition tests in seven 

patients who had undergone a right temporal lobectomy, tested one year after surgery. 

Milner herself found that her right temporal lobectomy group were unimpaired 

postoperatively on the Benton Visual Retention Test and the immediate recall of
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visual designs from the Wechsier Memory Scale, (unpublished Ph.D. thesis).

Similarly, postoperative changes in the right temporal lobectomy groups were not 

restricted exclusively to memory functioning. Milner (1958)^^  ̂reported that right 

temporal lobectomy patients made significantly more errors on the McGill picture 

anomaly test than other brain damaged groups, although this finding was not 

replicated with a British sample (Shalman, 1961)^^\ This test involves pictorial 

comprehension and visual identification and does not have a heavy visual memory 

loading. Kimuras’ (1963)^^  ̂ study is frequently cited in support of the importance of 

the right temporal lobe in memory for visual material. However in addition to visual 

recognition deficits, Kimuras’ study also presents some persuasive evidence for the 

role of the right temporal lobe in the efficient perception o f complex pictures. Meier 

& French (1965)^^* also suggest that the right temporal lobe plays an important role in 

visual discrimination. This role is further supported by Lansdells (1968)^*  ̂finding that 

right temporal lobectomy patients are impaired in the identification of various features 

of the Mooney Closure Faces.

More recent work has also focused on the nature of language deficits in TLE patients 

(Barbaro et al, 1991; Loring et al, 1991; Hermann et al, 1988; 1991;1992;1994;

Martin et al, 1990; Caplan et al, 1993; Devinsky et al, 1993;Davis et al,

1995)^^''^^'^  ̂ 157,245,52,88,81 their performance on tests designed to be sensitive 

to frontal lobe dysfunction (Corcoran and Upton, 1993; Trenerry & Jack, 1994; 

Hermann & Seidenberg, 1995)^ ’̂'̂ '̂̂ ’̂ ^̂ . Collectively these studies suggest that 

neuropsychological deficits in both pre- and postoperative TLE patients may not be 

strictly limited to memory function.
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Studies of temporal lobectomy patients have employed many different methodologies 

and these, in part may account for some of the discrepant findings and deviations from 

Milners’ model of dissociated anatomical substrates for verbal and visual memory 

processes. Many of the early studies do not report preoperative data and thus it is 

unclear whether the postoperative deficits were a result of the surgery or pre-dated it 

(see Table 2.1). In addition many of the early studies focused on only one area of 

memory functioning. Thus, whilst Meyer & Yates (1955)^^  ̂ demonstrated a 

postoperative decline in verbal learning and recall in dominant temporal lobectomy 

patients, it is unclear whether this deficit was restricted to verbal material since no 

visual memory tests were administered. Where pre- and postoperative data was 

presented, many of the studies suffered an alarming drop-out rate o f subjects which 

only allows speculative conclusions. This was primarily due to the evolution of the 

presurgical battery of tests over time. In a dramatic example of this effect, 

Serafetinides & Falconer (1962)^^  ̂reported formal neuropsychological data on 34 

patients who underwent a temporal lobectomy. Only four of these however, had 

follow up psychometry at one year.

The postoperative follow-up time itself may be a critical variable in studies designed 

to infer the function of resected tissue. These follow-up times vary tremendously and 

range from a matter of days postoperatively (Meyer and Yates, 1955)^^  ̂to twenty 

years or more (Wilkins & Moscovitch, 1978)"̂ ^̂  with many being followed up in the 

first month post-surgery (see Table 2.1). Many of the studies from the Montreal 

Neurological Institute, treat all postoperative patients (ranging from two weeks to 20
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or more years since the operation) as a homogenous group. Recent MRI studies have 

demonstrated subtle changes in brain structure up to one year post- surgically, as the 

brain recovers and adjusts to the surgical insult (Kitchen et al, 1994;

1994)̂ ^ '̂ °̂ .̂ It is therefore probable that any functional deficits recorded in the first 

postoperative month reflect a combination of the effects of the deprivation of the 

resected tissue and more widespread disruption. Whilst there are few very long term 

follow-up studies of temporal lobectomy patients, there is some evidence that 

improvements can occur many years after surgery. Blakemore & Falconer (1967)^* 

demonstrated significant improvements in memory function up to 4 to 5 years 

postsurgically. These improvements may be due to brain plasticity and/or the learning 

of new cognitive strategies. Thus an early follow-up may pick up diffuse dysfunction 

as a result of the surgery, whilst a long term follow-up may reflect adaptive brain 

strategies. Both will hamper an accurate inference of the function o f the resected 

tissue. However it would seem important to ensure that all patients are tested at the 

same postoperative intervals if group comparisons are to be made.

The surgical procedures themselves also differ markedly across centres and for 

individual patients. In many of the studies a dominant temporal lobectomy typically 

involves a smaller lateral resection than the equivalent on the non dominant side 

(Rausch, 1977; Novelly et al, 1984; Petrides, 1985,1990)’'"’” ’’̂ '” '*. Equally the 

extent of the mesial resection varies, in some cases the hippocampus is left intact, 

whilst in others it is functionally disconnected or radically excised (Van Buren et al, 

1975; Adams, 1987; Wyllie et al, 1987; Wieser, 1988; Oxbury & Adams, 1989;
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Primrose, 1991 ' .436,428,305.328 „ recently, surgeons at the Richmond Centre in

Dublin, only excised temporal neocortex, sparing all of the mesial structures.

However patients at the University Hospital in Zurich, and the Radcliffe Infirmary, 

Oxford, typically undergo a selective removal of the mesial structures leaving the 

temporal neocortex unscathed. At the National Hospital for Neurology and 

Neurosurgery, London, patients typically undergo an en-bloc removal which includes 

excision of both the lateral and mesial temporal lobe structures. Findings from these 

centres and others are frequently ‘lumped’ together in scientific papers discussing the 

neuropsychological sequelae of ‘temporal lobe surgery’.

With a few notable exceptions, these critical variables were rarely controlled in the 

early studies and thus it is difficult to infer the precise function o f the hippocampi 

from many of the older group studies. However even when patients have been 

dichotomised into those with limited vs. extensive hippocampal resections, problems 

remain. The Montreal group have presented a series of papers examining the memory 

functions of patients who have had a limited or extensive hippocampal resection, 

represented by a small h (h) and large H (H) respectively. However, an examination of 

the measurements presented by Jones Gotman (1986)^^\ o f both the lateral and 

mesial extent of the TL resections in the Montreal RTH, LTH, RTh and Lth groups 

reveals a considerable overlap. For example, the range o f mesial resection in the LTh 

group was 4.0cm to 6.5cm, whilst in the LTH group it was 4.5cm to 7.5cm. 

Interestingly, the patients in the LTH group had a smaller mean mesial resection 

(5.82cm) than those in the RTh group (6.22cm). The estimates of the extent of

" See Olivier, 1996 for a review o f  current surgical procedures used in temporal lobe epilepsy 
surgery.
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removal were made by the surgeon during the procedure. Postoperative MRI studies 

have shown considerable variation in the accuracy of the surgeons’ estimates (Awad 

et al, 1989)̂ ®. In addition Kitchen et al (1994)^®  ̂have shown that patients who 

undergo a limited hippocampal resection, may experience further ‘shrinking’ or 

volume loss of the remaining portion left in situ, for up to one year postoperatively, 

which may effect a more extensive functional resection. The conclusions of the 

Montreal series of limited verses extensive hippocampal resection studies are diluted 

when the results are reappraised in the light of these recent studies.

Prior to the wide introduction of the intracarotid amobarbital procedure (lAP), very 

few of the early studies reported any data on the integrity o f the contralateral temporal 

lobe. Given that most of these patients were selected for surgery on the basis o f inter- 

ictal surface EEG abnormalities alone, it is possible that at least a small percentage 

may have had a bilateral seizure foci and pathology. Current studies of inter-ictal scalp 

EEG abnormalities suggest that they may be discordant with the MR imaging data in 

up to 10% of patients o f patients with unilateral hippocampal sclerosis (Fish and 

Spencer, 1 9 9 7 ) ' Scalp EEG data may sometimes provide apparently falsely 

localising or lateralising changes in lesional epilepsy and it is now well recognised 

that large temporal lesions may sometimes be associated with inter-ictal and ictal EEG 

changes that predominate over the contralateral side (Sammaritana et al, 1991)^ '̂'.

Thus the presence of functional disturbance in the contralateral temporal lobe in some 

patients may have confounded the results in some studies. In many studies, one of the 

most useful indicators o f contralateral temporal lobe dysfunction, i.e. postoperative 

EEG studies of continued seizures are not reported (see Chapter 4). Serafetinides &
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Falconer (1962)^^® found that 6/7 patients with a persistent memory deficit 

(established anecdotally) had a contralateral sphenoidal abnormal EEG discharge 

postoperatively, compared to just 1/27 who had a normal contralateral EEG.

The homogeneity of the patient groups may have been contaminated in other ways. 

Prior to the introduction of the carotid amytal test, language dominance was largely 

supposed. Meyer (1959)^^® included all left handed and ambidextrous patients in his 

non dominant group for the purposes of statistical analysis. Studies of the relationship 

of handedness to language dominance suggest that although right hemisphere 

language dominance is associated with an increased probability of being left handed, 

the majority o f the left handed patients remain left dominant for language (Milstein et 

al, 1919Ÿ^^. In addition it is unclear whether the cross latéralisation of language 

function is necessarily associated with the full cross latéralisation o f material specific 

memory function (Rausch et al, 1991; Loring et al, 1990; Loring et al, 1994; 

Helmstaedter et al, 1994, Baxendale et al, 1 9 9 7 )3 3 8 .2 3 3 ,2 2 6 .147,24  

Perhaps the biggest contributor to patient heterogeneity is the underlying aetiology 

and pathology associated with the epileptic focus. In many o f the early studies the 

suspected pathology is not reported. In the Montreal series whilst the majority o f the 

patients had long-standing static and atrophic lesions of the hippocampus, patients 

with arterial venous malformations and pial angiomatosis were also included.

Walkers’ (1957)'**  ̂sample included 3 patients with normal tissue resected and I with 

a large tortuous aneurysm. Serafetinides & Falconers’ (1962)^^® sample included 

patients with hippocampal sclerosis, non specific gliosis and 14 with 'other lesions, 

tumours and scars'. These pathologies have very different aetiologies and as such they 

would be not be expected to exert a uniform effect on function, (see Chapter 4).
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Table 2.1 Summary o f  memory deficits associated with unilateral temporal lobe dysfunction in pre and postoperative epilepsy patients

A u th o r S a m p le A ge
(y e a rs )

O p e ra t io n  
E x te n t o f  
la te ra l  
re se c tio n

P sy ch o lo g y  T e s ts T e s t g a p F in d in g s  ‘ \

Falconer, H ill, M eyer, 
M itchell & Pond, 1 9 5 5 ""

n=30 
1 B ilateral 
19 L T L  
lO R T L

2-56 6-7cm
lateral
resection

IQ- W echsier Bellevue 
M ill Hill V ocabulary  T est 
R avens M atrices

Not
reported

N o postoperative  change in the W echsier B ellvue o r M ill Hill scores in e ither RTL 
or LTL groups. Tw o LTL patien ts  reported  m em ory d ifficu lties, one in learning 
new  m otor sk ills and the o ther in find ing  his w ay th rough the streets o f  London.

M eyer & Y ates, 1955 n=18 
10 LTL 
8  RTL

M ixed
LDH

15-48 5-9cm
lateral
resection

IQ - W echsier Bellvue
M ill Hill V ocabulary  T est
R avens M atrices
N uffem o  speed/level tests
N ew  w ord learn ing / re tention  test
W M S -P A L T
R ecen t/rem ote  events test

Pre-op

3-7  days 
post op

D om inan t tem poral lobe resection  resu lted  in a decrease  in FSIQ , PIQ, new  w ord 
learn ing /re ten tion , paired  associates (easy  & hard). Four o f  the patients were 
retested  one year postoperatively . T heir IQs had returned to the levels recorded 
p reoperatively  but the  m em ory defic its  w ere still apparent. N europsychological data 
was availab le  for 2 patien ts  fo llow ing  a non dom inan t resection. N o sign ifican t 
postoperative  changes w ere recorded on any o f  the  variables.

W alker, 1 9 5 7 ''" n=4 40-57 5-7cm
lateral
resection

IQ W echsier B ellvue (n = l)  
M em ory-anecdotal report (n=4) 
Inform al paragraph  recall (n = l)

3 m onths to 
3 years 
post-op

N o p reoperative  data. A m arked  m em ory  defic it and conflisional state occured  in 
C ase 1, bu t only  m anifested  itse lf  over 1 year postoperatively . Som e m arked but 
transien t verbal m em ory defic its  and  a  con fusional state  follow ed the  R TL in case 
2. C ase 3 developed an an terograde am nesia  w hich  persisted  to  som e degree over 3 
years postoperatively . C ase 4 dem onstra ted  m arked  verbal m em ory im pairm ents 
and som e visual spatial d ifficu lties  postoperatively . H er postoperative  IQ lay in the 
average range.

M eyer, 1959 n=25 
14 LTL 
11 RTL

12-46 4 5-9cm
lateral
resection

W echsier Bellvue 
M ill Hill V ocabu lary  Test 
R avens M atrices 
N ew  W ord L earning 
A uditory  verbal recall & 
recognition .
V isual design /recall/recognition  
T actile  design  recognition  tests

Pre-op

1 m onth 
and 1 year 
post-op

P reoperatively  the  dom inan t TL g roup  (righ t handed  patien ts  w ho had a LTL) 
tended  to  perform  w orse than  the  non dom inan t TL group on all the tests although 
th is difference only  reached statistica l s ign ificance  on the M ill Hill V ocabulary  T est 
and the  aud ito ry  verbal recognition  task . O ne m onth  postoperatively  the  dom inan t 
TL group experienced  a s ign ifican t decline  in IQ and dem onstra ted  a m arked defic it 
on the aud ito ry  verbal learn ing /recogn ition  and new  w ord  learn ing  test. There was 
no sign ifican t postoperative  change on  any  o f  the tests for the non dom inan t 
tem poral lobe group. A t one year, the  dom inan t tem poral lobe group show ed som e 
im provem ent in IQ but levels had not re tu rned  to those recorded preoperatively. N o 
s ign ifican t changes were p resen t in e ithe r group  com pared  to  the one m onth 
postoperative  assessen t on any o f  the m em ory tasks. T he verbal m em ory deficits 
were still apparen t in one patien t 4.5 years postoperatively .

S halm an , 1961 n = 2 1 x =  30 6-7cm
lateral
resection

M cG ill P ic ture  A nom aly  T est 
R avens M atrices 
W echsier B ellvue Scale

Pre op

1 m onth 
post-op

The RTL & LTL group did  not d iffer on the  M cG ill P ic ture  A nom aly T est pre- or 
postoperatively .
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A u th o r S a m p le A ge
(y e a rs )

O p e ra tio n  
E x te n t o f  
la te ra l  
re sec tio n

P sy c h o lo g y  T e s ts T e s t g a p F in d in g s

K im ura, 1963 11=79 
28 RTL E 
41 LTLE

x =  32.5 5-9cm
lateral
resection

IQ scores g iven bu t te st not stated. 
T ach is to scop ic  Tests 
R eoccu ring  Figures T est

2  weeks - 1  

year post 
op

Q ne year postop  da ta  w ere availab le  for 6  RTL and 4 LTL patients.
The RTL group  perfo rm ed  s ign ifican ty  m ore poorly than the LTL group on the 
tach isto scop ic  o v erlapp ing  nonsense figures test and dots test pre- and 
postoperatively . R ecu rring  Figures test ; no preoperative  data presented. 
Postoperatively  the  R TL g roup  w ere m ore im paired  than the LTL group in 
recognising  non struc tu red  and  geom etric  form s. This difference did not reach 
statistica l s ign ificance  1 year postoperatively .

Serafetin ides & Falconer, 
1962

n=34 N ot
R eported

6.5cm
lateral
resection

IQ W echsier B ellvue (n= 4) 
W echsier M em ory Scale 
M eyer (1959) A udito ry  Learning 
T est
A necdotal reports

1 - 9 years 
post-op

6/7 postoperative  pa tien ts  w ith  con tra la teral sphenoidal EEG d ischarge had 
persistan t m em ory  defic it (anecdo tal) com pared to only 1/27 pate in ts  w ho had a 
norm al EEG  or non spec ific  EE G  abnorm alities  postoperatively .T he form al 
psychom etric  d a ta  w as inconclusive. O ne o f  the four patien ts tested  show ed a post
operative  decline  in his M Q  from  the W M S, but his auditory  learn ing  test score was 
unchanged. O ne patien t show ed  a postoperative  decline in his auditory  learn ing  
score bu t not his W M S M Q.

Stepien  & S ierp insk i, 
1964

n=5 15-58 5-7 .5cm
lateral
resection

Paired  v isual and verbal 
recognition  m em ory tasks

Pre-op

2  weeks - 
4 .5 years 
post-op

In 3 patien ts (R TL , RTL, LTL) verbal and visual recent m em ory deficits noted 
p reoperatively  c leared  a fte r a un ila teral tem poral lobectom y. In one LTL pa tien t 
verbal and v isual m em ory  defic its  w ere recorded postoperatively . B ilateral EEG 
abnorm alities  w ere a lso apparen t. O ne pa tien t dem onstra ted  a selective  im pairm ent 
o f  verbal m em ory fo llow ing  a LTL.

C ork in , 1965 n= 29  
11 R TL 
18 LTL

13-51 4 .5 -9cm
lateral
resection

T actile  M aze task 2-3 w eeks 
post op

As above. T he results on G orkins tac tile  m aze m irrored  those o f  M ilner reported  on 
the stylus m aze.

M eier & French, 1965 n=38  
17 LTL 
21 R TL

x=31 5.6-9cm
lateral
resection

W AIS
Porteous M aze T est 
M em ory for D esigns 
V isual D iscrim ina tion  T est

2-5 years 
post op

N o difference betw een the  R TL and LTL groups p reoperatively  on any o f  the tests. 
Postoperatively  the  RTL group dem onstra ted  a selective defic it in visual 
d iscrim ination .

M ilner, 1965 n=74  
15 R TL 
26  LTL 
1 1  norm al 
con tro ls  
19 su rg ical 
con to ls

13-54 4.5-9cm
lateral
resection

S tylus M aze T ask 2  weeks 
post-op

1 -5 years 
post op for 
n=7

The RTL group  took  sign ifican tly  m ore trials and m ade m ore errors in the learn ing  
process than the  LTL and contro l groups. In the RTL group the num ber o f  
learn ing  trials w as s ign ifican tly  re la ted  to the ex ten t o f  h ippocam pal rem oval but 
not the  lateral ex ten t o f  the  resection . Patien ts w ith a radical excision  o f  the  right 
h ippocam pus took longer than  those w ith a resection  that spared  the right 
h ippocam pus to learn the  m aze. This pattern  w as not seen in the LTL group.
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B lakem ore & Falconer, 
1967

n= 8 6  

54LTL 
32 RTL

12-46 4 .5 -9cm Paired  associate  learn ing  task 
(M eyer 1959)
U naided recall and recognition  
cond itions

2  m onths - 
1 0  years 
post-op

O ne m onth  postoperatively  the LTL group dem onstra ted  a decline in V erbal IQ 
w hilst the R TL group  dem onstra ted  a decline  in Perform ance IQ skills. B oth groups 
were function ing  a t their preoperative  level one year after surgery. In the LTL group 
there w as little im provem ent in their verbal learn ing skills du ring  the  first 2-3 years 
postoperatively . A rapid  im provem ent w as observed 4-5 years after the surgery. In 
the RTL group  no sign ifican t postoperative  changes w ere seen over the 10 year 
follow  up. In the  LTL group im provem ents were slow er and less likely to  be seen in 
o lder patien ts  and pa tien ts  w ho were not seizure free postoperatively .

M ilner, 1968 n=47 
26 LTL 
21 RTL

14-53 4 .3 -7cm Face recogn ition  task 
T hree cond itions
1. Filled delay
2. U nfilled delay
3. Im m ediate  recognition

2.5 w eeks 
post-op

1. Filled delay  face recognition  task :- T he RTL group m ade m ore errors than the 
LTL group. T he num ber o f  errors were not s ign ifican tly  related  to the extent o f  the 
lateral resection . H ow ever patien ts w ith ex tensive h ippocam pal resections did 
perform  w orse than  those w ith resections that spared  the bulk  o f  the right 
h ippocam pus. This pattern  was not seen in the LTL group. T he RTL group were 
a lso s ign ifican tly  m ore im paired  than the LTL group on T ask  2. T he RTL and LTL 
groups did  no t sign ifican tly  d iffer in ther perfo rm ance on T ask  3.

S am uels, B u tte rs  & 
Fedio , 1973

n=38
9 LTL
10 RTL 
20C ontro ls

x= 37 .7-
LTL
x= 25.3-
RTL

A TL Short term  visual m em ory for
1. G eom etric  designs
2. C onsonan t trigram s
3. Short term  auditory  m em ory for 
consonen t trigram s

6  m onths or 
m ore post- 
op

Task 1 : T here  w ere no group effects for the delay, non delay  o r m em ory decay 
scores. T ask  2: T here  w ere no group effects on any o f  the  m easures from  th is  task. 
Task  3. T here  w ere no group  d ifferences in the scores from  the non delay condition. 
H ow ever both  patien t g roups were w orse than  the  contro ls on the  delayed 
cond ition , and both  had a steeper g rad ien t o f  decay. A ge w as no t a facto r in the 
dete rm ina tion  o f  the  scores in e ither the RTL or LTL groups.

Jones, 1974 n=57
13 LTL
14 RTL 
2 BTL 
28C ontro ls  
(m ixed 
pathology)

15-59 A TL Paired  associated  verbal learn ing 
task

2  w eeks to 
m ore than 1 

year post- 
op

Patien ts w ith  LTL lesions could partia lly  com pensate  for th e ir verbal m em ory 
defic its  by using  im agery. Patients w ith R T lesions perform ed at the sam e level as 
the contro l group.

C herlow  & Serafe tin ides, 
1976

n=36  
9 LTL 
21 RTL 
5 depth 
electrode 
control 
G roup

19-49 not given B oston  N am ing  Task
R ecen t m em ory - nam e, address,
te lephone num ber
Long Term  m em ory - past events

1-13 years 
post-op

T he LTL group took s ig ifican tly  longer to  learn a nam e, address and telephone 
n um ber and overall learned less inform ation  than the  RTL group. This was not due 
to language d ifficu lties; there were no group d ifferences on the  B oston nam ing  task. 
T he R TL group  scored  better on the m em ory test for past events than  the LTL 
group.
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R ausch, 1977 n=25 
7 LTL 
9 R TL 
9 C ontro ls  
All LH SD

x=27 R TL 6 cm
LTL
5.5cm
Lateral
resection

WAIS
H ypotheses T esting  Task

N ot
reported

N o RTL vs. LTL difference in the percen tage o f  problem s solved but d ifferent 
cogn itive  stra tegies were used by the R 1 L and LTL groups. The LTL group used 
few er hypotheses and tended to shift stra tegy  even w hen they were correct. The 
R TL group tended to stick w ith hypo theses even w hen they were incorrect.

Jones G otm an & M ilner, 
1978

n=76 
14 LTL 
31 RTl

All LH SD  
31 C ontro ls

16-47 4 .5 -9cm
Lateral
resection

1. Paired associate  w ord learning 
task (60 pairs) using  im agery
a) Im m ediate cued recall
b) D elayed cued recall (2 hours)

2. A bstract paired associated  
learn ing  task
a) N o  instructions
b) C ue w ords put into sentences

2.5 w eeks 
to and 1 

year or 
m ore post- 
op

T ask  1 :The RTL group were w orse than contro ls but s ign ifican tly  better than the 
LTL group on im m ediate recall. There was no difference betw een the tw o patient 
g roups on the delayed cued recall cond ition . Patien ts w ith a large RTL lesion than 
included a substan tia l portion  o f  the right h ippocam us were m ore im paired  in their 
im m ediate  and delayed recall than those w ith a sm aller resection. T he scores were 
not related to  the extent o f  neocortical lateral resection. The extent o f  m edial or 
lateral resection  w as not related to m em ory  perfo rm ance in the  LTL group.T here  
w as no sign ifican t d ifference betw een the  R TL and norm al control group on the 
abstrac t paired associate  learn ing  task. Scores were not related to the ex ten t o f  
m esial o r lateral resection  in e ither the  R TL or LTL group.

W ilk ins & M osovitch , 
1978

n=36 
10 LTL 
9 RTL 
17
C ontro ls

20 -56 4-7cm
Lateral
resection

Sem antic M em ory Tests - using  
w ords and p ictures
1. N am ing  task  - uncued /cued
2. C ategorisation  task

a) L iving/m an m ade
b) Large/sm all

1 - 2 1  years 
post-op

The LTL group w ere im paired  com pared  to  the  RTL and control groups in 
classify ing  p ic tu res and w ords as liv ing  or m an m ade. T he c lassificaton  score  in the 
LTL group  w as correlated  w ith the n um ber o f  years since surgery. The LTL group 
were a lso im paired  at nam ing  uncued  d raw ings T he task  scores w ere not related to 
the  m esial o r lateral ex ten t o f  the resection  in e ither the  RTL o r LTL group.

Jones G otm an 1979 n=82 
22 LTL 
30 R TL 
All LH D L

30
C ontro ls

16-54 3-9cm
Lateral
resection

Incidental L earning P aradidgm  
ra ting  concrete and abstrac t w ords 
for the ease o f
a) p ronounciation
b) v isualistion

Im m ediate /delayed (2 hour) recall

2 .5 w eeks 
to  1 or 
m ore years 
post-op

Im m ediate R ecall: T he LTL group w ere m ore im paired  than  the  R TL group  in all 
cond itions. The LTL group rem em bered  m ore w ords in the concrete v isualise  
cond ition  than any other. D elayed recall: T he LTL and RTL groups show ed 
accelerated  fo rgetting  com pared  to the  contro ls. T he RTL group obtained  
sign ifican tly  low er scores than  the contro l group  on the delayed recall o f  v isualised  
w ords (concrete  and abstract). The R TL group w ere better than  the LTL group at 
the delayed recall o f  v isualised  concrete  but not v isualised  abstrac t w ords. The 
ex ten t o f  h ippocam pal rem oval w as re la ted  to  the recall scores only  for the  RTL 
group in the delayed concrete  v isualise  condition .
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B ennett-Levy, Polkey & 
Powell, (1 9 8 0 )^ '

N = 5 8  
34 L l'L 
24 RTL 
All LH D L

94
C on tro ls

x=30 ATL S ubjec tive  M em ory Q uestionnaire

43 item questionnaire  covering  
'everyday memor> s ituations'

X =3.5 
years post- 
op

Both TL groups ra ted  the ir m em ories w orse than norm als. The R TL group reported 
m ore prob lem s p lac ing  faces, than the LTL group The LTL group reported m ore 
problem s rem em bering  appo in tm ents  than the RTL group .T he o lder the patien t was 
at the tim e o f  the  opera tion , the w orse they perceived their m em ory to be 
postoperatively , th is  w as m ost s trik ing  in the RTL group. M em ory com plain ts 
declined  as tim e since  the operation  increased in the LTL group. Patien ts w ith a 
good clin ical o u tcom e  in term s o f  seizure reduction  rated the ir m em ory better than 
those w ho con tinued  to have seizures. The age o f  onset o f  the ep ilsepy  was not a 
sign ifican t variable.

C avazzuti , W inston, 
B aker & W elch, 1980 ^

n= 2 0  

10 RTL 
10 LTL 
All LH D L

6-33 years 6 cm
(all
tum our
patien ts)

W echsier A dult In telligence Scale 
W echsier M em ory Scale 
W ord F luency Task 
W isconsin  C ard  S orting  T est

pre-op

1 0 - 1 2  

m onths 
post op

All o f  the  pa tien ts  dem onstra ted  bilateral m em ory defic its preoperatively . Follow ing 
rem oval o f  a tu m o u r in one tem poral lobe , “dysfunction  in the  contra la teral 
tem poral lobe tended  to d im in ish  or d isappear alm ost im m edia te ly” . D eterioration 
o f  visual m em ory  w as seen in all o f  the R TL group postoperatively , 8 /10  show ed 
im proved verbal m em ory postoperatively . C onversly  9 /10  o f  the  LTL group 
dem onstra ted  im proved v isual m em ory postoperatively . All o f  the  LTL group 
suffered  a decline  in verbal m em ory postoperatively . This pattern  w as not seen in 3 
patients. O ne had  severe defic its  preoperatively  and a very ex tensive, invasive 
tum our w hich  cou ld  not be com pletely  excised, the rem ain ing  2 pa tien ts  (1 RTL, 1 
LTL) had a low  g rade g liom a w ith neuronal loss and reactive  gliosis.

D elaney, R osen, M attson  
& N ovelly, 1980

n=45 
15 R TL E 
15 LTLE 
15 FEE 
15C ontro ls

x =  39 n/a W AIS
W M S
Fragm ented  W ord Lists 
(W arrington  & W eiskrantz) 
R ecurring  Figures T est (K im ura 
1963)

n /a The RTLE & LTLE groups w ere im paired  com pared to frontals and contro ls on 
im m ediate and  delayed  logical m em ory scores. The LTLE group  ob tained  
sign ifican tly  low er scores than  all the o ther groups on the %  reta ined  score. There 
were no s ig n ifican t g roup  differences on the im m ediate figure recall score. The 
RTLE ob ta ined  s ign ifican tly  low er figure %  retained  scores than  the FLE and 
control groups. T here  w ere no s ign ifican t d ifferences betw een LTLE, frontal and 
control g roups on the  non verbal tests. T he RTLE group m ade sign ifican t m ore 
errors com pared  to  all o ther g roups on the recurring  figures test.

M ayeux, B randt, R osen 
& B enson, 1980

n= 29  
14 LTLE
7 RTL E
8  G eneral
ised
ep ilepsy

x=  40  
years

n/a W AIS
W M S
B V R T
Rey O sterre ith  C om plex Figure 
C ontro lled  W ord A ssociation  
B oston N am ing  Task

n/a There w ere no s ig n ifican t group  d ifferences on any o f  the  m em ory tasks. The LTLE 
group were w orse than  RTL E and generalised  epilepsy  group on the contro lled  
w ord assoc iation  task  and  the  B oston nam ing  task  A nom ia  m ay  con tribu te  to the 
m em ory im pairm en t decum ented  in TLE.

O 'L eary , Seidenberg , 
B erent & Boll, 1981

n=48 9-15 years n/a H alstead N europsycholog ical Test
B attery  for C hildren
W ISC-R

n/a C hild ren  w ith a seizure  onset before the age o f  5 perform ed better than  those w ith a 
later onset on 8  o f  the  14 m easures adm inistered , includ ing  repe tition  o f  sim ple 
m otor acts, a tten tion , concen tra tion  & m em ory tasks and com plex problem  solving 
tests.
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S m ith  & M ilner, 1981 n=64 
17 LTL 
17 RTL 
All LHDL 
2 0C ontro ls

14-47 3 .5-7 .5 Incidental Learning  Paradidgm  
(ostensib ly  a p ric ing  exercise) 
O b ject location  task
a) Im m ediate
b) D elayed (24 hours)

2.5 w eeks 
to 1 or 
m ore years 
post-op

N o group  d iffferences were noted in the p ric ing  exercise  or im m ediate recall 
cond itions. D elayed recall: the control group w ere sign ifican tly  better than the RTL 
group, w ho in tu rn  were better than the LTL group in recalling  the item s used in the 
test. The ex ten t o f  h ippocam pal rem oval in the  LTL group w as not related to their 
recall score. T he RTL group were im paired  in the ir im m ediate  and delayed recall o f  
abso lu te  and re la tive  location o f  the ob jects  com pared  to  the norm al and LTL 
groups. The R TL group defic its were con tingen t upon radial excision  o f  the 
h ippocam pal region.

Z aidel & R ausch , 
1981“*̂ ’

n=39  
8  LTL 
11 RTL 
All LH D L 

20C ontro ls

26-55 5 5-6cm M em ory for P ictures T est
a) O rgan ised
b)D isorgan ised

6  m onths or 
m ore post- 
op

The LTL group  w ere w orse than the R TL and control group at recogn ising  details 
from  o rgan ised  p ictures.

D elaney, P revey & 
M attson , 1982

n=39 
13 LTLE 
13 RTLE 
13 C ontro ls

x=37 n/a Short term  retention  tasks (B row n- 
P eterson parad igm )
1. V isual m aterial
2. V erbal m aterial

n /a A sign ifican t defic it in short term  retention  w as ev iden t in both RTLE and LTLE 
g roups in com parison  w ith the control group  for verbal but not non verbal m aterial.

Petrides & 
M ilner,1982^ '^

n=83 
29  LTL 
27 RTL 
27C ontro ls

16-49 3-7  cm S e lf  O rdered  P lann ing  Tasks 
4 stim uli:
A bstract draw ings 
R epresen tational d raw ings 
H igh im agery  w ords 
Low  im agery w ords

2  weeks - 
2 2  years 
post-op

Patients w ith large RTL excisions were im paired  on the  abstract designs condition  
com pared  to norm als. Patien ts w ith large LTL excisions were im paired  on the low 
im agery  w ords com pared  to  norm als.

N ovelly , A ugustine , 
M attson , G ilbert, G laser, 
W illiam son , Spencer & 
Spencer, 1984

n=23
10 D TL 
1 3 N D T L
1 1  contro ls 
(card iac  
p a tien ts)

x=28 5-6 cm  for 
dom inan t 
TL
6-7cm  for 
non
dom inan t
TL

W AIS
R usse lls ’ revised  W M S

Pre-op

2  w eeks 
and 1 year 
post-op

T he pa tien ts  w ere d icho tom ised  into those w ith good /bad  seizure control (good 
n=18). In the pa tien ts  w ith good postoperative  seizure contro l the  DTL patients 
dem onstra ted  a s ign ifican t postoperative  decline  on the im m ediate  and delayed 
verbal m em ory m easures, and a sign ifican t im provem ent in im m ediate  and delayed 
v isual m em ory. The N D TL patien ts dem onstra ted  a s ign ifican t postoperative  
im provem ent in im m ediate  and delayed verbal m em ory. T here w as no significant 
p ostoperative  change  in the ir visual m em ory scores. In con trast the poor seizure 
control group show ed no apparen t im provem ent in any aspect o f  m em ory function.
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D avies, M axw ell, 
B eniak , D estafney  & 
Fiol, 1995 *'

n=95 
63LTL 
32 R TL 
53 LH D L 
lO R H D L

x=30 years ATL Boston N am ing  T est 
Verbal Fluency 
W A IS-R ; Verbal sub tests  
W M S 
Rey AV LT
Rey O sterreith  C om plex  Figure

Pre-op

1 year post- 
op

LH LD  LTL patients had s ig n ifican tly  low er preoperative  scores than the R H LD  on 
language m easures and m easures o f  verbal m em ory. The LHLD LTL group show ed 
no sign ifican t loss o f  langauge function  and gains in verbal fluency and d ig it span 
postoperatively .

M ungas, Ehlers, W alton 
& M cC utchen , 1985^*^

n=32 
11 LTLE
10 RTL E
11 C ontro ls

X 37 years n/a Rey A V LT n/a The LTLE group obtained  s ig n ifican tly  low er scores than the o ther groups on the 
overall delayed recall score  and  on ind iv idual indices o f  free recall and phonem ic 
cued recall.

O jem ann  & D odrill, 
1985

n=  14 
14 LTL

All LH L D

17-49 ATL W M S
Intraoperative  m apping  o f  
language and verbal m em ory

Pre-op

1 m onth 
and 1 year 
post-op

T here  w as a 22%  reduction  postoperatively  in the verbal m em ory index from  the 
W M S, rang ing  from  an 82 %  decrease  to  60%  increase at 1 m onth. A t 1 year an 
11.4%  decrease was recorded  (range  6 6 %  increase to  80%  decrease). T he non 
verbal m em ory index w as unch an g ed  postoperatively . Tw o patients failed the 
m em ory com ponent o f  the  lA P  and had a  very ta ilo red  left tem poral lobe resection 
leaving  the m ajority  o f  h ip p o cam p u s and lateral cortex  intact. The W M S score 
increased  postoperatively  in bo th  cases. M em ory decline was greater in patients 
w ho w ere not seizure free and  w as correla ted  w ith the extent o f  lateral, bu t not 
m edial ex ten t o f  resection.

Petrides, 1985 29 LTL 
29 R TL 
26 FLE

x=28 LTL
3 .5 -6 .5cm  
RTL 
4 -7 .5cm  

Lateral 
resection

1 Spatial learn ing task  - sub jec t 
required  to associate  ligh ts  in a 
coloured  array w ith cards in a 
spatial array.
2 .N on spatial learn ing  task

1 year or 
m ore post- 
op

T ask  1; T he RTH group d em onstra ted  im paired  learn ing 
T ask  2: T he LTH group  dem o n stra ted  im paired  learn ing
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Pow ell, Polkey & 
M cM illan , 1985

n= 59
29  LTL
30 RTL

x = 25 5 .5cm  - 
6.5 cm  
Lateral 
resection

W AIS
Logical m em ory 
R ey O sterre ith  figure

Pre-op

4 weeks 
post-op

All tests: no s ig n ifican t g roup  effects preoperatively . The scores o f  both g roups on 
the tests o f  in te llec t and  m em ory approx im ated  to the m ean for norm als, (no 
statistica l confirm ation).
Postoperatively  the  LTL group  had a low er verbal IQ and h igher spatial IQ, and 
larger V IQ /PIQ  d iscrepancies  than the RTL group.
There were no s ig n ifican t group  d ifferences in pre- postoperative  IQ change scores. 
Postoperatively  the  LTL group  scored low er on the im m ediate prose recall, bu t not 

the percen tage re ta ined  m easure  from  the logical m em ory subtest. The LTL group 
dem onstra ted  a s ig n ifican t postoperative  change (decline) on the im m ediate  recall 
logical m em ory score. T here  were no o ther sign ifican t group d iflerences in the 
change scores. O verall the  d ifference betw een the pre- and postoperative  scores on 
the m em ory sub tests  w ere not s ign ifican t Late epilepsy  onset cases were 
cogn itively  superio r to  early  onset cases, but deteriora ted  m ore fo llow ing surgery 
Patients w ith good p reoperative  skills deteriorated  the m ost postoperatively .

Incisa della R occhetta , 
1986

n=72
12 LTh 
14 LTLH
13 R TLh 
12 RTLH  
All LH D L 
(m ixed 
pa tho logy) 
2 1  con tro ls

13-52 As below Incidental learn ing
S orting  task (36  p ic tu res) Sorted
by category
1. U ncued recall im m ediate
2. U ncued recall delayed (2 hours)

2  weeks to 
1 or m ore 
years post- 
op

N o scores w ere re la ted  to  the  extent o f  the resection. Both R TL and LTL groups 
perform ed well on  the  categorisa tion  task The LTh & LTH groups w ere im paired  
on im m ediate  recall com pared  to  the o ther groups. T he RTL groups (H & h) did not 
d iffer from  the con tro ls  on  any scores.

Jones G otm an, 1986'"^" n=67  
34  LTL 
33 R TL 
All LH D L 
(m ixed 
pa tho logy) 
35C on tro ls

16-49 A TL
sm all (5 .4- 
6 .2 cm ) vs. 
large (5 .8 - 
6 .4cm ) 
h ippocam  
pal
resections

A bstract pattern  learn ing  test:
1 . num ber o f  trials to  criterion

2 . delayed recall

14-18 days 
to 1 year or 
m ore post- 
op

Tim e since su rgery  and the  ex ten t o f  lateral resection  were no t s ign ifican t variables. 
The RTLH g roup  took m ore trials to  reach criterion , and the ir delayed recall was 
im paired  com pared  to the  LTL and norm al control groups. T he R TLh group did not 
d iffer from  con tro ls  on  any o f  the  tasks. B oth LTL groups w ere im paired  in the 
num ber o f  trials  it took to  reach criteria  com pared  to norm als.
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A u th o r S a m p le Agi
(y e a rs ) .

O p e ra t io n  
E x te n t  o f  
la te r a l  
re se c tio n

P sy ch o lo g y  T e s ts T e s t g a p F in d in g s

H erm ann , W yler, R ichey 
& Rea. 1 9 8 7 '"

n=45

15 LTLE 
15 RTLE 
15Controls

x =  35 
years

n/a C alifo rn ian  Verbal L earning Test. 
U sed m easures of;
V erbal L earning  
Im m ediate  Free recall 
R etroactive  interference 
S em antic  o rganisation  
R etrieval effic iency 
R ecognition

n/a The LTLE group  ob tained  low er scores than the RTLE and norm al groups on the 
indices o f  verbal ab ility , im m ediate m em ory and retrieval. The LTLE group scored 
low er than  contro ls on the m easures o f  sem antic  o rgan isation  and verbal learn ing  
and recall. The RTLE group and contro ls were sim ilar in all respects.

M cM illan , Pow ell,
Jan o ta  &  Polkey, 198 ?"^

n=40 
21 RTL 
19 LTL 
All LH D L 
(m ixed 
pa thology)

x=26 A TL
en-b loc

W AIS
W M S
R ey O sterrie th  C om plex Figure 
R ecall

pre-op

4 w eeks 
post-op

T here w ere no sign ifican t effects o f  side o f  operation  or pathology group (HS vs. 
o ther) on the pre- or postoperative  IQ m easures, or changes in IQ. H ow ever 
d ifferences betw een pathology groups w ere found independently  o f  side o f  
opera tion  w ith  V erbal and Perform ance IQ h igher in the patien ts w ithou t HS. 
H ippocam pal sclerosis w as associated  w ith febrile  convulsions, an earlier onset o f  
hab itua l seizures, poorer preoperative  inte lligence and a  tendency  tow ards greater 
p ostoperative  cogn itive  im pairm ent than patien ts  w ith o ther pathologies.

G o ldstein , C anavan  & 
P olkey, 1988

n=30 
10 LTL 
10 RTL 
(m ixed 
pathology) 
lO C ontrols

17-37 A TL W A IS-R
W M S: V erbal Paired A ssociate 
L earn ing
A bstract Paired A ssociate 
L earning

1 m onth  to 
4 years or 
m ore post
op.

As ind iv idual tests the verbal PALT con ta ined  m ore item s sensitive  to  the presense 
o f  la tera lised  tem poral lobe resection  than the  abstac t PALT. M axim um  sensitiv ity  
to d ifferences in m aterial specific  learn ing w as achieved by using  the  tw o tests in 
com bina tion . E vidence for learn ing  was found for the RTL and control groups, but 
not for the  LTL group. For the abstact design PA LT none o f  the g roups show ed 
ev idence o f  a learn ing  effect.

H erm ann , W yler, 
S teenm an  & R ichey, 
1988

n=25 

25 DTL

x = 3 L 8 A TL

23 LTL 
2 RTL

C alifo rn ian  V erbal L earning Test 
V erbal learn ing 
T otal im m ediate  recall 
R etroactive  interference 
Retrieval d ifficulty  
O veral C V L T  im pairm ent 

M ultilingual A phasia  Exam ination  
W A IS-R

n/a The to tal num ber o f  M AE sub tests outside norm al lim its was inversely correlated 
w ith verbal learn ing  ability . The total num ber o f  item s recalled across trials was 
correla ted  w ith  verbal IQ and inversely correla ted  w ith the num ber o f  M AE sub test 
scores ou tside  norm al lim its Retrieval d ifficu lty  w as inversely correlated  w ith 
Verbal IQ and  positively  correlated  w ith the  num ber o f  M A E sub test scores outside  
norm al lim its. The overall C V L T  im pairm ent index was correlated  w ith the  num ber 
o f  M A E sub tes t scores ou tside  norm al lim its. The best overall p red ic to r o f  C V LT 
m em ory perfo rm ance  were nam ing  ab ility  and verbal fluency.
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Author Sample Age
(years)

Operation 
Extent of 
lateral 
resection

iPsychology Tests Test gap Findings _ " ' .

Prevey, D elaney & 
M attson , 1988

n=33 
11 LTLE 
11 RTLE

18-63
years

n/a A ssessm ent o f  A daptive M em orv 
Skills

n/a The left and righ t TEE groups recalled  s ign ifican tly  less inform ation  on im m ediate 
and post study trials com pared  to  the contro l group.
The LTLE group engaged in few er active  learning  strategies and indulged in m ore 
instances o f  m ajor d is to rtion  than  the RTL and control groups.

Prevey, D elaney & 
M attson , 1988

n=33 
13 LTLE 
13 RTLE 
13C ontrols

x=38 n/a 1 A ssessm ent o f  m etam em ory 
skills.
Verbal predic tion  procedure 
V isual predic tion  procedure 
2. Feeling o f  K now ing T est 
(R ecognition  o f  inform ation  in 
absense o f  recall)

n/a There were no s ign ifican t d ifferences betw een any o f  the groups in the ir p redictions 
their verbal and visual m em ory  spans. In actual perform ance tests the LTLE and 
RTLE groups perform ed w orse than  the  contro ls on a test o f  verbal m em ory span. 
The RTLE group perfo rm ed  w orse than  the contro ls on a v isual m em ory span test. 
On the Feeling o f  K now ing task  the  RTL E and LTLE groups recognised  few er o f  
the item s they had a feeling  o f  know ing  than  the controls.

Sm ith  & M ilner, 1988 n=51 
17 RTh 
12 RTH 
22 LTL

10-54 As above A bstract design frequency 
estim ation  task

2  w eeks to 
1 o r m ore 
years post
op

The TL patien t g roups d id  not d iffer from  the contro ls in their estim ates o f  the 
frequency o f  designs. T he R TLH  and  R TLh groups m ade m ore recogn ition  (false 
negative) errors than the LTL and  contro l groups.

C hannon , D aum  & 
Polkey, 1989

n=26 
12 LTL 
12 RTL 
12C ontrols

x=29 A TL V erbal m em ory task
List learn ing/ recall/ recognition

N ot
reported

The LTL group w ere s ign ifican tly  w orse  than  contro ls at both recognition  and recall 
o f  w ord lists and poorer than  the  RTL group  on recognition  and delayed 
recall.C ategorisa tion  im proved  perfo rm ance  in all groups, but im provem ent was 
only recorded in the  LTL g roup  w hen the  w ords were p resented  in o rder o f  category 
m em bership.

G oldstein . C anavan  & 
Polkey, 1989

n=30 
10 RTL 
10 LTL 
1 OControls

x=28 A TL E gocentric  spatial recall task 
N on egocentric  spatial recall task

4 m onths-to  
2 1  years 
pos-op

N o group effect on the egocen tric  spatial recall task. O n the non egocen tric  task 
RTL and LTL groups scored  s ig n ifican tly  below  the contro ls on the accuracy  o f  
reproduction  and location  scores. T he RTL group responded d ifferen tially  in the 
c lustered  and d istribu ted  cues co n d itio n s  w hen com pared w ith the norm al subjects, 
the LTL group did  not.

K atz, A w ad, Kong, 
C helune, N augle, 
W yllie .B eaucham p & 
L uders, 1989

n= 2 0  

LTL 10 
RTL 10 
all LH D L

N ot
reported

A TL W M S-R Pre-op

6  m onths 
post-op

S ign ifican t postoperative  decline  in im m ediate  logical m em ory w as observed 
follow ing a left but not righ t tem poral lobectom y. The ex ten t o f  resection  d id  not 
s ign ifican tly  correla te  w ith  any  m easure  o f  m em ory change in e ither group.

Saykin , C ur, Sussm an, 
O ’C onnor & Giir,
1989363

n=30

13 LTL 
17 RTL

All LH D L

x =  29 A TL W A IS-R
W M S-R

Presurgical

1 m onth 
post-op

There were no d ifferences betw een the R TL and LTL groups in th e ir preoperative  
scores on the W M S and no overall change  postoperatively . A ge o f  onset affected 
sem antic  and figurai m em ory d ifferen tly  in the 2 groups. In the LTL group  sem antic 
m em ory was w orse than  figurai m em ory p reoperatively  and w orsened for the  late 
onset ep ilepsy  pa tien ts  postoperatively . F igurative  m em ory w orsened for the early 
onset patien ts but im proved for the late onset patien ts. For the R TL group there  was 
no difference betw een the  sem an tic  and figurai m em ory, p reoperatively  or 
postoperatively ; both  show ed a postoperative  im provem ent.
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Author Sample Age
(years)

■ Operation 
Extent of 
lateral 
resection

Psychology Tests Test gap Findings

Sm ith  & M ilner, 1989^^'^ n=27 
9 RTLh 
7 RTLH 
11 LTL 
All LH D L

15-40 See Jones
G otm an,
1986

Incidental learn ing  p ric ing  task 
1. Im m ediate  recall o f  spatial 
location
D elayed recall (unfilled  vs. verbal 
vs. visual d is trac to r task )

2  w eeks - 1 

or m ore 
years post- 
op

N o group d ifferences on p ric ing  task  or im m ediate  recall o f  spatial location. RTH 
only im paired  a fte r delay. T he RTH group w ere im paired  re la tive  to the norm als 
and the LTL groups fo llow ing the unfilled inteval. The RTH  group  were im paired 
relative to all the  o the r g roups follow ing the verbal d istrac to r task  and the spatial 
d istrac to r task. N o s ign ifican t effect o f  effortful vs incidental encod ing  was 
recorded.

Barr,
G oldberg . W asserstc in  & 
N oveliy , 1990

n = 1 2  

6  RTL 
6 LTL 
(M ixed  
H D D

17-24 A TL
E ntire
h ippo 
cam pus
rem oved

Fam ous Faces T est 
R em ote M em ory  Battery

6  m onths 
post-op

The RTL pa tien ts  perfo rm ed  at the sam e level as the norm al controls. The LTL 
group were charac te ris ted  by defic its in the recall o f  chrono log ical inform tion 
factual details

Frisk & M ilner, 1990 n = 29
14 LTL
15 RTL 
All LH D L 
M ixed 
p a tho logy

15-44 A TL 
R ight 
neocortica  
1 resection 
> than left

W orking  M em ory  task 
Sentence com prehension  
T est o f  rap id  nam ing  ab ility

pre-op

3-5 days 
post-op  and 
2  weeks 
post op

The LTL group  dem onstra ted  a  tem porary  reduction  in w orking m em ory capacity  
im m ediate ly  fo llow ing  surgery  (correct trials, span, true vs false ju d em en t score). 
Both TLE groups experienced  a postoperative  increase  in the tim e taken  to 
com plete  the TR O G . N o  sign ifican t g roup /tim e o f  testing  in teractions w ere evident 
on the  rapid  nam in g  e rro r score. O n the im m ediate  recall o f  the  story, there were no 
d ifferences betw een the  su b jec t groups preoperatively , bu t postoperatively  the score 
o f  the LTL g roup  w as sign ifican tly  low er than  the RTL and control group.

Frisk & M ilner 1 9 9 0 "" n = 60  
16 Lth 
8  LTH 
8  R th 
15 RTH  
(m ixed  
p a tho logy) 
13C ontrols

16-44 See Jones
G otm an
1986

Story recall task  prose passage 2  w eeks to i 
o r more 
years

C om pared  to  the  o th e r sub jec t groups, patien ts w ith left tem poral lobe excisions 
took longer to  learn the  story  con ten t and w ith in  th is group the  slow est rate was 
noted for pa tien ts  w ith  ex tensive h ippocam pal resctions. W hen re tention  o f  m aterial 
w as tested  after a  2 0  m inu te  delay, only the group  w ith large excisions were 
im paired.

Lee, Loring, Sm ith  & 
Flanig in , 1 9 9 0 ^ '"

n = 30  
15 LTLE 
15 R TL E 
All LH D L

x=30 Im planted
electrodes

Verbal learn ing  task  w ith  the 
B row n-Peterson d istrac tion  
technique.
Form  sequence  learn ing

n/a V erbal learn ing  decreased  sign ifican tly  in patien ts w ith RTLE after stim ulation  o f  
the left but not righ t, h ippocam pus. N o verbal learn ing  im pairm ent w as observed in 
LTE patien ts  fo llow ing  stim ula tion  o f  e ither h ippocam pus. V isuospatia l m em ory 
perfo rm ance s ig n ifican tly  decreased  follow ing stim ula tion  o f  the  right h ippocam pus 
regardless o f  the side  o f  seizure  onset.

M artin , Loring, M eador 
& Lee, 1990

n=32  
15 LTL 
17 RTL 
All LH D L 
M ixed 
patho logy

x=  34 A TL W ord F luency Task
Form al (le tters o f  the a lphabet)and
sem an tic  (fru its, vegetables)

pre-op

1 week 
post-op

The LTL group  perfo rm ed  s ign ifican tly  m ore poorly  than  the R TL patien ts  on both 
the form al and sem an tic  m easures pre- and postoperatively . T he R TL group 
perform ed s ig n ifican tly  m ore poorly than the control group on all the verbal fluency 
criteria  pre and postoperatively .
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A u th o r S a m p le A ge
(y e a rs )

O p e ra t io n  
E x te n t o f  
la te r a l  
re se c tio n

P sy ch o lo g y  T e s ts T e s t  g a p F in d in g s  ' -

Petrides, 1990 n=81 
15 LTH 
17 LTh
14 RTh
15 Rth 
All LH D L 
20C ontro ls

x=30 See Jones
Jo tm an,
1985

A bstract design task 13 days to 
24 years 
post-op

There were no sign ifican t group  differences betw een the right and left tem poral 
Id bectom y groups and the contro ls on this task.

R ausch & Ar>, 1990 ^ n=106 
27 LTL 
36 RTL 
All LH D L 
43C on tro ls

x=30 A TL

LTL 5cm  
R TL 6  cm  
Lateral 
resection. 
2 /3 rds 
resection  
o f  the 
h ipppcam  
pus

Supraspan  learning  
V erbal and v isual versions

6  m onths 
post op

T here  were no sign ifican t group differences on the  verbal or visual supraspan  
learning tasks. A tendency to m ild depression  o f  perform ance on the verbal 
supraspan  task was observed in the RTL group. The overall results suggest tha t the 
an terio r tem poral lobe structu res are not independen tly  critical for supraspan 
learning.

R ibb ler & R ausch , 
1 9 90"^

11=48 
13 LTL 
15 RTL 
All LH D L 
20C on tro ls

x=30 A TL
Left
5 -5 .5cm  
R ight
6 -6 .5cm  
Lateral 
resection

Selective rem ind ing  procedure 
1 2  w ords
n trials until all recalled w ithout 
erro r on 4 consecu tive  trials or 12 
trials.
U nrela ted  o r sem antically  related 
lists

1 year or 
m ore post- 
op

U nrelated  w ord lists: the LTL patien ts  w ere im paired  relative to  the norm al controls 
and the RTL group on both types o f  lists. The LTL group entered few er w ords into 
long term  storage on each  trial and m ade m ore in trusion  errors. The R TL patien ts 
w ere im paired  relative to norm als only  on the sem antically  related w ord list.

D aum , S chugens, 
C hannon , Polkey & 
G ray, 1991 ??

11=50 
12 LTL 
10 RTL 
7 FLE 

21 C ontro ls

19-59 P atien t 
sam ple  as 
a w hole 
5.5 - 
6 .5cm  
lateral 
resection

W AIS
W M S
C om puter gam e w ith em bedded T 
m aze task

N ot
reported

S tatistical analysis o f  the W M S data  w as not presented. O n the T - m aze task, the 
R TL group took longer than  the control group  to reach criterion. T here w ere no 
sign ifican t group differences in the num ber o f  trials taken  to reach criterion . There 
w ere no group d ifferences in the num ber o f  tra ils to  reach criterion  in the reversal 
learn ing  phase.
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Author Sample Age
(years)

Operation 
Extent of 
lateral 
resection

Psychology Tests Test gap Findings

Doyon & M ilner, 1991 n=63 
20 LTL 
23 RTL

20C ontro ls  
(m ixed 
pa thology) 
All LH D L

15-47 A TL H ierarchically  structu red  letter 
task
C ongruen t vs. incongruent s tim uli 
3 X  64 trials
Local condition  vs global 
condition
A nalagous abstract design  task

2  w eeks to 
2 2  years 
post-op

In the local cond ition  w here  the  pa tien ts  w ere asked to focus on the sm all form s the 
RTL group w ere less affected  than  the  o ther groups by interference from  the global 
aspect o f  the stim ulus. T h is reduced  sensitiv ity  to the overall configuration  o f  the 
stim ulus was unrela ted  to  the  ex ten t o f  h ippocam pal rem oval or the  presence o f  
visual field defects.

H elm staedter, Pohl, 
M ufnagel & Eiger 
1991

n= 134 
24 LTLE 
19 RTLE 
34 BTLE 
57C ontro ls

x=30 n/a D iagnosticum  fur zerebralshaden. 
5 lines form each pattern. Six 
learning trials for 9 items. 

Im m ediate recall 
V isual learn ing capacity  
M ean learn ing  
R otations 
Failures 
Perseverations

n /a The RTLE and BTLE pa tien ts  had  sign ifican tly  poorer im m ediate recall than  the 
LTLE patients, w ho in turn  w ere w orse than  the controls. R otation  errors were m ost 
frequent in RTE pa tien ts  >  LTLE &  BTL E groups > controls. P erform ance on this 
task was not related to  a tten tiona l defic its.

H erm ann. W yler & 
Som es, 1991

n=64 
29  D TL 
35 N D TL

16-49 A TL M ultilingual A phasia  E xam ination Pre-op

6  m onths 
post-op

Preoperatively  there w as con sid e rab le  varia tion  in language perform ance. Overall 
the DTL group ob ta ined  low er scores than  the  N D TL group on 6/7 m easures from  
the M A E , bu t the d ifference  on ly  reached  s tatistical sign ificance  on the reading  
com prehension  score. T he D TL group  show ed  s ign ifican tly  greater p re
postoperative im provem ent on the  token test than  the N D T L  group. T here were no 
tests in w hich the p re-postopera tive  declines were g reater in the DLT group than  the 
N D TL group.

L oring, Lee, M eador, 
Sm ith , M artin , A ckell & 
F langin , 1991

n=41 
13 DTLH 
12 DTLh 
16
N D TLH
(m ixed
pathology)

x=32 Atl w ith or 
w ithou t 
h ippocam  
pal
encroachm
ent

V erbal selective rem ind ing  test 
Serial d ig it learn ing  
Rey O sterrie th  com plex  figure 
(im m ediate  & delayed recall)
Form  sequence Learning 
W A IS-R
M ultilingual A phasia  E xam ination

1 0  m onths 
to 5 years

The patients w ho underw en t a d o m in an t tem poral lobe resection  includ ing  resection 
o f  the h ippocam pus perfo rm ed  s ign ifican tly  w orse then the  non dom inan t TL 
patien ts on the verbal se lec tive  rem ind ing  test. There w ere no sign ifican t differences 
betw een the DTLH and D TLh groups on any o f  the tasks.
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(years)

Operation 
Extent of 
lateral 
resection

Psychology Tests Test gap Findings ^

G oldstein  & Polkey, 
1992

n=81 
30 LTL 
28 R TL 
(m ixed 
patho logy) 
9 R S A H  
14 LSA H  
ôO Controls

x=30 A T L &
SAH

Subjec tive  M em ory Q uestionnaire  
E veryday M em ory  Q uestionnaire  
P atien t & rela tive  ra tings

x = 4 years 
post-op

S ubjec tive  M em ory Q uestionnaire ; as a group the tem poral lobectom y groups rated 
the ir m em ory as less good  than  the controls. O n the  SM Q  the L T L ’s scores were 
sign ifican tly  low er than  the  control group The relatives o f  the LTL, RTL and LSAH 
groups reported  s ig n ifican tly  low er scores tha t those o f  the controls.
E veryday M em ory Q uestionnaire: overall the tem poral lobectom y groups reported 
m ore prob lem s than  the  controls.

G oldstein  & Polkey 
1992

n=42

11=RTL
8 =L TL
9= R A H
14=LAH

x=28 years 19 A TL 
23 SAH

W A IS-R
W M S - Logical m em ory 

Paired  associates 
B enton V isual R etention  Test 
Rey O stere ith  F igure 
C orsi B locks

Pre-op

1 -4 m onths 
post-op

N o pre- o r p ostoperative  d ifferences were recorded betw een the g roups on IQ 
m easures An effect o f  operation  w as seen for the change in PIQ score w ith the 
SAH lead ing  to  a m ild  de terio ration  and TL to im provem ent. Preoperatively  there 
were no  s ig n ifican t m ain  effects o r in teractions (side by op) on the verbal m em ory 
scores. P ostopera tive ly  there  w as a sign ifican t effect o f  side o f  operation  (L <R ) and 
a (side by op) in te rac tion  on the  paired  associate  learn ing  test w ith the LTL group 
ob ta in ing  s ign ifican tly  low er scores than  the o ther groups. O n the change scores 
the left s ided  cases show ed  a  c lear deterioration  in im m ediate and delayed story 
recall and paired  a ssoc iate  leam ing .O n  the B V RT, preoperatively  the R SA H  group 
ob ta ined  low er scores than  the  o th e r g roups and m ade m ore errors. Postoperatively  
the righ t s ided  g roup  m ade m ore errors than  the lefts. N o sign ifican t group 
differences w ere recorded  on  the pre- postoperative  scores on the Rey O sterrieth  
percentage recall score.

H elm staed ter, H ufnagel 
& E iger, 1992

n=52

lA P in 
6 0 %  o f  
pa tien ts  all 
LH D L

x=28 ATL Rey A V LT (germ an version) 
D esign  learn ing  task 
(D iagnosticum  fur cerebralshaden) 
a v isual analogue  o f  the Rey 
A V LT

N ot given P resurg ically  the  LTL group  perfo rm ed  m ore poorly than the RTL group on the 
verbal m em ory indices. The RTL group  perform ed m ore poorly than the LTL group 
on the v isual m em ory  indices.
Patients w ho  did  no t becom e seizure  free postoperatively  dem onstra ted  s ign ifican tly  
poorer con tra la teral m em ory  p reoperatively  than  seizure free patients. They also 
dem onstra ted  poo rer ipsila teral perform ance. The best seizure ou tcom e w as in 
patien ts w ho  w ere com ple tely  un im paired  p reoperatively  followed by those w ith 
clearly  c ircu m scrib ed , co n co rdan t ipsilateral deficits.

H erm ann, Seidenberg , 
H altiner & W yler 
1992 "5"

n= 99  
LTLE 47 
R TL E 52 
all LH D L

x =  30 
years

n/a M AE
C V LT

n/a The LTLE group  o b ta ined  sign ifican tly  low er scores than  the  RTLE group on 5/7 
m easures from  the M A E . A dequacy  o f  language function  (nom inal speech) was 
sign ifican tly  related  to verbal learn ing  and m em ory perform ance for both RTL and 
LTLE groups.
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H erm ann , W yler, B ush  & 
T abatabai, 1992

n=57
n= 26  LTL 
n=31 RTL

x=31 A TL C V L T
31 ind ices including: 
recall m easures/erro rs, learning 
ch arac te ris tics, recognition 
m easures/e rro rs & contrast 
m easures.

Pre-op

6  m oths 
post-op

T he study exam ined the w ay in w hich  a right or left ATL changed  the w ay m w hich 
verbal m aterial is acquired  and forgotten. Follow ing a left tem poral lobe resection , 
patien ts  show ed s ign ifican tly  m ore serial c lustering , w ith a low er p roportion  o f  
w ords recalled from  the m iddle  o f  the  list, and m ore in trusion  errors in free recall . 
Patien ts w ho underw ent a R TL show ed  s ign ifican tly  g reater recall o f  w ords from  
the m iddle and few er w ords from  the end o f  the list, m ore sem antic  c lustering  and a 
greater ab ility  to recall verbal m ateria l after a short delay.

Inoue, Funakosh i, 
W atanabe , M ihara, 
M atsuda. T o tlo ri, Yagi & 
Seino, 1992

n=58 
13 LSAH 
7 LTL 
28 R SAH 
10 RTL

50 LH D L 
7 R H D L 
1 BLR

X 26.8
years
14-40
years

13 LSAH 
7 LTL 
28 R SA H  
10 R TL

W A IS-R  
W M S 
R ey A V LT 
B V R T

Pre-op

1 year post- 
op

Preoperatively  the left seizure focus group obtained  s ign ifican tly  low er scores than 
the RTLE groups on the overall W M S M Q , the PALT and the  RA VLT. The SAH 
group ob tained  low er scores on a tests o f  visual cognition  and L:R orientation . The 
SA H  group obtained  better scores than  the A TL group. The LSA H  group obtained  
low er scores on the  A V LT than  the  LTL group. Postoperatively  the LTL group, but 
not the LSAH group dem onstra ted  a sign ifican t decline on the AVLT. N o 
s ign ifican t postoperative  decline  w as recorded on any o f  the  tasks for the RTL and 
RSA H  groups.

N augle, C helune, C heek, 
L uders & A w ad 
1993

1 1 = 1 1 0  

30 LTL 
30 RTL 
50 non 
surg ical 
TLE 
con tro ls

x=30 A TL W M S -R pre-op
2 - 1 0

m onths
post-op

Left tem poral lobectom y w as assoc iated  w ith a m arked change in short term  and 
delayed m em ory d iscrepancy  scores due to a decline in verbal m em ory. R ight 
tem poral lobectom y w as not assoc iated  w ith a decline in visual m em ory suggesting  
tha t the W M S-R  appears to reflect decrem ents in m aterial specific  m em ory 
follw oing left but not righ t tem poral lobectom y. T he non surgical contro ls show ed 
increases in both short term  and delayed m em ory d iscrepancy  scores due to 
im provem ents in verbal m em ory. The authors argue that the absense o f  these 
im provem ents in the  RTL group  suggests tha t a right tem poral lobectom y m ay be 
associated  w ith risk to verbal m em ory.

P igo tt & M ilner, 1993 n = 6 8

12 RTh
13 RTH
14 LTh 
14 LTH 
15C ontrols

All LH D L
(m ixed
pathology)

R ange 16- 
49

See Jones
G otm an
1986

S patia l M em ory Task  em ploying 
com plex  scenes

2  w eeks = 
26  years 
post-op

T he RTL group  (regardless o f  ex ten t o f  h ippocam pal involvem ent) w ere im paired  at 
recogn ising  unchanged p ic tu res re la tive  to the norm al controls. T he R TH  group 
w ere a lso im paired relative to the N C  group. Both R TL groups w ere im paired 
re la tive  to  all o ther g roups at d e tecting  changes in figurative  deta il.T he RTH  &
RTh groups were im paired  in d e tecting  changes in spatial com postion  relative to 
norm als. All lobectom y groups w ere im paired  relative to  norm als at detecting  
deletions from  the array. The RTH  group w as im paired  re la tive  to the  norm al,
RFLE, and LTh groups in detecting  changes in ob jec t location 
A subsequen t study provided no ev idence tha t a right tem poral lobectom y im pairs 
the im m ediate  recognition  o f  these types o f  v isual inform ation  suggesting  tha t the 
im pairm ents observed after a delay  represen t a failure o f  rentention  o r retrieval 
ra ther than  o f  encoding.
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Saling, B erkovic, 
O 'S hea, K aln ins, D arby, 
& B ladin , 1993

n=38 
18 R H S 
20 LHS

(all H S)

x=26 A TL W M S (A ustralian adap tation) n/a LHS group perform ed w orse than the  R H S group the easy  and hard pairs on the 
PALT. N o sign ifican t group d ifferences w ere recored on the im m ediate and delayed 
recall o f  the passages on the  logical m em ory test.

W illiam son et al 
1993

n=67 
6  R H LD  
37  LTL 
30 RTL 
(pa tien ts  
w ith  SL 
were
excluded).

N ot g iven M ixed
operative
group
8  en -b loc
resections
59
m odified  
tem poral 
lobectom i 
es & 
SA H s

W AIS-R
Tests o f  im m ediate and delayed 
m em ory for verbal and non verbal 
m aterial - 
Tests not given

N ot clear 
? 2  years

All were seizure free postoperatively  
N europsychological deta ils not reported.
N europsychological profile  reported  as norm al in only 1 patient. B ilateral 
neuropsychological defic its in 8  p atien ts. N europsychology provided lateralising  
data in 58 patien ts, this w as d isco rdan t w ith  the o ther s tudies in 9, all o f  w hom  had 
a RTLE focus. In all 49 (73% ) had conco rdan t data

W olf, Ivnik, H irschom , 
Sharbrough , C ascino  & 
M arsh  1993

n=47
LTL

x=28 A TL
m esial:
l - 2 cm  vs
> 2 cm
lateral:
< 4cm  vs
>4cm .

Rey A uditory V erbal L earning
Test
W M S
W AIS

pre-op

4 -6m on ths
post-op

There were no differences in cogn itive  ou tcom e betw een the  groups defined  by the 
extent o f  the ir lateral o r m esial resection . O lder age at seizure onset was associated  
w ith a postoperative  decline  in M Q , A V L T  total learn ing  and verbal & visuo-spatial 
reasoning.

H erm ann, W y le r , Som es 
& C lem ent, 1994

n = 162  
LTL 85 
R TL =  77

x =  31 
years

A TL M ultilingual A phasia  E xam ination Pre-op

6  m onths 
post-op

A subgroup o f  the LTL group (7% ) developed  a postoperative  dysnom ia. This 
postoperative  decline in nom inal speech  w as associated  w ith a later onset o f  
habitual epilepsy.

Perrine, D evinsky, Uysal, 
Luciano & Dogali,
1 9 9 4 3 1 4

n=15 
all LTLE

all LH D L

26 .9  years n /a Intraoperative testing  w ith cortical 
stim ulation  

-aquistion  
-consolidation  
- retrieval

n/a Ten patien ts dem onstra ted  stim u la tion  induced  errors. T hese w ere errors in 
conso lidation  ra ther than aqu istion  o r retrieval. Patien ts w ith subsequen t resection 
o f  sites show ing  s tim ula tion  recall errors had greater postoperative  decline  than 
patients w ith resections sparing  these  sites. The left tem poral neocortex contributes 
to verbal m em ory conso lidation  in pa tien ts  w ith chron ic  LTL epilepsy.
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Piggott & M ilner, 
1994

n= 127

18 LTh 
15 LTH
24 RTh
25 R TH  
11 LFL 
13 R FL

2 1  norm als 
all LH D L

(m ixed
pa tho logy)

15-49 See Jones
G otm an
1986

V isual Short Term  M em ory test

s tim uli show n for 2  seconds 
2  seconds un filled /filled  delay 
1 0  seconds filled /unfilled  delay

2  w eeks to 
26 years 
post-op

N o ev idence  tha t a RTL results in an im paired  capacity  for VSTM  for a single 
pattern  or an abnorm al reduction  in capacity  in the p resense o f  a delay or 
d istraction .

Seiw a, B erent, G iordan i, 
H enry, B utchei & Ross 
1994

n=47  
17 LTL 
14 RTL 
28 non 
surg ical 
T L E  
pa tien ts

30 A TL W A IS-R
W M S

L ong i
tudinal 
testing  
1 - 8  years

L ongitud inal testing  could  not verify  any m ean deterioration  o f  in tellect or m em ory 
in the  non surgical group. The variance over tim e w as sim ila r to the test-re test 
norm s in healthy  contro ls. R ight s ided  surgery  patien ts  tended to im prove in logical 
m em ory on postoperative  testing  . Patients undergo ing  left sided  resections did not 
dem onstra te  test-re test im provem ent in in tellect and tended to show  a decrease in 
several m easures o f  verbal m em ory.

H elm staedter, Pohl & 
E iger 1995

n= 30  
R TL E 30 
LTLE 30 
C on tro ls  
30

x=  29 
years

n/a Rey V A LT (G erm an version) 
B V R T

n/a RTLE =  LTLE on A V LT im m ediate  span, learn ing  and B enton erro r/num ber 
correct.
RTLE better than LTLE on im m ediate and delayed free recall on AVLT.
LTLE better than  RTL E on B V R T  (loss o f  inform ation  index).
C on tro ls  better than  both  TLE groups on the follow ing m easures from  the A V LT - 
im m ediate  span, learn ing  capacity  and all m easures from  the B V R T (no correct, 
no .errors, loss o f  inform ation).

Incisa della R occhetta, 
G ad ian , C onnelly , 
Polkey, Jackson, 
W atkins, Johnson, 
M ishkin , & V argha- 
K hadem , 1995

n=48  
28  LTL 
20 RTL

x=32 A T L &
SAH

W A IS-R
W M S

N ot
reported

T here  w as no system atic  re la tionsh ip  betw een seizure outcom e and the p resense or 
absense o f  abno rm alities  on the unoperated  side ev iden t on M R spectroscopy  or T ; 
re laxom etry  V erbal m em ory defic its w ere p resent in patients w ith  a left sided  
excision  regard less o f  the presense o r absense o f  abnorm alities  on the  unoperated  
side. O nly  RTL pa tien ts  w ith abnorm alities  on the left side  dem onstra ted  deficits in 
delayed recall.
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Breier, P lenger, W heless, 
I'hom as, B rooksh ire , 

C urtis , P opan ico loau ,
W il m ore & C lifton , 
! 9 9 6 ‘"

n=85 
31 LTL 
37 RTL 
17 ETL

x=30 A TL
(T he ETL
patien ts
underw ent
a local
lesionecto
my)

W M S-R
B uschke  Verbal Selective 
R em ind ing  Test 
R ey O sterrie th  C om plex Figure 
Recall
N on  verbal Selective R em inding 
T est

Pre-op Preoperatively  the E i l  group perform ed s ign ifican tly  better than the RTL and LTL 
groups on the non verbal m em ory m easures. T here were no sign ifican t d ifferences 
betw een the tw o tem poral lobe g roups on these tests. T he RTL and LTL groups 
ob tained  s ign ifican tly  low er scores than the ETL group on all verbal m em ory 
m easures except for the V SR T-recall m easure. The only sign ifican t difference 
betw een the RTL and LTL groups was on the last trial o f  the V SR T, w ith the LTL 
group recalling  s ign ifican tly  few er item s. T he postoperative  data is not presented.

H elm staed ter &  Eiger, 
1996

n= 144 
68 LTL 
76 RTL

x=28 A TL R ey A udito ry  Verbal Learning 
T est (G erm an version)

pre-op

post-op  
in terval not 
reported

Preoperatively  the LTLE group perfo rm ed  w orse than the RTL group on m easures 
o f  short and long delayed recall. T here w ere no sign ifican t differences in the RTL 
group betw een their pre- and postoperative  scores on any o f  the m easures o f  verbal 
m em ory. T he LTL group dem onstra ted  a s ign ifican t decline in learn ing and 
recognition . Preoperative perfo rm ance  level, age, the extent o f  h ippocam pal 
resection  and preoperative  seizure  severity  w ere sign ifican t de term inan ts  o f  
postoperative  change in aqu isition  and recognition . C hanges in conso lidation  and 
retrieval w ere only associated  w ith  p reopera tive  ability.

H elm staed ter, E iger, 
H ufnagel, Z en te r & 
S chram m , 1996

n = l 15 
75 LTLs 
4 0  contro ls

x =  27 22 A TL 
21 SAH 
16 TL es

Rey A udito ry  Verbal Learning 
T ask  (G erm an version)

Pre-op

3 m onths 
post-op

T here were no preoperative  d ifferences on  the  verbal learn ing  and recall scores 
betw een the three pa tien t groups. A ll w ere im paired  relative to the norm al control 
group. The TLes group d id  not dem onstra te  any sign ifican t postoperative  change on 
any o f  the m easures. P ostoperatively  the  TL  and SA H  groups dem onstra ted  a 
s ign ifican t decline in free recall and recognition . In add ition  the TL group, but not 
the SA H  group dem onstra ted  a s ign ifican t postoperative  decline in im m ediate 
recall. The postoperative  changes in m em ory w ere not related  to seizure  outcom e.

M oore & B aker, 1996 n= 138 
77 LTLE 
61 RTLE

x=30 n/a W A IS-R
W M S-R

n/a The LTLE group had s ign ifican tly  low er V erbal M Q, im m ediate  & delayed logical 
m em ory scores and d ig it span  scores than  the  RTLE group. O verall the TLE groups 
perform ed less well on the  W M S -R  than  the  norm ative sam ple.
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Table 2.1 Abbreviations:

Surgical procedures

TL Temporal lobectomy
RTL Right temporal lobectomy
DTL Dominant temporal lobectomy
FL Frontal lobectomy
ETL Extra temporal lesionectomy TLes
RTh Small right hippocampal resection LTh
RTh Extensive right hippocampal resection LTh

Epilepsy groups

ATL Anterior temporal lobectomy 
LTL Left temporal lobectomy 
NDTL Non dominant temporal lobectomy 
SAH Selective amygdalohippocampectomy 

Temporal lesionectomy 
Small left hippocampal resection 
Extensive left hippocampal resection

RTLE Right temporal lobe epilepsy 
FLE Frontal lobe epilepsy 
ETL Extra temporal lobe epilepsy

LTLE Left temporal lobe epilepsy 
BTE Bilateral temporal lobe epilepsy 
HS Hippocampal Sclerosis

Neuropsychology

LHDL Left hemisphere dominant for language
RHDL Right hemisphere dominant for language
BLR Bilateral language representation

CVLT Californian Verbal Learning Test
BVRT Benton Visual Retention Test
RAVLT Rey Auditory Verbal Learning Test
MAE Multilingual Aphasia Examination

WAIS (-R) 
WMS (-R) 
VIQ/PIQ 
MQ

Wechsler Adult Intelligence Scale (- Revised) 
Wechsler Memory Scale (-Revised)
Verbal IQ/ Performance IQ 
Memory Quotient
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Thus a close examination of the early studies reveals that material specific memory 

deficits did not always occur following unilateral temporal lobe surgery. In addition, 

where a postoperative decline is reported, the deficits are by no means restricted 

exclusively to memory functioning. This is not surprising given the diversity of the 

methodologies applied and the heterogeneity of the patient samples. Indeed it is 

impressive that the trend for dissociated anatomical substrates for verbal and visual 

memory emerged from such disparate studies. However in providing exceptions to the 

rule, these studies shifted the emphasis from simple laterality to the study of a number 

of other important factors that govern memory functioning in temporal lobectomy 

patients. These factors can be broadly divided into two groups; the delineation o f the 

core features o f the deficits associated with temporal lobe dysfunction (see Chapter 3) 

and the factors that interact with the laterality of the seizure focus or surgery to shape 

the nature o f the subsequent deficit (see Chapter 4).
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Summary

A unilateral temporal lobectomy is well established as an efficacious treatment for the 

relief of medically intractable epilepsy. However the characteristics of the surgical 

patients have changed over the last 40 years in response to advances in technology, 

surgery and an increased understanding of the pathogenesis of epilepsy itself. These 

historical factors are reflected in the studies of the neuropsychological correlates of a 

unilateral temporal lobectomy and the divergent methodologies and heterogeneous 

patient groups make comparisons between different studies problematic. Nevertheless 

an early consensus was reached that postoperative memory decline was material 

specific and dependent upon the side of the operation, with left temporal lobectomy 

patients typically impaired in the recall of verbal material and right temporal 

lobectomy patients typically impaired in the recall of visual material. An analyses of 

the methodological shortcomings o f these studies suggests that the following factors 

should be considered in the design o f any project examining the neuropsychological 

functions associated with temporal lobe dysfunction or removal:

1. The neuropsychological assessment must include pre- and postoperative 

measures of a range of neuropsychological functions, including measures o f language 

and general intellectual functioning.

2. The tasks demands of each memory test should be consistent with those that 

have been demonstrated to be sensitive to lateralised temporal lobe dysfunction 

established in situ, and following a surgical intervention.

3. Patients should be tested at fixed postoperative intervals.
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4. Patients should be matched in the extent and type of surgery they undergo.

5. As much data as possible regarding the structural and functional integrity of 

the mesial and lateral temporal structures of both temporal lobes should be used to 

interpret the clinical significance of both pre- and postoperative neuropsychological 

deficits.

6 . Patients with unilateral TLE are not homogeneous groups. The aetiology and 

pathology underlying a lateralised seizure focus may influence the nature o f any 

associated neuropsychological deficit and must be considered in the interpretation of 

both pre- and postoperative neuropsychological scores.
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A  R e v ie w  o f  t h e  M e m o r y  T e s t s  C o m m o n l y  E m p l o y e d  in  

E p il e p s y  S u r g e r y  S t u d ie s

*Ifa picture paints a thousand words.,. \

Throughout the literature the tests used in the studies o f patients with unilateral 

temporal lobe dysfunction are generally dichotomised into ‘verbal’ and ‘non-verbal’ 

or ‘visual’ memory tests. As the previous chapter demonstrated, temporal lobe 

epilepsy patients are not a homogeneous group. In the same way, ‘verbal’ and ‘non 

verbal’ memory skills are not mutually exclusive, single abilities that can easily be 

attributed to the function of single brain structures. Firstly, no test material can be said 

to be one hundred percent ‘verbal’ or ‘visual’ and secondly, learning, recall and 

recognition tests all tap ‘memory’ skills. These memory skills dissociate in temporal 

lobe patients and those with lesions elsewhere in the brain (Delbecq-Derousen et al, 

1994; Aggleton & Shaw, 1996; Baxendale, 1997)*'̂ ’̂ ’̂ .̂ This chapter examines the 

nature and sensitivity of the memory tests used in the studies of both pre and 

postoperative temporal lobe epilepsy patients.

What is a Material Specific Memory Deficit?

Material specific memory deficits can be defined in a number of ways. In many of the 

early studies, right and left temporal lobe epilepsy groups were simply compared with 

each other to detect significant differences in memory test scores (see Table 2.1). 

Whilst this approach may detect relative group strengths and weaknesses, both groups 

may be impaired when compared to the normal population encouraging misleading 

conclusions about the lateralised function of the temporal lobes. In later studies 

normal control groups were included and the use of standardised tests with 

appropriate age-scaled normative data has become more widespread, although 

comparisons with the normative data are still not widely reported. Ideally a battery of
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memory tests should be designed to enable the examination of intra- and inter-patient 

differences in memory for polarised material, in addition to providing a framework to 

assess the clinical severity of a memory deficit for verbal or non verbal material.

Memory Tests

Whilst a number a specialised memory tasks have been developed specifically for use 

with people with epilepsy (for example, Jones Gotman & Milner, 1978; Jones 

Gotman, 1979; Zaidel & Rausch, 1981; Petrides, 1985; Goldstein et al, 1989; Pigott & 

Milner, 1 9 9 3 ) 191,190,4 3 9 ,3 1 7 ,128.320 quoted most frequently in the modem

literature are standardised clinical memory tests. In her 1992 survey of 

neuropsychological services in epilepsy surgery programmes, Jones-Gotman found 

that the logical memory, paired associate learning and visual reproduction subtests of 

the Wechsler Memory Scales (WMS) and the Wechsler Memory Scales - Revised 

(WMSII) were the most commonly employed clinical tests of memory function. The 

delayed recall of the Rey Osterrieth complex figure with or without an immediate 

recall condition was the second most popular measure. The Californian Verbal 

Learning Test and the Rey Auditory Verbal Learning Test are also frequently used in 

USA and European centres respectively. It is not surprising therefore that these are the 

tests most frequently cited in the temporal lobe epilepsy literature although the 

protocols used frequently deviate from the standardised administration procedures.

Memory deficits in presurgical TLE patients

A number of studies have reported material specific memory deficits, using these tests 

in patients with lateralised temporal lobe epilepsy (these studies are summarised in 

Table 2.1). For example, Delaney et al (1980)*^ examined the WMS scores of 4 

groups: patients with right temporal lobe epilepsy, left temporal lobe epilepsy, frontal 

lobe seizures (FLE) and an aged matched control group. They found that both

-90-



Introduction Chapter 3

temporal groups had significantly lower scores on the immediate and delayed logical 

memory indices than the other groups. In addition the LTLE group were also impaired 

relative to the normal and the FLE group on the logical memory percentage retained 

score. Similarly, the RTLE group performed more poorly than the control group and 

the FLE group on the percentage retained score from the visual reproduction test. 

There were no significant differences between the LTLE, FLE and normal control 

group on any of the measures from the non-verbal tests. Whilst Goldstein & Polkey 

(1992)’̂  ̂found no laterality effect on the scores from the logical memory subtest of 

the WMS, they did find that their LTLE group performed more poorly than the RTLE 

group on measures from the paired associate learning task, consistent with a number 

of other reports. Although significant RTLE vs. LTLE differences have been reported 

with the immediate, delayed (Delaney et al, 1980, Moore & Baker, 1996)* ’̂̂ ^̂  and 

percentage retained scores (Lencz et al, 1992)^*  ̂from the logical memory subtest and 

the learning and recall indices from the paired associate learning test, (Davies et al, 

1993; Daum et al, 1991; Inoue et al, 1992)̂ '̂̂  ̂'̂  ̂ the findings regarding each 

individual index are inconsistent. There is no consensus across the studies as to which 

is the most sensitive index and scores from the logical memory test and the PALT 

have been reported to dissociate (Saling et al, 1993; 1993; Goldstein & Polkey,

199 2 )351-352,129

In addition a number of studies have failed to find right/left differences in 

preoperative temporal lobe epilepsy patients’ performance on these tasks (Powell et 

al, 1985; Mayeux, 1980; Saykin et al, 1989; Goldstein & Polkey, 1992; Breier et al, 

1996)^^ ’̂̂ ^̂ ’*̂ ’̂'̂ *. In a recent example Jones Gotman (1996)^^  ̂examined the 

preoperative performance of TLE patients with unilateral hippocampal sclerosis 

evident on volumetric MRI. The performance measures used were the mean recall 

score after a 90 minute delay on the WMS logical memory, paired associate learning 

and visual reproduction subtests and the Rey Osterrieth figure task. There were no 

significant differences between the left and right HS groups on any of the measures, 

nor was there a trend in the expected direction. Moore & Baker (1996)^*® investigated
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the validity of the WMS-R in a large sample of 138 patients with clearly lateralised 

TLE. The LTLE patients obtained a significantly lower verbal memory index, and 

poorer scores on the logical memory (immediate and delayed) and digit span tasks 

compared with the RTLE group. The RTLE group did not differ from the LTLE group 

on any of the non-verbal memory scores. Verbal/visual memory discrepancy scores 

proved highly unreliable in identifying patients with a right temporal lobe seizure 

focus. Unfortunately the authors did not examine the clinical significance of the 

memory deficits in the RTLE and LTLE groups separately. However they do report 

that the patient group as a whole scored significantly lower than the normative sample 

across all memory index scores and on most of the memory subtests. The authors 

conclude that the scores from the WMS-R are capable o f lateralising left temporal 

lobe dysfunction, but that the battery has limited value for RTLE patients. Overall this 

conclusion would be consistent with the collective picture of the sensitivity and 

specificity of the WMS and WMS-R to lateralised temporal lobe dysfunction 

emerging from the literature.

A somewhat more consistent pattern has emerged from studies employing the Rey 

Auditoiy Verbal Learning Test (RAVLT) and the Californian Verbal Learning Test 

(CVLT). Inoue et al (1992)’ '̂, found that their LTLE group obtained significantly 

lower scores on the RAVLT compared to the RTLE group. Similarly Helmstaedter et 

al (1991)’"̂ ,̂ reported the ‘traditional’ material specific memory deficits in a sample of 

52 presurgical TLE patients. The LTLE group performed more poorly than the RTL 

group on the RAVLT, whilst the RTLE group obtained significantly lower scores than 

the LTLE group on a visual analogue of the task (Diagnosticum fur cerebralshaden).

In a replication of their earlier findings, Helmstaedter et al (1996)*̂ ^̂  reported deficits 

in the LTLE group compared to the RTLE group on the immediate and delayed recall 

indices from the RAVLT. Although there were no significant differences between the 

two groups on the immediate span and learning scores, both groups were impaired 

compared to the control group. Similarly, Mungas et al (1985)^^  ̂reported

-92-



Introduction Chapter 3

significantly poorer CVLT scores in the group of LTLE patients compared with a 

matched RTLE and normal control group. Selective verbal memory deficits in LTLE 

patients have been reported on similar measures from the CVLT (Hermann et al, 

1987)'".

However, as with the memory indices from the WMS/WMS-R, some inconsistencies 

do exist. The Helmstaedter et al group themselves report no significant preoperative 

differences between their 1996 RTL and LTL sample on any of their measures from 

the RAVLT, although both groups obtained significantly lower scores than a normal 

control group. The RAVLT and the CVLT do not yield a single score for 'verbal 

memory' but rather a number of scores, reflecting learning, free recall, recognition etc. 

Again as with the WMS, different scores from the tests have been found to 

differentiate RTLE from LTLE patients in each study. In addition to the standard 

scores a number of groups have re-interpreted the test data to create a large number of 

permutations, which can make it difficult to compare the results from two studies 

ostensibly studying similar groups using the same test. For example, using the CVLT, 

Mungas et al (1985)^^ ,̂ found that the performance of their LTLE group averaged 

across three delayed recall trials (cued recall, phonemic recall and semantic cued 

recall), was significantly poorer than that of the RTLE and control groups, whilst 

immediate and delayed free recall and phonemic and semantic cued recall for the 

distracter list, did not discriminate the two groups. Hermann et al (1992)*^  ̂presented 

RTLE vs. LTLE group differences on over thirty indices gleaned from the CVLT, 

ranging from ' the total number of List A words recalled across trials 1 -5' to 'the 

slope of a least-squares regression line calculated to fit changes in correct response 

scores across trials 1-5'. However, despite the very large number o f indices in this 

latter study, the measures used by Mungas et al (1985)^*  ̂are not included. There are 

both theoretical and statistical dangers in the generation o f a large number of scores 

from a single test. Firstly it is unlikely that a single test can provide enough quality 

data to properly examine group effects on over 30 distinct 'abilities' and it is hard to
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avoid the impression of a 'fishing trip' for significant results. Secondly, whilst a 

number of statistical techniques are available to guard against the increased likelihood 

of a type I error (see Dunn, 1961)*^* it is not uncommon for researchers to present 

interesting trends 'that would have been significant if....' (see Hermann et al, 1992)̂ ^ .̂ 

This introduces an element o f subjectivity to the reporting of results given the 

inevitable bias towards supporting current hypotheses.

Despite these problems, overall it would appear that these verbal learning tests with 

integral recall measures are more sensitive to left temporal lobe dysfunction than the 

individual verbal memory subtests of the WMS-R. There may be a number of reasons 

for this. On a practical level it may simply reflect the large number of reports from a 

relatively small number of centres, in effect multiple reports on an expanding core 

patient sample. However it is likely that the nature of these learning tasks, with 

multiple trials, measures of learning, immediate and delayed, cued and free recall, and 

pro-active and retro-active interference, may make them more sensitive to disturbance 

in verbal memory processes than the standard administration of the WMS PALT. 

Goldstein et al (1988)*^  ̂examined the sensitivity of each item in the WMS PALT to 

lateralised temporal lobe damage and found that only four of the ten word pairs (three 

hard & one easy) produced a significant difference between the scores of the LTL 

group and controls and between the LTL and RTL group. Jones-Gotman (1996)*^  ̂

demonstrated many of the factors that may impair recall following a single exposure 

to test material. She found that attention, comprehension and individual strategies 

were most variable on the first or only trial, but that these factors became less 

intrusive if  a learning component was included in the test design.

In contrast to the hazy picture of verbal memory deficits associated with a left 

temporal lobe seizure focus, no clear picture has emerged of the nature of the deficits 

associated with a right temporal lobe epilepsy focus. A number of studies have 

reported significant deficits on verbal memory tests in this group (Oxbury & Oxbury,
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1989; Ribbler & Rausch, 1990; Saling et al, 1 9 9 3 )30 4 ,346,351 some studies report

a selective deficit on Maze tasks (Corkin, 1965; Milner, 1965)^^’̂ ^̂  and spatial 

learning tests (Petrides, 1985; Martin et al, 1991; Helmstaedter et al, 1 9 9 1 ) 3 17,245,146 

others have failed to find any deficits on a variety of tests designed to tap visual 

memory skills including the Benton Visual Retention Test, the Rey Osterrieth figure 

recall, and the WMS figure recall (Loring et al, 1990; Jones Gotman, 1996)^^ ’̂*̂ .̂ Barr 

(1996)^' recently reported the preliminary findings from an analysis o f over three 

thousand presurgical patients who had completed the delayed recall o f the Rey 

Osterrieth figure in epilepsy centres across North America. He found no significant 

difference between the RTLE and LTLE patients. Interestingly, there was a significant 

effect o f Epilepsy Surgery Centre suggesting significant discrepancies between the 

scoring systems used. Helmstaedter et al (1991)*'*  ̂do report promising findings 

regarding the specificity and sensitivity of their version o f the ‘diagnosticum flir 

cerebralshaden’, a visual analogue of the Rey Auditory Verbal Learning Test, but it 

has yet to be applied in an international context.

Similarly, Jones Gotman (1996)'^^ reported a significant difference between her right 

HS (hippocampal sclerosis) and LHS groups on an abstract design learning task with 

the RHS group performing significantly worse than the LHS group in the learning 

phase of the task.

One possible explanation for some of the apparent discrepancies in the un-operated 

TLE literature is that whilst patients with a left temporal lobe focus are consistently 

impaired on verbal memory tasks, RTLE patients show a more variable pattern on 

verbal memory tests and may, or may not be impaired. Non significant group 

differences probably reflect the poor performance of the RTL group, rather than intact 

skills in the LTL group. This highlights the necessity for a reference to normative 

data, either in the form of standardised test norms or data from an experimental 

control group to make sense of these findings. Studies that have failed to find RTLE 

vs. LTLE differences on verbal memory tasks, have usually found that both groups are
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impaired compared to normals (Oxbury & Oxbury, 1989; Helmstaedter et al, 1996; 

Jones Gotman & Milner, 1978; Cavazutti et al, 1980; Prevey et al, 1988; Delaney et 

al, although others report normal memory functioning in both

groups (Powell et al, 1985)^^ .̂ As already discussed, the poor sensitivity and 

specificity of the non-verbal memory tasks to lateralised right temporal lobe 

dysfunction is frequently attributed to duel encoding of the stimuli.

Memory deficits in TLE patients following a temporal lobe resection

Whilst the lateralising significance of deficits on some of these verbal tests is unclear 

in unoperated TLE patients, these tasks do appear to be more sensitive in 

discriminating left from right TLE patients postoperatively (Noveliy et al, 1984; 

Goldstein et al, 1988; Saykin et al, 1989; Loring et al, 1991, Saling et al, 1993, Inoue 

et al, 1992)̂ ^̂ ' i .351. i ?i although again, there is some inconsistency regarding the

nature of the verbal memory deficit, with some authors emphasising poor learning 

(Inoue et al, 1992; Helmstaedter & Eiger, 1996; Goldstein et al, 1988,; Ribbler & 

Rausch, 1990; Loring et al, 1991; Hermann et al, 1992; Saling et al,

1993)171,142,127,346,231,150,351 others stress impairments in immediate and delayed

recall (Powell et al, 1985; Channon et al, 1989; Frisk & Milner, 1990;1991; Noveliy 

et al, 1994; Helmstaedter et al, 1 9 9 5 . 1 9 9 6 ) 323,59,118,117,295,144,142 î̂  ̂reports of visual 

memory deficits in right temporal lobectomy patients are somewhat more consistent 

but by no means unanimous. Highly specific memory deficits have also been reported 

in postoperative patients following the removal of temporal lobe tumours (Cavazutti 

etal, 1980/^

In the light of this, at best equivocal evidence, why do these old tests continue to be 

clinically employed on such a grand scale, particularly in the latéralisation of 

neuropsychological dysfunction in the preoperative setting? One of the reasons is that 

they are self perpetuating. A very large international body o f data has been collected
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using these tests. Although new and imaginative tests have evolved, these are 

necessarily developed in a research setting and only rarely seem to make the transition 

from research tool to wide clinical use (but see Helmstaedter

. As a result there is often sparse data on the preoperative 

sensitivity o f many of the more innovative memory tests that have been shown to be 

sensitive to lateralised temporal lobe damage in postoperative patients.

Overall the results from these studies suggest that tests employing strongly polarised 

(verbal vs. non verbal) test materials appear to have the most sensitivity in localising 

memory deficits in both the pre- and postoperative patient populations. Learning tasks 

that incorporate an immediate and delayed recall condition appear to be most sensitive 

to left temporal lobe dysfunction when verbal material is employed and right temporal 

lobe dysfunction when visual material is used. The strategy of using standardised 

matched tasks to study analogous brain regions in the right and left hemispheres adds 

power to the neuropsychologists’ ability to localise dysfunction and to analyse the 

nature of a patients deficits.

Recognition Memory

The Warrington Recognition Memory Test (RMT)"̂ ^̂  is probably the most widely 

used test o f recognition memory for verbal (visually presented words) and non-verbal 

material (faces), although new tests that overcome some o f the difficulties of the 

WRMT have recently been developed, for example the Doors and Faces Test 

(Baddeley et al, 1995)* .̂ Patients with left temporal lobe lesions (primarily infarcts 

and neoplasms) have been shown to be impaired on the verbal component (RMW) 

whilst patients with right temporal lobe lesions are impaired on the visual component 

(RMF) (Warrington, 1984)"*̂  ̂ . These deficits have also been reported in postoperative 

temporal lobectomy patients (Morris and Abrahams, 1995; Hermann et al,

1995)^* ’̂*'̂ .̂ However, the ability of the RMT to reliably discriminate right from left
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TLE patients preoperatively is poor. Hermann et al (1995)̂ "̂  ̂examined the pre- and 

postoperative RMT performance of 77 temporal lobectomy patients. Patients with 

structural lesions (other than hippocampal sclerosis) evident on MRI were excluded 

from the study. Preoperatively, no aspect of the RMT could reliably distinguish the 

right from left TLE groups. Examination of pre-postoperative memory change 

showed a decline in verbal recognition memory after left temporal lobectomy and a 

less consistent decline in face recognition memory following right temporal 

lobectomy. The authors conclude that the RMT is insensitive to the neuropathology 

underlying lateralised TLE and that it is of 'extremely limited clinical utility' in the 

preoperative evaluation of TLE patients. The results of these studies suggest that 

mesial temporal lobe structures may not be critical in immediate recognition memory 

tasks and that damage to the lateral temporal structures may be necessary to produce 

deficits on the RMT. This hypothesis is further supported by the findings from a 

recent review of standard RMT performance in amnesic patients; Aggleton & Shaw 

(1996)^ found that patients with focal limbic lesions in the hippocampus, fornix or 

mamillary bodies obtained normal or near normal scores whilst patients with more 

extensive temporal lobe lesions demonstrated significant deficits on both the RMW 

and RMF tasks. Despite the apparent sparing of recognition in the hippocampal 

amnesics, the overall severity of amnesia in all the patient groups appeared to be 

comparable. To further investigate the role of the hippocampi in recognition memory, 

Baxendale (1997)^^ examined RMT performance in 99 ( 44 right, 55 left) patients 

with unilateral temporal lobe pathology identified on MRI. The patients were divided 

into two groups. Group 1 (n=90) were patients with hippocampal sclerosis (40 right, 

50 left). Group 2 were patients with MRI evidence of hippocampal sclerosis and 

cortical dysgenesis (4 right, 5 left). Analyses o f variance revealed a significant 

interaction between laterality and pathology group for the recognition memory for 

words (RMW) task. The patients with left hippocampal sclerosis and cortical 

dysgenesis obtained significantly lower scores than the other patient groups. There 

was a significant effect of pathology group on the recognition memory for faces task
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(RMF). The patients with hippocampal sclerosis and cortical dysgenesis obtained 

lower scores than the patients with hippocampal sclerosis, regardless of the laterality 

of their pathology. Postoperative RMT deficits in the right and left hippocampal 

sclerosis groups were material specific. These results provide an additional strand of 

evidence to suggest that it may be the lateral temporal cortex, rather than the mesial 

temporal structures that are critical in this task. Full details of this study, and a 

discussion o f the clinical utility of the RMT in the presurgical investigation of 

temporal lobe epilepsy patients and the role o f the hippocampus in recognition 

memory are presented in Appendix 1.

Dissecting Memory Skills Further

As outlined in the previous chapter, the notion of material specific memory deficits 

associated with lateralised temporal lobe dysfunction pervades both clinical practice 

and research programmes. However this review suggests that the presence or absence 

of a deficit may to a large degree be dependent upon the way in which memory is 

tested; the materials used, the administration o f the test and its associated task 

demands. The model of dissociated anatomical substrates for different types of 

material is based very much on a ‘can do/ can’t do’ approach to memory tasks. 

However this approach has a number of drawbacks. A patient may be able to 

successfully complete a supposedly non verbal memory test such as the Benton Visual 

Retention Test using verbal strategies (a square, a triangle, a circle). It would not be 

appropriate to infer that the patients memory for non-verbal material was intact, 

although the score might be identical to that of a patient who had relied heavily on 

visual memory strategies (See Helmstaedter et al, 1995)*"̂ .̂ Similarly left TLE patients 

have been shown to improve their performance on a verbal paired associate task when 

they were instructed to use imagery (Jones, 1974)*^ .̂
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The underlying premise of the ‘can do/ can’t do’ approach is that there is one way to 

successfully complete the memory task and that the score obtained reflects the 

integrity of that particular memory process. Whilst the design o f the test may 

predispose an individual to use one particular memory process or strategy over and 

above another, some success can usually be achieved via another route. A single score 

does not provide any information about the way in which the patient has approached 

and completed the task. It is practically impossible to design a memory test that can 

only be successfully completed using one strategy, although a number o f devices can 

be used to encourage or prevent certain approaches. For example Samuels et al 

(1973)^^  ̂ instructed their subjects to count backward from one hundred by threes 

immediately after the presentation of a visual stimuli to prevent them from applying 

verbal labels to the geometric designs. Rather than manipulating the strategies used by 

the subjects, another way around the problem is to examine the strategies used by 

patients in memory tasks.

Remembering the gist of a message is an essential adaptive function. The ability to 

focus on important information and disregard nonessential details is clinically relevant 

in patients with limited information processing resources. Prevey et al (1988)^^  ̂

investigated gist recall, the ability of an individual to derive the most important ideas 

from narrative verbal information in unoperated patients with lateralised temporal 

lobe epilepsy and normal controls. The subjects listened to a tape recording of a story 

whilst they simultaneously read a printed version, and were told that would be later 

asked to recount the gist of the tale. There was a five minute delay during which the 

subjects completed a crossword puzzle, after which they were required to produce a 

written version of the story. The subjects were then allowed a five minute study period 

and were allowed to undertake any activity to aid their recall. Notepads of lined and 

unlined paper, pens, pencils, highlighters and a written version of the story were 

available. Their study activities were monitored via observational time/event sampling 

and fell into 5 categories: 1. Looking at the stimuli; 2. Reflecting or looking away; 3.
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Vocal or sub-vocal rehearsal; 4. Underlining/highlighting; 5. Writing (note-taking or 

outlining). Compared to the normal controls, both the left and right TLE groups 

recalled significantly less information on both the immediate and post-study 

conditions with the LTLE group the least efficient under both conditions. However 

despite their reduced efficiency in total recall, the TLE patients, like the controls 

remembered a higher proportion of important idea units and a smaller proportion of 

the details. The authors conclude that gist recall appears to be a natural adaptive 

function which continues to operate in individuals with significant memory problems 

secondary to TLE. However the LTLE patients appeared to be poor at enhancing this 

ability, being least likely to engage in active learning strategies and showing the 

highest levels of gist distortion even after the study period. The authors make the valid 

and often neglected point, that the willingness of all o f the seizure patients to 

participate in the study, the degree of concern expressed about their memory 

dysfunction, and the substantial amount of time spent trying to recall the story indicate 

that a lack of motivation is unlikely to account for these findings. Rausch {\911Ÿ^^ 

also reported significant differences in strategy between her RTL and LTL groups on a 

complex problem solving task. Although the two groups did not differ in the 

percentage of problems that they correctly solved, the LTL group used fewer 

hypotheses than the RTL group and tended to shift hypotheses, even when they were 

right, whilst the RTL group stuck with their hypotheses, even when they were proved 

incorrect. These key differences in approach were masked by the single ‘number 

correct’ score.

Hermann et al (1992)' '̂  ̂examined both the qualitative and quantitative characteristics 

of pre- and postoperative temporal lobe epilepsy patients on the Californian Verbal 

Learning Test (CVLT). Postoperatively the LTL patients made more intrusion errors 

in free recall and demonstrated characteristic serial clustering, with pronounced 

primacy and recency effects. This pattern of recall was not observed in the RTL group 

who showed greater recall of words from the middle o f the list, more semantic
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clustering and a greater ability to recall verbal material following a short delay 

compared to the LTL group. These findings suggest that a unilateral anterior temporal 

lobectomy is associated in changes in both the way in which verbal material is 

acquired and the subsequent rate of forgetting. Patients who undergo a LTL appear to 

be more reliant on less effective strategies and forget the material that they have 

acquired at a faster rate than their RTL counterparts who tend to utilise more efficient 

strategies, on both qualitative and quantitative measures. These qualitative differences 

have important theoretical and clinical implications. The pattern of failure in memory 

skills in the LTL group suggests that the left temporal lobe plays an important role in 

the semantic organisation and consolidation of verbal material and indicates that 

explicit retraining in semantic memory strategies may be a fruitful area to explore in 

postoperative memory clinics.

In a novel approach to this problem, Helmstaedter et al (1995)̂ "̂  ̂attempted to 

quantify the verbal component of the Benton Visual Retention Test. They formally 

estimated the informational (verbal) content of each item on the test which would be 

hypothetically needed to solely retain the features in a verbal memory store. Their 

right and left temporal lobe epilepsy groups did not differ on the standard number 

correct and number of errors scores, although both groups performed significantly 

more poorly than a normal control group. However, selective visual/figurative 

learning deficits became apparent in the right temporal lobe epilepsy group when the 

verbal load of the figurative material exceeded their verbal learning capacity. This 

relationship was not evident in the left temporal lobe epilepsy group. The authors 

conclude that with increasing item complexity, a well preserved verbal memory 

capacity helps to overcome visual learning deficits until the degree of information 

exceeds its capacity, and suggest that elimination of simple items may improve the 

sensitivity of the BYRT to lateralised dysfunction. The results o f this study neatly 

illustrate the importance of looking beyond simple test scores to the mechanisms of
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memory failure, in this case providing a clinically useful and theoretically important 

interpretation of BVRT performance.

Another way to overcome some of the difficulties associated with the verbal encoding 

of visual test material is to focus on memory for different aspects o f a spatial 

composition, rather than memory for different types of non-verbal stimuli. Mandler & 

Johnson (1976)̂ "̂  ̂proposed the following taxonomy for information contained in 

complex scenes: 1. Inventory information', the specification of objects that make up a 

particular scene; 2. Descriptive information', the visual characteristics and details of 

the objects; 3. Spatial composition: the filled and unfilled spaces in a scene; 4. Spatial 

location: where the objects in a scene are located relative to one another. Pigott & 

Milner (1993)^^° utilised this taxonomy to examine recognition memory in patients 

who had undergone a unilateral temporal lobectomy for the relief o f medically 

intractable epilepsy. They found that patients who had undergone a right temporal 

lobectomy recognised significantly fewer changes in figurative detail (the visual 

characteristics of objects in a scene) than the LTL group. Patients with extensive right 

hippocampal lesions were also impaired at detecting changes in the spatial location of 

objects in a scene compared to the LTL group. Although there were no significant 

differences between the RTL and LTL groups in the number of changes in the spatial 

composition o f a scene (filled and unfilled spaces) each identified, the RTL group 

identified significantly fewer than normal controls.
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Summary

Patients who undergo a temporal lobe resection for the relief of medically intractable 

epilepsy tend to show material specific memory impairments that vary with the side of 

resection: left temporal lobectomies are associated with impairment on tasks that 

involve the recall of verbal material, whilst right temporal lobectomy patients tend to 

be more impaired on visual memory tasks, although this finding is less consistent. 

These material specific deficits are frequently used as a sign of lateralised dysfunction 

in preoperative patients with temporal lobe epilepsy and whilst number of studies 

have reported these laterality dependent deficits in preoperative patients with 

unilateral temporal lesions, others have failed to replicate these findings. This review 

suggests that the presence or absence of a memory deficit may to a large degree be 

dependent upon the way in which memory is tested: the materials used, the 

administration of the test and its associated task demands. An analysis o f the nature of 

the memory deficits reported in both pre- and postoperative TLE patients suggests a 

clinical test battery designed to be sensitive to mesial temporal lobe dysfunction 

should include measures of learning and immediate and delayed recall o f polarised 

verbal and non verbal material. Convergent evidence from a number of fields suggests 

that performance on the Warrington Recognition Memory Test, may be contingent 

upon the lateral rather than mesial temporal lobe structures. Appropriate 

standardisation and age scaled normative scores help to maximise both the clinical 

and theoretical utility of the data. Single test scores can mask significant differences in 

strategy, which can also be used as a sign of lateralised dysfunction. Chapter Four 

goes on to examine the factors that interact with the laterality of the seizure focus and 

surgery to shape the nature of the subsequent deficit.
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F a c t o r s  A s s o c ia t e d  w it h  V a r ia b l e  M e m o r y  F u n c t i o n  in  

T e m p o r a l  L o b e  E p il e p s y  P a t ie n t s

The truth is rarely pure and never simple
Oscar Wilde

aetiology, n. Assignment of a cause; 
philosopy of causation; (Med.) 
science of the causes of disease.

Shorter Oxford English Dictionary

The review of evidence presented in the previous chapter suggests that the way in 

which a memory test is constructed, its task demands and the materials used, play a 

significant role in the identification of material specific memory deficits in both pre- 

and postoperative temporal lobe epilepsy patients. It is therefore imperative to use 

memory tests that are sensitive to lateralised temporal lobe dysfunction in studies of 

these patients. However, as previously discussed, TLE patients are not a homogeneous 

group, and a number of factors interact with the laterality of the seizure focus or 

surgery to shape the nature o f any subsequent neuropsychological deficit. This chapter 

examines the demographic and epilepsy related variables that have been shown to 

influence both preoperative function and change in memory function following 

surgery.

Neuropsychological functioning in presurgical TLE patients

An early age of seizure onset has been associated with lower intellectual abilities 

(Dikmen, 1975; 1977; Dam, 1990; Dodrill, 1991; Holmes, 1991; Dodrill & Matthews,

1992)^ ’̂̂ ’̂̂ ’̂̂ ’̂'̂ ’̂̂  ̂and weak memory skills in patients with medically intractable 

epilepsy (Delaney et al, 1980; Powell et al, 1985; McMillan et al, 1987; Goldstein &
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Polkey, 1992; Wolf et al, 1993; Hermann et al, 1995)83.323,255.129,434,151 the

concept o f plasticity of function in early development, Powell et al (1985)^^  ̂offered 

Teubers’ crowding hypothesis to explain this effect. The crowding hypothesis 

suggests a decline in cognitive abilities when “one hemisphere tries to do more that it 

had originally been meant to” (Teuber, 1974)^^ .̂ Powell et al (1985)^^  ̂argued that 

early onset cases have organic damage present from a younger age than later onset 

cases, particularly where hippocampal atrophy results from peri-natal trauma, and 

seizures start in the first few years of life. As cerebral function develops, the 

contralateral temporal lobe takes on the function normally subserved by the damaged 

areas, making the damaged temporal lobe effectively redundant in terms of useful 

function, but this puts pressure on the processing capacity of the healthy brain tissue, 

resulting in an overall depression of memory function. Surgical resection of the long 

redundant tissue would not therefore result in a significant decline in memory skills.

In late onset cases, the specialised capacity of each temporal lobe will have developed 

normally. The underlying pathology and the associated seizure activity will disrupt 

specific memory functions and the removal of the lesion will probably result in the 

loss o f tissue that was functionally useful.

This is an attractive model with intuitive appeal and some empirical support 

(Cavazutti et al, 1980; Powell et al, 1985; McMillan et al, 1937)56 ,323 ,255  f^Qwever 

more recent work on the pathogenesis of epilepsy suggests that the age at first seizure, 

or the age of onset of habitual seizures, may not be closely related to the ‘age’ of the 

underlying pathology. Hippocampal sclerosis has been associated with disturbed 

embryogenesis (Raymond et al, 1994)̂ '*'̂ , peri-natal or post-natal trauma (Margerison
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& Corsellis, 1966)̂ '̂ '̂ , repeated seizures (Aicardi & Chevrie, 1983; Sagar & Oxbury, 

1987)' ’̂350 intracranial lesions (Fish et al, 1991)'^  ̂and early childhood febrile 

convulsions (Kuks et al, 1993)̂ ®̂ , although some debate still surrounds the causal 

nature of these relationships.

Complex febrile convulsions are defined as events lasting more than 15 minutes or 

those with focal motor signs. These are associated with a higher risk of developing 

epilepsy later in childhood or adolescence than simple febrile convulsions (Nelson & 

Ellenberg, 1976; Annegers et al, 1979)^^ ’̂̂ . Although prospective studies have failed 

to show any predominant seizure pattern following febrile seizures, retrospective 

studies emphasise the development of resistant complex partial seizures as possible 

sequelae of long febrile convulsions (Kuks et al, 1993)^° .̂ Aicardi & Arzimangoglou 

(1996)^ suggest that this discrepancy can be explained at least in part, by the long 

interval that exists between the initial febrile convulsion and the later development of 

habitual seizures which in some cases may necessitate longer follow-up periods than 

those that have been possible in even the best prospective studies. Thus Grünewald et 

al (1993)’̂  ̂stress the importance of age at febrile convulsion, rather than onset of 

habitual epilepsy in the study of neuropsychological correlates o f the pathogenesis of 

epilepsy.

Time lags between the suspected ‘damage period’ and onset o f habitual seizures are 

particularly evident in patients with cortical dysgenesis. In a series of 15 patients with 

hippocampal sclerosis associated with neuronal migration defects that occurred in the 

first trimester o f gestation, Raymond et al (1994)̂ '̂ '̂  reported the age at seizure onset
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ranging from 3 months to 39 years. Relatively little is understood about the 

pathogenesis of epilepsy in terms of this common time-lag between the apparent 

causative or pre-disposing event and the subsequent onset of habitual seizures, 

although hormonal factors are implicated in some cases o f seizure onset in early 

adolescence (Rosciszewska, 1987)̂ "̂ *. These findings suggest that the age at brain 

insult may be the critical factor in the evaluation o f the re-organisation of cortical 

functions whilst the age of seizure onset may more closely reflect the effects of 

epileptic activity on cognitive function.

The contribution of other variables to memory function in people with medically 

intractable TLE is less clear. Duration of the epileptic disorder has been suggested as 

an important factor (Delaney et al, 1980)*  ̂although it is necessarily highly correlated 

with age o f onset of epilepsy and chronological age, and when these factors are 

controlled the unique contribution of years with seizures to the extent of memory 

impairment may be negligible (Strass et al, 1997)̂ ^ .̂ Another confounding problem 

with duration is that it does not take account of the severity, type or frequency of 

seizures. Two complex partial seizures a year for 15 years in one patient, is not easily 

equated with over 1 0 0  annual complex partial seizures and frequent generalised 

seizures in another over the same time period. The long term effects o f frequent 

seizures are very difficult to study in the human population since it is not possible to 

control for critical factors such as the underlying pathology, demographic variables 

and anti-epileptic drug regimes. However experimental work with animal models of 

epilepsy suggests that frequent brief seizures in young rats results in significant 

detrimental changes in learning, memory, activity level and behaviour (Holmes,
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1 9 9 1 ) ‘ 66 Although chronic seizures may be associated with poor learning and 

memory, Bergin et al (1995) '̂* demonstrated that isolated seizures do not generally 

cause patients to forget material that they have recently learned.

Gender and handedness have also been suggested as factors that may influence the 

nature of the neuropsychological deficit associated with medically intractable 

epilepsy, with greater impairments associated with being left handed (Satz et al,

1994)361 male (Strauss, Wada & Hunter, 1992; Trenerry et al, 1996)^^ ’̂"̂®̂. In an 

attempt to tease out the unique contribution of each these variables to 

neuropsychological function in people with epilepsy, Strauss et al (1995)^^  ̂ examined 

the contribution of age of seizure onset, seizure duration /laterality /location, gender, 

handedness and cerebral speech representation, in a large sample of 1,141 patients 

with medically refractory seizures. All of the variables together accounted for 6% of 

the variance in overall memory. Within the set of variables only age at seizure onset 

was a significant predictor, with an early onset of seizures associated with poor overall 

memory scores. A similar pattern was apparent for the delayed verbal memory indices. 

There was no significant relationship between the predictors and the measures of 

visual memory. The authors conclude that the unique contributions o f gender, 

handedness and seizure duration appear negligible and that age at seizure onset is the 

best single predictor o f overall cognitive status and memory function.

To sum up, on a theoretical level cortical re-organisation and the effects of ongoing 

seizure activity are the critical factors that influence the nature and extent of 

neuropsychological deficits in preoperative temporal lobe epilepsy patients. These
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processes are intimately bound up with the aetiology of the seizure disorder.

Individual variables, such as age of seizure onset, probably act as markers for the 

underlying aetiology. Discrepant findings in the literature regarding other factors, such 

as the duration of the seizure disorder, laterality of focus etc. may be due to the 

univariate nature of the analyses, confounding the critical importance of the aetiology. 

McMillan et al (1987)^^  ̂ identified the clear association between clinical history of the 

seizure disorder (age of onset of habitual seizures, febrile convulsions etc.) and the 

underlying pathology. Many of the pathologies commonly associated with medically 

intractable temporal lobe epilepsy are associated with a 'typical' profile in terms of the 

development of the epilepsy (Cendes et al, 1992;1993; Trenerry et al, 1993; Nasheef,

1996)̂ '̂̂ ’̂'*̂ ’̂̂ *̂ . Thus different profiles or clusters of demographic and epilepsy 

variables characterise the underlying aetiologies. It follows that these patients may 

differ in their neuropsychological profiles. It is therefore imperative to use a 

multivariate approach to tease out these relationships.

Predicting Postoperative Memory Change

The study of postoperative memory change has important clinical and theoretical 

implications. On a theoretical level, postoperative memory change provides important 

clues to the organisation of cerebral function. At a conceptual level, postoperative 

memory change is dependent both on the functional integrity of the tissue removed 

and the functional reserve and plasticity of the remaining structures. At the two 

extremes, removal o f purely epileptogenic material that makes no useful contribution 

to cognitive function and possibly disrupts the function of other structures through
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frequent seizure activity, should result in no change or an improvement in memory 

skills, via a reduction in seizure activity (Solomon et al, 1983)^^ .̂ Removal of 

relatively healthy tissue that actively contributes to memory processing will result in a 

postoperative decline in performance. As outlined above, the aetiology o f the seizure 

disorder will play a critical part in determining the functional characteristics of the 

tissue removed.

Clinically, accurate predictions of postoperative memory function may be critical for 

the patient to make an informed decision regarding surgery since in most cases, a 

temporal lobectomy is an elective treatment for medically intractable epilepsy. It is 

therefore important that patients make a truly informed decision to proceed if the 

extensive presurgical investigations suggest that a temporal lobe resection may be a 

viable treatment option (see Appendix 2). The possible gains in seizure reduction need 

to be weighed against the probability of surgical morbidity and mortality. In the 

neuropsychological domain, memory decline is the greatest concern (Dodrill et al

1993)^ .̂ Although the classic patterns are well known, the clinical significance of the 

degree of memory decline and the predictors o f individual variability are much less 

well understood. Greater understanding of the predictors of this individual variability 

and knowledge of the specific and cumulative risk factors associated with the 

identified predictors should allow for a rational basis for counselling patients 

preoperatively.

One might argue that this is becoming an increasingly important issue. Prior to the 

advent of MRI, the surgical option was considered primarily as a function of the
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severity of seizures. Although psychosocial studies of these early patients are rare 

Jensen & Vaernet (1977)*^  ̂ in a review of 74 cases reported that nearly all were 

‘socially incapacitated’ by their seizures and were unemployed preoperatively. 

However MRI techniques have proved highly effective in identifying ‘good’ surgical 

candidates, regardless of the severity of seizures (Sisodiya et al, 1997)^^ .̂ As a result, 

people with fewer seizures'" and good social and occupational functioning are being 

considered for surgery (Baxendale & Thompson, 1996)^ .̂ In these cases, the 

detrimental effects of a significant memory decline, in terms of job performance and 

everyday difficulties may outweigh the disruption o f seizures. In some cases therefore, 

the probability of a significant memory decline may be the critical factor in the 

decision to proceed towards or defer surgery.

Although group studies of patients who have undergone temporal lobe surgery for the 

relief of chronic epilepsy have demonstrated postoperative material specific deficits 

that vary with the side o f resection (see Chapter 3), there is considerable individual 

variability in the extent, nature and direction of postoperative memory change. 

Hermann & Wyler (1988)'^^ found that 77% of their neuropsychological measures 

remained unchanged 6 months following an anterior temporal lobectomy. Of the 

changes that did occur, 58% reflected improvement whilst 42% represented a 

postoperative decline in function.

The 1996/7 Royal College o f  Physicians working party on Evidence Based Guidelines for the Clinical 
Management o f  Adults with Poorly Controlled Epilepsy recommended that in most cases, patients 
should experience more than 2 seizures per month to be considered for surgery.

-112-



Introduction Chapter 4

Patients with surgically remediable temporal lobe epilepsy differ in aetiology, the 

extent and type of underlying pathology and on a number o f demographic and epilepsy 

related variables all o f which may have an impact on their pre- and postoperative 

neuropsychological functioning. Preoperative functioning (Chelune et al, 1991; 1991; 

1993; Hermann et al, 1995; Helmstaedter et al, 1996)̂ '̂̂ '̂ '̂ '̂̂ ^̂ '̂ '̂ ,̂ age at seizure onset 

(Hermann et al, 1995)'^* and at surgery (Blakemore & Falconer, 1967; Hermann et al, 

1995; Helmstaedter et al, 1996)^  ̂ '̂ ' ''̂  ̂and the type and extent of surgical procedure 

have all been suggested as important predictor variables in postoperative memory 

decline, although there is some debate over the importance o f the latter. A number of 

studies have found that the extent of lateral or medial resection is not a significant 

factor in postoperative memory performance or change (Blakemore & Falconer, 1967; 

McMillan et al, 1987; Wolf et al, 1993)̂ '̂̂ ^̂  '̂ '̂̂  whilst others report greater 

neuropsychological morbidity associated with larger lateral and medial resctions (Katz 

et al, 1989; Helmstaedter et al, 1996)^^’’*'̂ *. Failures to find a significant effect of the 

extent of resection may in part reflect the relatively standard size of resection, and the 

possible continued cell loss within the partly resected medial structures effecting a 

greater functional resection. More consensus surrounds the relative 

neuropsychological morbidity associated with an en-bloc anterior temporal lobectomy 

verses a selective amygdalohippocampectomy (SAH). Golstein & Polkey (1993)^^  ̂

found that the selective procedure tended to produce less impairment in memory for 

material associated with the side of resection than an ATL although the selective 

procedure was not superior to the ATL in improvements in memory skills associated 

with the contralateral temporal lobe. The authors conclude that overall there were few 

postoperative or change scores that distinguished the two procedures. In a more recent
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Study, focusing just on left sided operations, Helmstaedter et al (1996)̂ "̂  ̂examined 

the different effects of ATL, SAH and cortical lesionectomy on measures of verbal 

learning, recall and recognition in 59 patients with left TLE. They concluded that ATL 

and SAH had different qualitative rather than quantitative effects on verbal memory. 

The ATL group demonstrated a significant postoperative decline in measures of 

learning, free recall and recognition following ATL whilst the SAH group only 

demonstrated a decline on the latter two indices. The lesionectomy groups did not 

demonstrate any significant postoperative changes on any of the measures These 

differences were not related to postoperative seizure outcome.

Postoperative seizure control has also been identified as an important factor associated 

with postoperative memory decline with poor control associated with greater decline 

in memory function (Blakemore & Falconer, 1967; Lieb et al, 1982; Rausch & 

Crandall, 1982)̂ *'̂ ‘̂‘-” ’ .

With the possible exception of the type of surgical procedure, all o f  these variables 

may simply act as potential markers for the aetiology and pathology underlying the 

seizure disorder. However, with a few notable exceptions, the role of the pathology in 

shaping the natuie o f postoperative neuropsychological deficits has not been 

systematically evaluated.

In many of the early studies, patients were dichotomised by side of seizure focus or 

temporal resection without regard to the underlying pathology. Prior to the advent of 

MRI, many of the pathologies associated with medically intractable temporal lobe
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epilepsy such as HS and CD, were effectively invisible in vivo and had to be inferred 

from EEG findings, ictal semiology and the clinical history in studies of preoperative 

patients. Although the underlying pathology could be identified in many postoperative 

cases, these patients were viewed as a homogenous group based on the extent of their 

resection. Thus, for example in the series of studies from the Montreal Institute, 

patients with HS, arterial venous malformations, indolent gliomas/tumours, 

hemangiomas and other pathologies were all studied as a homogenous group.

Cavazutti et al (1980)^^ were the first to highlight the important distinction between 

tumour and hippocampal atrophy in the selection of patients for epilepsy surgery.

They report neuropsychological findings on 20 patients who underwent temporal lobe 

surgery to remove neoplastic tumours. All had bilateral memory deficits 

preoperatively and postoperatively demonstrated the predicted material specific 

deterioration. However they found that memory dysfunction associated with the 

contralateral lobe tended to disappear almost completely in eight out of ten RTL 

patients and nine out of ten LTL patients postoperatively. An examination of the 

characteristics of the patients who did not conform to this pattern revealed an 

extensive and invasive tumour, that could not be completely resected in one patient 

with severe memory deficits preoperatively. Although the other two patients had a 

marked reduction in seizures after surgery they were not seizure free and demonstrated 

diffuse memory difficulties postoperatively. Both o f these patients had a long standing 

seizure disorder and subsequent histology identified a low grade glioma with neuronal 

loss and reactive gliosis.
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These findings demonstrate that the function of specialised cortical structures 

subserving memory and speech can be adversely affected by a pathological process far 

removed from the site of disruption, even in the opposite hemisphere. Seizures can 

spread from one hemisphere to another via the comissural pathways subserving 

communication between the two temporal lobes (the hippocampal commisure, the 

corpus callosum and the anterior commisure), disrupting cognitive function. The 

contralateral cortical dysfunction cannot be totally explained by frequent generalised 

seizures, because the dysfunction was not global, but tended to be confined to the 

contralateral structures corresponding to the site of the ipsilateral tumour. Cavazutti et 

al conclude that the risk of severe and persistent postoperative loss of memory in 

patients with bilateral neuropsychological abnormalities is low in those who undergo 

surgery to remove a unilateral tumour, in contrast to those with similar bilateral 

abnormalities due to sclerotic or atrophic lesions. The underlying pathology therefore 

plays a critical role in the interpretation of presurgical neuropsychological deficits, 

both in terms o f latéralisation and in the prediction of postoperative memory function.

McMillan et al (1987)^^  ̂were the first the compare pre- and postoperative 

neuropsychological functioning in patients with hippocampal sclerosis, other specific 

pathology (such as tumours and space occupying lesions) and those with no 

abnormalities or non specific lesions. An early onset of habitual seizures, before the 

age of 11 was present in 75% of the cases with HS. Only one o f the patients without 

HS had an onset of seizures before the age of 11. There was no difference between the 

three groups in the duration of the seizure disorder. Although the frequency of 

complex partial seizures (CPS) was similar between the groups, the patients with HS
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or non specific/normal pathology tended to have fewer generalised seizures (less that 

1 per year) than the patients with structural lesions. The analyses of 

neuropsychological differences focused on differences between the HS groups and 

those with 'other pathology', since the numbers in the individual pathology subgroups 

became small when they were divided by side of lesion. Differences between the 

pathology groups in IQ measures were not found with respect to the side of lesion. 

However preoperative verbal IQ and performance IQ was higher in the 'other 

pathology' group compared to the HS group, regardless of the side o f lesion. Patients 

with 'other pathology' in the left temporal lobe had poorer immediate recall o f verbal 

material, than the other groups. Conversely patients with other pathology in the right 

temporal lobe, performed significantly better than the other groups on this task. There 

were no significant differences between the right and left HS groups on this measure. 

A similar pattern was observed postoperatively. In addition, the immediate verbal 

memory scores tended to improve in the 'other pathology' group whilst the HS groups 

tended to decline postoperatively. A similar pattern was recorded for the delayed 

verbal recall measures. Postoperatively the LHS group and right 'other pathology' 

group obtained higher percentage retained scores on the logical memory subtest than 

both the left 'other pathology' and the right HS group, who performed at a similar 

level. This finding suggests that the capacity of the right temporal lobe to subserve 

verbal memory functions following a left temporal lobectomy may critically depend 

on the underlying aetiology. There were no significant differences between the groups 

for the non verbal memory measures. Patients with no specific pathology did not 

significantly differ from the HS groups in their preoperative scores, but in contrast to 

the HS and other specific pathology groups they tended to demonstrate improvements
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in immediate verbal recall postoperatively. Although the numbers in the individual 

pathology subgroups became small when the patients were further divided by side of 

lesion, these results extend the findings of Cavazutti et al (1980)^^ in highlighting the 

critical role underlying pathology may have in shaping the nature of the presurgical 

neuropsychological deficit and the direction of postoperative change.

As a result of these findings great attention has been paid in the subsequent studies to 

the careful selection of patients to ensure as homogenous a group as possible with 

concordant data on seizure latéralisation and underlying pathology from 

neuroradiology, EEG studies, clinical history and ictal semiology. Not surprisingly 

this has lead to a proliferation of studies examining the pre and postoperative 

neuropsychological characteristics of patients with hippocampal sclerosis since these 

patients form the largest single group of people with medically intractable epilepsy 

and can be easily identified preoperatively. These studies are reviewed in Chapter 5.

Hermann et al (1995)'^’ examined postoperative memory decline in 101 patients with 

no lesions (other than HS) on preoperative MRI. As a group the left ATL patients 

showed the classic selective decrease on measures of verbal learning and recall 

(CVLT, WMS logical memory) but not in other verbal skills (naming, vocabulary). 

There was however, considerable individual variability in both the RTL and LTL 

groups in memory outcome. Stepwise regression analyses indicated that both later age 

at onset and older chronological age were significant and selective predictors o f verbal 

memory decline for the left TL patients. Adequacy of preoperative memory 

performance was a non specific predictor associated with a decrease in postoperative
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memory performance for both RTL and LTL groups and for multiple cognitive 

indices. Consistent with the findings of Chelune (1991; 1991; 1993)^^’̂ "̂’̂  ̂and Powell 

et al (1985)^^  ̂the authors found the greatest postoperative decline in those with the 

best preoperative performance. This finding was consistent for both groups across all 

tests, and can probably be attributed to some extent to the regression towards the 

mean.

The use of a test-retest paradigm in the study of postoperative change is associated 

with a number of methodological difficulties. Regression towards the mean, a 

tendency for patients with extreme scores to move closer to the overall group mean on 

re-testing (Labouvie,1982; Laird, 1983; Nesselroade et al, 1980)^’*’̂ *̂ ’̂ '̂̂  can be a 

significant source of variability in pre-postoperative neuropsychological performance 

(Hermann et al, 1991)'^’. Postoperative improvements or declines cannot therefore 

necessarily be directly attributed to the beneficial or adverse effects o f the intervening 

surgical procedure. The magnitude of the regression effect varies as a function of the 

extremity of the patients first score from the overall group mean, the size o f the error 

component in relation to the true effect and the correlation between pre-and 

postoperative scores. Hermann et al (1996)’^̂ assessed test-retest neuropsychological 

performance in 40 un-operated patients with complex partial seizures to derive 

reliable change indices and regression based norms for change on over 50 

neuropsychological measures. The reliable change indices, corrected for practice 

effects, provide a confidence interval to indicate the degree of change required to 

exceed the variability attributable to sources of error (e.g. practise effects, test-retest 

reliability). Overall the mean changes in test-retest performance were modest but
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ranged from 96-97% (reading, spelling, verbal IQ) to 30-33% test-retest reliability 

(discriminability measure from the CVLT, WMS logical memory % retained, WMS 

visual reproduction % retained).

These studies suggest that regression towards the mean may exert a significant effect 

on pre- to postoperative neuropsychological evaluations and that it should to be taken 

into consideration in research with groups of patients and as well as in the 

interpretation of the test results of individual patients. Other studies have attempted to 

solve the problem of regression towards in mean in test-retest paradigms by using non 

surgical epilepsy control groups (Naugle et al, 1993; Selwa et al, 1994)^^*’̂ ^̂ .

However whilst important predictors o f memory decline are emerging for patients 

with HS, well controlled, multivariate designs remain rare (but see Hermann et al,

1995)151 Yeiy little |s known about the pre- and postoperative neuropsychological 

profiles o f patients with other pathologies who may constitute half of the surgical 

patients with medically intractable temporal lobe epilepsy. Wolf et al (1993)"̂ ^̂  ̂

reported that neoplasms, haematomas, vascular malformations and combinations of 

neoplastic and non neoplastic lesions accounted for nearly 50% of the pathological 

findings in a sample o f 216 surgical specimens of patients with medically intractable 

TLE.

Developmental abnormalities of the cerebral cortex are currently the subject of 

renewed research among researchers in epilepsy as a result of better understanding of 

normal neuroblast migration and cerebral cortex development and improvements in 

the in vivo diagnosis o f cerebral cortical dysgenesis. Cortical dysgenesis (CD) is
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increasingly recognised as an important factor in otherwise apparently cryptogenic 

cases. With the advent of high quality MRI many more CDs, including subtle forms 

presenting with epilepsy alone in children and adults, can now be diagnosed in vivo 

with a high degree of confidence. The true prevalence of CD unknown. Li et al 

(1995)^^  ̂ found MRI evidence in 14% of a sample of patients referred to an epilepsy 

specialist for chronic cryptogenic epilepsy. However this estimate is likely to be close 

to the minimum frequency since they did not use the most up to date post-image 

processing techniques and some CDs, particularly those characterised by minor 

disturbances o f neuronal morphology and cortical architecture, or subtle gyral 

abnormalities cannot be identified in vivo and still require histological confirmation. 

In addition CD has been estimated to be present in up to 15% of patients with HS 

(Raymond et al, 1994)̂ "̂ "̂ .

Postoperative Seizure Status

One of the variables that has been frequently associated with postoperative memory 

decline in TL patients has been the continuation of seizures postoperatively 

(Blakemore & Falconer, 1967; Bennett-Levy et al, 1980; Novelly et al, 1984; 

Ojemann and Dodrill, i9g5)38,3i,295,301 building a clinically relevant model to

predict postoperative memory decline, it is not possible to include this important 

factor as the postoperative seizure status of the patient is obviously not available 

preoperatively, but as with the other factors that have been shown to be influential, 

postoperative seizure outcome may to some extent at least, act as a marker for the 

underlying pathology.
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Postoperative follow-up studies of qualitative and quantitative techniques in MRI 

technology continue to define the optimal preoperative characteristics associated with 

a seizure free outcome following a temporal lobe resection for medically intractable 

complex partial seizures. The presence of unilateral hippocampal sclerosis (HS) has 

long been associated with a good postoperative outcome although approximately one 

third of patients with HS are not rendered seizure free following temporal lobe 

surgery. These figures have remained remarkably consistent despite the development 

of more sophisticated preoperative evaluations. Failure of surgical treatment may be 

attributed to peri-operative complications, and/or incomplete resections in some, but 

by no means all, such patients. In these cases epileptogenic lesions must still be 

present.

Sisodiya et al (1996; 1997)̂ ^̂ '̂ ^̂  demonstrated the poor prognostic significance of 

widespread cerebral structural disruption, not evident on routine inspection of high 

resolution MRI in patients with histologically proven HS. Quantitative post

processing of preoperative MRI from 27 patients demonstrated extrahippocampal 

structural abnormalities in 14, 10 of whom did not become seizure free, whilst 11 of 

13 patients without such changes did become seizure free. This structural information 

supplements the clinical decision making in patients being evaluated for epilepsy 

surgery and in part may explain the biological basis o f poor outcome from such 

surgery, however the neuropsychological correlates o f these more widespread 

abnormalities are unknown.
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A number o f studies have evaluated the prognostic significance of presurgical 

neuropsychological data with respect to seizure outcome (Dodrill et al, 1986; Dodrill, 

van Belle & Wilkus, 1990; Helmstaedter, Hufnagel & Eiger, 1992)^^’̂ '̂ ’''*̂ . These 

studies suggest that patients with circumscribed deficits, restricted to the site of the 

epileptic focus are more likely to become seizure free postoperatively than those with 

more generalised dysfunction. Helmstaedter et al (1992)̂ "*̂  found that patients who 

were not seizure free postoperatively had significantly lower preoperative contralateral 

memory scores than seizure free patients. Additionally they tended to exhibit poorer 

ipsilateral memory performance. Although a number of studies have demonstrated the 

circumscribed memory deficits associated with quantitative MRI measures of 

lateralised HS (see Chapter 5), until recently appropriate quantitative MRI techniques 

have not been readily available to examine the structural basis o f these more 

widespread deficits.

It is possible that the preoperative neuropsychological profiles suggestive o f diffuse, 

bilateral dysfunction that have been associated with poor postoperative seizure control 

are related to the widespread cortical abnormalities that have also been linked to poor 

surgical outcome. The recent development of MRI techniques that can identify these 

structural abnormalities in vivo mean that these hypotheses can now be evaluated.
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Summary

Cortical re-organisation and the effects of ongoing seizure activity are the critical 

factors that influence the classic pattern of neuropsychological deficits observed in 

preoperative temporal lobe epilepsy patients. In this chapter, I have argued that many 

of the individual demographic and epilepsy related variables that have been associated 

with memory function act as potential markers for the aetiology/pathology underlying 

the seizure disorder and that aetiology may be the key factor governing the nature and 

extent of cerebral reorganisation and the effects of seizure activity.

Postoperative memory decline depends on the functional integrity o f the tissue 

removed and the adequacy and plasticity of the remaining structures. The functional 

status of the mesial and lateral temporal lobe structures will be governed to a large 

extent by the aetiology of the seizure disorder.

Many of the pathologies commonly associated with medically intractable temporal 

lobe epilepsy, are associated with a 'typical' profile in terms of the development of the 

epilepsy and different profiles or clusters of demographic and epilepsy variables 

characterise the underlying aetiologies. It follows that these patients may differ in their 

neuropsychological profiles. A multivariate approach is therefore needed to examine 

the interaction between the laterality of the seizure focus, demographic and epilepsy 

related variables and the underlying pathology/aetiology and their association with 

neuropsychological functioning. A better understanding o f these relationships will 

enable the development of clinically relevant models to interpret preoperative 

neuropsychological profiles and predict postoperative memory change.
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One response to the heterogeneity created by different aetiologies has been to focus on 

patients who have clearly defined hippocampal sclerosis, the single most common 

pathology in unilateral TLE. Chapter 5 examines the neuropsychological 

characteristics of these patients.
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T h e  H i p p o c a m p u s :

F u n c t io n a l  a n d  S t r u c t u r a l  C o r r e l a t io n s

The previous chapters have reviewed the evidence from over one hundred studies of 

patients with medically intractable epilepsy who have undergone temporal lobe 

surgery that have provided evidence for the role o f the temporal lobes in human 

memory. Whilst the most dramatic evidence comes from the discovery that bilateral 

temporal lobe damage causes a profound amnesia (Chapter 1) subsequent studies have 

demonstrated material specific declines in memory function following anterior 

temporal lobectomy that vary with the side of surgery (Chapters 2,3). Patients who 

undergo left temporal lobectomies have been shown to be impaired on tasks that 

involve the recall of verbal material. Patients who undergo right temporal 

lobectomies tend to be more impaired on memory tasks involving spatial material, 

although this finding is less consistent. A number o f studies have also reported these 

laterality dependent deficits in preoperative patients with unilateral temporal lesions 

although others have failed to replicate these findings. In an attempt to resolve these 

ambiguous findings, researchers have focused the spotlight on the function o f specific 

structures within the temporal lobes, particularly the hippocampus. Until recently this 

has been accomplished by comparing the postoperative memory performance of  

patients who have had extensive hippocampal removals with those who have had 

more limited resections. Collectively the results suggest that certain memory 

impairments seem to originate specifically from hippocampal damage, and not from 

temporal lobe damage in general.
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However, recent authors (Sass et al 1990; 1992; 1994, Saling et al, 1993, Miller et al, 

1993)̂ ^̂ '̂ ®̂’̂ ’̂’̂ ’̂ have questioned the empirical basis of this hippocampal model of 

memory on a number of counts. Firstly, presurgical evaluations were not always 

performed and it is possible that the memory deficits observed postoperatively 

predated the operation. Indeed Sass et al (1992)^^* suggest that the presence of 

preoperative memory deficits might feed in to the clinical decision making process in 

determining the extent of resection. Limited hippocampal resections may have been 

performed to spare memory function in patients with little presurgical impairment. 

Secondly, anterior temporal lobectomy involves the excision of a number o f structures 

including the neocortex, uncus and amygdala. Cognitive deficits caused by damage to 

these structures contaminate the investigation of hippocampal resection effects. 

Thirdly, as previously discussed, we can make few assumptions about the functioning 

of an incomplete hippocampus in patients who have had a limited resection. Finally, 

as Loring et al (1993)^^* point out, although in many of these studies the patients will 

have undergone a sodium amytal test, no comparative information is available on the 

structural integrity o f the non-resected hippocampus. Bilateral abnormalities in these 

patients may confound the results.

The development of more specific and sophisticated measures o f hippocampal 

structure, and their application in new experimental paradigms has enabled research 

teams to directly study the relationships between functional and structural measures of 

the hippocampus, overcoming some of methodological flaws of earlier studies. 

Hippocampal volume measurements from magnetic resonance images provide an in 

vivo, quantitative, and in terms of morphology, qualitative assessment of bilateral
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brain structures. Postsurgical histological analysis o f resected tissue provides a 

quantitative measure of neuronal loss within specific subfields of the resected 

hippocampus.

The first part o f this chapter presents a brief overview of the current methods and 

applications o f volumetric magnetic resonance imaging of the hippocampus. The 

processes and contemporary standards applied to the histological analysis of resected 

hippocampal tissue are then described. Both of these measures have been studied in 

relation to performance on preoperative neuropsychological tests including the 

intracarotid sodium amytal test (see Chapter 6) and postoperative memory function. 

The third part o f the chapter reviews the findings from these studies.

Magnetic Resonance Imaging

"....the anterior temporal lobe has a unique anatomic configuration, that o f a truncated 

cone with its long axis parallel to the floor of the middle cranial fossa and with nearly 

its entire circumference defined by subarachnoid space. Contiguous coronal MR 

images fully display the natural boundaries of the anterior temporal lobe, providing an 

excellent opportunity to isolate and accurately measure the volume of a discrete 

anatomic part o f the brain in vivo. The images obtained from the MR data are detailed 

enough to perform precise anatomical measurements."

Jack et al (1989)'“
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Magnetic resonance imaging (MRI) has now become the structural neuroimaging of 

choice in patients with intractable complex partial seizures. MR images have been 

shown to be highly sensitive and specific in identifying the foreign tissue and mass 

lesions often associated with medically refractory partial epilepsy (Sperling et al,

1986; Heinz et al, 1988; Bergen et al, 1989; Cascino et al, 1989;Brooks et al, 

1990)^^ ’̂'̂ ’̂̂ ’̂̂ ’̂'̂ '̂ . When these mass lesions and hetrotopias are excluded, nearly all 

patients with medically intractable temporal lobe seizures have mesial temporal 

sclerosis. In their review of the literature, Kim at al (1990) °̂'  ̂found that hippocampal 

sclerosis was reported or suspected in 47-85% of cases o f chronic temporal lobe 

epilepsy. Wyler et al (1992/^^ studied a series of 44 patients who had undergone a 

temporal lobectomy for intractable epilepsy following a preoperative MRI that did not 

show any foreign tissue lesions. Hippocampal sclerosis was identified in the surgical 

specimen in 75% of the sample.

Severe hippocampal sclerosis can sometimes be visually identified on MR images. 

However it has been the development of MRI based volumetric measurements of the 

hippocampal formation that have proven to be particularly useful in the evaluation of 

patients with temporal lobe seizures caused by unilateral hippocampal sclerosis 

(Berkovic et al,1991; Jack et al 1988;1988;1989; Cook et al, 1992)^  ̂"  ̂'̂ '̂""''̂ ^

A number of different techniques of volume measurement are used in the literature. 

Jack et al (1989)’^̂  produced normative values for right and left hippocampal and 

anterior temporal lobe volumes relative to total intracranial volume using data from 52 

normal subjects in three age groups. They found no significant effect o f age or sex on
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either the right or left anterior temporal lobe volume. There was a small but 

statistically significant difference between the right and left anterior temporal lobe 

volumes in right handed subjects with the right side being larger although in most 

cases this was not apparent on visual inspection. However in some cases prominent 

right V. left anterior temporal lobe volume differences were present with up to a 20% 

difference in size recorded. These differences were not detected in left handed 

subjects. No significant effect of age, sex or handedness were seen on hippocampal 

volumes. However the right hippocampus was bigger than the left for all subjects. In 

their commentary on their results, the authors argue that compensation for the larger 

left frontal operculum in individuals with left side dominance for language might 

occur in the form of a smaller left anterior lobe temporal lobe. However they are 

uncertain as to the significance of a larger right hippocampus.

Other studies have failed to find this right > left difference in hippocampal volume 

(Lencz et al, 1992; Cook et al, 1992)̂ '̂ '̂ .̂ The former study did however find that the 

volume o f the left temporal lobe was smaller than the right. They also found a gender 

effect. The women in their sample had bilaterally smaller temporal lobes; on average 

12.4% smaller than their male counterparts. Cook et al (1992/^ did not use 

intracranial volume measures but expressed hippocampal volume measurements as a 

ratio of smallest to largest. In their population of 10 normal controls they found that 

the ratio was always larger than 0.96 with no lateral bias in the differential. In addition 

to quantitative data the authors also used the measurements to provide a 

morphological analysis of volume loss. Volume loss distribution was anterior in 60%, 

diffuse in 35% and limited to the posterior part of the hippocampus in 5% of the
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cases. This study highlights the need to use thin slices to calculate hippocampal 

volumes. Since volume loss is not usually uniform throughout the length of the 

hippocampus, thick slices may miss morphological changes and lead to a 

miscalculation of volume.

A third way of expressing hippocampal volume data was reported by Cascino et al

(1991)̂ "̂ . The authors expressed their measurements as the volume o f the right 

hippocampal formation minus that of the left. Cut off points were established at 2 

standard deviations above and below the norm (-0.2cm^ and +0.6 cm^) based on the 

volume measurements o f 52 normal subjects. Volumetric measurements falling 

outside the cut off values were considered to be indicative of right and left 

hippocampal sclerosis respectively.

It is important that all these measures should be reliable and reproducible when they 

are used in both clinical and research capacities. Although they all rely heavily on 

computer software to count pixels or voxels, a skilled operator is needed to manually 

disarticulate the hippocampal structure from the surrounding tissue. This is usually 

done freehand via the use of a mouse, or tracker-ball. Jack et al (1990)’^̂  reported 

both intra- and inter-observer discrepancies o f less than 2% in volume measurements 

for both the hippocampal formation and the anterior temporal lobe. They concluded 

that their technique of combining computer driven thresholding and manual tracing 

produced measures that were highly precise and reproducible. Cook et al (1992)^^ 

found higher levels of discrepancy in absolute volume measurements of the 

hippocampus. Intra-observer observations varied between 2-5% for absolute
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measurements and inter-observer discrepancies of up to 7% were recorded. 

Disarticulating the pes hippocampus from the uncus and amygdala can be 

problematic, requiring arbitrary judgements by observers which may account for some 

of these discrepancies. However discrepancies of less than 2% were recorded for both 

inter- and intra-observer measurements of the ratio o f smallest:largest hippocampal 

volume. So although various observers choose different landmarks and margins to 

guide their tracing, it seems that they do so consistently. The differences in 

reliability’s reported in absolute volume measurements between centres may be 

explained by a number of factors, including differing levels of operator experience 

and different computer software. However it is important to note that in both o f these 

studies the authors' favoured expressions of measurement have similar inter- and 

intra-observer reliability’s.

Each of these expressions of measurement has its advantages and disadvantages in 

research and clinical settings. Jack et als' (1988)*^  ̂technique provides quantitative 

preoperative bilateral hippocampal volumes that can adjusted for intracranial and/or 

anterior temporal lobe volume. This allows the adjusted volumes of the right and left 

hippocampi to be compared directly across subjects (Jack et al, 1989)^* .̂ Some 

authors have suggested that volume comparisons between multiple structures may 

prove useful in predicting surgical outcome. Lencz et al (1992)^’  ̂note anecdotally 

that the 2 patients who had a less than 80% reduction in seizure frequency following 

surgery, in their series of 25 cases, had temporal lobe ratios that were greatly 

discordant from their hippocampal ratios. For these patients the hippocampus was 

smaller on the operated side whilst the temporal lobe was smaller on the unresected
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side. Clearly more research is needed in this area to establish the clinical advantages 

of comparisons between multiple structures. However the process o f measuring the 

hippocampi, anterior temporal lobes and total intracranial volumes is very time 

consuming. Cook et als' (1992)^^ ratio expression has advantages in this respect in that 

the hippocampal volumes only take about 40 minutes of operator time to compute. 

The authors have shown that the expression of the ratio o f smallest to largest is 

effective in distinguishing patients with seizures lateralised to the temporal lobes from 

normal controls and patients with extra-temporal lobe epileptogenic lesions. In 

addition, the morphology o f volume loss may be clinically relevant since 

postoperative prognosis in terms of seizure reduction has been related to the posterior 

extent of epileptogenic lesion (Babb & Brown, 1984;1987)*’‘*̂ . However ratio 

measurements may mask bilateral hippocampal volume loss. Cascino et als' (1991)̂ "̂  

expression of measurement allows both the magnitude and laterality o f volume loss to 

be expressed in a single figure. This gives greater freedom in the choice and the 

application of statistical analyses in research designs.

In addition to volumetric analysis of the hippocampi, T2 relaxometry allows for the in 

vivo quantification of hippocampal pathology. Van Paesschen et al (199?/^^ 

evaluated hippocampal T2 relaxation times (HCT2), hippocampal volumes (HCvol) 

and quantified histology, from the resected hippocampi in 40 temporal lobectomy 

patients. The HCT2 ratio (R/L) was inversely correlated with the HCvol ratio (R/L). A 

high T2 signal in an atrophic hippocampus was characteristic of HS. Although atrophy 

and a HCT2 increase represent different aspects of hippocampal pathology, the 

authors found that abnormalities in these two measures almost always coincided in
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their sample. HCT2 measures have a considerable practical advantage over HCvols in 

that they only require the operator to place a region of interest in the largest possible 

circular area within the hippocampus whilst avoiding boundaries where partial volume 

effects with cerebral spinal fluid might occur. This is considerably less time 

consuming and error prone than HCvol measurement.

Pathological studies of hippocampal cell loss in the surgical specimens of patients 

who have undergone temporal lobectomies have firmly established relationship 

between in vivo MRI hippocampal volume measures and altered signal characteristics, 

and neuronal loss and gliosis (Kuznieky et al, 1987; Lencz et al, 1987; Bronen et al, 

1989; 1991; Cascino et al, 1991 ; Lencz et al, 1992; van Paesschen et al,

1996)^ ' 0 ,220 ,42 ,43 ,54 .219 ,410 addition to these strong pathological correlations,

lateralised atrophy identified by MR images and volume measurements has also been 

associated with clinical and electroencephalogram (EEC) seizure latéralisation in 

patients with temporal lobe epilepsy. (Jack et al, 1990; Ashtari et al, 1991; Bronen et 

al, 1989; Cascino et al, 1991)'^^’̂ ’̂ '̂ . It has been suggested that frequent seizures at 

extra-temporal sites may also cause hippocampal cell loss. If that is the case, 

hippocampal volume asymmetry due to secondary hippocampal changes would limit 

value of MRI in distinguishing between temporal and extra-temporal foci. Cook et al

(1992)^^ compared the hippocampal volume ratios and morphology o f 20 patients 

with a known seizure focus in the temporal lobes with both normal controls and a 

group of 20 patients with frontal lobe seizures. All o f the temporal lobe patients had 

asymmetric volume loss corresponding to side of clinical and seizure latéralisation, 

with a smallestdargest ratio of between 59% and 95%. The frontal lobe cases and the

134-



Introduction Chapter 5

normal controls did not show significant asymmetrical volume loss. Watson & 

Williamson (1994/^"* carried out a similar study with a wide range of patient controls 

including patients with seizures originating from the frontal, parietal and occipital 

lobes and from a variety of lesions; MRI identified abnormalities included tumours, 

developmental abnormalities, atrophic lesions, vascular malformations, cystic, 

traumatic, gliotic and ischemic lesions. Hippocampal and amygdaloid volumes were 

within the normal range in all patients. One patient showed a mild hippocampal 

asymmetry but this was felt to be the secondary effect of a large structural lesion. The 

results from these two studies suggest that MRI based measures of hippocampal 

volume asymmetry can be used as a specific marker for mesial temporal sclerosis.

Most of the studies reviewed so far have used patients acquired prospectively who 

have had clear localisation and latéralisation on clinical and EEG information. 

However bitemporal extra-cranial EEG abnormalities are identified in 20-35% of 

patients with temporal lobe seizures (So et al, 1989; 1989)̂ ^̂ '̂ *̂. Depth studies have 

revealed that around 80% of these patients will have seizures lateralised to one 

temporal lobe and so may be viable surgical candidates. Given the strong lateralising 

power of MRI measurements in 'clear cut' cases, it is possible that MRI assessments of 

hippocampal pathology may obviate the need for depth EEG studies in some patients. 

Casino et al (1992)^^ assessed the sensitivity of hippocampal formation volumes in 

patients with extra-cranially recorded bitemporal epileptiform abnormalities who 

required chronic intracranial monitoring prior to surgery. The MRI data showed 

lateralised hippocampal abnormalities in 50% of patients (4 via volumetric differences
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and 1 through an increased T2 signal). The hippocampal volume measurements did 

not provide falsely lateralising data in any of the cases.

Quantitative MRI data has also been shown to be of prognostic significance in terms 

of postoperative seizure control. Jack et al (1992)*^  ̂found that the larger the volume 

of the resected hippocampus, the higher the chance of an unsatisfactory outcome in a 

series of 50 patients followed up 12 months post surgically. However there were 

exceptions to this general trend. Five patients with no significant hippocampal volume 

asymmetry had a satisfactory postoperative outcome and one patient became seizure 

free despite the presence of a significantly smaller hippocampus contralateral to the 

operated side. Whilst the present enthusiasm for MRI volumetric techniques in 

localising and lateralising seizure foci is clearly justified, these findings highlight the 

fact that they fulfil their maximum potential when they are used in conjunction with 

existing localising tools.

To sum up, MR images have been shown to be sensitive and specific in identifying 

the foreign tissue and mass lesions often associated with medically refractory partial 

epilepsy. In addition contiguous MR images fully display the natural boundaries o f the 

anterior temporal lobe, providing an unrivalled opportunity to isolate and accurately 

measure the volume of discrete structures in vivo. Different techniques for measuring 

and expressing these volumes have been developed by different centres. All have been 

shown to be reliable and accurate. MRI identified volume loss in the hippocampus is 

related to mesial temporal sclerosis on histological examination o f the resected 

specimen. MRI detected hippocampal volume loss appears to be specific to seizure
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disorders of temporal lobe origin and is not a secondary effect o f epileptogenic lesions 

outside the temporal lobe. These measurements are therefore effective in providing 

lateralising and localising data in presurgical patients, and may obviate the need for 

depth electrode studies in some patients. Hippocampal volumes also have a prognostic 

value in terms of the prediction of outc ome in terms o f seizure control following 

anterior temporal lobectomy, but their real value lies in their role as an adjunctive 

seizure lateralising tool.

Histological Analysis o f the Hippocampus

"...mesial temporal sclerosis is diagnosed from a surgical specimen when 50% or 

greater neuronal loss is observed in the hippocampus... at least 4 o f the 5 regions of 

ammons horn must be available for the pathologist to evaluate. This neuronal loss is 

usually most prominent in the CAl, CA3 and CA4 regions of the hippocampus, the 

subiculum-prosubiculum and fascia dentata."

(Babb & Brown, 1987)'l

The pathogenesis of hippocampal sclerosis is still relatively poorly understood (Kim 

et al, 1990; Pringle et al,1993)^ '̂ ’̂̂ ^̂  but in many cases a temporal lobectomy results in 

seizure cessation or a marked reduction in seizure frequency (Babb & Brown, 1987; 

Bruton 1987; 1988; King et al, 1986; Rasmussen, 1983)*^’'̂ ’̂'̂ ’̂̂ ®̂. Indeed the presence 

of hippocampal sclerosis compared to histologically negative specimens and other 

pathologies has been positively related to good seizure outcome in a number of 

studies (Babb & Brown, 1987; Engel et al, 1993)*^’*̂ .̂

-137-



Introduction Chapter 5

Until recently, the nost common method for quantifying mesial temporal lobe 

histopathology has been to use the cell counting techniques developed by Mathieson 

(1975) '̂^  ̂This invo ves the staining of resected tissue to highlight neuronal presence, 

the number of neurcnes present in a given area are then counted and estimates of the 

extent of neuronal loss are computed.

As with the MRI ba;ed volume measures, a number of variations of this methodology 

have been developed. Centres differ in their choice of the width and position 

(anterior/posterior) of hippocampal section, the size, shape and number of areas they 

count, the subfields ĥey examine and their expressions of measurement.

Figure 5.1 .Schema ic of the hippocampus with the neuronal subfields CAl to CAS, 
hilar and area dentcta marked.

CA2 .CAl

CA3

Hilar \

Area
Deitata
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Sass et al examined a 2mm thick coronal section from the mid-section of the 

resected hippocampus. This was stained with mematoxylin and eosin. Five separate 

areas were counted in the CAl, CA2, and CA3 pyramidal subfields and the hilar area 

and the granular layer of the area dentata (see Figure 5.1) by two observers blind to 

the clinical history of the specimen. The measurements for each subfield were then 

averaged. The neuronal densities were expressed as measures of volume (mean cell 

count/mm^) for each subfield. O'Rourke et al (1993)^^* used a similar staining 

technique but used 5mm thick slices taken from the most anterior and posterior 

portions of the resected specimen. Two clinically blind observers counted the number 

of cells in four areas, three times. The authors report wide variations in inter-rater 

reliability’s ranging from 0.54 to 0.9. These inter-observer reliability’s differed in the 

measurement of different subfields, but in general there was higher concordance in the 

counts made from the anterior slices. In 23 patients with temporal lobe epilepsy and 

no tumour, the neuronal densities ranged from 48% to 57% of those observed in 

normal controls, 8 subjects who had died of non-neurological causes. A smaller 

decrease in neuronal densities relative to controls was seen in 5 patients with 

hippocampal tumours (range 60-95%) with the largest proportional decrease in cell 

densities occurring in the dentate granule cell layer.

Rausch and Babb (1989, 1993)̂ ^̂ '̂ ^̂  also examined the sections from the anterior and 

posterior planes o f the resected hippocampus. Cell counts were computed in each of 

the subfields where possible.
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Table 5.1. Grading system for severity o f hippocampal sclerosis (Adapted from Wyler 
etal, 1992)''^^

Diagnosis Clinical Features

Grade I Mild (18%)
Gliosis with slight (<10%) or no neuronal loss in 
the CAl, CA3 and/or CA4 pyramidal cell layer

Grade II Moderate (16%)
Gliosis with moderate, (10-50%) neuronal loss 
in the CAl, CA3 and/or CA4 pyramidal layer 
If the involvement is limited to the CA3 and 
CA4 subfields the lesion can be designated 'end 
folium sclerosis'.

Grade III Moderate 
to Marked (32%) Severe damage, (>50%) neuronal loss involving 

sectors CAl, CA3 and CA4 but sparing in the 
CA2 subfield.

Grade IV Marked (9%)
Severe damage involving all sectors of the 
hippocampal pyramidal cell layer. The fascia 
dentata, subiculum, and parahippocampal gyrus 
may also be involved.

The percentage figures in parenthesis represent the occurrence o f  each diagnosis in a 
series o f 44 consecutive pathological specimens. Hippocampal sclerosis was 
identified in 75% o f the cases.

Intercorrelations between the hippocampal subfield measures revealed that the 

pyramidal cell loss of CAl was the best predictor of overall neuronal loss. In their 

series of 16 patients they found neuronal loss of between 21% and 98.5% compared to 

the autopsy data from 4 non-neurological controls.

Van Paesschen et al (1996/^^ reported neuronal counts, glial cell counts and 

neuronal/glial cell ratios in the CA1-CA4 subfields and dentate gyrus in 58 temporal 

lobectomy patients. They found that MRI hippocampal T2 relaxation times (HCT2)
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were significantly correlated with both the neuronal and glial cell populations. The 

ratio o f glial cells to neurons in the CAl subfield was the measure most highly 

correlated with HCT2. The authors conclude that HCT2 measures best reflect 

neuronal loss in the CAl subfield and the hilus.

Other studies have used histological analysis of resected tissue to provide qualitative 

data. Wyler et al (1992/^^ proposed a grading system that begins with normal 

histology and ends with severe hippocampal sclerosis based on the relative degree of 

neuronal cell loss and gliosis present in the surgical specimen (see Table 5.1). The 

authors report an inter-observer reliability of 85% between three graders. No 

discrepancies greater than one grade level were found amongst the pathologists. The 

grading system also provides an estimate of how far back the hippocampal resection 

has extended anatomically. This is accomplished by stating whether the CAl through 

CA4 subfields are in continuity. These hippocampal cell fields are not in continuity 

until the posterior pes is reached, which is about the level o f the middle o f the cerebral 

peduncle. A measure of the posterior limits of a resection is helpful if  deciding if a 

further operation should be considered when the primary resection failed to provide a 

seizure free outcome.

Again, each of these methodologies has its advantages and disadvantages. One 

problem common to all histological studies, be they for clinical or research purposes, 

is the availability of specimens. Specimens can frequently be unavailable or too 

damaged to examine as a result of the surgical procedure itself. Other reasons for the 

exclusion of cases cited in the literature include a dysfunctional hospital intern post.
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in the failure o f a Pathology Department to receive a specimen sent by the surgeons! 

Even when a specimen reaches the pathology laboratory relatively intact, it is often 

not possible to examine all the subfields. For this reason sample sizes in research 

studies tend to be small.

Neuronal cell counts for each subfield of the hippocampus provide a detailed 

quantitative analysis of hippocampal structure which lends itself well to research 

designs and high level statistical analysis. However this technique is very time 

consuming. A compromise is to use the counts from just one subfield which has been 

shown to correlate highly with the others. However although these methods yield high 

level, interval class data, there is some doubt about the reliability of the figures. 

Considerable variation in inter-observer reliabilities have been reported.

Measurements taken from anterior slices may be more robust than those from 

posterior sections, but the figures obtained may seriously misrepresent pathology in 

the posterior parts of the hippocampus since atrophy is not uniform along the length of 

the hippocampus in the majority of cases (Cook et al,1992/^. More reliable, 

qualitative grading systems may provide more clinically meaningful data in terms of 

describing the extent of hippocampal sclerosis, but they are still subject to the same 

criticism that any measure taken from one or two slices may belie the true extent of 

the pathology in cases where volume loss is uneven along the length o f the 

hippocampus.

Despite the limitations, studies that have used these methods have firmly established 

the relationship between in vivo hippocampal volume measures and histologically
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verified neuronal loss and gliosis (Kuzniceky et al, 1987; Lencz et al, 1987; Bronen et 

al 1991)210,220,43,54 et al (1991)̂ "* studied 15 patients with confirmed mesial

temporal sclerosis. The pathological changes were maximum in specific subfields for 

some patients but the majority showed uniform loss throughout CAl to CA4 sectors. 

Fourteen of these fifteen patients had concordant MRI volume asymmetry, in the 

fifteenth patient the MRI hippocampal volumes were indeterminate. Moreover the 

MRI volumes were correlated with the extent of the pathology; the more atrophic 

hippocampi showed the more severe histopathological change. However, no 

pathological abnoimalities were detected in nine postoperative patients. The authors 

suggest this highlights the insensitivity of standard measurements. Cell loss may have 

been present or prominent in the non resected posterior parts of the hippocampus.

In summary, hippocampal or mesial temporal lobe sclerosis can be diagnosed from a 

surgical specimen when marked neuronal loss is present. Although the pathogenesis is 

poorly understood the presence of hippocampal sclerosis is generally associated with a 

good surgical outcome. Quantitative cell counting and qualitative grading methods 

have been developed to describe the extent of cell loss within the structure o f the 

hippocampus. Given the uneven pattern of cell loss along the length o f the 

hippocampus measurements taken from one or two slices o f the hippocampus may 

misrepresent the extent of neuronal loss. However despite the limitations, studies that 

have used these methods have firmly established a relationship between in vivo 

hippocampal volume measures and histologically verified mesial temporal lobe 

sclerosis.

- 1 4 3 -



Introduction Chapter 5

Functional and Structural Correlations

To date, the literature relating MRI measures of hippocampal integrity and 

histological analyses of hippocampal specimens to neuropsychological functioning, is 

small. However both of these measures of structural integrity have been studied in 

relation to a range of neuropsychological tests, including the JAP (see Chapter 6).

MRI Volumes and Neuropsychological Functioning

Press et al (1989)^̂ '̂  were the first to report hippocampal abnormalities revealed by 

MRI in patients with amnesia. Saling et al (1993)^^' reported the familiar verbal 

memory deficits in patients with left hippocampal sclerosis identified on the basis of 

both MRI asymmetries and pathological data. However, as outlined earlier, in 

addition to the identification of hippocampal sclerosis, the developments in MRI 

volumetries allow for the comparison of quantifiable parameters of hippocampal 

structure and memory test performance in presurgical patients. Barr et al (1990)'^ 

were the first to report that reduced hippocampal volumes on the side of epileptogenic 

focus were associated with a poor performance on material specific tasks of memory. 

Using hippocampal volumes adjusted for total intracranial size, Lencz et al (1992)^^  ̂

found significant correlations between MRI measurements of the left hippocampus 

and scores on the Wechsler Logical Memory Test percent retention score. They also 

reported a significant relationship between performance on a verbal learning and 

recall task and MRI volume measurements of the left temporal lobe.
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Volumetric MRI measurements have been shown to be o f prognostic significance in 

postoperative seizure control. Trenerry et al (1993/^^ examined the prognostic 

significance of preoperative quantitative volumetric data on postoperative memory 

performance and change. Resection of a relatively non atrophic left hippocampus was 

associated with poorer visual and verbal memory outcome. In right temporal 

lobectomy patients, a larger right hippocampal volume was associated with a 

postoperative decline in visual spatial learning but not recall, following surgery. They 

concluded that hippocampal volume data appears to provide meaningful information 

in evaluating the risk for memory impainnent following temporal lobectomy.

In a more recent study, Trenerry et al (1995/^^ modified their hypothesis after 

examining pre- and postoperative verbal memory scores in patients who had 

volumetrically symmetric hippocampi. In these patients, the side of surgery was a 

more important predictor of verbal memory decline than hippocampal volume per se, 

with the greatest decline associated with a left temporal lobectomy.

The neuropsychological correlates of HCT2 measures are unknown. However, Incisa 

della Rocchetta et al (1995)^^  ̂found that elevated left HCT2 in right temporal 

lobectomy patients were associated with postoperative verbal memory deficits.

Hippocampal Neuron Loss and Neuropsychological Functioning

Using a dichotomous scale based on the presence or absence of hippocampal sclerosis 

on histological examination. Miller et al (1993)^^' reported an impaired ability to learn 

verbal associations in patients with both left and right hippocampal sclerosis.
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However only the patients with left hippocampal sclerosis were impaired in delayed 

recall tasks involving verbal material (the paired associate learning task from the 

Wechsler Memory Scale-Revised). Similar preoperative verbal memory deficits on the 

Verbal Selective Reminding Test have been associated with quantitative measures of 

reduced hippocampal cell densities in the CAl, CA3 and hilar regions o f the surgical 

specimens of patients undergoing left temporal lobectomies (Sass et al, 1990)^^ .̂ In a 

further study with a larger sample (n=59) the authors demonstrated that the neuronal 

loss in these subfields was specifically related to a decline in verbal memory skills and 

not due to a general reduction in language or verbal intellectual abilities (Sass et al, 

1992)358 Yhis finding has recently been replicated again by the Yale team (Buchanan 

& Sass, 1993; Sass et al, 1994)"*̂ ’̂ ®̂. These verbal memory deficits were not 

associated with cell loss in the specimens of patients who had undergone a right 

temporal lobectomy. However Oxbury and Oxbury (1989)̂ ®"̂  report that severe 

hippocampal neuron depletion is associated with a verbal memory deficit irrespective 

of the side affected.

On the whole, studies looking at the relationship between right hippocampal neuron 

loss and performance on tests of non-verbal or visual memory have failed to find 

significant correlations (Sass et al, 1992)^^ .̂ However Matovic et al (1995)̂ "̂ * report 

that neuron loss in the right CA4 subfield is associated with poor delayed recall o f the 

Rey Osterrieth figure, although this pattern was also observed in patients with neuron 

loss in the left hippocampus. Right CA4 neuron loss was also associated with poor 

scores on the Benton Visual Retention Test.
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Rausch & Babb (1993)^^  ̂examined the relationship between cell loss in the CAl 

subfield and memory scores both before and after temporal lobe surgery. Using a 

moderate (<80%) vs. severe neuron loss dichotomy, they found that the degree of 

hippocampal cell loss was selectively related to the learning o f unrelated word pairs. 

Patients with severe neuronal depletion in the left hippocampus scored significantly 

lower than those with moderate loss both pre and postoperatively. However whilst 

both groups of left TLE patients performed more poorly on the verbal paired associate 

learning task postoperatively compared their preoperative levels, the extent of the 

postoperative verbal memory decline was not related to the degree, moderate vs. 

severe, of neuronal loss. Neuron loss in the right TLE group was unrelated to pre and 

postoperative memory performance on both the verbal and non verbal measures. Sass 

et al (1994) averaged the neuronal loss recorded across the C A l-4 and dentate 

gyrus layers and dichotomised their RTL and LTL groups into moderate vs. severe 

hippocampal neuron loss using a split median procedure. Preoperatively the LTL 

patients with severe neuron loss performed more poorly than the LTL patients with 

moderate neuron loss and the RTL patients on the Verbal Selective Reminding Test 

(VSRT). In contrast to Rausch and Babb (1993)^^  ̂they found that the patients with 

moderate left hippocampal neuron loss demonstrated significantly greater 

postoperative declines on the VSRT than the patients with severe left hippocampal 

neuron loss. The RTL patients demonstrated a significant increase in their 

postoperative performance on the VSRT irrespective o f the severity of the neuron 

loss.
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Taken together the results from these studies support the contention that the medial 

temporal lobe system is "fast, has a limited capacity, and performs a crucial function 

at the time o f learning in establishing long term declarative memory." Squire and Zola 

Morgan (1991)^*^

The initial findings from the studies of quantitative histology provide some striking 

evidence for this functional role in the mediation of verbal material by the left 

hippocampus. Impaired verbal learning skills, identified by list learning tasks and 

paired associate word learning tasks have been consistently correlated with neuronal 

cell loss in the CAl and to a lesser extent CA3 and hilar subfields. These effects are 

specific to verbal memory rather than language or verbal intellectual skills. However 

the majority o f studies that have relied on pathological specimens for the 

identification o f hippocampal sclerosis have failed to find any significant associations 

between the extent of the pathology in the right hippocampus and neuropsychological 

test performance (Sass et al, 1992; Rausch & Babb 1993)^^ ’̂̂ ^̂ . A similar pattern has 

emerged from MRI volume studies.

Saling et al (1993; 1993)̂ *̂'̂ ^̂  highlight the importance of task specific demands in 

assessing memory functions in patients with damage to mesial temporal structures. 

They found that a verbal learning but not recall task differentiated patients with right 

and left hippocampal volume loss identified by both MRI scanning and postoperative 

neuropathology. In their analysis of the structural nature of the story recall task they 

suggest that its enactment is likely to be controlled by widely distributed neural 

systems including those mediated by the right hemisphere. This may well contribute
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to the absence of laterality effects. Neither Rausch & Babb (1993)^^  ̂or Sass et al 

(1992)^^  ̂employed a task with a specific loading on non verbal learning as opposed 

to recall. Trenerry et al (1993/^^did use a measure of non verbal learning (Visual 

Spatial Learning Test) and found that performance on this test declined after the 

resection of a relatively non atrophic right hippocampus. Helmstaedter et al (1991)*'̂  ̂

reported that patients with right temporal lobe epilepsy showed significantly reduced 

learning capacity on a visual construction task, and made more visuoconstruction 

errors compared with controls and patients with a left temporal lobe focus. Support for 

the important role of the right hippocampus in non verbal learning has also been 

presented by Jones Gotman (1978;1986;1996)*^*’'̂ ®’’̂ .̂ Taken together, the results

Cl
from these studies suggest that the right hippocampus may have^role in the learning 

and consolidation of visuospatial material. However, the relative importance of 

neuronal loss in each subfield remains unclear, and there have been conflicting reports 

of the relationship between neuronal loss and postoperative memory change. As yet no 

studies have examined the relationship between glial cell counts and glial/neuron ratio 

measures and memory function.

On first inspection the results from the MRI volume studies may appear disappointing. 

Only one of the four studies found a significant correlation between the level of 

functioning on a neuropsychological measure (story recall) and left hippocampal 

volume (Lencz et al, 1992)^^ .̂ Again, the lack of specificity in task demands may 

account for the absence of significant findings. However these studies have shown 

that structural MRI measures are related to indices of neuropsychological function in a 

variety of other ways. Sass et al (1994)^^®, Lencz et al (1992)^'^ and TreneiTy et al
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(1993/^^ all found that the resection of a relatively non atrophic left hippocampus 

was associated with decline in verbal memory skills postoperatively. The former study 

also found that the resection of a large right hippocampus was associated with a 

decline in visual learning but not memory skills. Clearly, research along these lines 

can serve an extremely important clinical service, since often one of the first questions 

patients ask when presented with the option of surgery, after 'Will my seizures stop?' 

is 'Will my memory get better?' (see Chapter 4)

Other factors, in addition to task specific demands may account for the discrepant 

findings reported in the literature. Although a number of studies have reported 

significant correlations between MRI volumes and cell counting in pathological 

specimens, MRI technology does not allow for quantitative assessment o f individual 

subfields. Lencz et al (1992)^*  ̂suggest that discrepant findings from studies 

employing the two methodologies may reflect their relative strengths; cell counting 

techniques allow for greater sensitivity and specificity within the hippocampus, whilst 

MRI volumetries allow the quantitative comparison of bilateral brain structures. It is 

not yet known how the morphology of hippocampal sclerosis relates to cell counting 

techniques and more research is needed in this area to enable the informed comparison 

of results from studies using each of these methodologies. However the results of 

Rausch & Babb (1993)^^  ̂suggest that morphological considerations may be important 

in determining both the nature and extent of a neuropsychological deficit in patients 

with hippocampal sclerosis.
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Summary

The combination of preoperative MRI hippocampal volumes and postoperative 

quantitative hippocampal histology give us a unique opportunity to examine the 

structural integrity of the hippocampus. Evidence from the early studies suggest that 

both measures of structural integrity (MRI and histological) have strong functional 

correlates in memory performances on the sodium amytal test (see Chapter 6 ). 

However the amytal test only provides a very crude assessment of memory 

functioning. The studies that have looked for more discrete functional correlates have 

met with varying levels of success. Some have indicated the essential role of the left 

hippocampus in verbal memory, whilst others have highlighted the role o f the right 

hippocampus in the acquisition of visual material. This has provided some support for 

the model o f dissociated neuroanatomic substrates for verbal and visual memory. The 

equivocal findings from other studies have presented two substantial challenges in the 

field of neuropsychology. Firstly as the structural measures of integrity continue to 

reveal distinct pathologies within the hippocampus, our research designs must expand 

to incorporate this data, to classify our patients accordingly. It is no longer enough to 

divide patients simply by laterality of lesion. The heterogeneity of the patients within 

these two groups may well have contributed to some of the equivocal findings 

reported in the early literature. The second challenge pertains to our research tools. 

Our functional measures must keep pace with the increasingly detailed and precise 

measures of structural integrity. The onus is now firmly on the neuropsychologists to 

fine tune our tests and where necessary develop more reliable and specific measures of 

hippocampal function.
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T h e  In t r a c a r o t id  A m o b a r b it a l  T e s t

“IVs a , iVs a a a /lu n ge!”

Response of a TLE patient to a toy giraffe 
following amytal perfusion via the left carotid 
artery

It is beyond the scope of this review to examine in its entirety the intracarotid 

amobarbital procedure (lAP) literature. Although it is primarily used in the clinical 

setting to assess language dominance and memory function, the unique opportunities 

afforded by the lAP mean that it has been used to examine many aspects of behaviour 

and cognition ranging from emotional perception and expression (Lee et al 

1988; 1990)^'^’̂ *̂  to tactile attention (Meador et al, 1988)^^ .̂ The focus of this chapter 

is primarily on the role of the lAP in the clinical assessment of pre-surgical temporal 

lobe epilepsy patients. Following a brief historical introduction, the first part of the 

chapter examines the methodological difficulties associated with the test. In response 

to these not inconsiderable difficulties, the second part o f the chapter presents a 

rationale for the development of other less invasive techniques to ensure adequate 

memory function in prospective temporal lobe surgery candidates.

The Intracarotid Amobarbital Procedure: Historical perspective

The lAP, first introduced by Wada in 1949"̂ '̂ , is widely used in epilepsy surgery 

programs as part of the standard pre-operative evaluation for temporal lobectomy. It is 

an extremely effective test for language latéralisation (Loring et al, 1991)^^ ,̂ and is 

currently used as the ‘gold standard’ against which newer techniques, such as
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functional MRI (f-MRI) are evaluated (Desmond et al, 1995; Binder et al, 1996; 

Hertz-Pannier et al, 1997)̂ "̂'̂ ''̂ '̂ . It is also used to assess memory skills.

Milner et al (1962)^^  ̂ first introduced the use of the test as a method for screening for 

patients who may be at risk for developing significant memory deficits should they 

undergo a temporal lobectomy. As with MRI volumetry and histological analysis, 

clinical protocols vary across centres (Dodrill, 1993 ;Rausch et al, 1993)^*’̂ "̂ ,̂ but the 

procedure typically involves the injection of approximately lOOmg of sodium amytal 

into a single carotid artery, via a catheter in the femoral artery. This functionally 

inactivates the hemisphere for approximately 1 0  minutes and so with the mesial 

temporal lobe structures temporarily anaesthetised the resulting functional changes 

mimic the potential effects of the operation albeit in a fairly crude way. During this 

time the patient is presented with a number of items to remember. Memory is tested in 

both recall and recognition formats. When the side ipsilateral to the seizure focus is 

injected, normal memory functioning is expected. When the hemisphere contralateral 

to the side of the suspected seizure focus is injected the memory capacities of the 

patient are typically impaired due to the disruptive effects of the seizure focus and the 

contralateral hemisphere anaesthesia. To the extent that this pattern is reliable across 

patients, asymmetric memory performances on the sodium amytal test provide a 

measure of lateralised temporal lobe dysfunction (Engel et al, 1981, Wyllie et al,

1 9 9 2 ) ’05,437

Although the role of the lAP in language latéralisation is unquestionable, despite its 

wide use doubts have been raised about the reliability and validity of the lAP in
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predicting post-operative amnesia, an event that has an extremely low occurrence 

(Saling 1989; Loring et al, 1990;1991;1992; Trenen-y, 1 9 9 5 )3 5 3 ,2 2 9-23 0 .235 ,406  

factors, unrelated to the functional integrity of the temporal lobe can contribute to an 

impression of memory failure during the lAP. Individual differences in arterial 

perfusion patterns mean that functional disturbance in other structures v^thin the 

hemisphere may be responsible for test errors. Perseverative responses are frequently 

seen when frontal lobe function is compromised and perceptual difficulties can 

interfere with memory testing when more posterior parts of the brain are affected. 

Dosage and the level of sedation can also affect the pass/fail outcome (Loring et al, 

1992, Baxendale et al, 1996)  ̂'̂ ^̂ . Novelly & Williamson (1989)^^  ̂ found that 21 out 

of 25 (84%) patients who had previously failed the amytal test passed on a second 

occasion when a lower dosage was used. Although Baxendale et al (1996)^^ did not 

find a significant effect of dose per se on lAP test scores, we did find that two indices 

of the level of sedation induced by the dose were related to memory scores . See 

Appendix 3 for a more detailed discussion on the methodological confounds of lAP 

performance.

It is difficult to test the validity of the lAP in predicting those at risk of an amnesic 

syndrome following surgery, since patients who fail the test are usually excluded from 

the surgical programme. However, Loring et al (1990)^^  ̂reported a series of 10 

patients who had failed to remember items presented early, late or throughout the 

procedure, but who nonetheless proceeded to surgery. None of these patients 

developed a serious anterograde amnesia postoperatively. The authors concluded that 

the lAP falsely identified those at risk of an amnesic syndrome and suggested the
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results from the lAP should be interpreted in the context of all the other data when 

evaluating candidacy for temporal lobectomy to minimise the possibility o f the 

unnecessary exclusion of patients from a viable therapeutic option. In a more recent 

study, (described in more detail in Chapter 1), Loring et al (1994)^^  ̂reported the case 

of a young man who became densely amnesic following a dominant temporal 

lobectomy. On the lAP he had failed to remember the items presented immediately 

after the injection. However, four other patients in their series demonstrated an 

identical deficit and did not become amnesic following surgery.

Histologically verified neuronal loss has also been used to validate the role of the lAP 

in assessing the functional integrity of the hippocampi. Rausch et al (1989)^^  ̂report 

that a severely damaged hippocampus is unable to support memory when sodium 

amytal is injected into the contralateral hemisphere. Five of their six patients with 

80% or more neuronal loss in the hippocampal subflelds failed the memory 

component of the sodium amytal test following injection contralateral to seizure 

focus. Marked cell loss that was limited to either the anterior or posterior plane of 

hippocampus was not sufficient to predict a memory failure. Consistent failures were 

only observed in those patients with marked damage extending throughout the 

hippocampus.

Other studies have also found histological correlates of memory performance on the 

sodium amytal test. Sass et al (1991)^^  ̂found a significant correlation between the 

raw memoiy scores obtained following the injection contralateral to the seizure focus 

and cell loss in the CA3 subfield. However other studies have failed to replicate this
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finding. O'Rourke (1993)^^  ̂found that the degree of unilateral memory impairment 

ipsilateral to the seizure focus was significantly correlated with decreased neuronal 

densities in the hilar and dentate granule regions but not in the CAl, CA2 and CA3 

regions. The memory performance of contralateral hemisphere was not significantly 

correlated with ipsilateral neuronal densities.

Doubts about the validity of the test have also been raised by studies o f memory 

fimction following perfusion of the hemisphere contralateral to the epileptic focus 

since a high rate of memory test passes (59%) have been reported to occur under 

these conditions (Jones Gotman, 1987)’*̂ . In addition to these methodological 

difficulties, the lAP has a number of other disadvantages as an invasive test that is 

uncomfortable for the patients and both expensive and labour intensive (Wiebe et al, 

1995)̂ ^̂

As reviewed in the previous chapter, a number of studies have reported significant 

relationships between structural measures of hippocampal integrity and functional 

measures using traditional neuropsychological tests of memoiy functioning. This has 

led some of these authors, notably Treneny et al (1993)"̂ °̂  to ask whether the memory 

screening function of the lAP will be eventually superseded by these new 

technologies. If MRI measures are to eventually supersede the TAP, it is first 

necessary to establish the relationship between these measures of functional and 

structural integrity.
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A number of studies have compared the lateralising power of the sodium amytal test 

and MRI volume measurements. Loring et al (1993)^^  ̂examined the relationship of 

the sodium amytal test memory performance and MRI hippocampal volume 

measurements to the laterality of ultimate seizure localisation in 2 0  patients, with no 

structural lesions identified on MRI scan who later underwent temporal lobectomy. 

Memory asymmetries on the sodium amytal test correctly classified 90% of the 

patients. Similarly hippocampal volume asymmetries correctly classified 90% of the 

patients. When the two sources of data were combined using a discriminant function 

analysis, all of the patients were correctly classified as having a left or right temporal 

lobe focus. In addition there were high correlations between memory performances 

under amytal conditions and hippocampal volumes asymmetries, indicating that the 

structural evidence of reduced hippocampal volume has a functional correlate 

reflected by Wada memory performance. These results do not support Trenerry et als' 

notion that MRI data may make the sodium amytal test redundant. Rather the results 

suggest that the combination of functional and structural measures increases the 

localising power of both and thus their value in the preoperative evaluation for 

epilepsy surgery.

Jones Gotman et al (1993)’̂  ̂ found a significant relationship between MRI 

hippocampal volumes and memory performance on the sodium amytal test. In their 

sample of 40 patients with hippocampal atrophy identified by MRI volume measures, 

recognition memory was poorest after the injection into the hemisphere contralateral 

to that of the hippocampus with the greatest volume loss, even in cases where bilateral 

hippocampal damage was suspected. However, the memory performances of patients
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with left hippocampal volume loss were worse than those with right. In this latter 

group of patients, memory performance following the injection into the ipsilateral 

hemisphere was also decreased when volume of the left hippocampus was small. The 

authors conclude that whilst these structural and functional measures o f hippocampal 

integrity are related, the functional impact of hippocampal abnormality varies with 

hemisphere dominance.

In addition to HCvol, HCTi have also been shown to be sensitive to hippocampal 

neuronal loss, and the two measures are highly correlated (Van Paesschen et al, 

1997)412 YQ date, no studies have examined the relationship between HCT2 and 

performance on the lAP.

Summary

The lAP has traditionally fulfilled two roles in the pre-surgical assessment of patients 

with TLE. It is an extremely effective test of language latéralisation. However doubts 

have been raised about its reliability and validity in predicting post-operative amnesia. 

It is hoped that MRI techniques may eventually supersede the lAP in this role. If a 

relationship can be demonstrated between MRI measures of structural integrity and 

performance on the lAP it would be the first step towards achieving a non-invasive 

MRI measure of the functional integrity of the mesial temporal lobe structures.
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S u m m a r y  &  A im s

The temporal lobes have long been implicated in memory functioning. Bilateral 

ablation is associated with profound memory disturbance. Unilateral resections are 

traditionally associated with material specific memory dysfunction. However the 

model of dissociated anatomical substrates for material specific memory processes 

has been called into question on a number of counts. The material used in 

standardised memory tests can never be wholly ‘verbal’ or ‘visual’, and learning, 

recall and recognition abilities dissociate in pre- and postoperative TLE patients. 

Learning and recall may be more dependent on the mesial temporal lobe structures, 

whilst recognition memory may be contingent upon the integrity of the lateral 

temporal lobe structures. Memory deficits in these patients may therefore be task 

specific. The aetiology of the seizure disorder may play a critical role in the nature and 

extent of pre- and postoperative neuropsychological deficits. The advent of 

quantitative MRI techniques and qualitative post-processing procedures present us 

with an unparalleled opportunity to examine the relationship between structural and 

functional measures in vivo, in patients with TLE.
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Aims

The overall aim of th is4 ^ c  is to improve the clinical utility of the 

neuropsychological assessment in a TLE surgery program by improving our 

understanding of the lateralising significance of preoperative neuropsychological 

profiles and by developing a model to predict postoperative change in memory 

function in temporal lobectomy patients. This broad aim is achieved by examining the 

relationships between neuropsychological measures, demographic, epilepsy-related 

and surgical variables and quantitative and qualitative MRI data.

Five studies are presented in the following chapters. The order in which they are 

presented is based loosely on the chronological sequence of the surgical programme 

itself. Study 1 describes the development of a new test of spatial memory designed to 

be sensitive to right temporal lobe dysfunction in presurgical patients. Study 2 

examines the relationship between quantitative MRI hippocampal measures and the 

clinical measures of memory used in the presurgical investigation. Study 3 examines 

the relationship between these structural measures of hippocampal integrity and 

performance on the sodium amytal test. Study four examines the relationship between 

pre and postoperative neuropsychological functioning and quantitative histopathology 

from the resected specimens of temporal lobectomy patients. In an attempt to draw 

these findings together the final study presents a regression based model to predict 

postoperative memory decline.
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These studies are presented in Chapters 9 to 14. Each is presented as far as possible as 

a ‘stand-alone’ study, with specific aims and hypotheses, and has an abstract, 

methods, results and discussion section. The methodologies common to all of the 

studies are described in Chapter 8 . The clinical and theoretical implications of the 

findings from all o f the studies are discussed in Chapter 15.
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M e t h o d s

Introduction

This chapter provides a broad overview of the methods used in the studies presented 

in Chapters nine to fourteen. Many of the methodological details (surgical technique, 

neuropsychological tests, etc.) are common to most of the studies and so are described 

in detail here to facilitate the flow of the text and to avoid unnecessary repetition.

Patients

The patients who participated in each of the studies were selected from a consecutive 

series of 2 1 0  patients who were referred to the epilepsy surgery programme at the 

National Hospital for Neurology and Neurosurgery between 1992 and 1995. All 

underwent a neuropsychological assessment using the pre-surgical protocol (see 

below). Patients who did not have English as a first language or who were known to 

be right hemisphere dominant for language were excluded from participation in all of 

the studies. The inclusion criteria for each study are presented in the individual 

chapters together with the demographic and epilepsy characteristics of the 

participants.
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Neuropsychological Tests

The patients were assessed on a battery of neuropsychological tests two to four 

months prior to surgery, and three months post-operatively. The neuropsychological 

battery was designed to give a comprehensive picture of an individuals general 

intellectual functioning, memory function and expressive and receptive language 

skills. The scores from the pre-surgical assessment were used clinically in the surgical 

decision making process, thus some of the tests in the battery have a higher clinical 

weighting and were included to enable the interpretation of the neuropsychological 

profiles, whilst others were included on the basis of empirical research suggesting a 

strong lateralising or localising property. The following tests were used:

General Intellectual Functionins

Wechsler Adult Intelligence Scales - Revised Version (Wechsler, 198l/^^

Most authorities continue to view the Wechsler Adult Intelligence Scales as 

constituting a core measure in neuropsychological assessment (Crawford, 1992)^ .̂

The question of the lateralising significance of large verbal/performance IQ 

discrepancies has generated a considerable amount of research, but as yet no clear 

consensus has emerged. Lezak (1983)^^  ̂dismisses VIQ/PIQ discrepancies as being of 

no value, however there is some evidence that a large discrepancy in favour of the 

performance IQ may be a reliable indication of left hemisphere dysfunction (Bornstein 

et al, 1988/^ although the converse pattern does not necessarily indicate right 

hemisphere dysfunction since a significant percentage of the general population
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demonstrate this pattern. Thus whilst the overall IQ scores from the WAIS-R may be 

sensitive to lateralised dysfunction it is unlikely to detect impairment that is not more 

easily discernible form other tests. The key role of the WAIS-R in the 

neuropsychological assessment is summed up by McCarthy & Warrington, (1990)^^ .̂

'The WAIS (-R) provides standardised baseline information as to the individuals level 

o f functioning and identifies impairments requiring more detailed analysis. The WAIS 

(-R) is undoubtedly a useful screening test that provides a first approximation to the 

functional strengths and weaknesses in an individuals ’ cognitive skills'

McCarthy & Warrington (1990 p  238)

Crawford (1992)^^ in his review of the psychometric properties of a number of 

abbreviated versions of the WAIS-R, found the version by Warrington et al (1986/^' 

to be the most valid. This version was therefore employed in the present study. A 

verbal IQ is prorated from four sub-tests (Arithmetic, Digit Span, Vocabulary, and 

Similarities). A performance IQ is prorated from the scores from 3 subtests (Block 

Design, Picture Completion and Picture Arrangement).

National Adult Reading Test - Revised version (NART-R) (Nelson, 1992)

The NART-R provides an assessment of the optimal or pre-morbid level of 

functioning of an individual. In normal control subjects it can be used as a quick guide 

to the general level of intellectual function. The test consists of 50 words with 

irregular pronunciations, presented in order of increasing difficulty. The subject is
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required to read each word aloud. The number of pronunciation errors corresponds 

with an estimated optimal IQ measure from the WAIS-R.

Memory Skills

Adult Memory & Information Processing Battery (Coughlan, I985)^‘.

The measures o f memory employed were the Story Recall, List Learning, Figure 

Recall and Design Learning tests from the Adult Memory and Information 

Processing Battery (AMIBP). The Adult Memory and Information Processing Battery 

(AMfPB) memory tests were selected because they have been developed and 

standardised using a British population. The tasks share a similar structure with those 

frequently quoted in the literature. In particular the AMIPB design learning test is 

similar to the design learning task reported by Hemlstaedter et al (1991)’'̂  ̂and the list 

learning task shares many attributes with the Californian Verbal Learning Task and 

the Rey Auditory Verbal Learning Test. This facilitates the comparison o f results 

between international centres without compromising the clinical utility o f the test 

results. There are two forms of each task with age-related normative data. The patients 

were assessed on Form I pre-operatively and Form II 3 months post-operatively. The 

reasons for not randomising the administration o f Forms I and II pre- and 

postoperatively were twofold. Firstly, with the exception o f Study 5, the majority of 

the studies presented within this thesis are concerned with the relationship between 

preoperative neuropsychological function and indices of hippocampal structure. It was 

therefore felt that using two different forms o f the memory tests for these research 

designs might introduce unnecessary between-form-differences to control for in the 

analyses. Secondly the test-retest reliability coefficients for some o f the important
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memory indices presented in the AMIPB manual (page 14) are only based on subjects 

who completed form I first and form II second. This order o f presentation was 

therefore chosen for the surgical program at the National Hospital in order to facilitate 

the interpretation o f the clinical significance the postoperative assessment.

In the story recall task the patient is read a passage and asked to recall as many ideas 

as possible, both immediately after the presentation and 30 minutes later. A  

percentage retained score (delayed recall/immediate recall) is calculated. In the list 

learning task the patient is read a list o f 15 common words and asked to recall as 

many as possible. The list is then read a further 4 times with the patient recalling as 

many as possible after each trial. The total number o f words recalled over five trials is 

recorded (Max. 75), together with the number of intrusions. A second list o f 15 words 

is then presented. The patient is required to recall as many as possible from the second 

list (Max. 15) and then the original list (Max. 15) without a further presentation.

In the complex figure recall task the patient is required to copy a complex figure and 

then reproduce as much o f it as possible immediately afterwards and 30 minutes later. 

As in the story recall task a percentage retained score is calculated. The design 

learning task parallels the format o f the list learning task. The patient is presented with 

an abstract design on a four by four dot grid, and asked to try and memorise it for ten 

seconds. The design is then removed and the patient is required to reproduce it on a 

blank grid. After 5 learning trials, a second design is presented and the patient is asked 

to reproduce as much as possible following a single 10 second exposure. Following 

this period o f distraction the patient is asked to reproduce the original design without 

further exposure. A score for the recall o f Design A over the five trials is recorded
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(Max. 45) together with the number of intrusions (extraneous lines). Scores for the 

recall o f Design B and the delayed recall of Design A (Max. 9) are also recorded.

Lan^a^e Skills

De Renzi Shortened Token Test

We used an abbreviated version o f the original Token Test developed by De Renzi & 

Vignola, (1962)*^ The test taps comprehension of the spoken word and memory for 

increasingly complex auditory verbal material. Impairment on this measure can 

indicate poor receptive language skills and has been associated with left temporal lobe 

dysfunction. Twelve tokens were presented to the patients (squares, triangles and 

circles in four different colours, blue, green, yellow and red). The patient was asked 

to manipulate them in response to fifteen commands o f increasing complexity, 

ranging from 'Put the blue square on the red triangle' to 'Before touching the yellow 

circle pick up the blue square'.

Graded Naming Test (GNT) McKenna & Warrington, (1983)̂ "̂̂ .

The GNT is a picture naming task and was used to assess expressive language skills. 

The test consists o f 30 line drawings presented in ascending order o f  

difficulty/obscurity. The subjects task is to name each of the drawings in turn. The test 

frequently elicits word findings difficulties in patients who complain o f dysphasic 

difficulties in everyday life. A scaled score significantly below that o f the vocabulary 

subtest o f the WAIS-R may be indicative of expressive language difficulties.

Attention/ Concentration/Psvchomotor Speed

167 -



Methods Chapter 8

The task A Information Processing subtest of the AMIPB was also administered. This 

task involves rapid but repetitive mental activity and places relatively little load on 

memory, reasoning or visual perception. The test is a cancellation task in which the 

subject is required to work through a series o f 4 digit numbers and a hyphen, followed 

by a 5 digit number (e.g. 2457-75924) as quickly as possible, cancelling out the new 

digit in the second number (e.g. 2457-75924). The total number of items correctly 

cancelled in 4 minutes is recorded together with the number (percentage) o f errors. 

The motor activity required is fairly simple, but none the less many neurological 

patients have substantial motor problems so a motor speed test (rapid cancellation 

without search requirements) also accompanies the task in order that the motor speed 

and mental activity components can be separately assessed.

Intracarotid Amobarbital Procedure

Approximately 60% of the prospective temporal lobe epilepsy surgery candidates at 

the National Hospital for Neurology & Neurosurgery undergo an lAP prior to surgery. 

In our protocol bilateral internal carotid artery catheterisation is achieved using a 

transfemoral approach and cerebral angiography using lateral and occipitofrontal 

projections, is performed prior to the injection of sodium amytal. The angiograms are 

analysed to determine whether there is filling of the arteries to the contralateral 

temporal lobe and the ipsilateral posterior cerebral artery, which supplies much o f the 

posterior part o f the hippocampus. Left and right sodium amytal injections are 

separated by at least 30 minutes. Prior to each injection the patient is shown two 

coloured drawings o f common objects and asked to name them. A bolus o f 75mg of
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sodium amytal is injected by hand into the carotid artery ipsilateral to the side of 

proposed surgery. The neuroradiologist varies the speed of injection according to the 

pattern o f filling observed in the angiography, to minimise the possibility of 

crossflow into the contralateral anterior cerebral artery. Additional doses o f 25 mg are 

administered until a dense contralateral hemiplegia is produced. The patients’ 

attention/responsivity is then assessed, primarily through the evaluation o f eye gaze, 

(i.e. the ability to focus on and track the movement of an object placed in the 

appropriate visual field) and through tests of simple comprehension. The patient is 

asked to respond to simple requests, such as 'open/close your eyes' and to give their 

name. As soon as they are sufficiently responsive, four common objects are presented 

and the patient is asked to name each one. If the patient is aphasie, the psychologist 

ensures that they have seen the object through an assessment o f eye gaze. The patient 

is then asked to name 4 items from their verbal descriptions. Examples o f these 

questions include, 'What animal has a long grey trunk?'. Again if  the patient is aphasie 

and unable to produce the answers, the psychologist tries to ensure that they have 

registered the question. A neurologist then tests the strength of the hemiparesis. Four 

of the original items ( 2  verbal items and 2  objects) together with four foils are 

presented sequentially and the patient is asked to name each one and indicate whether 

it has been presented previously. The patient is then shown 8  line drawings, asked to 

name the object depicted in each one and asked to identify the two that were presented 

prior to the injection. The strength of the hemiparesis is then tested again. If sodium 

amytal effects are still evident, the patient is asked to complete a number o f tasks, 

including tests o f simple perception, face recognition, and recital o f well learned 

sentences including the alphabet and the months o f the year. Once the sodium amytal 

effects have completely worn off, demonstrated by a return of normal strength.
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recognition memory is tested for a second time. The patient is presented with two 

original objects and two original verbal items interspersed with four foils and asked to 

identify each as old or new items. The catheter is then redirected into the internal 

carotid artery contralateral to the seizure focus and the procedure is then repeated with 

novel stimuli. There is an interval o f 30-45 minutes between the two sodium amytal 

injections, allowing full recovery from the first (see Figure 8.1).

Language Laterality

Language dominance is assessed by the clinical evaluation o f the patients 

performance on three linguistic tasks following perfusion o f each hemisphere: 

counting, ability to comprehend and respond to simple commands and naming ability. 

Pass/Fail criteria

It is felt that failure to recognise more than half of the items presented indicates a 

significant memory deficit and therefore presents an increased risk for postsurgical 

amnesia. This cut off point is to some extent arbitrary. None o f our patients who have 

passed the lAP, using these criteria have become amnesic following surgery. It is 

possible however that this criterion might be too stringent. Our test ’failures' have not 

proceeded to surgery and so we do not know if a unilateral temporal lobectomy would 

result in an amnesic state in these cases. We also have some patients who achieve a 

'borderline' pass. These patients are not felt to be at significant risk o f amnesia 

following surgery but their memory errors suggest that they may experience a 

significant decline in memory functioning following surgery. Clinical judgement is 

employed to ensure as far as possible, that errors are due to memory failure rather than 

the confounding factors discussed in Chapter 6 .
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Figure 8.1 Diagrammatic representation o f the intracarotid amobarbital test protocol 
used at the National Hospital for Neurology & Neurosurgery.

Approximate 
Time (minutes)

Angiography 
2 line drawings presented 
Injection of 75mg of sodium amytal

Assessment of hemiplegia (1)

If complete If partial

4/

Assessment of responsivity,
eye gaze, comprehension of simple
commands

Patient shown 4 objects

Patient asked to name 4 items from 
their verbal descriptions

Assessment of hemiparesis (2)

Patient asked to name 4 objects and 
asked whether each has been shown 
before

Patient asked to name 4 items from 
their verbal descriptions and asked 
whether each has been presented 
before

Patient asked to name 8 line 
drawings and identify the two shown 
prior to the injection

Assessment of hemiparesis (3)

If resolved If residual
4/

Patient asked to name 4 objects and 
asked whether each has been shown 
before

Patient asked to name 4 items from 
their verbal descriptions and asked 
whether each has been presented 
before

+ increments of 25mg

2 original items plus 2 foils presented 
serially and in a random order

2 original descriptions plus 2 foils 
presented serially and in a random 
order

Simple sentence repetition
Perceptual tasks
Simple face recognition tasks

2 original items plus 2 foils presented 
serially and in a random order

2 original descriptions plus 2 foils 
presented serially and in a random 
order
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Scoring

The anterograde memory scores are computed by adding the total number of visual 

(n=4) and verbal items (n=4) correctly classified as old or new during the first 

memory test, carried out before the effects of the sodium amytal have completely 

worn off (Max. = 8 ), to the number of visual (n=4) and verbal items (n=4) correctly 

classified as old or new, from the second memory test completed once the hemiplegic 

effects of the sodium amytal have resolved (Max. = 8 ) giving a total maximum of 16 

items ( 8  items correctly recognised + 8  items correctly rejected). The verbal memory 

items and visual memory items were therefore combined to give an overall memory 

score for each hemisphere. A previous study revealed no significant seizure laterality 

effects in the number of verbal and visual items recalled following perfusion of both 

the language dominant and non language dominant hemispheres (see Appendix 3).

The right hemisphere lAP score refers to the score obtained following amytal 

perfusion of the left hemisphere. The left hemisphere lAP score refers to the score 

obtained following amytal perfusion of the right hemisphere. The ipsilateral TAP score 

refers to the score following perfusion of the hemisphere contralateral to the seizure 

focus. The contralateral lAP score refers to the score following perfusion of the 

hemisphere ipsilateral to the seizure focus.

-172-



Methods Chapter 8

MRI Methodology.

Quantitative MR imaging.

All imaging to enable HCT2 mapping and HCV measurements described in this

present work was performed on a 1.5 T Siemens SP63 Magnetom Scanner, as

described by Van Paesschen et al, 1995; Jackson et al, 1990; 1993 and Grünewald et 

al, 1994411,183,184.135

Hippocampal T2 (HCT2) mapping.

An 8 mm thick HCT2 map was obtained using a 16 echo sequence. The HCT2 map 

was oriented in a tilted coronal plane along the anterior border of the brainstem 

perpendicular to and at the level of the body of the hippocampus. HCT2 was 

measured by placing the largest possible circle as a region of interest within the 

hippocampus while avoiding boundaries where partial volume effects with CSF might 

occur. Mean control HCT2 was 102.4 ± 2.8 msec. The upper limit of the reference 

range for the control group was taken as 108 msec i.e. 2 SD above mean control 

HCT2.

Hippocampal volumetry.

Images for hippocampal volumetric studies were obtained using a IR T1-weighted 3-D 

Magnetisation Prepared Rapid Gradient Echo (MPRAGE) sequence 10/4/200/1 

(TR/TE/TI/NEX), flip angle 12 degrees, matrix size 256x256, and 128 sagittal 

partitions in the third dimension with partition thickness of 1.25 mm. The MPRAGE 

dataset was reformatted into 1 mm thick contiguous slices in a tilted coronal plane that
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was perpendicular to the long axis of the hippocampus. The reformatted images were 

transferred to a SUN workstation and analysed using Xdispim (Plummer, 1992)^^\ 

Hippocampal boundaries were as described by Watson et al (1992/^^. The first slice 

was defined as the one in which the fornix was seen in its full profile. A one-in-three 

sampling strategy was used, whieh was random and systematic, i.e. from the first three 

slices, one was chosen randomly and from that slice, every third slice was measured 

systematically. The hippocampal volume (HCvol) was calculated by summing the 

hippocampal cross-sectional areas and multiplying this figure by the distance between 

two slices, i.e. 3 mm (Cavalieri’s principle, Gundersen & Jensen 1987)'^^. Mean 

control HCvol corrected for intracranial volume was 5180 ± 416 mm^. The lower 

limit of the corrected control HCvol reference range was defined by 2 SD below the 

mean control value and was 4348 mm^. Mean (±SD) hippocampal volume ratio 

(HCVR) was 0.96 ± 0.03. The smallest HCVR of the controls was 0.92. A cut-off 

value of 0.87 was used which is 3 SD below mean control HCVR.

Surgical Technique

Surgical strategies in patients with an epileptogenic region in the temporal lobe range 

from anatomically standardised operations involving the removal of 4-4.5cm in the 

dominant hemisphere and 5-5.5cm in the non dominant hemisphere (Olivier, 1996)^® ,̂ 

to amygdalo-hippocampectomy (Yasargil et al, 1985)^^^ and radical hippocampectomy 

(Spencer et al, 1984,1985)^^°'^^* to resections tailored to the extent of the 

epileptogenic zone in the individual patients determined by interictal epileptic 

discharges from the intra-operative electrocorticogram (ECoG) (Penfield & Jasper, 

1954)^'^ or ictal recordings through chronic subdural or epidural electrodes (Liiders et
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al, 1987)^^^. This diversity stems from variability between patients in the extent of the 

epileptogenic region and its proximity to eloquent regions and areas essential for 

motor and other language functions. When epileptogenic zones and eloquent areas are 

considered to have little variation between cases (such as cases with hippocampal 

sclerosis in the non language dominant hemisphere) a resection can be standardised 

and defined entirely by anatomy. However when the boundaries of the epileptogenic 

region are unclear, and possibly involve an eloquent area, the resection is usually 

tailored to these physiologic findings. Information obtained extra-operatively prior to 

the surgery such as MRI findings and assessment of language dominance via the 

sodium amytal test and intra-operatively, for example the ECoG data, usually combine 

to determine the type and extent of the resection in these cases. The majority of the 

patients who participated in the studies presented here underwent a standardised 

temporal lobe resection.

In the standard temporal lobectomy at the National Hospital for Neurology & 

Neurosurgery the patient is anaesthetised, intubated, ventilated and positioned supine 

in the table with his/her head turned to the left for a right temporal lobectomy (vice 

versa for a left temporal lobectomy). A scalp flap is cut and the temporal muscle is 

raised and turned down in two separate portions exposing the cranium. A free bone 

flap is removed and a craniotomy is taken down to the medial cranial fossa. The dura 

is then exposed and opened and the cortical surface is inspected. Corticography is then 

carried out. The findings of the ECoG determine the extent of the resection (See 

Figure 8.2). Typically a standard temporal lobe dissection is performed with a 

posterior margin of approximately 5cm for a right temporal lobe resection and 4cm for 

a left temporal lobe resection. The temporal horn is identified and the lateral 

neocortex is removed exposing the hippocampus.
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Figure 8.2: Intraoperative view o f  the ECoG procedure prior to the surgical resection

\

A hippocampal specimen is usually taken with 2cm o f the body as well as the pes and 

sent to histology (see below). The dissection may then be extended more posteriorally 

medially to ensure an adequate resection o f the hippocampus and mesial structures (see 

Figure 8.3). The dura is then closed in a water tight feshion, the bone flap is replaced 

and secured with plates. The scalp is then closed in layers with a drain.
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Figure 8,3: Post resection view o f the cortical surface following an en-bloc temporal
lobectomy.

Quantitative Histology

The hippocampus was removed en-bloc during surgery and was fixed immediately in 

formalin where it remained for 1 week. After fixation both the temporal lobe and 

hippocan^us were cut in approximately 3 to 5 mm thick slices. A section o f the body 

o f the hippocampus with the characteristic C-shaped appearance o f the cell layers was 

used for the quantitative neuropathology. For neuronal densities (ND), 20 pm sections 

were stained with LFB/CV. Sections for glial cell densities (GD) were 7 pm thick 

and stained with antibodies to GFAP and counter-stained with solochrome cyanin 

(SC). A direct 3-D counting method was used after Williams and Rack (1988)"̂ *̂ and
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West and Gundersen (1990/^^. A Zeiss research microscope was fitted with a Zeiss 

drawing tube and a digital length gauge (Heidenhain MT12) with a sensitivity o f 0.5 

pm was employed. An oil immersion objective with a numerical aperture of 1.3 and 

depth of field of 0.22 pm was used (Williams and Rack, 1988/^^ . For measurement 

of ND in the CAl to CA4 regions a counting box of 90x90x10 pm, and for ND of the 

granular cell layer of the dentate gyrus a counting box of 20x20 xlO pm was used.

For GD a counting box of 50x50x5 pm was used for all hippocampal subfields. The 

counting rules recommended by William’s and Rack (1988/^^ and West &

Gunderson (1990/^^ were employed. A neuron was defined as a large cell, pyramidal

shaped in the CAl to CA3 and multipolar or triangular-shaped in the hilus, with Nissl 

substance in the cytoplasm and a vesicular nucleus containing a prominent nucleolus. 

The granular cells of the dentate gyrus were round and small. An astrocyte was 

defined as a cell with a nucleus and GFAP-positive cytoplasm and processes. For the 

definition of the neuron containing layers of the hippocampus, descriptions of Lorente 

de No (1934)^^^, Duvernoy (1988)'^^ and Amaral & Insausti (1990)^ were used. ND 

and GD were determined for the pyramidal cell layer of CA l, CA2, CA3, CA4 and 

the dentate gyrus. Fifty counting boxes were used to count one hippocampal subfield. 

The density measures for each subfield were expressed as median/mm^. Sampling and 

counting was carried out in a random, systematic and unbiased way.
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Classification o f  Seizure Outcome

A comprehensive system for the assessment o f seizure outcome after surgery for 

epilepsy requires a classification of outcome status that is clinically meaningful, 

reproducible, mutually exclusive and time dependent (Annegers 1992)\ A number of 

classification systems have been developed to try to categorise surgical success 

ranging from qualitative rating scales (Penfield & Steelman, 1947; Currie et al, 

1971)313.74 scales based on a percentage improvement score in seizure frequency 

(Jensen, 1976; Cahan et al, 1984; Dodrill et al, 1986)̂ ^̂ '̂ '̂̂  ̂ Ideally an outcome 

classification system should accommodate both objective changes in seizure 

frequency and more subjective measures of improvement. For example a patient may 

go from having ten complex partial seizures a month preoperatively to two 

generalised convulsions a month postoperatively. Although the seizure frequency has 

decreased the subjective experience of seizures might be more distressing 

postoperatively and thus this would not be considered to be a worthwhile 

improvement. Engel (1987)*®  ̂proposed a comprehensive system of outcome 

classification in which sub-categories of seizure free, rare seizures, worthwhile 

improvement and not worthwhile improvement are presented, together with duration 

specific proportional outcomes (see Table 8.1). This classification system is 

recommended by the International League Against Epilepsy and was therefore 

adopted for these studies. Whilst the scale provides some clinically meaningful data 

and facilitates the comparison of operative outcome from different centres, it cannot 

not be viewed as a ordinal scale for describing seizure control. The scale does not take 

into account qualitative changes in seizures (e.g. length, severity, loss/gain o f auras), 

or postoperative changes in the type o f seizure experienced. Neither is the scale
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wholly objective since the neurologist is ultimately left to make the judgement as to 

what is ‘significant’ or ‘worthwhile’. For this reason the scale is most frequently used 

in the literature as a dichotomous scale, setting out the criteria for being seizure free 

(usually Class lA in the UK and Classes lA & IB in the USA) or not (all other 

categories). In this thesis only patients in Class lA were classified as seizure free.

Table 8.1. Seizure outcome classification (Engel 1987f

Class
I

Seizure
Free

■ Cfess Rare Seizures Class
III

Worthwhile
Improvement ÎV

Nq^orthwhil^ 
iiriprbvement ^

A Seizure 
free since 
surgery

Relapse after a 
seizure free 
period

A Worthwhile
seizure
reduction

A Significant
seizure
reduction

B Auras only
since
surgery

B Rare seizures 
since surgery

B Seizure free 
interval of less 
than 2 years

B No appreciable 
change

C Some post
operative 
seizures but 
none for 2 
years

C Rare seizures 
for more than 
two years

C Seizures worse

D Atypical 
seizures 
with AED 
withdrawal 
only

D Nocturnal 
seizures only

Statistical Analyses

All statistical analyses were conducted using SPSS® (SPSS Inc, Chicago, Illinois, 

USA). The rationale behind the choice of analyses are presented in the individual 

studies.

Ethical Approval

All o f the studies presented in the following chapters were approved by the Ethics 

Committee of the National Hospital for Neurology and Neurosurgery.
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METHOD

Subjects

The subjects were 69 patients with lateralised temporal lobe epilepsy who were 

undergoing surgical evaluation at the National Hospital for Neurology & 

Neurosurgery, London. Patients with structural lesions (other than mesial temporal 

sclerosis) evident on MRI were excluded. All patients had undergone a period of 

video-EEG telemetry. The seizure semiology, ictal and interictal EEG, clinical history 

and MRI investigations provided the latéralisation of the seizure focus. Oneway 

analyses o f variance did not reveal any significant differences between the RTLE and 

LTLE groups in their age (F=1.2, p>0.05), age of onset of habitual epilepsy (F=2.8, 

p>0.05), years o f epilepsy (F=0.51,p>0.05) or general level of intellectual fimction 

(Verbal IQ:F=0.20, P>0.05; Performance IQ: F=1.9, P>0.05). See Table 9.1.

Thirty six normal controls also participated in the study. These subjects (14 men and 

22 women) were right handed and had no history of neurological illness or trauma to 

the nervous system. All were bom and educated in the UK. The subjects were all 

volunteers and the majority were recmited via a poster campaign in the hospital. The 

control group included hospital employees and the friends and relatives o f patients 

attending the outpatients department. They did not significantly differ from the patient 

groups in age (mean=30.8 years, s.d. 8.5, F=0.51, p>0.05). The level o f intellectual 

function o f the control group was assessed with the National Adult Reading Test - 

Revised. There were no significant differences between the NART-IQ of the control
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group (mean=100,2, s.d =12.8) and the full Scale WAIS-R IQs recorded in the RTLE 

and LTLE patient groups (F=2.4, p>0 05).

Table 9.1: Demographic and Epilepsy Characteristics o f the RTLE and LTLE groups.

Demographic & Epilepsy 

Characteristics

Right Temporal Lobe
: :r , . :
! Epilepsy Group (n=27)

Left Temporal Lobe 

Epilepsy Group (n=42)

Age; years 

(standard deviation)

29.7(6.9) 29.1 (7.6)

Gender 16 Males, 11 Females 17 Males, 25 Females

Handedness 24 right, 3 left 35 right,7 left

Age at Onset of Epilepsy(years) 9 8 (6 8) 12.1 (8.9)

Years of Epilepsy 17.7(7.6) 16.6(7.7)

Full Scale IQ 

(standard deviation)

93.7(13.7) 98.0(12.2)

Ba.seline Neuropsychological Assessment

The Wechsler Adult Intelligence Scale - Revised and the story recall, list learning, 

complex figure recall and design learning tasks from the Adult Memory & Information 

Processing Battery were administered. The information processing subtest of the 

AMIPB (a test of cognitive and motor speed) was also administered.
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Aspects o f  Spatial Memory Test

Rationale & Structure

The basic structure o f the task is modelled on the test described by Pigott & Milner 

(1993)^^°. After studying a novel scene the subject is presented with a series o f similar 

or identical scenes and asked to identify any changes they detect. Four out o f five of  

the scenes in the series had been altered in one o f four ways from the original, the 

remainder were identical. The alterations included figurative detail changes, changes 

in the orientation or spatial location of an item and variations in the filled and unfilled 

spaces in the scene. See Figure 9.1 for examples of these changes. The deletion 

condition used in the original Pigott & Milner study was replaced in our test with an 

orientation condition. Pigott and Milner did not find any significant group differences 

in their deletion condition. Inventory information can be easily verbalised, and we 

wanted to make the test as ‘visual’ as possible. We also felt that a deletion condition 

would confound the filled/unfilled space characteristics of a composition. Although 

details about the orientation o f an object can be verbalised, the primary impact o f a 

change in orientation remains visual.

All o f the scenes were generated using the Lotus Freelance Graphics® software 

package (version 1.0).
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Administration

The subjects were presented with a colour scene depicting nine food items on a dining 

table and asked a series o f ten questions. See Figure 9.2. In order to give the correct 

answer the patient needed to process key characteristics o f the scene that later changed 

in one o f the four ways described previously. The procedure was then repeated with a 

'desk' scene and a 'zoo' scene. See Figures 9.3 and 9.4. The subject viewed each scene 

for at least 1 minute, or as long as it took to correctly answer the questions, which 

ever was the longer time.

The information processing task from the AMIPB was then administered. This test 

takes approximately 5 minutes to complete and is a test of psychomotor speed and 

sustained attention.

The subjects were then presented with a series of 60 depiction’s o f the original scenes 

(20 o f each scene), alternating between the table, the desk and the zoo and asked to 

indicate whether the scene was the same or different from the original. They were 

instructed to respond as quickly as they could, but warned that their first answer was 

the final answer, so they should be sure before they responded, stressing the need for 

accuracy. The time taken to respond was recorded. If the subject indicated that the 

scene was different they were asked to say how it differed from the original. The 

explanation was not timed. Each item was only scored as correct if  the actual change 

was identified, (see Figure 9.5 for verbatim instructions for the administration o f the 

AoSMT).

■186



Study 1 Chapter 9

A  T e s t  o f  S p a t ia l  M e m o r y  a n d  it s  C l in ic a l  U t il it y  in  t h e  P r e s u r g ic a l  

In v e s t ig a t io n  o f  T e m p o r a l  L o b e  E p il e p s y  P a t ie n t s

ABSTRACT

Deficits in memory for figurative detail, spatial composition and the spatial location of 

objects in a scene have been reported postoperatively in right temporal lobectomy 

patients. The aim of this study was to examine whether these deficits can be used as a 

sign of lateralised dysfunction in presurgical temporal lobe epilepsy (TLE) patients. 

Sixty nine patients with lateralised TLE (27 right, 42 left) were assessed on a battery 

of neuropsychological tests including tests of general intellectual functioning and 

psychomotor speed and standardised memory tests involving the learning and recall of 

verbal and non-verbal material. A new task, the ‘Aspects o f Spatial Memory Tesf 

(AoSMT), based on the experimental tasks developed by Pigott & Milner (1993)^^  ̂

was also administered. The RTLE and LTLE groups did not differ in their overall 

level of intellectual function or on measures of psychomotor speed. On the AoSMT 

the LTLE group recognised significantly more figurative detail changes than the 

RTLE group. In addition, the RTLE group took significantly longer than the LTLE 

group to identify changes in orientation, figurative detail and the filled/unfilled spaces 

in a scene. Poor scores on the AoSMT were significantly correlated with quantitative 

MRI measures of right hippocampal structure. The clinical and theoretical 

implications of these findings are discussed.
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INTRODUCTION

Some of the criticisms frequently levelled against tests of non verbal memory are that 

the stimuli chosen can often be easily verbalised, or are so abstract that they bear little 

relation to everyday life and thus have low ecological validity. One way to overcome 

some of these difficulties is to examine memory for different aspects o f a spatial 

composition rather than memory for different types o f non-verbal stimuli.

Pigott & Milner (1993)^^  ̂utilised Mandler & Johnson’s taxonomŷ "̂  ̂(see Chapter 3) 

to examine recognition memory in patients who had undergone a unilateral temporal 

lobectomy for the relief of medically intractable epilepsy. They found that patients 

who had undergone a right temporal lobectomy recognised significantly fewer 

changes in figurative detail (the visual characteristics of objects in a scene) than the 

LTL group. Patients with extensive right hippocampal lesions were also impaired at 

detecting changes in the spatial location of objects in a scene compared to the LTL 

group. Although there were no significant differences between the RTL and LTL 

groups in the number of changes in the spatial composition o f a scene (filled and 

unfilled spaces) each identified, the RTL group identified significantly fewer than 

normal controls.

The aim of this study was to examine whether these memory deficits for different 

aspects of a complex scene could be used as a sign of lateralised dysfunction in 

presurgical temporal lobe epilepsy patients.
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Figure 9.1. Examples o f changes in the spatial composition o f the scenes in the
Aspects o f Spatial Memory Test

A. Orientation Change B. Figurative Detail change

KÜitg æSBS Sgi

C. Spatial Location Change D. Filled/Unfilled Space Change

__«Kg
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Figure 9,2. Aspects o f Spatial Memory Test: Food Scene

1. What is in the centre o f the table?

2. How many eggs are in the basket on the left?

3. What kind o f fish do you think it is?

4. Is the apple a ‘golden delicious’ one?

5. Where is the glass?

6. Is the cheese complete?

7. Are the meat and the bread near each other?

8. Can the fish see the fork?

9. Which item is above the meat?

10. Are the cheese, eggs and milk all in a row?
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Figure 9.3, Aspects o f Spatial Memory Test: Desk Scene

%

1. How many buttons are on the computer monitor?

2. What is on top o f the pad o f paper?

3. How many pages has the file got?

4. What item is above the telephone and below the clock?

5. What item is to the right o f the diary?

6. Where is the key pointing?

7. Would the telephone cord stretch over to the computer?

8. Could the key fit in the diary?

9. What item is the clock hand pointing to?

10. Is the envelope nearest the sunglasses or the notepad?
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Figure 9.4: Aspects o f Spatial Memory Test: Zoo Scene

1. Do you think that it is a poisonous snake?

2. Are the two koalas the same age?

3. Is the tortoise carrying anything on its back?

4. Do you think that the owl is a male or a female?

5. Are the kangaroos and the hare running in the same direction?

6. Can the lion see the hare?

7. Can the snake see the owl?

8. Which animals are furthest away from the kangaroos?

9. Can the tortoise see the lion?

10. How many animals are there?
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Figure 9.5. Administration o f the AoSMT.

ASPECTS OF SPATIAL MEMORY TEST:

Administration

I'm going to show you some pictures and I want you to look very carefully at each one and 
answer some questions.

Present the 'Food' stimuli. Note the time

Ask the 10 questions. If a subject gets one wrong, ask them again. If they get it wrong again, 
give the right answer*. At the end of the 10 questions ensure that the subject has looked at 
the picture for at least 1 minute. If there is time remaining, ask them to continue to study at 
the picture for the remaining time.

Repeat with the 'Desk' and 'Zoo' stimuli.

Administer the AMIPB information processing subtest.

'Now I'm going to show you some more pictures. Some will be the same as the ones you saw 
earlier and some will be slightly different but the differences might be quite small. I want you 
to have a good look at each one and tell me if its the same or different to the ones you saw 
earlier. Remember, some will be the same and some will be different. I want you to answer as 
quickly as you can BUT I can only take your first answer so I want you be sure before you 
say anything. So be quick, but you must be accurate. Do you understand?

Check the subject understands the instructions.

Present picture 1.

Now is this the same or different to the one you saw earlier?

Record the time it takes for the subject to answer and the response. If the subject indicates 
that the picture is different ask them how it differs. Ensure that they identify the right change.

Go on to the next item.

Now is this the same or different to the one you saw earlier?

Repeat the instructions for each item as necessary. Sometimes the subject will tell you about 
the difference before they say 'same' or 'different'. Remind them that they only need to say 
'same' or 'different' until asked for further information, and continue with the test.

* It is very unusual for a subject not to be able to answer the initial questions. The results of 
the memory test are probably not valid if the subject is unable to complete this part of the test 
and it is probably best to discontinue the task.
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Scoring

The test yields 6 scores: 1. The overall number of scenes correctly classified as the 

same or different from the original (Max. 60). 2. The number of identical scenes 

correctly recognised (Max. 12). 3. The number of figurative detail changes correctly 

identified (Max. 12). 4. The number of ‘filled space’ changes correctly identified 

(Max. 12). 5. The number o f ‘location’ changes correctly identified (Max. 12). 6. The 

number of ‘orientation’ changes correctly identified (Max. 12). The total time taken to 

complete the test and the cumulative total taken to classify each o f the five categories 

of scene were also calculated, (Identical, Figurative Detail Changes, Filled/Unfilled 

Space Changes, Spatial Location Changes, Orientation Changes). See Appendix 4 for 

an example o f the AoSMT score sheet.

Quantitative Measures o f Hippocampal Pathology

Bilateral MRI hippocampal volume measurements, corrected for intracranial volume 

were available for 38 of the patients. Hippocampal T2 relaxation times were available 

for 59 of the patients. Small hippocampal volumes and high HCT2 relaxation times 

have been associated with extensive neuronal loss and gliosis on histopathological 

examination of resected specimens. The procedures used to derive the measures used 

in this study are described in detail in Chapter 8.

Statistical Analyses

Multivariate analysis of variance evaluates differences among centroids (average on 

the combined dependent variables, DVs) when there are two or more levels of an
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independent variable, IV (groups). MANOVA has a number o f advantages over 

ANOVA. By measuring several DVs instead o f only one, the likelihood of 

discovering the important variables is improved. A second advantage o f MANOVA 

over a series of ANOVAs when there are several DVs is protection against inflated 

Type I error due to multiple tests of correlated DVs (Tabachnick & Fidell, 1996)^^\ 

Differences between the RTLE, LTLE and normal control group on the Aspects of 

Spatial Memory Test scores were therefore examined using multivariate analyses o f 

variance. Once reliable differences were found, univariate F tests with Bonferroni 

adjustment were used to test the importance of the individual DVs.

Pearsons correlations were used to examine the relationship between the AoSMT 

scores and the quantitative measures of hippocampal pathology.

Norms from the AMIPB manual are quoted in the Table 9.2 to simply facilitate 

appreciation of the clinical significance o f the raw scores achieved by the RTLE and 

LTLE groups on the memory tests for readers who may not be familiar with the tests. 

Two sets o f norms are presented: 1) Form I, age range 18-30, and 2) Form I, age range 

31-45. These ranges were chosen as the most representative as 94% o f the sample in 

this study were between the ages of 18 and 45.
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RESULTS

Group Differences

There were no significant differences between any of the groups (RTLE, LTLE, 

Normal controls) in their scores on the information processing task from the AMIPB 

(F= 1.39, p>0.05). The multivariate analyses of variance revealed a significant effect 

o f laterality of seizure focus (RTLE vs. LTLE) on the AMIPB memory test scores 

(F=2.1, p=0.04). Univariate F tests revealed that the RTLE group obtained 

significantly lower scores than the LTLE group on the design learning task and on the 

complex figure recall task See Table 9.2. Although there were no significant 

differences between the RTLE and LTLE groups on the story recall and list learning 

tasks, the mean scores o f both groups below the 25th percentile o f published norms 

(Form I, age ranges 18-30 and 31-45).

Table 9.2: Baseline Neuropsychological Test Scores fo r  the RTLE and LTLE Groups

Test RTLE Group 
mean (s.d.)

LTLE 
Group 
mean (s.d.)

Normals* 
mean (s.d.)

List Learning 45.3 (8.4) 45.3(10.4) a  57.3 (7.6) P 52.9(7.8)

List Recall 9.2 (2.8) 8.8 (3.2) a  12.5 (2.3) P 11.7(2.5)

Story: immediate recall 24.7(10.7) 23.5(10.1) a  39.2(10.5) P 33.0(10.1)

Story: delayed recall 21.5(12.1) 20.5(10.7) a  37.5 (10.6) P 30.9(10.5)

Story % retained 82.4(19.3) 84.0 (24.3) a  95.7 (10.9) P 92.8(10.4)

Design Leamingt 29.6 (9.6) 35.6 (6.9) a 36.8 (6.7) P 32.0(7.7)

Design Recall 6.5 (2.7) 7.2 (2.2) a  7.9 (1.9) P 6.7(2.6)

Figure: immediate recallt 69.2 (21.3) 80.6(11.3) a  89.6 (15.4) P 78.6(19.4)

Figure: delayed recallt 65.9 (20.8) 79.1 (11.7) a  87.2 (17.5) P 76.0(19.3)

Figure: % retained^ 92.7(14.8) 98.1 (6.4) a  97.0 (9.9) P 98.0(15.3)

* From the AMIPB test manual,

t P<0.01 t  P<0.05

a Form I, age 18-30 (page 57) 
P Form I, age 31-45 (page 58)
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The MANOVA analyses revealed a significant group effect on the scores from the 

AoSMT (F=3.6, p<0.001). Post hoc multiple range tests revealed that overall the 

RTLE patients correctly classified significantly fewer items than the LTLE group 

(f=4.1, p=0.01). Taking each class of change individually there were no significant 

group differences in the number of identical items accurately identified, or the number 

of filled/unfilled space or spatial location changes correctly identified by each group. 

However the RTLE group identified significantly fewer figurative detail changes than 

both the LTLE group and the control group (F=5.7, p=0.004). There were no 

significant differences between the two patient groups in the number o f orientation 

changes each identified. However the LTLE group identified significantly more 

orientation changes than the normal controls (F=3.7,p=0.02). See Figure 9.6.

Overall the RTLE group took significantly longer than the LTLE group and the 

control group to complete the test (F=12.7, p<0.001). There were no significant 

differences between the RTLE and LTLE groups in the time taken to classify the 

identical items or the changes in spatial location. However the RTL group took 

significantly longer than the normal control group to identify both types o f change 

(identical items; F=6.7,p=0.001, spatial location; F=6.1 ,p=003). The RTLE group 

took significantly longer than both the LTLE group and the normal controls to identify 

figurative detail changes (F=23.8, p<0.001) changes in orientation (F=6.9, p=0.002) 

and changes in the filled/unfilled space of a composition (F=8.75, p<0.001). See 

Figure 9.7. (Full details of the all the statistical analyses are presented in Appendix 4).
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Figure 9.6 Total number o f changes identified in each category for the 
RTLE & LTLE groups (max. =12)

Normals

RTLE Group 

Mean (s.d)

LTLE group 

Mean (s.d)

Normal controls 

g M ean (s.d)

Total Score 46.5 (6.5) 50.1 (4.9) 48.8 (3.8)

Orientation 6.7 (2.2) 7.2 (2.2) 5.8 (2.0)

Figurative detail 8.8 (1.9) 10 .0(1 .6) 10 .3 (1 .6 )

Same/no change 9.3 (2.4) 10 .2(1 .8) 10.2 (2.0)

Filled/unfilled space 10 .9(1 .3) 11 .3(1 .0) 11.4 (0.8)

Spatial location 10.5(1 .8) 11 .2(1 .2) 11.0 (0.8)
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Figure 9.7 Total time taken to classify the 12pictures in each category 
for the RTLE & LTLE groups.

I 
i
(0

Normals

RTl£

Time (seconds) RTLE Group 

Mean (s.d)

LTLEgrcMip 

Mean (s.d)

Normal controls % 

Mean (s.d) "

Total Time 323 .7 (111 .4 ) 267 .1 (63 .1 ) 228.3 (46.8)

Orientation Time 73.6 (33.4) 57 .9 (18 .9 ) 52.9 (14.9)

Figurative detail Time 56 .7 (12 .5 ) 45 .8 (1 0 .4 ) 39.3 (6.5)

Same/no change Time 95.1 (54.9) 79.5 (27.1) 63.1 (17.8)

Filled/unfilled space Time 50.6 (22.0) 40 .9 (1 3 .3 ) 34.7 (8.6)

Spatial location Time 47.5 (10.8) 42 .7 (10 .2 ) 38.1 (10.7)
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Sensitivity and Specificity o f  the AoSMT

In clinical practice every test has a set of characteristics that reflect the information 

expected in patients with and without the ‘disease’. These test characteristics lead to 

two fundamental questions: 1) If the disease is present, what is the likelihood that the 

test result will be positive? 2) If the disease is not present, what is the likelihood that 

the result will be normal? The answer to the first question determines the sensitivity 

of the test, and that of the latter addresses its specificity (Griner et al, 1981)' "̂*. These 

characteristics are displayed in Figure 9.8.

Figure 9.8 Receiver Operating Characteristics o f  a Clinical Test fo r  Lateralised 
Temporal Lobe Dysfunction.

RTLE focus 
present

RTLE focus not 
present

Score below cut
off

A B

Score within 
normal range

C D

Sensitivity 

Specificity 

False negative rate 

False positive rate

True positive results (A)
Total patients with RTLE (A+C)

True negative results m
Total patients without RTLE (B+D)

False negative results I Q
Total patients with RTLE (A+C) 

False positive results______ IB)
Total patients without RTLE (B+D)

The process o f confirming the laterality o f a seizure focus requires a test whose 

specificity is high. When a test is used either for the purpose of screening or to 

exclude a diagnostic possibility, it must be sensitive. The ideal test is one in which
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there is no overlap in the range of patients with and without the ‘disease’ in question. 

However such a test is rare in neuropsychology, and in most tests there is some 

overlap in scores between patients with and without the lesion in question. When a 

test is developed for clinical use, it is customary to define the normal range as within 

two standard deviations of the mean. This range encompasses approximately 95% of 

the test results of normal subjects with approximately 2.5% of subjects falling either 

above or below this range. However whilst this stringent cut-off results in high 

specificity, the sensitivity of a test is often considerably reduced at this level. Such a 

cut-off point may be appropriate to confirm a suspected diagnosis but cannot be used 

to exclude suspected dysfunction because of its low sensitivity. Each cut-off point 

defines a set of operating characteristics for the test in question. Generally as 

sensitivity is increased, specificity falls and vice versa.

A graph can be constructed that correlates true and false positive rates (sensitivity and 

1 minus specificity, respectively) for a series of cut off points for any test. Such a 

graph is known as the Receiver Operating Characteristics (ROC) of a test. The graph 

can be used to decide the optimum cut-off point according to the purpose of the test. 

In addition, when two or more tests are available to pursue a diagnostic consideration, 

a comparison of the ROCs of each will often show where one has an advantage over 

the other. As the criteria for an abnormal score are made more stringent, the curves 

move down and towards the left (greater specificity, lower sensitivity). If the purpose 

of the test is to confirm a strong clinical suspicion these stringent criteria would be 

appropriate. Conversely, as the criteria for an abnormal score are made more liberal, 

the curves move up and to the right (greater sensitivity, lower specificity). If the
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purpose of the test is to exclude the diagnosis, this more liberal criterion would be 

appropriate. Figures 9.10 and 9.11 illustrate the ROC of the significant measures 

from the design learning and complex figure recall subtests from the AMIPB and the 

measures from the AoSMT.

Figure 9.10: Receiver Operator Characteristics o f  the significant AMIPB 
measures for the detection o f  a right temporal lobe seizure focus.
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Figure 9.11: Receiver Operator Characteristics o f  the AoSMT measures fo r  the 
detection o f right temporal lobe seizure focus.
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The MANOVA analyses suggest that the overall score and number of figurative detail 

changes identified, together with a number of the timing measures may discriminate 

RTLE from LTLE patients. In the presurgical investigation o f TEE patients 

neuropsychological tests are used to both confirm the presence of lateralised 

dysfunction and screen for dysfunction of the contralateral temporal lobe. The 

sensitivity, specificity, false positive and false negative rates of the indices from the 

AoSMT were therefore computed using two cut-off points. An examination of the 

ROC curves of the significant indices from the AoSMT suggests that the joint optimal 

levels of sensitivity and specificity are achieved using a cut off point of one standard 

deviation below the mean. Specificity was increased using a cut-off point of two 

standard deviations below the mean. These figures are presented in Table 9.3.
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Table 9.3. Receiver Operating Characteristics o f  the significant AoSM T indices:
Figures are presented using a cut-off point o f  1 standard deviation below the mean.
Figures using a cut-off point at two standard deviations are given in parenthesis.

AoSMT Index Sensitivity Specificity False Negative False Positive

Overall Score 44% (15%) 86% (88%) 56% (85%) 14% (12%)

No of Figurative Detail 

changes identified

60% (19%) 71% (93%) 40% (80%) 29% (7%)

Time measures

Total Time taken to 

complete the test

52% (30%) 67% (81%) 48% (70%) 33% (19%)

Figurative Detail Changes 85% (44%) 55% (81%) 15% (66%) 19% (45%)

Filled/Unfilled space 

changes

60% (40%) 69% (76%) 40% (60%) 31% (24%)

Orientation Changes 41% (26%) 86% (88%) 59% (74%) 14% (12%)

AoSMT scores and quantitative measures o f  hippocampal pathology.

In the group as a whole the MRI measures of right hippocampal integrity were 

significantly correlated with nine of the AoSMT indices (See Table 9.4). In all cases, 

extensive right hippocampal pathology was associated with poor scores. Right 

hippocampal volume was positively correlated with the number o f filled/unfilled 

space changes identified (r=0.31, p=0.02). Right HCvol measurements were 

negatively correlated with the time taken to complete the test (r=-0.33, p=0.02), and 

the time taken to identify orientation (r=-0.28, p=0.04) and figurative detail changes 

(r=-0.30, p=0.02). Right HCvol measurements were also negatively correlated with 

the time taken to correctly classify the ‘same’ items (r= -0.31, p=0.02). Right HCT2 

values were negatively correlated with the total correct score (r=-0.23, p=0.36) and 

were positively correlated with the time taken to identify orientation (r=0.27, p=0.01)
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and figurative detail changes (0.35, p=0.003) and changes in spatial location (r=0.27,

p=0 .0 1 ).

The MRI measures of left hippocampal integrity were significantly correlated with 

three of the AoSMT indices. In all cases extensive left hippocampal pathology was 

associated with good function. Left hippocampal volume was negatively correlated 

with the overall total score (r=-0.28, p=0.03), and the number of figurative detail 

changes correctly identified (r=-0.27, p=0.04). Similarly the Left HCT2 measure was 

positively correlated with the overall total correct score (r=0.24, p=0.02).

A spurious correlation is one is which the correlation between two variables results 

solely from the fact that one of the variables is correlated with a third variable that is 

the true predictor. We hypothesised that the apparent association between good scores 

on the AoSMT and extensive left hippocampal pathology may be due to the 

association of extensive left hippocampal pathology with right hippocampal integrity 

in our sample of unilateral temporal lobe epilepsy patients. The significant 

correlations from the original bivariate analyses were therefore re-analysed using 

partial correlation analyses. All but one of the indices from the AoSMT remained 

significantly correlated (p<0.05) with the quantitative measures o f right hippocampal 

pathology, when the effects of left hippocampal pathology (Left HCvol, Left HCT2) 

were controlled for. However, none of the measures o f left hippocampal integrity were 

significantly correlated with the AoSMT scores, when the effects of right hippocampal 

pathology were controlled for (Right HCvol, Right HCT2). See Table 9.5.
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Table 9.4 Correlations between the AoSM T indices and structural measures o f  
hippocampal integrity.

(Coefficient / (Cases) / 1 tailed Significance)

Test Right HC Left HC Right Left
Score Volume Volume HCT2 HCT2

Total -.3352 -.0694 .2954 -.0429
Time ( 38) ( 38) ( 59) (

P= .020 P= .339 P= .012 P- .374

Overall .1822 -.2898 -.2359 .2486
Total ( 38) ( 38) ( 59) ( 59)

P= .137 P= .039 P= .036 P= .029

Orientation .0400 -.2511 -.1771 .1045
Score ( 38) (3% ( 5% ( 5%

P- .406 P= .064 P= .090 P-.215

Orientation -.2884 -.1213 .2791 -.0647
Time ( 38) ( 38) ( 59) ( 59)

P= .040 P- .234 P= .016 P- .313

Same .1435 .0282 -.0716 .2161
Score ( 38) ( 38) ( 5% ( 59)

P= .195 P= .433 P= .295 P= .050

Same -.3118 -.0127 .2073 -.0367
Time ( 38) ( 38) ( ( 5%

P= .028 P= .470 P= .058 P= .391

Figurative -.0133 -.2739 -.1298 .2045
Detail ( 38) ( 38) ( 5% ( 5%
Score P- .468 P= .048 P=.164 P= .060

Figurative -.3027 .0722 .3577 -.1274
Detail ( 38) ( 38) ( 59) ( 5%
Time P= .032 P= .333 P= .003 P=.168

Filled/unfilled .3185 -.1604 -.1617 .1195
Space Score ( 38) ( 38) ( (

P= .026 P=.168 p=.lll P=T84

Filled/unfilled -.2055 -.1167 .1817 -.0063
Space Time ( 38) ( 38) ( 5% ( 5%

P=.108 P= .243 P= .084 P= .481

Spatial Location .1369 -.2015 -.1872 .0584
Score ( 3% ( 38) ( 5% ( 5%

P= .206 P=.113 P- .078 P= .330

Spatial Location -.1539 -.2236 .2723 .1083
Time ( 3% ( 38) ( 59) ( 5%

P= .178 P- .089 P= .018 P= .207
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Table 9.5. Partial correlations between the AoSMT indices and structural measures 
o f hippocampal pathology controlling fo r  contralateral hippocampal integrity.

Controlling for right hippocampal volume and right hippocampal T2.

Overall total and LHCvol r=-0 . 2 2 p>0.05 n.s

Figurative detail score and LHCvol r=-0 . 2 1 p>0.05 n.s

Overall total and LHCT2 r=0.19 p>0.05 n.s

Controlling for left hippocampal volume and left hippocampal T2.

Total time and RHCvol r=-0.33 p=0 . 0 2

Orientation time and RHCvol r=0.27 p=0.05

Same time and RHCvol r=-0.31 p=0.03

Figurative detail time and RHCvol r=-0.27 p=0.05

Filled/unfilled space score r=0.31 p=0.03

Overall Total and RHCT2 r=-0 . 1 1 p>0.05 n.s

Figurative detail time and RHCT2 r=0.38 p=0 . 0 1

Orientation time and RHCT2 r=0.43 p<0 . 0 1

Spatial location time and RHCT2 r=0.47 p<0 . 0 1

n.s. = not significant at p<0.05.
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DISCUSSION

The aim of the present study was to determine whether the deficits in memory for 

specific features of a complex scene recorded in postoperative right temporal 

lobectomy patients could be used as markers of right temporal lobe dysfunction in 

presurgical temporal lobe epilepsy patients. We found that overall the RTLE group 

were significantly more impaired than the LTLE group in identifying changes in the 

spatial composition o f a scene. Particular deficits in memory for figurative detail were 

also evident in the RTLE group. This suggests that the deficits in memory for 

figurative detail reported postoperatively in right temporal lobectomy patients by 

Pigott & Milner (1993)^^  ̂are present in unoperated TLE patients and can be used as a 

sign of lateralised dysfunction in presurgical TLE patients.

Pigott & Milner argue that the right temporal neocortex is implicated in the 

recognition of visual detail and the identification o f figurative detail changes, as they 

found no relationship between the extent of the deficit in their right temporal 

lobectomy sample and the (dichotomised) extent o f hippocampal removal and cite 

Burke & Nolans’ (1988)"̂  ̂study as further support for their contention. The latter 

study found that recognition of the visual characteristics o f individual objects was 

mildly impaired following right anterior neocortectomy. As Pigott & Milner point out 

“it is interesting to note that in (Burke & Nolans) experiment the recognition 

impairment was mild whereas the magnitude of the impairment in the current (Pigott 

& Milner) study was large”.
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It is possible however that the magnitude of the difference in deficit between the two 

studies was due to the involvement of the hippocampus in the Pigott and Milner 

resections, and it’s sparing in the Burke & Nolan study. Although not clear, it is 

assumed that the dichotomy of large vs. small hippocampal resections in the Pigott & 

Milner study were made on the basis of the surgeons’ estimates following surgery, as 

described in the previous studies from the Montreal Neurological Institute (Petrides 

and Milner, 1982)^^ .̂ Postoperative MRI comparisons with surgeons estimates of 

resected tissue have revealed a significant margin of error (Awad et al, 1989)’°. 

Kitchen et al (1994)^°^ have also shown that patients who undergo a limited 

hippocampal resection may experience further shrinking or volume loss of the 

remaining portion left in situ, which probably effects a more extensive functional 

resection. Our findings support the contention that the right hippocampus may play an 

important role in memory for figurative detail. Although we did not find a significant 

relationship between quantitative MRI measures of right hippocampal pathology and 

the overall number of figurative detail changes correctly identified, the time taken to 

identify figurative detail changes was significantly corrected with the right HCT2 

measure and negatively correlated with right hippocampal volume.

In contrast to Pigott and Milner (1993)^^° we did not find a significant laterality effect 

on the number of spatial location changes identified or the time taken to classify these 

changes. There is a considerable debate about the relative contributions of the parietal 

cortex and hippocampal regions to spatial cognition as a whole and memory for 

spatial location in particular (Burgess and O’Keefe, 1997)'’*. The primate 

hippocampus receives entorhinal efferents carrying object and spatial information
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conveyed by the ventral and dorsal visual processing streams. This convergence of 

object and spatial information within the hippocampus has been put forward to 

explain the striking impairment in memory for object-place associations formed in 

monkeys with bilateral hippocampal and parahippocampal ablations. However there is 

an increasing accumulation of neurobehavioural findings in both animals and humans 

that suggests that the functional arrangement among the medial temporal lobe 

structures is more complex than this initial explanation allows. There is anatomical 

evidence that object and spatial information converge not only in the hippocampus but 

earlier in the cortex underlying it. Although the majority o f the ventral and dorsal 

stream efferents reach the hippocampus through separate pathways, the two streams 

can also interact before entering the hippocampus (Mishkin and Suzuki, 1997)^^*.

Thus Owen et al (1996)^°  ̂did not find a specific role for the hippocampus in the 

encoding or retrieval of object location in a positron-emission study. Their findings 

suggested that memory for the location of objects appeared to be mediated by an 

anatomically distinct system including the dorsal regions of the prestriate cortex and 

the posterior regions of the parietal lobe.

The receiver operating characteristics of the AoSMT are encouraging. By using cut

off rates at one or two standard deviations below the norm, the sensitivity and 

specificity characteristics of the test can be maximised according to the primary 

purpose of the test for individual patients. In the presurgical investigation of TLE 

patients, the tasks that form part of the neuropsychological assessment constitute only 

part of the wider surgical evaluation and are always interpreted in the broad context of 

the results from the neuroradiological, electrophysiological and other clinical
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investigations. Using the relatively liberal cut-off o f one standard deviation below the 

norm, the sensitivity indices are relatively low, suggesting that the AoSMT test scores 

will pick up approximately half of the RTLE patients. However the specificity indices 

are high with concomitant low false positive rates, particularly for the overall score 

and some of the timing measures. High specificity in tests designed to be sensitive to 

right temporal lobe dysfunction is a particularly important test characteristic in the 

clinical investigation of presurgical TLE patients. Many of the failures in the literature 

to find clinically useful tests sensitive to right temporal lobe dysfunction, have not 

been due to the difficulty in finding a task that RTLE patients cannot do well, but 

rather in finding a task that RTLE patients cannot do, whilst LTLE patients perform at 

normal levels. The normal control group did not perform better than the LTLE group 

on any of the measures from the AoSMT. Indeed the LTLE group identified 

significantly more orientation changes than the normal controls.

The reasons for this unexpected finding are unclear. There were no significant 

differences between the LTLE and normal control groups in the time taken to classify 

the orientation changes, suggesting that the difference between the two groups is not 

due to a speed/accuracy trade-off in the normal controls. There is some evidence to 

suggest that memory for the orientation details of common items is generally very 

poor in normals. Rubin & Kontis (1983)̂ "̂  ̂found that only 42 out of 125 American 

subjects correctly drew the head on a penny facing to the right. In a replication of this 

study with a British sample, Jones (1990)'^^ found that only 1 in four UK subjects 

knew the correct orientation of the Queen Elizabeth IPs head on British coinage. 

Morris (1988)^^  ̂ used a recognition format to examine students memory for the ten
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pence coin. Only 52% of the sample chose alternatives that correctly represented the 

Queens head facing to the right, a chance level. In his review o f the literature 

Richardson (1993)̂ "̂  ̂concludes that on the basis o f these and other studies “there is 

no evidence that British subjects have any knowledge at all about the orientation of 

the Queens head on coins”. Whilst memory for the orientation of an item may be poor 

in normals, the reason for the LTLE groups’ superior performance on our orientation 

index remains unclear. The epilepsy and neuropsychological characteristics of the 

LTLE group were comparable to those frequently reported in the literature. All had 

medically intractable temporal lobe epilepsy severe enough to be considered for 

surgical treatment. They also demonstrated significant deficits, compared to the 

normal controls on standardised tests of verbal learning and recall, similar to those 

frequently reported to be sensitive to left temporal lobe dysfunction in the 

international literature (Delaney et al 1980, Lencz et al, 1992, Moore and Baker, 

1996)^ ’̂̂ '̂ ’̂ ^̂ . It is possible that this difference reflects statistical artefact, a type 1 

error. The clinical significance of seemingly marked deficits on the orientation scale 

on the AoSMT therefore remains unclear.

The RTLE patients in this study obtained significantly lower scores than the LTLE 

group on the design learning and complex figure recall tests from the AMIPB. They 

also performed poorly on tests involving the learning and recall o f verbal material. 

This latter finding is consistent with a number of other studies (Delaney et al, 1980, 

Oxbury and Oxbury, 1989, Ribbler and Rausch, 1990, Saling et al, j 9 9 3 )̂ 3 ,3 0 4 ,346,351  

However, although non verbal memory deficits have been reported in RTLE groups 

(Petrides, 1985, Helmstaedter et al, 1991)^’ ’̂*'̂  ̂other studies have failed to find a
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laterality effect (Jones Gotman, 1996)’̂ .̂ The TLE groups used in this sample were 

relatively homogenous in terms of their underlying pathology, demographic and 

epilepsy characteristics. However the discriminatory power o f the AoSMT indices in 

RTLE patients who perform within normal limits on traditional tests o f non-verbal 

memory is, at present unknown and further work is underway to investigate the 

operating characteristics of the AoSMT in this group.

Although they proved to have some discriminatory power, the timing scores from the 

AoSMT should be interpreted with special caution in individual cases. The patients in 

our sample did not differ from normal controls in their general level o f intellectual 

function or on measures of cognitive or motor speed. It would be predicted that 

patients with a low level o f general intellectual functioning and/or cognitive slowing, 

may fall outside the normal range on the AoSMT timing measures as a function of 

their overall level of ability rather than due to a specific deficit in spatial memory.

However on a theoretical level our findings regarding the timing scores highlight the 

need to move away from the traditional ‘can do\ can’t do’ approach to the study of the 

neuropsychological deficits associated with lateralised lesions. Whilst there was no 

difference between the RTLE and LTLE groups in the overall number of 

filled/unfilled space and orientation changes identified, the RTLE group took 

significantly longer to identify changes in orientation, figurative detail and in the 

filled/unfilled spaces in the compositions. These differences in speed were not 

attributable to differences in IQ or general cognitive speed and were significantly 

correlated with quantitative measures of right hippocampal pathology. One possible
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explanation, may be that memory for these aspects of a complex scene is normally 

mediated by the right mesial temporal structures. These functions are disrupted in 

RTLE patients who must therefore approach the task in a different, less efficient and 

more time consuming way, possibly via verbal mediation.

Differences in the strategies used by RTLE and LTLE patients, that are masked by 

overall scores have been highlighted in a number of other studies (Rausch, 1977, 

Prevey et al, 1988, Helmstaedter et al, 1995) '̂ '̂’̂ ^̂ ’''̂ .̂ In conjunction with the overall 

scores, the timing scores on the AoSMT provide a hint that the RTLE patients may 

approach the task in different way to normals and LTLE patients. Functional MRI 

affords a hither to unparalleled and sophisticated opportunity to examine group 

differences in the strategies used to complete a task, and further work is currently 

underway to investigate the f-MRI correlates of patient performance on this task.

- 2 1 2



Study 2 Chapter 10

T h e  R e l a t io n s h ip  b e t w e e n  Q u a n t it a t iv e  M R I a n d  N e u r o p s y c h o l o g ic a l  

F u n c t io n in g  in  T e m p o r a l  L o b e  E p il e p s y

ABSTRACT

This study examined the relationship between two MRI measures o f hippocampal 

structure; hippocampal volumes (HCvol) and T2 relaxation times (HCT2), and 

memory performance in 80 pre-surgical temporal lobe epilepsy patients. Patients with 

structural abnormalities evident on MRI, other than hippocampal sclerosis (HS) were 

excluded. All of the patients underwent a neuropsychological assessment involving 

tests of learning and recall of verbal and visual material. As a group, patients with left 

hippocampal sclerosis (LHS) performed more poorly than those with right 

hippocampal sclerosis (RHS) on the immediate and delayed prose recall tasks. In the 

group as a whole, right hippocampal volume was significantly correlated with the 

delayed recall of the complex figure. None of the verbal memory test scores were 

significantly correlated with the right or left HCvol or HCT2 measures. However 

stepwise multiple regression analyses indicated that up to a third of the variation in 

specific test scores could be explained by the quantitative MRI hippocampal measures 

in conjunction with chronological age, and age at onset of habitual epilepsy. Left 

hippocampal measures explained 24% of the variance in the a story recall tasks, whilst 

right hippocampal measures explained 18% of the variance in a design learning task 

and 32% of the variance in a figure recall task, providing some support for the 

lateralised model of material specific memory deficits. These findings are discussed in 

relation to the interpretation of the neuropsychological data in the pre-surgical 

evaluation of temporal lobe epilepsy patients and the role of hippocampi and other 

temporal lobe structures in memory function.
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INTRODUCTION

The development of quantitative MRI techniques such as hippocampal volume 

measurement (HCvol) and hippocampal T2 relaxation times (HCT2) have enabled the 

non invasive measurement of brain structures. HCvol and HCT2 have been shown to 

be highly inversely correlated (Van Paesschen et al, 1995)' '̂V Pathological studies 

have established the relationship between in vivo MRI hippocampal volume measures 

and altered signal characteristics and histologically verified neuronal loss and gliosis 

(Van Paesschen et al, 1996; Kuzniecky et al, 1987; Lencz et al, 1987; Bronen et al, 

1991; Cascino et al. 1991; Lencz et al, 1992)̂ ^̂ ^ 0,220 ,43 ,54,219 yhese studies suggest 

that patients with lateralised hippocampal sclerosis are not a homogeneous group. 

Quantitative MRI techniques and histopathological examinations demonstrate a range 

of severity. These variables have begun to be linked to ictal semiology and clinical 

history (Trenerry et al, 1993)"̂ °̂ , and specific deficits in neuropsychological 

functioning (Lencz et al, 1992; Trenerry et al, 1993; 1996, Loring et al, 1993; Incisa 

della Rocchetta et al, 1 9 9 5 )21 9,4 0 2 ,4 0 7 ,238,169  ̂ Chapter 5. The aim of this study was 

to examine the relationship between these structural (MRI) and functional 

(neuropsychological) measures of hippocampal integrity, taking account of the 

possible association of these clinical factors. This may help to make sense of some of 

the seemingly conflicting findings in the literature and, in extending our 

understanding of the role of hippocampi in memory function, should improve the 

utility of the neuropsychological assessment as a lateralising tool in the pre-surgical 

assessment of TLE patients.
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METHODS 

Patients

The subjects were 80 adult candidates for temporal lobe surgery who bad undergone 

neuropsychological testing, video EEC telemetry and bad HCvol and HCT2 

neuroimaging as pre-surgical investigations. Patients with structural lesions other than 

HS, evident on MRI were excluded. Sixty seven (83%) of the sample bad MRI 

evidence of hippocampal sclerosis HS (30 RHS, 36 LHS, 1 Bilateral HS). Thirteen 

(17% ) of the patients bad no abnormalities evident on MRI.

The demographic and epilepsy characteristics o f the right and left hippocampal 

sclerosis groups (RHS, LHS), and the patients with no abnormalities on MRI are 

summarised in Table 10.1. There were no significant differences between the groups 

in age (F=0.71, p>0.05), duration of epilepsy (F=2.7, p>0.05). Verbal IQ (f=0.08, 

p>0.05) or Performance IQ (f=0.84,p>0.05). However the 'No Abnormality' group had 

a significantly later onset of habitual epilepsy than the RHS group (F=3.9, p=0.02).

Table 10.1: Demographic, epilepsy and MRI characteristics o f  the RHS, LHS and 
No Abnormality groups

Patient Characteristics No Abnormalities (n=13) RHS(n=30) LHS (n=36)
Age: years 

(standard deviation)
Mean 35.8 (7.6) 

Range 25-47
Mean 32.6 (8.0) 

Range 17-51
Mean 31.7(8.5) 
Range 16-49

Handedness 11 right, 2 left 26 right, 4 left 30 right, 6 left
Gender 9 Male, 4 Female 15 Male, 15 Female 13 Male, 23 Female

Age at Onset of 
Epilepsy(years)

Mean 16.5 (11.6) Mean 8.2 (7.3) Mean 13.2 (8.5)

Years of Epilepsy Mean 17.4 (10.8) Mean 22.6 (9.7) Mean 16.8 (7.3)
Verbal IQ 

(standard deviation)
91.3(12.1) 94.6(13.9) 94.1 (10.6)

Performance IQ 
(standard deviation)

104.9 (16.6) 93.8(16.6) 97.0(15.5)

Hippocampal Volume 
(mm̂ )

Right: 5055.6 (846.3) 
Left: 4718.1 (614.7)

Right: 3974.5 (877.3) 
Left: 5113.2 (553.7)

Right: 4988.5 (705.7) 
Left: 3538.9 (820.1)

Hippocampal T2s 
(msec)

Right: 104 (3.4) 
Left: 104 (4.3)

Right: 119(10.8) 
Left: 103 (5.8)

Right: 103 (4.7) 
Left: 117(11.2)
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Neuropsychological Tests

The neuropsychological evaluations included the Wechsler Adult Intelligence Scale- 

Revised shortened version, (WAIS-R). The measures of memory employed were the 

Story Recall, List Learning, Figure Recall and Design Learning tests from the Adult 

Memory and Information Processing Battery (AMIBP). The DeRenzi Token Test 

(shortened version) and the Graded Naming Test were also administered. See Chapter 

8 for the rationale behind the choice of these tests and more detailed descriptions of 

the tasks.

MRI Methodology.

The quantitative MRI techniques used in this study are described in detail in Chapter

Statistical Analyses

Multivariate analyses of variance (MANOVA) were used to examine group 

differences (RHS vs. LHS vs. No Abnormality) on the neuropsychological measures.

To determine if any of the neuropsychological measures used in this study could be 

considered as behavioural markers for MRI abnormalities the neuropsychological data 

were correlated with the HCvol and HCT2 values. A significance level of 0.01 was 

used for the correlations to reduce the likelihood of a false positive error, since 

multiple Pearsons correlations were performed. Correlations were performed for the 

group as a whole to examine the effects of hippocampal volume on 

neuropsychological performance and in the RHS and LHS groups separately to 

examine the relationship between the extent of hippocampal pathology and memory 

function.
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The relationships between the quantitative MRI measures of hippocampal structure 

and the neuropsychological test scores were further explored with a series of multiple 

regression analyses. Regression analyses are a set of statistical techniques that allow 

one to assess the relationship between one dependent variable and several independent 

variables. The flexibility of regression techniques is especially useful in ‘real world’ 

research that cannot be meaningfully reduced to orthogonal designs in a laboratory 

setting (Tabachnick & Fidell, 1996)^^  ̂Multiple regression is an extension of 

bivariate regression in which several independent variables instead o f just one are 

combined to predict a value on a dependent variable for each subject. The result of 

regression is both the identification of significant predictor variables and an equation 

that represents the best prediction of a dependent variable from several continuous 

independent variables.

However the results should be interpreted with care. Regression analyses are powerful 

statistical techniques but may provide misleading solutions, leading to erroneous 

conclusions under certain conditions. The case:variable ratio and the effect of outliers 

may significantly distort the analyses. A small number of cases with a large number of 

variables may lead to a perfect solution, which will not generalise to the population 

outside the sample.

Outliers are cases with such extreme values on one variable or combination of 

variables that they distort the statistics. In regression analyses outliers have more 

impact on the value of the regression coefficient than any of those inside the swarm. 

Outliers are found in univariate and multivariate situations, among dichotomous and 

continuous variables, among I Vs and DVs, and in both the data and results of the
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analyses. They lead to Type 1 and Type II errors, frequently with no clue as to which 

effect they have in particular analysis. Outliers are a pervasive problem in data 

analyses.

Multivariate outliers are cases with an unusual combination of scores on two or more 

variables. The z score on each variable may be within the expected range but when 

two or more variables are considered together, the unusual combination of scores 

becomes apparent. Statistical and graphical methods are available to screen for 

outliers; of the two statistical methods are preferred (Tabachnik & Fidell, 1996)^^ .̂ 

One statistical procedure is the computation of Mahalanobis distance for each case. 

Mahalanobis distance is the distance of a case from the centroid of the remaining 

cases where the centroid is the point created by the means of all of the variables. 

Transformation or score alteration may not work for a truly multivariate outlier 

because the problem is with the combination of scores on two or more variables not 

with the score on any one variable. These cases may be allowed to remain with the 

knowledge that the results may be distorted by them (Tabachnick & Fidell, 1996)^^ .̂

In this study, the ratio of cases to variables was less than optimal, thus it is possible 

that the solutions generated may not generalise well to the wider epilepsy population. 

However the case:variable ratio was adequate to allow reasonable confidence in the 

identification of significant factors, and comparable to those presented in published 

studies in the field (Dodrill et al, 1986; Hermann et al, 1991; Hermann et al,

1 9 9 6 ) 95.161.152
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We performed separate stepwise multiple regression analyses using the IQ measures 

from the WAIS-R and the parameters of memory performance (listed in table 10.2) as 

dependent variables. The quantitative MRI measures (LHCvol, RHCvol, LHCT2 and 

RHCT2) and chronological age, age of onset and duration of epilepsy were the 

independent variables. A significance level of p<0.05 was used to exclude variables 

stepwise from the regression model. Mahalanobis distance analyses were used to 

examine the effect of outliers. (See Appendix 5).
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RESULTS

Neuropsychological Measures: Group Differences

The mean raw scores o f the RHS, LHS and No abnormality groups on the AMIPB 

memory tests are presented in Appendix 5. The MANOVA revealed a significant 

effect of group on the measures o f memory (list learning, story recall, design 

learning, figure recall) F=1.6, p<0.05. Univariate F-tests showed a significant group 

effect on the immediate story recall (F=3.4 p=0.03) with the LHS group recalling 

significantly fewer story items than the RHS group. There was also a significant group 

difference in the delayed story recall score (F=4.3, p =0.01) again the LHS group 

recalled significantly fewer details firom the story following a thirty minute delay than 

the RHS group. There were no significant group differences on any o f the measures of 

visual memory. Full details o f all the statistical analyses are presented in Appendix 5.

MRI and Neuropsychological Measures: Correlations

In the group as a whole, right hippocampal volume was significantly correlated with 

the delayed figure recall score (r=0.26, p<0.01). There were no other significant 

correlations in the group analyses.

The neuropsychological scores and the quantitative MRI measures o f the RHS and 

LHS groups were correlated individually, to examine the effects o f extent of 

pathology. There were no significant correlations between any of the 

neuropsychological variables and the MRI measures o f hippocampal structure 

(RHCvol, LHCvol, RHCT2, LHCT2) in either the RHS or LHS groups (See 

Appendix 5).
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MRI determinants o f memory function: Multiple Regression Analyses

None of the independent variables accounted for the performance of the patients on 

the measures o f intellectual function (Verbal IQ, Performance IQ). In contrast, there 

was a significant relationship between many of the measures o f memory function and 

the independent variables (see Table 10.2).

On the story recall task the volume of the left hippocampus (LHCvol) was 

significantly related to the immediate recall score. Smaller LHCvols were associated 

with lower scores on this test. On the measure of delayed recall, patients with a later 

onset of habitual epilepsy performed more poorly than those with an early onset. 

LHCT2 and age at onset of epilepsy explained 24% of the variance in the story 

percentage retained score. A high LHCT2 and a later onset of habitual epilepsy were 

associated with more rapid forgetting of verbal material over 30 minutes.

On the design learning task, a high RHCT2, in older patients was associated with poor 

learning. None of the independent variables were associated with the delayed recall of 

the design following a period of distraction (Design A6).

On the figure recall task, immediate recall was lower in older patients with a high 

RHCT2. Three factors within the solution accounted for 32% of the variance in the 

delayed recall of the complex figure: age, duration of epilepsy and RHCvol. Older 

age, a long duration of epilepsy and a small RHCvol were associated with poor scores. 

Again, age was associated with the percentage retained score on this task with older 

patients performing more poorly.

The Mahalanobis’ distance analyses did not indicate a significant disproportionate 

effect of outliers in any of the regression analyses. See Appendix 5.
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TablelO.2. M RI and epilepsy related determinants o f  performance on memory tests

Dependent Variable Analysis of Variance Predictors

List Learning
List 1-5 F=5.9 (p=0.01) 

= 0.09
Age

List A6 F = 5.0 (p=0.02) 
= 0.08

Age

Story Recall
Immediate Recall F=4.8 (p=0.03) 

R̂  = 0.08
Left HCvol

Delayed Recall F = 8.3 (p=0.005) 
R̂  = 0.13

Age at onset of epilepsy

Story % retained F = 8.8 (p=0.005) 
R̂  = 0.24

Age at onset of epilepsy 
Left HCT2

Design Learning
Design 1-5 F = 5.9 (p=0.004) 

R̂  = .18
Right HCT2 
Age

Design A6 - No significant predictors
Figure Recall
Immediate Recall F = 9.3 (p=0.0003) 

R̂  = 0.25
Age at onset of epilepsy 
Right HCT2

Delayed Recall F = 8.4 (p=0.0001) 
R̂  = 0.32

Age
Duration of epilepsy 
Right HCvol

Figure % retained F = 5.9 (p^O.Ol) 
R̂  = 0.09

Age

The independent variables were RHCvol, LHCvol, RHCT2 , LHCT2, age, age at 

onset of habitual epilepsy, and duration of epilepsy. Values are the results of a 

stepwise multiple regression analysis for each measure of memory. is the measure 

of the explained variance. Predictors that remained significant in the final regression 

model are presented in descending order according to their predictive value. See 

Appendix 5.

- 2 2 2 -



Study 2 Chapter 10

Bilateral Hippocampal Sclerosis

One of the patients in the sample had bilateral hippocampal sclerosis evident on 

quantitative MRI. She had bilaterally elevated HCT2 values, (right 140msec, left 

116msec), and hippocampal volumes 4 standard deviations below the norm (right 

3166.1mm3, left 3484. Imm3) She was assessed to function in the borderline range on 

the WAIS-R and demonstrated significant memory impairments in the learning and 

recall of both verbal and visual material. All her scores on the list learning, story 

recall, design learning and complex figure recall tasks fell below the 10th percentile, 

with many falling below the 2nd percentile. The neuroradiological and 

neuropsychological details of this patient have been presented in detail previously 

(Van Paesschen, Baxendale et al, 1994 See Appendix 6).
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DISCUSSION

Our results provide limited support for the model of dissociated anatomic substrates in 

the recall of verbal and visual material. Significant laterality effects were observed on 

the immediate and delayed story recall measures, with the LHS group more impaired 

than the RHS group. Right hippocampal volume was significantly correlated with the 

delayed recall of the complex figure, with poor scores associated with smaller 

volumes. Further qualitative support is provided by the significant impairments in the 

learning and recall of both verbal and visual material in the patient with bilateral 

hippocampal sclerosis, although the localising significance of these deficits is lessened 

given the low level of intellectual function in this patient (Goughian, 1985)^'.

However, overall there were no significant laterality effects on any of the visual 

memory tasks and we did not find significant correlations between the verbal memory 

indices and the quantitative MRI measures of hippocampal structure (RHCT2,

LHCT2, RHCvol, LHCvol). Although Lencz et al (1992)^^  ̂reported significant 

correlations between MRI volume measurements of the left hippocampus and the 

Wechsler logical memory percent retention scores, Trenerry et al (1993)'̂ ^  ̂and Loring 

et al, (1993)^^  ̂ failed to find significant correlations between their MRI HCvol 

measurements and the measures of verbal and visual memory. Both authors concluded 

that preoperative HCvol measurements are not sensitive to preoperative memory 

functions mediated by the hippocampal formation. However, our multiple regression 

analyses suggest that quantitative MRI measures are related to measures of both 

verbal and visual learning and recall, although the relationship is complex, and 

dependent on their interaction with demographic and epilepsy related variables. 

Chapter 4 presented a rationale for the importance of the aetiology of the seizure 

disorder in shaping the nature of the subsequent neuropsychological deficit. These 

findings provide support for this contention. The laterality and extent of the
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pathology, together with the epilepsy and demographic variables were significantly 

associated with test scores on both verbal and non verbal memory tasks.

A high RHCT2, in older patients was associated with poor visual learning. A late 

onset of habitual epilepsy and a high RHCT2 was also associated with a poor score on 

the immediate recall of the complex figure. Three factors within the regression 

equation accounted for nearly one third of the variance in the complex figure delayed 

recall score. Older age at time of testing, a long duration of epilepsy and a smaller 

RHCvol were associated with poorer scores. Together, these findings implicate a role 

for the right hippocampus in the initial registration, learning and delayed recall o f 

visual material and are consistent with the findings of Helmstaedter et al (1991)'"^  ̂

who reported that patients with right temporal lobe epilepsy showed significantly 

reduced learning capacity on a visual construction task, and made more visuo- 

construction errors compared with controls and patients with a left temporal lobe 

focus. Matkovic et al (1995)̂ "̂  ̂also report visual memory deficits related to cell loss 

in the right hippocampus identified post-operatively in pre-operative RTLE patients. 

Trenerry et al (1993/^^ employed a measure of non-verbal learning (Visual Spatial 

Learning Test) and found that performance on this test declined after the resection of a 

relatively non atrophic right hippocampus. Taken together the results from these 

studies suggest that the right hippocampus has a role in the learning and consolidation 

of visual material.

The left HCvol was significantly related to the immediate recall score on the story

recall task. A small LHCvol was associated with poor immediate recall whilst patients

with an early onset of epilepsy performed better than those with a later onset in their

delayed recall o f the details of a story. MR measures and epilepsy variables were also

associated with our measure of verbal forgetting, the story percentage retained score.

Patients with a high LHCT2 and a later onset of habitual epilepsy demonstrated rapid

forgetting of verbal material over 30 minutes. These findings suggest a role for the left
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hippocampus in the initial registration of semantically meaningful verbal material and 

the consolidation of this material over time.

These findings are consistent with a number of reports, suggesting a role for the left 

hippocampus in prose recall tasks. Miller et al (1993)^^’ found that patients with right 

and left hippocampal sclerosis (identified post-operatively) had pre-operative deficits 

in their delayed recall (45 minutes) of a prose passage, geometric figure and paired 

word associates. However only the LHS group demonstrated a significant loss of 

information over time on the prose recall task. The authors concluded that the 

deleterious effect of a hippocampal lesion in the left hemisphere becomes particularly 

evident when verbal passages are encoded adequately initially. Further evidence for 

the role of the dominant hippocampus in the delayed recall of verbal material is 

reported by Sass et al (1992)^^  ̂who found that cell loss in areas CA3 and the Hilar 

area was negatively correlated with the percent retention score on the WMS logical 

memory task. Helmstaedter & Eiger (1996)'"̂  ̂found that pre-operative patients with 

left temporal epilepsy performed more poorly than those with right temporal lobe 

epilepsy on verbal measures of long term consolidation (delayed recall) and retrieval. 

The deficit in the LTLE group was related both to the extent of the hippocampal 

pathology and pre-operative seizure severity.

However other researchers have emphasised the time limited role in memory storage 

of the left hippocampus and argue that it is most critically needed at the time of initial 

learning to facilitate consolidation into the long term memory store. This has 

generated a considerable debate in the literature on the respective roles o f the left 

hippocampus and the lateral temporal cortex in story recall tasks verses tasks that 

require verbal rote learning, such as the WMS PALT and the CVLT. See Chapter 3.

Helmstaedter et al (1992)^^ found that both the absolute values and a measure of rate

of forgetting on a verbal list learning task significantly discriminated LTLE from
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RTLE patients, with the LTLE group performing more poorly. Rausch and Babb 

(1993) found that the extent of neuron loss in the CAl subfield of the resected left 

hippocampal specimen was correlated with the learning and delayed recall of the 

unrelated word pairs on the WMS PALT. The degree of hippocampal neuron loss was 

not related to the immediate or delayed recall scores on the WMS logical prose task in 

the left temporal lobectomy group. McMillan et al, (1987)^^  ̂also report no significant 

preoperative differences between right and left HS groups on the immediate and 

delayed recall of the WMS prose passage, although patients with left temporal lobe 

abnormalities other than HS did perform more poorly on the task. Saling et al 

(1993)^^' examined the preoperative performance of patients with right and left HS 

identified post-operatively and found no laterality effect on the immediate and delayed 

recall scores from the WMS; both groups performed at a mildly impaired level, 

however the LHS group were significantly more impaired than the RHS group on the 

WMS PALT.

Ojemann and Dodrill (1985)^®’ and Frisk & Milner, (1990)’’  ̂ in their studies of post

operative patients have suggested that the extent of mesial resection of the left 

temporal lobe is not related to post-operative prose recall. These studies have inferred 

a role for the lateral temporal lobe structures in this kind of recall. Ojemann & Dodrill 

(1985)^°' report a significant relationship between the extent of the left lateral 

temporal lobe resection and subsequent prose recall. Similarly Rausch & Babb 

(1993)^^  ̂found that whilst left hippocampal neuron loss did not relate to the pre

operative recall o f prose, a left temporal lobe resection subsequently impaired the 

immediate recall of prose.

Overall, the findings from this study support Squire and Zola Morgans (1990)^*^

contention that the hippocampus has a role in initial learning in order to facilitate

consolidation into long-term store since impairment in the ability to consolidate

material results in impaired episodic memory manifested behaviourally as an
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increased rate of forgetting. These memory deficits were evident in our LHS group on 

tests involving the learning and recall of verbal material and in our RHS group in tests 

involving visual material. However our results suggest that an early age of onset of 

seizures, may act as a protective factor against these deficits, possibly suggesting 

some plasticity of function, whilst older chronological age was associated with an 

increased memory problems consistent with other reports (Blakemore & Falconer, 

1967; Hermann et al, 1995; Saykin et al, 1989; Helmstaedter et al, 1 9 9 5 )3 8 ,151,363,142

This study highlights several factors that may account for discrepancies reported in the 

literature. First, in many of the older studies, the RTLE and LTLE groups classified on 

electroclinical grounds may have been heterogeneous in terms of their underlying 

pathology. Secondly these results reaffirm that the precise nature of the memory task 

may be a critical variable in the identification of a memory deficit. It is not sufficient 

to talk in broad terms of a 'verbal' or 'visual' memory deficit associated with a 

lateralised lesion. In order to maximally tease out lateralised hippocampal 

dysfunction, tests must be carefully constructed and matched using polarised verbal 

and visual material, and have an integral learning phase in addition to immediate and 

delayed recall conditions. Whilst continuity is important in group studies, these factors 

need to be incorporated into the memory tests used in the pre-surgical latéralisation of 

temporal lobe dysfunction to maximise their clinical utility. Thirdly, these results 

suggest that demographic and epilepsy variables may be important factors affecting 

the neuropsychological correlates of hippocampal cell loss.

Finally more research needs to carried out looking at the way in which patients 

approach and fail the traditional memory tests that are used widely in clinical practice. 

The results from the Aspects of Spatial Memory Test described in the previous 

chapter (Chapter 9) suggest that RTLE and LTLE patients may differ in the strategies 

they use to meet memory test demands. However as previously discussed, there has

been little research to date focusing on this aspect in standardised memory tests.
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Hermann et al (1992)'^^ have reported postoperative changes in the kind of approach 

and errors that right and left temporal lobectomy patients make in a list learning task. 

Similarly Prevey et al (1988)^^  ̂have identified significant differences in the strategies 

employed by TLE patients and normal controls in a prose recall task. The qualitative 

differences in approach highlighted by these studies may be masked by quantitative 

data. For example a list learning task may be very similar to a story recall task if the 

patient is unable to retain the gist of the story, and simply recalls isolated details. This 

is frequently clinically apparent in the testing situation.

In conclusion, the results from this study highlight the heterogeneity of patients with 

lateralised HS. In our sample, the extent of the pathology (measured by quantitative 

MRI parameters) and its interaction with demographic and epilepsy related variables 

appear to be related to the extent and nature of the associated neuropsychological 

deficit. Categorisation on all of these variables leads to a large proliferation of 

subgroups, which invariably leads to small numbers. However, our results suggest that 

only by employing a multivariate approach will we be able to improve both the 

clinical interpretation of the neuropsychological assessment in the pre-surgical 

evaluation of temporal lobe epilepsy patients and our understanding of the complex 

role of hippocampi, and other temporal lobe structures in memory function.
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T h e  R e l a t io n s h ip  B e t w e e n  Q u a n t it a t iv e  MRI M e a s u r e s  o f  H ip p o c a m p a l  

S t r u c t u r e  a n d  t h e  In t r a c a r o t i d  A m o b a r b i t a l  T e s t

ABSTRACT

The increasing sophistication of quantitative MRI techniques has generated hopes 

that they may eventually supersede the intracarotid amobarbital procedure (lAP) in the 

presurgical screening for bilateral abnormalities in prospective candidates for 

temporal lobe epilepsy surgery. We examined the relationship between memory 

performance and pass/fail rates on the lAP and two MRI measures of hippocampal 

integrity: hippocampal volumes, adjusted for intracranial volume (HCvol) and 

hippocampal T2 relaxometry (HCT2), in 48 patients with medically intractable 

temporal lobe epilepsy, who underwent the lAP as part of their presurgical evaluation 

for temporal lobectomy. The unilateral memory scores from the lAP were not 

significantly correlated with the corresponding HCvol or HCT2 measures in the right 

and left temporal lobe groups. However the MRI measures of hippocampal asymmetry 

(right minus left HCvol, right minus left HCT2) were significantly correlated with the 

measure of functional asymmetry, the right minus left hemisphere memory score from 

the lAP, supporting the role of the lAP in lateralising temporal lobe dysfunction. Forty 

six patients with unilateral hippocampal sclerosis and concordant EEC studies passed 

the lAP. Two patients failed the memory component of the lAP. In both cases, other 

presurgical investigations suggested bilateral abnormalities. We conclude that patients 

with unilateral hippocampal sclerosis, established via a rigorous quantitative MRI 

protocol, and concordant ictal and inter-ictal EEC findings may not be at risk for 

postoperative amnesia, despite baseline neuropsychological deficits suggestive of 

bilateral disturbance.
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INTRODUCTION

A dense anterograde amnesia can result from a unilateral temporal lobectomy if the 

contralateral hippocampus is damaged and unable to sustain basic memory functions 

(see Chapter 1). It is therefore important to ensure the adequate memory functioning 

of the contralateral temporal lobe, prior to surgery. Whilst baseline 

neuropsychological measures and MRI techniques give some indication of the 

structural and functional integrity of the temporal lobes, the intracarotid amobarbital 

procedure (lAP) remains the most commonly used procedure in epilepsy surgery 

programmes to ensure the adequate memory function of the contralateral temporal 

lobe and also provides a measure of lateralised temporal lobe dysfunction (see Chapter 

6).

Despite its wide use, doubts have been raised about the reliability and validity of the 

lAP in predicting an event that has an extremely low occurrence and many factors, 

unrelated to the functional integrity of the temporal lobe can contribute to an 

impression of memory failure during the lAP.

MRI hippocampal volume measurements and HCT2 have been correlated with 

baseline neuropsychological measures of memory (see Chapters 5, 9 & 10) leading to 

the suggestion that MRI technology may eventually supersede the lAP in screening for 

postoperative amnesic risk. If MRI measures are to eventually supersede the lAP, it is 

first necessary to establish the relationship between these measures of functional and 

structural integrity. To date, no studies have examined the relationship between HCT2 

and performance on the lAP.

If a relationship can be demonstrated between MRI measures of structural integrity 

and performance on the lAP it would be the first step towards achieving a non- 

invasive MRI measure of the functional integrity of the mesial temporal lobe
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structures. The aim of this study was examine the relationship between two MRI 

measures of hippocampal integrity, HCvol and HCT2, and the functional measure 

afforded by the TAP to determine whether MRI data can predict the functional 

integrity o f the mesial temporal lobe structures.
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METHOD

Sample

The patients were 48 adult candidates for temporal lobe surgery who had undergone 

baseline neuropsychological testing, a technically satisfactory lAP, and had HCT2 as 

part of their presurgical investigation. The majority of the patients (n=34) had also 

undergone a volumetric MRI scan. Patients with structural lesions, other than mesial 

temporal sclerosis evident on presurgical MRI were excluded. Patients who were 

assessed to be right hemisphere language dominant via the lAP were also excluded.

The baseline neuropsychological assessment included the measures of intellectual 

functioning and tests of learning, recall and recognition involving both verbal and 

visual material described in Chapter 8. Performance on the memory tests is clinically 

interpreted in the context of overall level of functioning. On the whole, a score falling 

at or below the 10th percentile on the memory tests is taken to indicate possible 

dysfunction. The lAP is not performed on all presurgical candidates. If the baseline 

neuropsychological assessment results accord with the ictal semiology and the EEG 

and MRI indicators of the laterality of a seizure focus, an lAP is not performed. The 

lAP was conducted to assess the functional integrity of the contralateral hemisphere if 

the neuropsychological findings suggested the possibility of bilateral involvement 

with verbal and visual memory skills compromised, or if the neuropsychological 

profile was discordant with the MRI or EEG studies. The majority of the patients in 

this sample, showed some degree of verbal and visual memory deficit on baseline 

neuropsychological testing. However within this context many of the patients
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demonstrated a relatively weak memory for one type of material, with only mild 

deficits in their learning, recall or recognition of the other; for example with scores 

falling below the 2nd percentile on the verbal memory tests and at and around the 

10th percentile on the visual memory tests. Multivariate analyses of variance revealed 

no significant differences between the RTLE and LTLE groups on any of the 

measures o f verbal or visual memory (F=L2, p>0.05). The neuropsychological 

characteristics of the RTLE and LTLE groups are summarised in Table 11.1.

Table 11.1 Baseline Neuropsychological Test Scores fo r  the RTLE and LTLE Groups

Test RTLEGrdhp 

mean (s.d.)

LTLE 

Group 

mean (s.d.)

Normals* % 

mean (s.d.)

Adult Memory Information Processing Battery

List Learning 43.8 (6.8) 41.9(9.5) a 57.3 (7.6) p 52.9(7.8)

List Recall 8.0 (2.7) 7.3 (3.3) a 12.5 (2.3) P 11.7(2.5)

Story: immediate recall 20.7 (3.8) 19.7 (7.1) a 39.2(10.5) p 33.0(10.1)

Story: delayed recall 16.2 (4.7) 14.8 (8.8) a 37.5 (10.6) P 30.9(10.5)

Story % retained 77.2(15.3) 69.7 (30.1) a 95.7 (10.9) P 92.8(10.4)

Design Learning 27.8 (7.8) 32.6 (9.0) a 36.8 (6.7) p 32.0(7.7)

Design Recall 6.1 (2.7) 6.5 (2.5) a 7.9 (1.9) P 6.7(2.6)

Figure: immediate recall (%) 64.3 (17.3) 69.8 (16.2) a 89.6 (15.4) p 78.6(19.4)

Figure: delayed recall (%) 58.7 (25.1) 69.2(15.4) a 87.2 (17.5) p 76.0(19.3)

Figure: % retained 87.2 (27.0) 93.1 (21.2) a 97.0 (9.9) p 98.0(15.3)

Recognition Memory Test

Words 43.7 (2.9) 42.9 (4.8) 46.5 (3.6)**

Faces 40.4 (4.0) 40.2 (4.3) 43.6 (3.3)**

* From the AMIPB test manual (pages 57-58).a Form I, age 18-30 years
P Form I, age 31-45 years 

See page 193 of this thesis for the rationale behind the choice of norms quoted 
** From the Recognition Memory Test manual (page 6) Age range 18-39 years.
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All patients had undergone video-EEG telemetry. The seizure semiology, ictal and 

interietal EEG, clinical history, MRI findings and the results from the baseline 

neuropsychological assessment provided the latéralisation of the seizure focus. The 

results o f the lAP were primarily used to ensure that surgery would not result in an 

amnesic state. Twenty two patients had a unilateral left temporal lobe seizure focus. 

Twenty patients had a right temporal lobe seizure focus. A clearly lateralised, 

surgically remediable temporal lobe seizure focus was not identified in six patients. 

Two of these patients had normal imaging. Their HCvol and HCT2 values fell within 

the normal range and no structural abnormalities were detected on MRI. In two 

patients the quantitative MRI investigations suggested bilateral hippocampal atrophy. 

One patient demonstrated bilateral amygdala abnormalities on imaging. In the other, 

the EEG telemetry studies were discordant with the imaging. These patients are 

discussed in more detail in the results section.

Analyses of variance revealed no significant differences between patients with left and 

right sided seizure foci in their age at the time of investigation, age of onset of 

habitual epilepsy and years of epilepsy or in their overall levels of general intellectual 

functioning (see Table 11.2).

Table 11.2: Demographic and epilepsy characteristics o f  the sample

Right Temporal Lobe 
- Epilepsy Group 

# (n=20)

Left Temporal Lobe 
Y  Epilepsy Group (n=22)

Age (years) Mean 30.7 (s.d.=7.7) Mean 28.2 (s.d.=8.4)
Handedness 15 right, 5 left 15 right, 7 left
Gender 12 Males, 8 Females 12 Males, 10 Females
Age at Onset o f Epilepsy 
(years)

Mean 8.4 (s.d.=6.I) Mean 10.5 (s.d.=7.5)

Duration of Epilepsy 
(years)

Mean 22.2 (s.d.=8.6) Mean 17.7 (s.d.=6.4)

Verbal IQ 93.2(11.8) 88.1 (9.7)
Performance IQ 88.7(12.2) 95.0(16.0)
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Intracarotid Amobarbital Procedure

The intracarotid amobarbital procedure is described in detail in Chapter 8. The lAP 

summary data for the RTLE and LTLE groups are presented in Table 11.3

Table 11.3: JAP summary data for right and left temporal lobe epilepsy groups

Right Temporal Lobe 
Epilepsy Group (n=20)

Left Temporal Lobe 
Epilepsy 

Group (n=22)
Amytal dose injected into 
the hemisphere ipsilateral to 
the suspected seizure focus 
(nig)

Median 75 
Range 75-125

Median 75 
Range 75-600*

Amytal dose injected into 
the hemisphere contralateral 
to the suspected seizure 
focus (mg)

Median 75 
Range 75-125

Median 75 
Range 75-100

Contralateral hemisphere 
memory score (Max. 16)

15.4(1.0) 14.3 (1.8)

Ipsi lateral hemisphere 
memory score (Max. 16)

11.3 (2.4) 14.6(1.9)

* One patient in this group received a dose of 600mg. When this patients data is 

removed the range = 75-175mg.
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Quantitative MR imaging

The quantitative MRI techniques employed are described in detail in Chapter 8. The 

mean HCvol and HCT] measurements for the RTLE and LTLE groups are presented 

in Table 11.4.

Table 11.4: Quantitative MRI data for right and left temporal lobe epilepsy groups

Right Temporal Lobe 
Epilepsy Group

Left Temporal Lobe 
Epilepsy Group

Right Hippocampal 
Volume: corrected for 
intracranial volumes 
(mm3)*

Mean 3904.0 (s.d.= 660.2) 
(n-11)

Mean 5123.9 (s.d.=742.2) 
(n=17)

Left Hippocampal Volume: 
corrected for intracranial 
volumes (mni3)*

Mean 5327.1 (s.d.= 442.5) 
(n = l1)

Mean 3763.23 (s.d =901.7) 
(n=17)

Smallest:largest ratio ̂ Mean 71% (s.d.=l 1.8) 
(n = l1)

Mean 70% (s.d.= 12.9) 
(n=17)

Right T2 value (msec)" Mean 122 (s.d.=9.0) 
(n=20)

Mean 103 (s.d =5.7) 
(n=22)

Left T2 value (msec)" Mean 104 (s.d.=3.3) 
(n=20)

Mean 115 (s.d.=10.7) 
(n=22)

* HCvol corrected for intracranial volume were not available for some patients. This 
is reflected in the sample sizes

' Normal controls mean = 97% ± 2.

"Normal controls mean = 101.7 ± 3.1.
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Statistical Analyses

To determine if the quantitative MRI measures (HCvol & HCT2) could be considered 

markers for lAP memory performance, the right and left quantitative MRI measures 

were correlated with the corresponding lAP memory scores for the right and left 

hemisphere in the whole group using Pearsons correlations. In order to examine the 

possible effects o f laterality of epileptic focus, the ipsilateral and contralateral memory 

scores from the lAP were also correlated with the corresponding HCvols and HCT2, 

in the right and left temporal lobe groups separately. A significance level of p<0.01 

was employed since multiple correlations were performed.

Whereas correlation is used to measure the size and direction of the relationship 

between two variables, regression is used to predict a score on one variable from a 

score on another. In bivariate regression where y  is predicted from x, a straight line 

between the two variables is found. The best fitting straight line goes through the 

means of x and y  and minimises the sum of the squared distances between the data 

points and the line. Single measures of asymmetry, or lateralised dysfunction were 

calculated to examine the relationship between the structural (MRI) and functional 

(lAP) measures, by subtracting the left score (HCvol, HCT2, lAP) from the right.

The relationship between the lAP and MRI measures o f lateralised dysfunction was 

plotted and examined using two bivariate regression analyses with the right - left lAP 

score as the dependent variable and the right - left HCvol and right - left HCT2 

measures as the independent variables.

- 238 -



Study 3 Chapter 11

RESULTS

Correlations

The HCvol and HCT2 measures were not significantly correlated with the memory 

scores from the lAP in either hemisphere.

In the right TLE group there were no significant correlations between the MRI 

measures (RHCvol, LHCvol, smallestdargest ratio, RHCT2, LHCT2) and the right 

and left lAP memory scores. Similarly no significant correlations were found in the 

left TLE group. (See Appendix 7).

In the group as a whole there were no significant correlations between the right 

hemisphere lAP memory score, (the score obtained following the left hemisphere 

injection) and the RHCVol and RHCT2 measures. Similarly no significant 

correlations were found between the left hemisphere lAP memory score (the score 

obtained following the right hemisphere injection) and the LHCvol and LHCT2 

measures. (See Appendix 7).

Asymmetry Regression Analyses

The memory scores from the lAP were converted into a single score of lateralised 

dysfunction by subtracting the right hemisphere memory score from the left 

hemisphere memory score. A positive score on this scale indicates left hemisphere 

dysfunction. Similar data transformations were performed on the MRI hippocampal 

volume and HCT2 measures. The left hippocampal volume was subtracted from the 

right hippocampal volume. Again on this scale a positive score indicates a smaller left 

hippocampus. The left HCT2 measure was subtracted from the right HCT2. Because a
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high HCT2 indicates dysfunction, a positive score on this scale represents greater right 

hemisphere dysfunction.

The HCvol asymmetry score was significantly correlated with the lAP asymmetry 

score (r = 0.44, p<0.01). The right - left HCvol score accounted for 18% of the 

variance in the lAP asymmetry score. Large differences in hippocampal volume were 

associated with larger discrepancies between the right and left hemisphere memory 

scores on the lAP with smaller volumes associated with lower memory scores. See 

Figure 11.1. Similarly the HCT2 asymmetry score was negatively correlated with the 

lAP asymmetry score (r = -0.43, p<0.01). The right - left HCT2 score accounted for 

19% of the variance in the lAP asymmetry score. Large differences in hippocampal T2 

relaxation time were associated with larger discrepancies between the right and left 

hemisphere memory scores on the lAP, with high T2 relaxation times associated with 

poor memory scores. See Figure 11.2.

MRI and neuropsychological characteristics o f  lAP failures

Two patients failed the memory component of the lAP and did not go on to surgery. 

Their baseline neuropsychological scores are presented in Table 11.5. The first was a 

28 year old, right handed female, of average intellectual ability (FSIQ = 99) with 

medically intractable temporal lobe epilepsy since the age of 11. The baseline 

neuropsychological assessment revealed deficits in the initial registration of verbal 

material and rapid forgetting over a delay on the story recall task. Results from the 

lAP suggested that she was left hemisphere dominant for language and that the right 

hemisphere was not capable of sustaining useful memory function unilaterally. 

Hippocampal volume measurements revealed that the left hippocampus was 32% 

smaller than the right. The RHCvol fell within normal limits (5651.05mm3), whilst 

the LHCvol fell below the cut off established in normal controls (3817.1mm3). Her 

HCT2 was higher on the left compared to the right, but both values fell within the
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normal range (Right 97, Left 106). Three seizures were recorded using scalp EEG 

video telemetry. In two, bilateral temporal lobe discharges were recorded at the ictal 

onset. In the third, a unilateral right temporal lobe onset was recorded.

The second patient was a 34 year old, left handed man, o f low average ability (FSIQ = 

88) whose habitual seizures had started at the age of 2 years. Baseline 

neuropsychology indicated impaired learning and recall o f both verbal and visual 

material. The lAP suggested that he was left hemisphere dominant for language, and 

that neither hemisphere was capable of sustaining adequate memory function 

unilaterally. Hippocampal volume measurements revealed bilaterally small 

hippocampi with the left 12% smaller than the right. The RHCvol fell one standard 

deviation below the mean recorded in normal controls (4587.7 mm3), whilst the 

LHCvol fell below the cut off established in normal controls (4049.8 mm3). His 

HCT2 fell within the normal range (Right 105, Left 108). Further FLAIR imaging 

studies revealed bilaterally increased amygdala T2 values and nodular lesions in the 

amygdalae. Video telemetry studies suggested a left fronto-temporal ictal onset.
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Figure 11.1; Plot of functional asymmetry (right - left hemisphere lAP memory
score) with MRI HCvol measure of structural asymmetry (right - left HCvol).
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Figure 11.2: Plot of functional asymmetry (right - left hemisphere lAP memory score)
with MRI H C Ï 2 measure of structural asymmetry (right - left HCT2 ).
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Table 11.5: Baseline neuropsychological characteristics o f  the two patients who 
failed the I A P.

Test Case 1 Case 2 Normals 

mean (s.d.)

Adult Memory Information Processing Battery

List Learning 57 32 57.3 (7.6)*

List Recall 11 7 12.5 (2.3)*

Story: immediate recall 18 26 39.2(10.5)*

Story: delayed recall 13 12 37.5(10.6)*

Story % retained 72% 46% 95.7% (10.9)*

Design Learning 41 21 36.8 (6.7)*

Design Recall 7 6 7.9 (1.9)*

Figure: immediate recall(%) 97% 50% 89.6% (15.4)*

Figure: delayed recall (%) 93% 42% 87.2% (17.5)*

Figure: % retained 95% 84% 97.0% (9.9)*

Recognition Memory Test

Words 49 48 46.5 (3.6)**

Faces 44 38 43.6(3.3)**

From the Adult Memory & information Processing Battery test manual. 
From the Recognition Memory Test manual.
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DISCUSSION

All of the patients with unilateral HS and concordant EEG changes, i.e. with seizures 

originating from the pathological hippocampus, passed the lAP test and did not 

become amnesic following a temporal lobe resection, despite neuropsychological 

profiles suggestive of bilateral temporal lobe dysfunction. The hemisphere 

contralateral to that of the suspected seizure focus was judged to be capable of 

sustaining basic memory functions unilaterally. Patients with clearly lateralised 

temporal lobe epilepsy frequently demonstrate memory deficits on both verbal and 

visual memory tests and the low failure rate in this study in part reflects the low base- 

rate of true risk for postoperative amnesia. However if MRI technology is to 

eventually supersede the lAP in identifying those at risk of amnesia following a 

unilateral temporal lobe resection, it is important to examine the neuroradiological and 

clinical characteristics of the patients who do not show this pattern.

Two of the 48 patients in this sample failed the memory component of the lAP. The 

hemisphere contralateral to the side of the proposed surgery did not appear to be 

capable of sustaining basic memory functions unilaterally. Although one 

demonstrated marked visual and verbal memory impairments on a baseline 

neuropsychological assessment, other patients within the sample also demonstrated a 

similar baseline pattern suggestive of bilateral memory impairment and passed the 

lAP. However other presurgical investigations in these two patients suggested 

bilateral dysfunction. In one of the cases, video telemetry studies suggested an ictal 

onset contralateral to the unilateral hippocampal volume loss evident on MRI. In the 

second case, further imaging studies revealed bilateral amygdala abnormalities and 

video telemetry studies suggested the possibility of an extra-temporal seizure focus. 

Both of these cases underline the imperative for a synthesis of multidisciplinary data 

in the presurgical assessment of postoperative amnesic risk. Overall this data suggests 

that patients with unilateral hippocampal sclerosis, established on a rigorous
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quantitative protocol, with concordant ictal and inter-ictal EEG changes, may not be at 

risk for postoperative amnesia.

A number of factors unrelated to the functional integrity of the temporal lobe can 

contribute to an impression of memory failure and lAP memory scores may not be 

stable measures. McGlone & McDonald (1989)^^  ̂presented a study of 18 patients 

who underwent a repeat amytal test, 8 patients (44%) achieved a different result on 

each trial. The authors point out that external factors seemed to account for 7/8 

category changes. However there was no obvious reason for the pass-fail discrepancy 

for the remaining patient. The two failures in this study highlight the possible role that 

quantitative MRI measures may have in interpreting the findings of the lAP. Rather 

than using the lAP procedure as the ‘gold standard’ against which MRI must measure 

up, we advocate a procedure whereby the two investigations continue to inform and 

guide the interpretation of each other in the wider context of all of the presurgical 

investigations.

The majority of patients who became amnesic following a unilateral temporal 

lobectomy underwent surgery prior to the advent of MRI. Penfield & Milner (1958)^*' 

and Dimsdale, Logue & Piercy (1964)^* each reported a case of dense amnesia 

following a unilateral temporal lobectomy. At autopsy both patients had a damaged 

and shrunken hippocampus contralateral to the side of surgery. This pathology would 

certainly have been identified by MRI prior to the surgery, if  it had been available at 

the time and with that knowledge the patient would have been excluded from surgery. 

However the MRI evidence in more recent cases of postoperative amnesia has been 

equivocal. Rausch et al (1985)^^  ̂described a patient who became amnesic following a 

left temporal lobectomy. A postoperative MRI showed that the non-resected 

hippocampus was grossly intact, although there was evidence of damage to the 

internal capsule. Loring et al (1994)^^  ̂reported the preoperative bilateral MRI 

findings on a young man who became amnesic following a right temporal lobectomy.
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The patient underwent 3 preoperative MRI scans. The first suggested left temporal 

horn dilation and mild deep atrophy but this pattern was not found on the two 

subsequent scans which were reported to be normal. A postoperative volumetric MRI 

revealed a small left hippocampus, well outside the range measured in normal 

controls. The volumetric MRI protocol was not available for this patient 

preoperatively. However we may surmise that no gross hippocampal asymmetry 

(greater than around 70%) was present preoperatively as this would have been 

detected by a simple visual inspection of the standard images. These studies suggest 

that the absolute volume of the unresected hippocampus may be a critical factor to 

consider in the presurgical evaluation of temporal lobectomy candidates. Hippocampal 

volume ratios in cases such as these may mask bilateral hippocampal volume loss.

We did not find any significant correlations between the unilateral memory scores 

from the lAP and the quantitative MRI measures in our sample. There may be a 

number of reasons for our results. MRI measures are exclusively concerned with 

hippocampal integrity, whilst the lAP measures the memory capacity of the whole 

hemisphere. Whilst the hippocampus plays a critical role in memory functioning, there 

is also evidence to suggest that extra-hippocampal structures within the temporal 

lobes and elsewhere contribute to memory processes (Horel 1994)'^^, particularly 

recognition memory (Aggleton & Shaw 1996, Baxendale 1997, see Appendix 1)̂ ’̂ .̂ 

Indeed, since the hippocampus takes its blood supply from both the internal carotid 

and the posterior cerebral arteries, it remains unknown to what degree the 

hippocampus is affected in each patient tested on the lAP (Jack et al,

1988;1989)*^^’’̂ l

The non significant results of the correlational analyses suggest that the unilateral lAP 

test score is not a behavioural index of hippocampal pathology measured by HCvol 

and HCT2 . However, there were significant correlations between the MRI measures 

of structural asymmetry and our measure of functional asymmetry from the lAP. The
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measure of lateralised functional disturbance was significantly correlated with both of 

the MRI measures of structural asymmetry. These findings support the role of the lAP 

in the presurgical latéralisation of temporal lobe dysfunction.

The patients who participated in this study were a highly selected group. Since the 

lAP is usually one of the last presurgical investigations carried out prior to surgery at 

the National Hospital for Neurology & Neurosurgery, many of the patients with gross 

bilateral hippocampal damage would have been rejected from the surgery programme 

before taking the lAP. At the other end of the spectrum, presurgical candidates with 

clear unilateral temporal lobe pathology and concordant EEG and neuropsychological 

data do not routinely undergo the lAP. It would be important to discover whether 

these findings hold true for the entire range of temporal lobectomy candidates.

Few studies to date have looked at the relationship between quantitative MRI 

measures and performance on the lAP and it seems probable that the two methods of 

investigation will continue to complement each other in providing lateralising and 

clinical data in the presurgical decision making process for the foreseeable future. The 

findings using MRI and lAP measures of hemispheric asymmetry are encouraging, 

and support the use of the lAP as a tool for lateralising temporal lobe dysfunction but 

fall short of suggesting that lAP memory scores can be viewed as behavioural indices 

for the extent of hippocampal pathology identified on MRI.

Some progress has been made using functional MRI techniques to lateralise language 

function (Desmond et al, 1995; Binder et al, 1996; Hertz-Pannier et al, 1997)^  ̂^̂  '̂ '̂ . 

However these new techniques will need extensive development and validation before 

clinical reliance could be placed on them in the assessment of unilateral memory 

function. It would not be appropriate to advocate the redundancy of the lAP on the 

strength of the results from the present study. Genuine memory failures on the lAP are 

rare using our protocol and in others around the world (Loring et al, 1992)^^ .̂ It is
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therefore important that the neuroradiological characteristics o f these patients continue 

to be reported, to aid our understanding and interpretation of the lAP, quantitative 

MRI techniques and their interaction in the presurgical evaluation of patients for 

temporal lobe surgery.
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H ip p o c a m p a l  C e l l  L o s s  a n d  G l i o s is :

R e l a t io n s h ip  t o  P r e - a n d  P o s t o p e r a t iv e  M e m o r y  F u n c t i o n .

ABSTRACT

This study examined the relationship between neuronal densities, glial cell densities 

and the glial cell/neuron ratio in the CAl and CA4 hippocampal subfields and pre- 

and postoperative memory function in 47 patients who had undergone a temporal 

lobectomy (24 Right, RTL: 23 Left, LTL) for the relief of medically intractable 

epilepsy. The LTL group performed more poorly than the RTL group on a list learning 

and story recall task, pre- and postoperatively. Both the RTL and LTL groups 

performed more poorly on the story recall task postoperatively. In the LTL group 

neuronal densities in the CAl subfield were significantly correlated with the 

preoperative scores on the immediate (r=0.53, p<0.01) and delayed (r=0.53, p<0.01) 

recall of the story. There were no significant correlations in the LTL group between 

the CAl and CA4 cell counts and Verbal IQ or scores on a measure of naming ability. 

None of the cell density measures in the CAl and CA4 subfields were significantly 

correlated with the preoperative neuropsychological test scores in the RTL group. 

Postoperative decline in verbal recall was associated with the excision of a relatively 

intact left hippocampus, with high neuronal and low glial cell densities in the CAl 

subfield. The excision of a relatively intact right hippocampus was associated with a 

postoperative decline in verbal and non verbal recall.
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INTRODUCTION

Quantitative histological analysis of resected tissue provides a measure of neuronal 

loss in the CAl, CA2, CA3, CA4 and dentate gyrus fields of the resected 

hippocampus. Cell loss within these specific subfields has been associated with pre 

and postoperative memory deficits and failure on the sodium amytal test (See 

Chapters 5 & 6). However the relative importance of neuronal loss in each subfield 

remains unclear and there have been conflicting reports of the relationship between 

neuronal loss and postoperative memory change (see Chapter 5). Van Paesschen et al 

(1996/*^ suggest that a glial cell/neuron ratio measure may be a superior index of 

hippocampal atrophy compared to simple neuronal counts. As yet no studies have 

examined the relationship between glial cell counts and glial/neuron ratio measures 

and memory function. This study examines the relationship between neuronal and 

glial cell densities in 2 subfields of the hippocampi (CAl & CA4) and pre- and 

postoperative memory function using tests o f learning and recall involving verbal and 

non verbal material.
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METHODS

Patients

The subjects were 47 patients with hippocampal sclerosis who underwent an anterior 

temporal lobectomy (24 right; RTL, 23 left; LTL) for the treatment of medically 

intractable temporal lobe epilepsy. Patients with structural lesions other than 

hippocampal sclerosis evident on preoperative MRI or apparent from postoperative 

histology were excluded.

All of the patients had undergone a period of video-EEG telemetry prior to the 

surgery. The clinical presentation of the seizure, together with the ictal and inter-ictal 

EEG changes provided lateralising information and the data were evaluated together 

with the clinical history, MRI findings and the results from the baseline 

neuropsychological assessment to provide the ultimate latéralisation of the seizure 

focus. There were no significant differences between the RTL and LTL groups in age 

at time of surgery, age at epilepsy onset and duration of epilepsy (see Table 12.1). 

Forty three o f the patients were followed up 3 months postoperatively with a 

neuropsychological assessment (20 RTL, 23 LTL). Clinical and practical constraints 

on the pre and postoperative neuropsychological testing procedures meant that some 

tests were not administered pre-and postoperatively. This missing data is reflected in 

the number of patients with scores for each test presented in Table 12.4.
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Table 12.1: Demographic and epilepsy characteristics o f  the RTL & LTL groups.

Demographic & 
Epilepsy 

Characteristics

RTL (n=24) LTL (n=23)

Age at surgery: years 
(standard deviation)

Mean 32.0 (8.3) Mean 31.1 (8.1)

Gender 11 Males 
13 Females

10 Males 
13 Females

Handedness 19 Right, 5 Left 20 Right, 3 Left
Age at Onset of 
Epilepsy(years)

Mean 8.6 (7.1) Mean 12.3 (6.9)

Duration of Epilepsy 
(years)

Mean 21.2 (8.1) Mean 16.2 (7.4)

Verbal IQ Mean 95.5 (14.6) Mean 90.6 (11.3)
Performance IQ Mean 95.6 ( 18.4) Mean 93.4(12.9)

Quantitative Histology’

See Chapter 8 for full details of the quantitative histological techniques used in this 

study. Clinical constraints during the surgical procedure meant that a complete 

hippocampal specimen was not always available for histological examination. This is 

reflected in the different numbers of patients with data for each subfield. Neuronal and 

glial cell densities were available for the whole sample (n=47) in the CAl and CA4 

subfields. Forty five patients had data for the dentate gyrus. For the CA2 and CA3 

subfields n=29 and n=27 respectively. The neuronal and glial densities, and the glial 

density/neuron density (GD/ND) ratios for the RTL and LTL groups are presented in 

Table 12.2. Multivariate analyses of variance revealed that the RTL group did not 

significantly differ from the LTL group in the neuron and glial densities and the 

GD/ND ratio in eaeh subfield. However there was a significant effect o f ‘subfield’ 

with neuronal loss, and associated gliosis greatest in the CAl and CA4 subfields. (See 

Appendix 8).

-253-



S t u d y  4 C h a p t e r  12

Table 12.2: Mean cell densities in the hippocampal subfields and dentate gyrus.

Hippocampal
Subfield

N Neuronal density (mm̂ ) 
Mean (s.d)

Glial Densities (mm̂ ) 
Mean (s.d)

Glial cell/neuron ratio 
mean (s.d)

CAl 47 5297(7250) 122447 (46042) 47.6 (2&6)

CA2 29 20475 (6113) 34472(24133) 1.8 (1.2)

CA3 27 8103(5868) 57373(36307) 18.4(37.2)

CA4 47 3742(3133) 88814 (30048) 45^(413)

Dentate Gyrus 45 203505 (111609) 57946(26319) 0.3 (0.3)

Postoperative Seizure Control

The three month postoperative seizure status of the patients is presented in Table 12.3.

Table 12.3: Postoperative Seizure Status of RTL and LTL groups:
Three months post- surgery.

Outcome Classification for 
Epilepsy Surgery

Three Months Post 
Surgery (n = 43)

Class 1 A. Completely Seizure Free 

since

13(30.3%)

B. Aura only since surgery 16(37.2%)

Class II A. Initially seizure Free but rare 

seizures now

1 (2.3%)

B. Rare seizures since surgery 10(23.3%)

Class III A. Worthwhile seizure reduction -

Class IV A. Significant seizure reduction 2 (4.6%)

B. No appreciable change 1 (2.3%)

C. Seizures worse -

Patients classified according to Engels (1987)'^^ criteria.
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Statistical Analyses

To examine the effects of side of surgery (right vs. left) and time of testing (pre vs. 

three month postsurgical) on memory skills, the neuropsychological data were 

examined using repeated measures multivariate analyses of variance.

Gliosis and neuronal loss are most pronounced in the CAl, CA3 and CA4 subfields of 

the hippocampus in patients with hippocampal sclerosis (Wyler et al, 1992)"̂ ^̂ . CA3 

subfield cell counts were only available for the half of the sample. The histological 

data from the CAl and CA4 subfields were therefore used in the statistical analyses. 

Pearsons correlations were used to examine the relationship between the neuronal and 

glial cell densities and the GD/ND ratio measure in the CAl and CA4 subfields and 

the pre- and 3 month postoperative neuropsychological scores in the RTL and LTL 

groups. A significance level of p<0.01 was employed to reduce the likelihood of a 

type I error since multiple correlations were performed. Postoperative change scores 

for each test were computed by subtracting the preoperative score from the three 

month postoperative score. A positive score on this scale indicates a postoperative 

decline in function, whilst a negative score indicates a postoperative improvement.

The pre-postoperative change scores for each task were correlated with the 

histological data from the CAl and CA4 subfields in the RTL and LTL groups.
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RESULTS

Postoperative Memory Change

The multivariate analyses of variance did not reveal any significant interaction effects 

between the time at assessment (preoperative vs. 3 month postoperative) and side of 

surgery (right vs. left) on any of the memory test scores (Table 12.4). Both the RTL 

and LTL groups performed more poorly on the immediate story recall postoperatively 

(f=5.35, p=0.02). The LTL group obtained significantly lower scores than the RTL 

group, both pre- and postoperatively on all o f the scores derived from the List 

Learning and Story Recall tasks. There were no significant differences between the 

RTL and LTL groups on the non verbal memory tests (Design Learning & Figure 

Recall). See Appendix 8 for full details of the statistical analyses.

The multivariate analyses of variance did not reveal any significant interaction effects 

between the time at assessment (preoperative vs. 3 month postoperative) and side of 

surgery (right vs. left) on any of the measures of general intellect or language skills, 

see Table 12.4. However the LTL group obtained lower scores than the RTL group on 

the Graded Naming Test, pre- and postoperatively (F=9.8, p<0.01).

Preoperative Neuropsychology & Cell Densities

None of the cell density measures (neuronal density, glial cell density, glial 

cell/neuron ratios) in the CAl and CA4 subfields were significantly correlated with 

the preoperative neuropsychological test scores in the RTL group.
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In the LTL group the neuronal cell densities in the CAl subfield were significantly 

correlated with the preoperative immediate (r=0.53, p<0.01) and delayed (r=0.53, 

p<0.01) story recall scores. No significant correlations were found between the 

neuronal cell densities in the CA4 subfield and any of the presurgical 

neuropsychological test scores. There were no significant correlations between the 

glial cell densities and the glial cell/neuron ratio in any subfields and the preoperative 

neuropsychological test scores in the LTL group

Postoperative Neuropsychology & Cell Densities

In the RTL group there were significant negative correlations between the neuronal 

densities in the CAl (r=-0.56, p<0.01) and CA4 (r=-0.61, p<0.01) subfields and the 

three month postoperative immediate Figure Recall score. High neuronal densities in 

the right CA4 subfield were associated with poor postoperative performance on the 

list learning task (r=-.0.62, p<0.01). Low GD/ND ratio measures are indicative of a 

more intact hippocampus. There was a significant correlation between the GD/ND 

ratio in the right CAl subfield and postoperative delayed story recall score. The 

removal of a relatively intact right hippocampus was associated with lower 

postoperative scores (r=+0.54, p<0.01). There were no other significant correlations in 

the RTL group.

None of the neuronal densities or ratio measures were significantly correlated with the 

postoperative neuropsychological scores in the LTL group. However there was a 

significant relationship between the glial cell densities in the CAl subfield and 

postoperative performance on the List Learning task. Large numbers of glial cells
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present in the CAl subfield of the resected left hippocampus were associated with 

better postoperative list learning ( r=0.50, p<0.01).

Postoperative Change & Cell Densities

In the RTL group the CAl glial cell/neuron ratio was negatively correlated with the 

pre-postoperative change on the delayed list recall score, (r= -0.63, p<0.01). Patients 

with high ratios of glial cells to neurons in the CAl subfield tended to improve on the 

list learning task postoperatively, whilst those with lower ratios, tended to decline.

In the LTL group, the patients who demonstrated the largest postoperative declines on 

the immediate and delayed recall of the story had significantly higher neuronal 

densities in the CAl subfields (immediate recall r=0.52, p<0.01, delayed recall 

r=0.62, p<0.01). The glial cell density in the CAl subfield was negatively correlated 

with postoperative change on the immediate story recall score, r=0.50, p<0.01. High 

glial cell densities were associated with postoperative improvement or no change, 

whilst low densities were associated with postoperative declines 

There were no other significant findings in the RTL or LTL groups.

Full details of all of the analyses of variance and correlational analyses are presented 

in Appendix 8.
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Table 12.4 Summary o fpre  and postoperative neuropsychological test scores fo r  the RTL and LTL groups.

R igh t T em poral Lobectom y G roup Left T em poral L obectom y G roup |
T est M ean Std  Dev M in M ax N M ean Std  D ev M in M ax N

. ; ~ , 7*  - ' V*
V erbal IQ 95 6 14.7 71 133 23 90.6 11.3 67 113 24
P erfo rm ance IQ 95 .6 18.4 70 137 23 934 12.9 70 1 2 2 24
S hortened  T oken Test 13.5 1 . 8 8 15 23 13.7 1.5 1 0 15 2 1

G raded N am ing  Test 16.9 6 . 6 4 28 23 13.4 5.3 3 24 2 1

List L earning: 1 rials 1-5 47.1 9.5 28 69 2 2 41.5 7.1 29 59 2 2

List recall (A 6  Score) 9.0 3.9 3 15 2 2 7.1 2.4 2 1 1 2 2

Storv: Im m ediate  recall 24.5 10.7 13 52 2 1 19.5 9.5 8 41 23
Stor\': D elayed recall 20 .4 1 1.9 8 49 2 1 15.0 1 0  1 0 37 23
Storv: %  R etained 79.7 15.7 45 104 2 1 6 8  5 332 0 108 23
D esign Learning: T rials 1-5 29.3 9.2 14 43 19 31.8 9.1 15 54 2 1

D esign recall (A 6  Score) 6.4 2 . 8 0 9 19 6 . 2 2 . 8 1 9 2 1

l iiiurc: Im m ediate  recall 6 6 . 1 18.8 25 1 0 0 2 1 73.5 14.8 43 93 2 1

Figure: D elayed recall 61 .0 23.2 0 1 0 0 2 1 7 1 6 15.7 35 97 2 1

Fisure: %  retained 88.0 25 8 0 1 19 2 1 97 .6 10.5 67 123 2 1

3 M on th  Postopera tive  scores
V erbal IQ 95.3 13.3 75 129 17 922 14.4 61 1 2 1 2 1

P erfo rm ance IQ 97.8 18.6 78 140 17 95 8 14.7 58 1 2 1 2 1

S hortened  T oken Test 13.8 I I 1 1 15 18 13.2 3.2 1 15 2 1

G raded N am ing  Test 18.1 6 . 2 8 28 18 1 2 . 0 4.9 2 2 1 23
List L earnina: friais  1-5 4 8 0 1 1.9 24 65 2 0 28 .6 9.3 2 0 58 23
List recall (A 6  Score) 9.9 3.4 4 15 2 0 7.0 2.5 2 1 1 23

Storv: Im m ediate  recall 2 1 . 2 1 2 . 1 6 52 2 0 14.9 8.5 3 38 23
Storv: D elaved recall 17.9 1 2 . 2 4 50 2 0 1 1 . 6 9.7 0 36 23
Storv: %  R etained 82.5 18.1 4 50 2 0 66.3 32 3 0 113 23
D esign Learning: T rials 1-5 32.1 7.8 16 44 16 32.1 9.1 14 49 2 2

D esign recall (A 6  Score) 6.8 2.3 2 9 16 7.4 6 . 1 0 32 2 2

Figure: Im m ediate  recall 67.5 23.3 1 0 97 2 0 71.1 22 3 7 95 23
Figure: D elayed recall 62.1 27.0 1 0 97 2 0 70.4 2 1 . 2 2 1 95 23
Fiaure: %  retained 89.2 19.1 2 1 1 0 1 2 0 106.4 43.3 63 300 23
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DISCUSSION

This is the first study to examine the relationship between quantified measures of 

hippocampal neuropathology including measures of gliosis and pre and post- 

neuropsychological functioning. We found that preoperative verbal memory deficits, 

evident on the immediate and delayed recall scores on the story recall task were 

inversely correlated with the CAl neuronal densities in the LTL but not the RTL 

group. This relationship appears to be specific to verbal memory skills, since no 

significant correlations were found between the neuronal densities in any of the 

subfields and the measures of verbal intellect (Verbal IQ) or language skills (De Renzi 

Token Test, Graded Naming Test). The removal of a relatively intact left 

hippocampus, with high neuronal densities and low glial cell densities in CAl, was 

associated with the greatest postoperative deterioration in the immediate and delayed 

story recall scores. Despite the use of different neuropsychological tests, histological 

procedures and design methodologies these findings are remarkably consistent with 

those reported by Sass et al (1990; 1992; 1994)̂ ^̂ '̂ ^̂  and provide further support for 

the role of left hippocampus in prose memory tasks.

We did not find any significant correlations between the preoperative list learning 

scores and the cell densities in the LTL group, although high glial cell densities in the 

CAl subfield were associated with postoperative improvements on this task. Rausch 

and Babb (1993)^^  ̂reported that patients with severe neuronal loss in the left CAl 

subfield obtained significantly lower scores on the WMS paired associate learning 

task than those with moderate cell loss and concluded that the hippocampus was
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primarily involved in simple rote learning tasks, rather than more semantieally 

complex tasks, such as logical prose recall. Whilst methodological differences in both 

the nature of the tests employed and the discreet vs. continuous representations of 

neuronal cell count data may account for our discrepant findings, the nature o f the 

argument highlights the need for further investigation into the way in which patients 

approach and carry out verbal memory tasks. As discussed in the previous two studies, 

it is too simplistic to compartmentalise verbal memory processes into ‘rote learning’ 

and ‘memory for semantically complex material’, but rather these processes exist 

along a continuum. The specific demands of a memory test may encourage an 

individual to employ one method over and above another, but some success can 

usually be achieved using a different procedure. A prose strategy, such as the method 

of loci may be used in a list learning task, whilst the details of a story can simply be 

recalled using rote memory techniques.

We did not find any significant correlations between the neuronal or glial cell density 

measures and preoperative memory function in the RTL group. Again these findings 

are consistent with a number of reports in the literature (Rausch and Babb, 1993; Sass 

et al, 1992)^^ ’̂̂ ^̂  and support other studies that suggest some of the most widely used 

tests of non-verbal memory may not be sensitive to right hippocampal dysfunction 

(Jones Gotman, 1996; Baxendale, 1995)’̂ ’̂̂  ̂Although non verbal tests used in our 

study were analogous in design to the verbal memory tests and included measures of 

learning and the immediate and delayed recall of non verbal material, the MANOVA 

results revealed no significant differences between the RTL and LTL groups on the
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design learning and figure recall tasks. There is an ongoing need to develop clinical 

tests that are reliable and sensitive to right hippocampal dysfunction (see Chapter 9). 

Whilst we did not find any significant correlations between the preoperative memory 

test scores and the right hippocampal cell density measures, postoperative 

performance on the figure recall task was inversely associated with the neuronal 

densities in the CAl subfield for the RTL group. High neuronal densities in the CAl 

subfield of the excised right hippocampus were associated with lower postoperative 

scores on the figure recall task. Thus whilst the preoperative performance on the 

complex figure recall task does not appear to be related to the cell densities in the 

right hippocampus, the removal of a relatively intact hippocampus is associated with 

poor non-verbal recall postoperatively. The removal of a relatively intact right 

hippocampus was also associated with a poor delayed story recall score.

These findings illustrate the dissociation between findings from ‘in situ’ studies of the 

function of a structure and studies that infer function by examining the effects of its 

removal or destruction. These factors have been postulated as a possible cause for 

discrepancies between a number of reports in the neuropsychological literature (Horel, 

1 9 9 4 ) 1 6 8  study design allows the examination of these dissociations within the 

same patient group. Hippocampal sclerosis exists along a continuum. Our results 

suggest that the associated neuropsychological dysfunction may be correlated with the 

extent of the structural abnormalities in situ. However effective removal or 

disconnection of the structure results in different neuropsychological sequalae.
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The timing of the postoperative assessment may be another critical factor in the 

examination of the relationship between neuronal densities and postoperative memory 

deficits. Postoperative neuropsychological deficits may not be stable over the 

postoperative months. Significant relationships may be masked in an early assessment 

when more widespread dysfunction may be apparent as the brain recovers from the 

surgery itself. This is frequently seen in LTL patients who may develop significant 

word finding difficulties in the acute postoperative phase, which generally resolve and 

return to baseline levels (Frisk & Milner, 1990)’’̂ . However correlations may also be 

masked in later assessments with the possibility of plasticity of function and/or the 

development of new memory strategies. Postoperative seizure control may also be an 

important factor in the stability of a neuropsychological deficit, although the patient 

numbers were too small in our group to examine this effectively.

In summary, our findings confirm previous reports that decreased neuronal density in 

the left CAl subfield of the hippocampus is associated with specific deficits in verbal 

memory. This relationship is demonstrated by quantitative measures o f both neuronal 

and glial cell densities. Postoperative decline on tests of verbal recall is associated 

with the excision of a relatively intact left hippocampus. The excision of a relatively 

intact right hippocampus is associated with a postoperative decline on both verbal and 

non verbal recall tasks. Our findings highlight the dissociation of results between 

direct studies of the function of a structure in situ and studies that infer function from 

the symptoms of its destruction. This has important implications for the application of 

presurgical neuropsychological test results in both the provision of preoperative 

lateralising data and in the prediction of postoperative memory function.
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P r e d ic t io n  o f  P o s t o p e r a t iv e  M e m o r y  D e c l in e  in  T e m p o r a l  L o b e c t o m y :

A  M u l t iv a r ia t e  A p p r o a c h .

ABSTRACT

Whilst many patients experience a decline in memory function following a temporal 

lobectomy, there is considerable individual variation in the extent, nature and 

direction of postoperative memory change. Patients with surgically remediable 

temporal lobe epilepsy differ in aetiology, the extent and type of underlying pathology 

and on a number of demographic and epilepsy related variables all of which may have 

an impact on their pre and postoperative neuropsychological functioning. This study 

examined the relationship between these variables and postoperative memory decline. 

Seventy patients who had undergone a unilateral temporal lobectomy (31 Right; RTL, 

39 Left; LTL) were assessed on neuropsychological tests involving the learning and 

recall of verbal and non verbal material, preoperatively and three months 

postoperatively. Multiple logistic regression analyses were used to examine the 

effects of laterality of surgery, onset and duration of epilepsy, underlying pathology 

and preoperative level of function on postoperative memory change.

Approximately one third of the patients demonstrated a significant postoperative 

decline on each memory test. However different patients deteriorated on each task, 

and the postoperative deterioration was task specific for many of them. A high level 

of preoperative function was identified as a significant risk factor for postoperative 

deterioration on every task. However, the underlying pathology, side of surgery and 

epilepsy and demographic factors were also associated with postoperative memory
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change on many of the memory indices. We conclude that a significant proportion of 

temporal lobectomy patients experience no change or improvements in memory 

function postsurgically. When postoperative memory decline does occur it may be 

material specific and dependent upon task demands. Our analyses suggest that some 

patients with a high risk of significant postoperative memory decline can be identified 

preoperatively.
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INTRODUCTION

Whilst many patients experience a decline in memory function following a temporal 

lobectomy, there is considerable individual variation in the extent, nature and 

direction of postoperative memory change (e.g. Hermann & Wyler, 1988)’^̂ . Patients 

with surgically remediable temporal lobe epilepsy differ in aetiology, the extent and 

type of underlying pathology and on a number of demographic and epilepsy-related 

variables all of which may have an impact on their pre- and postoperative 

neuropsychological functioning. Preoperative ability and later age of seizure onset and 

at surgery have been suggested as important predictor variables in postoperative 

memory decline (Hermann et al, 1991,1995, Chelune et al 1991 These

variables may simply act as potential markers for the aetiology/pathology underlying 

the seizure disorder (see Chapter 4).

Recent advances in MRI technology and post- processing techniques mean that many 

of these factors can be identified and quantified preoperatively. This study examined 

the relationship between these variables and postoperative memory change, with the 

aim of providing a elinieally useful model to inform prospective surgical candidates of 

the relative cognitive risks associated with their temporal lobe resection.
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METHODS

Subjects

70 patients who had undergone a unilateral en-bloc temporal lobe resection (31 Right; 

RTL, 39 Left; LTL) were assessed on neuropsychological tests involving the learning 

and subsequent recall, following a delay or a period of distraction, of verbal and non

verbal material, preoperatively and three months postsurgically (See Chapter 8  for 

full details of the pre and postoperative neuropsychological assessment). The majority 

of the patients (n=52) had unilateral hippocampal sclerosis apparent presurgically on 

volumetric MRI. Sixteen patients had structural lesions (e.g. gliomas, cavernomas). 

Two patients had evidence of cortical dysplasia, without other pathology. Eighteen 

patients in the sample had dual pathology. No patients had a structural lesion and 

hippocampal sclerosis. However 10 patients had hippocampal sclerosis with 

additional cortical dysplasia. Eight patients had evidence of cortical dysplasia and a 

structural lesion. The demographic and epilepsy characteristics of the right and left 

temporal lobe resection groups are presented in Table 13.1. Analyses of variance did 

not reveal any significant differences between the RTL and LTL groups in age at the 

time of surgery (F=0.11, p>0.05) duration of epilepsy (F=3.7, p>0.05) or Verbal IQ 

(F=1.06, p>0.05). The RTL group had a significantly earlier onset of habitual seizures 

than the LTL group (F=6.2, p=0.01). The LTL group had a significantly higher 

Performance IQ than the RTL group (F=5.6, p=0.02).
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Table 13.1: Demographic and Epilepsy Characteristics o f  the Sample.

, Demographic & Epilepsy 

Characteristics

■"..light Temporal Lobe 

Resection (n=31)

Left Temporal Lobe 

Resection (n=39)

Age: years (s.d) 29.5 (6 .6 ) 29.0 (7.3)

Handedness 27 right, 4 left 31 right, 8  left

Gender 15 Males, 16 Females 16 Males, 23 Females

Age at Onset o f Epilepsy(years) 8 . 8  (5.6) 13.3 (8 .6 )

Years of Epilepsy 19.2 (7.0) 15.7(7.6)

Verbal IQ (s.d) 90.6(12.9) 93.7(12.4)

Performance IQ (s.d) 92.1 (17.2) 101.8(16.7)

Test Scores

The pre- and postoperative raw scores from the AMIPB were recoded into seven 

categories, based on the percentile ranges from normative control data. This 

facilitates the comparison of scores between analogous tests involving verbal and non

verbal material and helps to equate the different scoring systems used in form I and 

form II of the AMIPB tasks (for example in the complex figure recall task the 

maximum score for the figure is 80 points for form I and 76 points for form II). 

Percentile ranges also give a more clinically relevant description of the level of 

function of an individual patient. The percentile ranges employed are illustrated in 

Table 13.2.
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Postoperative Deterioration

For the purposes of the regression analyses the patients were dichotomised into those 

who demonstrated a significant postoperative decline on the task and those who 

showed no change or postoperative improvement. Significant postoperative 

deterioration on each task was defined as a postoperative score falling fifteen or more 

percentile points lower than that recorded preoperatively.

Table 13.2: Percentile ranges used in the study.

Category %ile Range Description

1 Below 2nd Impaired

2 3rd-l 0 th Well Below Average

3 llth-25th Below Average

4 26th-75th Average

5 76th-90th Above Average

6 91 st-97th Well Above Average

7 Above 98th Superior
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Statistical Analyses

Repeated measures multivariate analyses of variance were used to examine the effects 

of side o f surgery (right vs. left) and time of testing (pre vs. three month postsurgical) 

on the neuropsychological test scores.

Logistic regression allows one to predict a discreet outcome such as group 

membership fi-om a set o f variables that may be continuous, discrete, dichotomous, or 

a mix. Logistic regression is more flexible than many other multivariate statistical 

techniques. Logistic regression requires no assumptions about the distributions o f the 

predictor variables; they do not have to be normally distributed, linearly related or of  

equal variance within the group. The predictors can also be any mix o f continuous, 

discrete and dichotomous variables. The logistic regression model can be re-written in 

terms o f the probability o f an event occurring using the following equation.

Estimated probability = 1 .
1 + g "

where z equals the product o f the regression equation. Stepwise multiple logistic 

regression analyses were therefore used to determine which variables influenced 

postoperative memory decline on ten measures of memory ftmction fi*om the AMIPB 

(5 verbal memory indices, 5 visual memory indices). The following variables were 

entered: laterality o f surgery (right vs. left), age and age at onset o f habitual epilepsy 

(years), underlying pathology (presence o f hippocampal sclerosis, presence o f cortical 

dysgenesis, presence o f a structural lesion) and preoperative level o f ftmction 

(percentile category). In a sample size of n=70 the inclusion o f more variables in a 

logistic regression equation may a generate a ‘perfect fit’, creating a model that is
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unreliable and has poor generalisability. The whole bias o f this thesis has been on the 

impact o f the aetiology of temporal lobe epilepsy on pre- and postoperative 

neuropsychological function. As set out in Chapters 2 -5, it is hoped that the 

combination o f demographic and epilepsy characteristics with MRI data will provide 

a useful grouping o f patients with medically intractable temporal lobe epilepsy. This 

combination o f variables was therefore chosen to reflect that interest. Although 

presurgical seizure pattern and to a lesser extent the history o f an individuals anti

epileptic medication regime may also reflect underlying aetiology, these variables are 

not easily quantified or classified. Temporal lobe surgery candidates differ widely in 

both the pattern and type of seizures they experience and their current and historical 

pharmacological regimes. Whilst all o f the patients in the sample have reached ‘the 

end o f the line’ in terms o f trying all o f the appropriate anti-epileptic medications and 

have epilepsy that is judged to be sufficiently severe to warrant surgical intervention 

there is considerable individual variation. Unfortunately the sample size was such that 

these variables could not be included in the present analyses. See chapter 15 for a 

further discussion o f these issues.

Clinical and practical constraints on the pre and postoperative neuropsychological 

testing procedures meant that some tests were not always administered preoperatively 

and/or postoperatively. This missing data is reflected in the number o f patients 

included in the analyses for each equation.

The goodness o f fit o f each model produced was assessed in two ways. The 

predictions were compared with the observed outcomes using classification tables. 

However the classification table does not reveal the distribution o f estimated
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probabilities in the two groups. For each predicted group the table simply displays 

whether the estimated probability was greater or less than one half. Thus it is not 

possible to tell from the classification tables whether the patients who had false 

negative or false positive results had predicted probabilities near to 50%, or low 

predicted probabilities. Histograms o f the estimated probabilities were therefore 

created to examine the estimated probabilities in relation to the actual group 

membership for each case. In a perfect model that successfully distinguishes the two 

groups, the cases for whom the event has occurred should be to the right o f 0.5, while 

those cases who have not had the event should be to the left o f 0.5. The more the two 

groups cluster at their respective ends o f the plot, the better.

By examining the histograms of predicted probabilities, one can see whether a 

different rule for assigning cases might be helpful. For example if  most o f the 

misclassifications occur in the region of 0.5 with none falling above 0.75, in some 

circumstances it may be appropriate to predict memory decline only in cases for 

which we can be sure that the logistic prediction would be correct, i.e. those with an 

estimated probability o f 0.75. However, in predicting postoperative memory decline 

in TLE patients the consequences o f misclassification are not the same in both 

directions. In the majority o f cases, a false negative prediction is a more serious error 

than a false positive in the identification o f risk. The classification rule can therefore 

be altered to decrease the possibility of making this more severe error. For example, 

cases may only be classified as low risk if  their estimated probability is less than 0.3. 

Classification tables using the 0.5 estimated probability watershed and histograms of 

estimated probabilities against actual group membership are presented for each 

equation.
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RESULTS

Postoperative Memory Change

The multivariate analyses of variance did not reveal any significant effects of side of 

surgery or time of assessment on any of the measures from the complex figure recall 

task. On the list learning task there was a significant interaction between the time at 

assessment (preoperative vs. 3 month postoperative) and side of surgery (right vs. 

left), F=6.65, p=0.01. The LTL group demonstrated a significant postoperative decline 

on this task. On the list learning recall measure there was a significant effect of side of 

surgery (F=9.42, p<0.01); the LTL group obtained significantly lower scores than the 

RTL group on this task, both pre- and postoperatively. On the story recall task 

(immediate recall) there was a significant effect of time of surgery. Both the RTL and 

LTL groups performed more poorly on the postoperative assessment, than 

preoperatively. The RTL group performed more poorly than the LTL group on the 

design learning task both pre and postoperatively (F=8.8, p<0.01). The pre and 

postoperative neuropsychological scores for the RTL and LTL groups are summarised 

in Table 13.13. (See Appendix 9 for full details of the statistical analyses)
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Logistic Regression Analyses

A. List Learning Task

Preoperatively 24% of the sample performed in the impaired range. Postoperatively 

36% of the sample performed in the impaired range. 40% of the sample demonstrated 

a significant postoperative decline on this task. See Figure 13.1.

Figure 13.1. Pre- and postoperative distribution o f  scores on the list learning 
task.
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Logistic Regression Analyses

The logistic regression analysis produced the following solution:

z = -3.05 X -0.07 (age; years) + 1.08 (preoperative level; percentile category) + 1.37 

(side of surgery)* - 1.23 (presence of hippocampal sclerosis)** -0.62 (presence of a 

structural lesion)** + 1.26 (presence of cortical dysplasia)** + 0.02 (onset of seizures: 

years).

* where 1 = right, 2 = left.

** where 0 = not present, 1 = present.
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Overall 75.7% of cases were correctly classified by the regression equation. See Table

13.3.

Table 13.3 Classification table for the prediction o f  postoperative decline in list 
learning;.

Observed

Predicted
No decline 

0
Decline

1
Percent Correct

No Decline 0 36 6 85J%
Decline 1 11 17 60J%

Overall 75J%

Postoperative deterioration on this task was significantly associated with the following 

factors; good preoperative function (r=0.34),a left sided operation (r=0.10) and the 

presence of cortical dysgenesis (r=0.06).

Figure 13.2 presents a histogram of the observed groups and predicted probabilities of 

postoperative decline on the list learning task for the sample.

Figure 13.2 Observed Groups and Predicted Probabilities: List Learning

8

F

+
1
1
1

+
1
1
1

R 6
E

+
1

+
1

Q 1 0 1 1
U 1 0 1 1
E 4 + 0 1 1 +
N 1 0 1 1 1
C 1 0 0 0 0 1 1 1
Y 1 0 0 0 0 1 1 1

2 + 0 0 010 00 00 01 0 1 11 0 1 1  1 1111  +
1 0 0 010 00 00 01 0 1 11 0 1 1  1 1111  1
1 000 0 0 0 0 0 0 0 1 0 0  00 1 0 0 0101 01 00 010  1 0 1101  11
1 000 0 0 0 0 0 0 0 1 0 0  00 1 0 0 0101 01 00 010  1 0 1101  11

P r e d i c t e d -- +------------ -+------ -------------+----
P r o b  ; 0 . 2 5 . 5 . 7 5 1
G ro u p  : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Predicted Probability is of Membership for 1.00
Symbols: o - . oo No decline

1 - 1.00 Decline
Each Symbol Represents .5 Cases.

- 2 7 5 -



S tu d y  5 C h a p t e r  13

B. List Learning Task (recall following distraction)

Preoperatively 36% of the sample performed in the impaired range. Postoperatively 

42% of the sample performed in the impaired range. 29% of the sample demonstrated 

a significant postoperative decline on this task. See Figure 13.3.

Figure 13.3 Pre and postoperative scores on the list learning task (recall following 
distraction)
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Logistic Regression Analyses

The logistic regression analysis produced the following solution:

z = -1.02 X -0.25 (age; years) + 1.78 (preoperative level; percentile category) + 1.64 

(side of surgery)* - 2.38 (presence of hippocampal sclerosis)** -3.46 (presence of a 

structural lesion)** + 2.07 (presence of cortical dysplasia)** + 0.13 (onset of seizures: 

years).

* where 1 = right, 2 = left.

** where 0 = not present, 1 = present.
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Overall 86.9% o f cases were correctly classified by the regression equation. See Table

13.4.

Table 13.4 Classification table for the prediction of postoperative decline in list 
learning (recall following distraction).

Observed

Predicted
No decline 

0
Decline

1
Percent Correct

No Decline 0 47 2 95.2%
Decline 1 7 13 65.0%

Overall 86.9%

Postoperative deterioration on this task was associated with the following factors: 

Good preoperative function (r=0.33), younger age at surgery (r=-0.23), the presence of 

cortical dysgenesis (r=0.17), older age at epilepsy onset (r=0.14) and a left sided 

operation (r=0.09).

Figure 13.4 presents a histogram of the observed groups and predicted probabilities of 

a postoperative decline on the list learning task (recall following distraction).

Figure 13.4 Observed Groups and Predicted Probabilities: List A6 Score
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C. Story Task (Immediate Recall)

Preoperatively 63% of the sample performed in the impaired range. Postoperatively 

70% of the sample performed in the impaired range. 23% of the sample demonstrated 

a significant postoperative decline on this task. See Figure 13.5.

Figure 13.5. Pre and postoperative scores on the story recall task (immediate recall)
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Logistic Regression Analyses

The logistic regression analysis produced the following solution:

z = -0.88 X -0.30 (age; years) + 1.67 (preoperative level; percentile category) - 1.83 

(side of surgery)* + 6.35 (presence of hippocampal sclerosis)** +6.19 (presence of a 

structural lesion)** + 1.17 (presence of cortical dysplasia)** + 0.01 (onset of seizures: 

years).

* where 1 = right, 2 -  left.

** where 0 = not present, 1 = present.
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Overall 92.7% of cases were correctly classified by the regression equation. See Table

13.5.

Table 13.5 Classification table for the prediction o f  postoperative decline on the story 
recall task( immediate recall).

Predicted
No decline Decline Percent Correct

Observed 0 1
No Decline 0 51 2 96.2%

Decline 1 3 13 81.2%
Overall 92.7%

Postoperative deterioration on this task was significantly associated with the following 

factors; good preoperative function (r=0.34), a younger age at the time of surgery (r=- 

0.25) and a right temporal lobectomy (r=-0.04).

Figure 13.6 presents a histogram of the observed groups and predicted probabilities of 

a postoperative decline on the story recall task (immediate recall).

Figure 13.6. Observed Groups and Predicted Probabilities; Story (Immediate recall)
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D. Story Task (Delayed Recall)

Preoperatively 35% of the sample performed in the impaired range. Postoperatively 

49% of the sample performed in the impaired range. 41% of the sample demonstrated 

a significant postoperative decline on this task. See Figure 13.7.

Figure 13.7. Pre and postoperative scores on the story recall task (delayed recall)

50

45 k
40

35
CL
=3
2

30 K
O 25 f
o

20

15

10

5 V
0 - -

STO 1 
RYD

7

Percentile range (based on normative data)

■ Preoperative Scores m Postoperative Scores

Logistic Regression Analyses

The logistic regression analysis produced the following solution;

z = -2.02 X -0.02 (age; years) +1.14 (preoperative level; percentile category) - 0.13 

(side of surgery)* - 0.49 (presence of hippocampal sclerosis)** -1.10 (presence of a 

structural lesion)** + 1.40 (presence of cortical dysplasia)** + 0.02 (onset of seizures: 

years).

* where 1 = right, 2 = left.

** where 0 = not present, 1 = present.
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Overall 76.8% of cases were correctly classified by the regression equation. See Table

13.6.

Table 13.6 Classification table for the prediction o f  postoperative decline on the story 
recall task (delayed recall).

Observed

Predicted
No decline 

0
Decline

1
Percent Correct

No Decline 0 34 7 82.9%
Decline 1 9 19 67.8%

Overall 76.8%

Postoperative deterioration on this task was significantly associated with good 

preoperative function (r=0.34) and the presence of cortical dysplasia (0.09).

Figure 13.8 presents a histogram of the observed groups and predicted probabilities of 

a postoperative decline on the story recall task (delayed recall).

Figure 13.8. Observed Groups and Predicted Probabilities: Story (delayed recall)
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E. Story Recall Task (% retained)

Preoperatively 25% of the sample performed in the impaired range. Postoperatively 

27% of the sample performed in the impaired range. 39% of the sample demonstrated 

a significant postoperative decline on this task. See Figure 13.9.

Figure 13.9. Pre and postoperative scores on the story recall task (Vo retained)
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Logistic Regression Analyses

The logistic regression analysis produced the following solution:

z = -4.77 X -0.01 (age; years) + 0.92 (preoperative level; percentile category) +1.17 

(side of surgery)* - 0.62 (presence of hippocampal sclerosis)** -1.50 (presence of a 

structural lesion)** + 1.16 (presence of cortical dysplasia)** - 0.01 (onset of seizures: 

years).

* where 1 = right, 2 = left.

** where 0 = not present, 1 = present.
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Overall 76.8% o f cases were correctly classified by the regression equation. See Table

13.7.

Table 13.7 Classification table for the prediction o f postoperative decline on the story 
recall task (% retained)

Observed

Predicted
No decline 

0
Decline

1
Percent Correct

No Decline 0 37 5 88.1%
Decline 1 11 16 59.2%

Overall 76.8%

Postoperative deterioration on this task was significantly associated with good 

preoperative function (r=0.35) and a left temporal lobectomy (r=0.06). 

figure 13.10 presents a histogram of the observed groups and predicted probabilities 

of a postoperative decline on the story recall task, (% retained score).

Figure 13.10. Observed Groups and Predicted Probabilities: Story recall (% 
retained)
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F. Design Learning

Preoperatively 5% of the sample performed in the impaired range. Postoperatively 

11% of the sample performed in the impaired range. 30% of the sample demonstrated 

a significant postoperative decline on this task. See Figure 13.11.

Figure 13.11. Pre and postoperative scores on the design learning task
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Logistic Regression Analyses

The logistic regression analysis produced the following solution:

z = -0.56 X +0.01 (age; years) + 0.74 (preoperative level; percentile category) - 1.86 

(side of surgery)* - 1.48 (presence of hippocampal sclerosis)** -3.11 (presence of a 

structural lesion)** - 1.05 (presence of cortical dysplasia)** + 0.01 (onset of seizures: 

years).

* where 1 = right, 2 = left.

** where 0 = not present, 1 = present.
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Overall 71.9% o f cases were correctly classified by the regression equation. See Table

13.12.

Table 13.8 Classification table for the prediction o f  postoperative decline on the 
design learning task.

Observed

Predicted
No decline 

0
Decline

1
Percent Correct

No Decline 0 34 6 85.0%
Decline 1 10 7 41.2%

Overall 71.9%

Postoperative deterioration on this task was significantly associated with the following 

factors; good preoperative function (r=0.29),a right sided operation (r=-0.16) and the 

absence of a structural lesion (r=-0.08).

Figure 13.13 presents a histogram of the observed groups and predicted probabilities 

of a postoperative decline on the design learning task.

Figure 13.13 Observed Groups and Predicted Probabilities: Design Learning

R 6 + 1 +
E 1 1 1
Q 1 0 0 1 1
U 1 0 0 1 1
E 4 + 0 0 11 +
N 1 0 0 11 1
C 1 0 0 10 01 1 1
Y 1 0 0 10 01 1 1

2 + 0 0 0 0 0000 00 01 11 +
1 0000 0000 00 01 11 1
1 0000 0000 00 0 0 0 0 1011 100 01 00 1 10 1
1 0000 0000 00 0 0 0 0 1011 100 01 00 1 10 1

P r e d i c t e d -  + - - -  + --------- -  + ------
P r o b  : 0 . 25 . 5 . 75 1
G r o u p :  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Predicted Probability is of Membership for 1.00 
Symbols: 0 - .00 No Decline

1 - 1.00 Decline 
Each Symbol Represents .5 Cases.

-285-



S tu d y  5 C h a p t e r  13

G. Design Learning Task (recall following distraction)

Preoperatively 13% of the sample performed in the impaired range. Postoperatively

14% of the sample performed in the impaired range. 37% of the sample demonstrated

a significant postoperative decline on this task. See Figure 13.14.

Figure 13.14. Pre and postoperative scores on the design learning task (recall 
following distraction)
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Logistic Regression Analyses

The logistic regression analysis produced the following solution:

z = -3.13 X 0.16 (age; years) + 0.56 (preoperative level; percentile category) - 1.42 

(side of surgery)* +7.32 (presence of hippocampal sclerosis)** +7.08 (presence of a 

structural lesion)** -0.73 (presence of cortical dysplasia)** + 0.01 (onset of seizures: 

years).

* where 1 = right, 2 = left.

** where 0 = not present, 1 = present.
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Overall 70.1% o f cases were correctly classified by the regression equation. See Table

13.9.

Table 13.9 Classification table for the prediction o f postoperative decline on the 
design learning task (recall following distraction)

Observed

Predicted
No decline 

0
Decline

1
Percent Correct

No Decline 0 29 7 88.5%
Decline 1 10 11 52.3%

Overall 70.1%

Postoperative deterioration on this task was significantly associated with the following 

factors; good preoperative function (r=0.20), a younger age at the time of surgery (r=- 

0.20) and a right sided operation (r=-0.12).

Figure 13.15 presents a histogram of the observed groups and predicted probabilities 

of a postoperative decline on the design learning task (recall following distraction)

Figure 13.15. Observed Groups and Predicted Probabilities:
Design Learning A 6 Score
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H. Complex Figure (Immediate Reeall)

Preoperatively 10% of the sample performed in the impaired range. Postoperatively 

17% of the sample performed in the impaired range. 34% of the sample demonstrated 

a significant postoperative decline on this task. See Figure 13.16.

Figure 13.16 Pre and postoperative scores on the complex figure recall task 
(immediate recall).
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Logistic Regression Analyses

The logistic regression analysis produced the following solution:

z = 1.16 X -0.04 (age; years) + 0.44 (preoperative level; percentile category) -0.48 

(side of surgery)* - 1.05 (presence of hippocampal sclerosis)** -0.34 (presence of a 

structural lesion)** - 0.17 (presence of cortical dysplasia)** - 0.06 (onset of seizures: 

years).

* where 1 = right, 2 = left.

** where 0 = not present, 1 = present.
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Overall 73.8% of cases were correctly classified by the regression equation. See Table

13.10.

Table 13.10 Classification table for the prediction o f  postoperative decline on the 
complex figure recall task (immediate recall).

Observed

Predicted
No decline 

0
Decline

1
Percent Correct

No Decline 0 40 3 93.0%
Decline 1 14 8 36.4%

Overall 73.8%

Postoperative deterioration on this task was significantly associated with the following 

factors; good preoperative function (r=0.11).

Figure 13.17 presents a histogram of the observed groups and predicted probabilities 

of a postoperative decline on the on the complex figure recall task (immediate recall).

Figure 13.17. Observed Groups and Predicted Probabilities: Complex Figure
(Immediate recall)
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I. Complex Figure (Delayed Recall)

Preoperatively 7% of the sample performed in the impaired range. Postoperatively 

14% of the sample performed in the impaired range. 20% of the sample demonstrated 

a significant postoperative decline on this task. See Figure 13.18.

Figure 13.18 Pre and postoperative scores on the complex figure task (delayed 
recall)
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Logistic Regression Analyses

The logistic regression analysis produced the following solution:

z = -1.36 X -0.08 (age; years) +1.02 (preoperative level; percentile category) + 0.10 

(side of surgery)* - 2.12 (presence of hippocampal sclerosis)** -2.59 (presence of a 

structural lesion)** + 1.85 (presence of cortical dysplasia)** + onset of seizures: 

(years).

* where 1 = right, 2 = left.

** where 0 = not present, 1 = present.
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Overall 84.6% of cases were correctly classified by the regression equation. See Table

13.11.

Table 13.11 Classification table for the prediction o f postoperative decline on the 
complex figure task (delayed recall).

Observed

Predicted
No decline 

0
Decline

1
Percent Correct

No Decline 0 50 2 96.1%
Decline 1 8 5 38.4%

Overall 84.6%

Postoperative deterioration on this task was significantly associated with the following 

factors; good preoperative function (r=0.29), the presence of cortical dysgenesis 

(r=0.15) and the absence of a structural lesion (0.03).

Figure 13.19 presents a histogram of the observed groups and predicted probabilities 

of a postoperative decline on the list learning task.

Figure 13.19. Observed Groups and Predicted Probabilities:
Complex Figure: (delayed recall)
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J. Complex Figure Recall (% retained)

Preoperatively 6.9% of the sample performed in the impaired range. Postoperatively 

8.6% of the sample performed in the impaired range. 35% of the sample demonstrated 

a significant postoperative decline on this task. See Figure 13.20.

Figure 13.20 Pre and postoperative scores on the complex figure recall task (Vo 

retained score)
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Logistic Regression Analyses

The logistic regression analysis produced the following solution:

z = -7.77 +0.09 (age; years) + 1.20 (preoperative level; percentile category) - 0.43 

(side of surgery)* - 1.54 (presence of hippocampal sclerosis)** -1.42 (presence of a 

structural lesion)** + 0.74 (presence of cortical dysplasia)** - 0.01 (onset of seizures: 

years).

* where 1 = right, 2 = left.

** where 0 = not present, 1 = present.
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Overall 81.5% of cases were correctly classified by the regression equation. See Table

13.12.

Table 13.12 Classi ficalion table for the prediction of postoperative decline on the 
complex figure recall task (% retained score)

Observed

Predicted
No decline 

0
Decline

1
Percent Correct

No Decline 0 36 6 85.7%
Decline 1 6 17 73.9%

Overall 81.5%

Postoperative deterioration on this task was significantly associated with the following 

factors; good preoperative function (r=0.38) and a younger age at the time of surgery 

(r=0.06).

Figure 13.21 presents a histogram of the observed groups and predicted probabilities 

of a postoperative decline on the on the complex figure recall task (% retained score).

Figure 13.21. Observed Groups and Predicted Probabilities: Complex Figure (% 
retained score).
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Predicted Probability is of Membership for 1.00 
Symbols: 0 - .00 No Decline

1 - 1.00 Decline 
Each Symbol Represents 0.5 Case.
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Table 13.13 Summary o f pre- and postoperative neuropsyehological test scores for the RTL and Ll'L groups.

RTL Group LTL Group
Test Mean Std Dev Percentile

range*
N Mean Std Dev Percentile

range*
N

Preoperative scores
List Learning: Trials 1-5 45.5 8.3 Below 10th 31 44.5 8.6 Below 10th 39
List recall (A6 Score) 9.2 2.6 10th 31 7.8 2.8 Below 2nd 38
Story: Immediate recall 19.5 12.5 Below 10th 31 17.5 10.2 Below 2nd 39
Story: Delayed recall 77.9 22.8 10th-25th 31 77.1 26.4 Below 10th 39
Story: % Retained 23.1 11.1 Below 10th 31 21.1 9.2 10th 39
Design Learning: Trials 1-5 29.2 9.0 10th - 25th 24 35.1 7.2 25th - 50th 36
Design recall (A6 Score) 6.5 2.5 10th -25th 24 7.1 2.3 25th - 50th 36
Figure: Immediate recall 68.4 18.8 Below 10th 30 76.1 13.0 10th -25th 38
Figure: Delayed recall 66.9 18.8 10th -25th 30 74.5 14.6 10th -25th 38
Figure: % retained 91.9 21.2 10th - 25th 30 97.9 9.3 25th - 50th 38
3 Month Postoperative scores
List Learning: Trials 1-5 45.8 10.1 Below 10th 31 39.5 9.0 Below 2nd 39
List recall (A6 Score) 9.5 2.9 10th 31 7.3 2.6 Below 2nd 39
Story: Immediate recall 19.2 10.6 Below 10th 31 17.3 lO.I Below 2nd 38
Story: Delayed recall 17.1 10.9 Below 10th 31 14.0 11.0 Below 2nd 38
Storv: % Retained 85.6 20.3 10th - 25th 31 69.2 31.1 Below 2nd 38
Design Learning: Trials 1-5 29.5 9.7 Below 10th 26 35.2 7.7 25th - 50th 37
Design recall (A6 Score) 6.1 2.7 10th - 25th 26 7.7 4.6 25th - 50th 37
Figure: Immediate recall 71.1 17.7 10th 29 74.7 17.9 10th-25th 38
Figure: Delayed recall 67.2 22.5 10 - 25th 29 72.5 22.1 10th-25th 38
Figure: % retained 91.4 16.6 10-25th 29 99.7 38.5 50th - 75th 38

I'rom the AMIPB manual 
Prom the AMIPB manual
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Patterns o f  postoperative memory decline in individual patients.

Approximately one third of the sample demonstrated a postoperative decline on each 

test. However, the logistic regression analyses suggested that different factors were 

associated with a decline on each task. A different subset of the sample therefore 

demonstrated a deterioration on each index. None of the patients demonstrated a 

significant decline on all of memory indices. 1 he majority of the sample demonstrated 

a postoperative decline on no more than three memory indices. See Figure 13.22.

Figure 13.22: Total number o f  tests (Max. 10) on which the patients demonstrated a 
postoperative decline
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Only one of the patients demonstrated a signit'icant dee line on all of the verbal 

memory indices. The majority of the sample demonstrated a postoperative decline on 

no more than two verbal memory indices. See Figure 13.23. The pattern of 

postoperative deterioration across each memory test, for each case is presented in 

Appendix 9.

Figure 13.23: Total number o f  verbal memory tests (Max. 5) on which the patients 
demonstrated a postoperative decline

No, of verbal memory tests with a 
postoperative decline

Similarly, only one of the patients demonstrated a significant decline on all of the non 

verbal memory indices. The majority of the sample demonstrated a postoperative 

decline on no more than one non-verbal memory test score. See Figure 13.24.

NB This was not the same patient who demonstrated a significant postoperative decline on all of 
the verbal memory test scores.
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Figure 13.24: Total number o f  non verbal memory tests (Max. 5) on which the 
patients demonstrated a postoperative decline
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DISCUSSION

Overall Group Trends

As in the previous studies, the pattern of neuropsychological deficits recorded in our 

patients both pre- and postoperatively provides limited support for the model of 

separate anatomical substrates for material specific memory. The LTL group 

performed significantly more poorly than the RTL group both pre- and postoperatively 

on the list recall task, whilst the converse pattern was apparent on the design learning 

task. In addition, the LTL, but not the RTL group demonstrated a significant 

postoperative decline on the list learning task. However both groups demonstrated a 

significant postoperative decline on the immediate story recall score. Patterns of 

postoperative decline should always be interpreted in the context of the absolute level 

of function recorded pre- and postoperatively. Thus a comparison of the mean 

preoperative AMIPB scores of the RTL and LTL groups with the published norms 

suggests that preoperatively both the LTL and RTL groups demonstrated moderate to 

severe impairments on the verbal memory indices. In addition the RTL group 

demonstrated moderate impairments on the non-verbal memory tests. Postoperatively 

all of the mean scores in the LTL group on the verbal memory tests fell below the 

second percentile whilst the verbal memory scores of the RTL group fell at or below 

the tenth percentile.

Overall therefore, it appears that our TLE sample demonstrated impairments on verbal 

memory indices compared to normal, healthy controls both pre- and postoperatively.
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Material specific memory deficits were evident in both the RTL and LTL groups, pre- 

and postoperatively, but were highly task specific. These findings underline the 

importance of task specific effects described by Saling et al (1993; 1993)^^'’̂ ^̂ .

Our findings regarding the pre- and postoperative memory function of the RTL and 

LTL groups and the patterns of change over the operation are consistent with those 

reported in other temporal lobectomy samples across the world (Novelly, 1984; 

Ojemann & Dodrill, 1985; Ivnik et al, 1987; 1993; Chelune, 1991; Loring et al, 1991; 

Rausch 1991; Saykin et al, 1992; Selwa et al, 1989; Hermann et al, 1995; Sperling et

a l , 1 9 9 6 ) 295 ,301 , 172-3 ,63 ,231 ,343 ,363 ,369 , 151,382 f][owever, it is rare to find memory function 

adequately described pre- and postoperatively (in relation to normative data) and 

changes in function across the surgery reported in a single paper, making direct 

comparisons problematic. For example, Hermann et al 1995'^’ examined in detail, pre 

to postoperative change on a number of neuropsychological tests. They found that the 

LTL group demonstrated a selective decrease on measures o f episodic (CVLT, WMS- 

R logical memory) but not semantic memory (naming, vocabulary). However the 

overall levels of function (absolute scores) are not presented and it is unclear at what 

level, in comparison to normals, the patients were functioning preoperatively. 

Helmstaedter and Eiger (1996)^^  ̂do present the pre and postoperative memory scores 

of their sample of 144 anterior temporal lobectomy patients and also give normative 

data for the test used. Unfortunately however, they only report the scores from one 

verbal memory test (a German adaptation of the Rey Auditory Verbal Learning Test, 

RAVLT ). They found that preoperatively the LTLE patients differed from the RTLE 

patients in the delayed recall of verbal material. As in our study, postoperatively the 

German LTL group significantly deteriorated on the list learning measure. The
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RAVLT is very similar in structure to the CVLT used by Hermann et al (1995)^^ and 

the list learning task used in the present study and our replication, suggests that list 

learning measures may be a sensitive measure to postoperative memory change in 

LTL patients.

Individual variability

However within these overall group trends, significant within-group variability was 

evident. Approximately one third of the patients demonstrated a significant 

postoperative decline on each memory tasks involving verbal and visual material. The 

majority o f patients therefore did not demonstrate a significant postoperative decline. 

The levels of cognitive stability recorded in our study are consistent with a number of 

other reports (Hermann and Wyler, 1988; Rausch, 1991; Selwa et al, 1994; Hermann 

et al, i 9 9 5 y 63,343,369,151 descrves special emphasis. As discussed in the

introduction, whilst critically important, the risks of temporal lobe surgery to memory 

function are highlighted in almost every paper, the individual risks however receive 

little attention. The individual variability apparent in our study reinforces the 

contention that factors in addition to the laterality of the resection influence 

postoperative memory outcome. Many of these factors were identified in the multiple 

regression analyses.
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Predictors o f memory outcome

The stepwise multiple logistic regression revealed different sets of significant 

variables associated with postoperative deterioration for each memory measure 

employed. However, across all the tests, an unfavourable outcome in terms of 

deterioration in function was associated with high levels of preoperative function.

This finding adds to a convergent body of literature linking high preoperative function 

with a greater likelihood of postoperative decrease, in both RTL and LTL patients and 

across a variety of memory indices (Chelune et al, 1991; 1991; Powell et al, 1995; 

Hermann et al 1 9 9 5 )6 3 ,6 4 ,323,151 et al (1995) found that adequacy of

preoperative memory performance was a non specific predictor, associated with a 

decrease in postoperative memory performance for both left and right TL patients and 

for multiple types of memory indices. Practise effects are well recognised in the 

clinical neuropsychological assessment. Since practise effects reflect memory, or the 

positive carry-over from previous learning, intuitively one may hypothesise that those 

individuals with high preoperative memory skills should be the least likely rather than 

the most likely to show memory decrements in cognitive functions on re-testing. 

However, this is clearly not the mechanism at work here. The consistency of this 

finding across studies employing a variety of methodologies has generated a lively 

discussion on the role of ‘regression towards the mean’ in these circumstances 

(Hermann and Wyler, 1988; Hermann et al, 1991; Selwa et al, 1994; Hermann et al, 

1996)’^̂ ’'̂ ’̂̂ ^̂ ’'̂  ̂ See Chapter 4. In clinical terms it would seem that those who have 

the most, have the most to loose following epilepsy surgery. However our analyses 

suggest that a number of factors interact with overall level o f preoperative function in
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determining the ultimate risk of postoperative decline. To facilitate the discussion, 

these factors are discussed individually below. However it must be emphasised that 

the significant contribution of each factor for each task is entirely dependent upon its 

interaction with the other factors in the equation.

The laterality of surgery was a significant factor in tests tapping the learning and 

recall of polarised material. Left sided surgery was associated with a postoperative 

deterioration on the list learning and list recall measures and accelerated forgetting on 

the story recall task. Right temporal lobe surgery was associated with a decline on the 

design learning and recall measures and the immediate story recall task. Again these 

findings are consistent with others reports of material specific memory decline 

following a unilateral temporal lobe resection, and it is not uncommon to see a decline 

on some measures of verbal memory following a non dominant temporal resection 

(See Chapter 3). However our study has highlighted the important interaction between 

the side of surgery and a number of other factors in shaping the nature of the 

subsequent neuropsychological deficit.

In this study, ?l younger age at the time of surgery was associated with a postoperative 

decline on the list recall, story recall (immediate), design recall and figure % retained 

measures. The majority of studies in this field have found an older age at time of 

surgery as a risk factor for postoperative decline. Hermann et al (1995)'^’ found that 

later age of epilepsy onset and older chronological age were significant and selective 

predictors of episodic memory decrease in left TL patients. Similarly, Helmstaedter & 

Eiger, 1996'"̂  ̂found a significant correlation between older age at the time of surgery
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and postoperative decline on the German AVLT. Hermann & Wyler (1988)'^^ found 

that the extent of postoperative decline was significantly correlated with age at the 

time of surgery on a composite measure of overall cognitive function. The average age 

of the patients at the time of surgery in our sample is comparable to that reported in 

the other studies. Generally speaking our younger patients performed at higher levels 

on all of the memory tests than the older patients. Level of preoperative function was 

the most significant factor in the risk of postoperative decline on all o f the tasks. The 

association of younger age at the time of surgery with decline on some of the tasks 

may simply reflect this correlation.

No studies to date have specifically examined the effects of cortical dysplasia on pre 

and postoperative neuropsychological functioning. In our study, the presence of 

cortical dysgenesis was associated with postoperative decline on the list learning and 

recall measures and the delayed recall of both the story and the complex figure. The 

presence of cortical dysplasia is a strong prognostic indicator of poor postoperative 

seizure control (Sisodiya et al, 1997)^^ .̂ In addition it seems that it is associated with 

more widespread postoperative cognitive decline than the other pathologies that 

commonly underlie medically intractable epilepsy. It is not clear whether this is due to 

continued postoperative seizures, or the structural disturbance that results from the 

surgery.

Improved seizure control in postoperative patients has been associated with improved 

cognitive function in a number of studies (Novelly, 1984; Helmstaedter et al, 1992; 

Helmstaedter & Eiger, 1996; Wannamaker & Matthews, 1976; Rausch & Crandall,
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However since our aim was to provide a clinically useful model 

to predict postoperative memory decline in preoperative patients, this could not be 

considered in the equation. However, it is not surprising to note that some of the 

factors associated with a poor cognitive outcome identified in the current study, have 

also been associated with a poor outcome in terms of seizure control (Sisodiya et al, 

1996,1997)̂ ^̂ '̂ ^̂

Methodological and Clinical Considerations

We did not address the magnitude of deterioration in memory function in this study. 

Patients were dichotomised on essentially arbitrary criteria, albeit criteria that were 

designed to maximise the clinical relevance of postoperative change and minimise the 

powerful effects of regression towards the mean. However the clinical significance of 

a drop of 15 percentile points will obviously be very different to a drop of 30 

percentile points or more. Similarly the ‘real world’ effect of a deterioration in 

memory function will to some extent be dependent on the ‘starting point’ of the drop. 

A drop of 15 percentile points, moving someone from a superior/high average level to 

an average level o f function may not necessarily mean that they would not be able to 

carry out their everyday activities, although they may of course notice the decline. 

However a similar magnitude of decline from a low average to an impaired level may 

result in the loss of key abilities. In the same way that the patients who deteriorate on 

the memory tests postoperatively are a heterogeneous group, caution should be used in 

the grouping of patients who do not demonstrate postoperative deterioration on 

memory tests. Patients with gross impairments preoperatively may not measurably
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deteriorate postoperatively, but are not easily equated with individuals who have 

maintained an average or high level of function on a task across the surgical 

procedure.

This study was designed to maximise the clinical utility of the regression equations 

generated to predict postoperative decline for individual patients. Ten memory indices 

(five verbal, five visual) were used. Whilst the primary reason for this was to ensure 

the presence of a measure sensitive to change, the wide range of abilities sampled (the 

initial registration of information, learning over trials, immediate and delayed recall of 

structured and unstructured, verbal and visual material) means that the prospective 

surgical candidate can be given a detailed picture of the probabilities of postoperative 

change across a wide range of abilities. The development of strategies for cognitive 

compensation or memory retraining may be guided to some extent by the predicted 

postoperative profile of memory abilities.

Whether our arbitrarily chosen definition of deterioration is clinically meaningful for a 

given patient will depend on the patients capacity for cognitive compensation, the 

nature and extent of environmental demands on these abilities, and to some extent his 

or her psychosocial resources and support systems. Although a number of studies have 

examined self report o f memory skills in pre- and postoperative temporal lobectomy 

patients, the relationship between these self report measures and standardised memory 

assessment tools is seldom addressed (Bennett-Levy & Powell, 1980; Bennett-Levy et 

al, 1980; Wilkins, 1986; McGlone & Wands, 1991; Goldstein & Polkey, 1992; 

McGlone, 1 9 9 4 )3 2 .3 1 ,4 3 0 .2 5 2 .130,253 ,394 gu^derland et al (1983)” “' found a reasonable

■305-



Study 5 Chapter 13

degree of consistency between everyday memory assessed by questionnaires and 

formal memory test performance with correlations in the order of 30-40% in a sample 

of head injured patients. The highest subjective memory correlations were with 

measures from a prose recall and paired associate learning task. The authors suggest 

that the absence of correlations with visual memory tests may have been due to the 

low salience of visual errors in everyday life. However in a large study of the memory 

complaints o f presurgical epilepsy patients, Vermeulen et al (1993/^^ found only a 

single weak correlation between cognitive tests and subjective memory ratings. The 

authors conclude that there is no simple relationship between subjective evaluations of 

memory and test performance and that patients memory complaints do not accurately 

predict disturbances that can be measured on standard neuropsychological tests. 

Although certain performance measures may be more relevant to everyday memory 

failures than others, another reason for the poor correlation between subjective 

memory complaints and objective test performance is that the complaints of poor 

memory may be a reflection of other conditions. Memory complaints have been 

associated with affective states such as depressed mood in people with epilepsy 

(Hermann and Wyler, 1989)^^ .̂ Other cognitive disturbances associated with 

antiepileptic medication such as deficits in attention and concentration can also be 

misinterpreted as memory problems by the patient (Thompson, 1989)^^ .̂ McGlone 

(1994)^^  ̂ found that memory complaints on a self-report measure remained stable or 

decreased postoperatively in a sample of 47 temporal lobectomy patients, whilst actual 

performance on material-specific memory tests declined. Medication dosage, seizure 

frequency and self reported depression were predictive o f postoperative memory 

complaints, whilst age at the time of surgery and size of resection were not significant.
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McGlone (1994) suggests that many postoperative patients may be under the mistaken 

impression that their memory function improved after surgery, influenced mainly by 

their positive surgical outcome. Thus whilst the regression analyses created in this 

study may provide a rational basis for the counselling of preoperative temporal 

lobectomy patients about the relative risks of postoperative memory decline on the 

specific objective measures, they should be used with caution in the wider discussion 

of postoperative memory performance. Further work is underway to examine the 

relationship between the objective measures used in this study and pre- and 

postoperative subjective memory complaints and their association with postoperative 

seizure control.

A postoperative follow-up period of three months was used in this study. However 

deficits detected at 3 months follow-up are not necessarily static and may resolve to 

baseline levels over time (Chelune, 1993; 1994; Ojemann & Dodrill, 1985; Novelly et 

al, i9g4)60’62,30i,295 et al, (1994)^°^ have demonstrated progressive volume

loss in the resected hippocampal remnant over time. The functional correlates of this 

process are unknown. In the longer term, if patients become seizure free 

postoperatively, they may eventually stop taking their antiepileptic medication. 

Durwen et al, (1989)^^  ̂found that verbal memory performance improved significantly 

under reduced medication in LTLE patients. Thus the memory deficits recorded three 

months postoperatively are not static and a number of factors may lead to an 

improvement or further decline in function over time.
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Notwithstanding these caveats, the risk factors identified, whilst needing replication 

and expansion should serve as a clinically useful and practical guide for counselling 

prospective epilepsy patients of the risks of TL surgery, at least during the early 

postoperative stages. The regression equations generated by this study are currently 

being applied to the same cohort at their one year follow-up, and a further cohort of 

new surgical candidates.
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A p p l y in g  T h e  R e g r e s s io n  M o d e l  In  A  C l in ic a l  S e t t in g

^Models don Y Make decisionsj people do \

The logistic regression equations described in the previous study identified the 

significant prognostic factors in postoperative memory decline, on a number of 

measures, in our sample of temporal lobectomy patients. The equations can also be 

used to predict the unique probabilities of memory decline on each task for individual 

patients. Towards this aim, a PC windows-based computer program was developed 

to maximise the clinical application of these findings.

Figure 14.1 illustrates the programme. A copy of the program on 3 1/2" floppy disk 

can be found in the pocket on the inside cover of this thesis. Full instructions for 

installing the programme are presented in Appendix 10. The program is compiled to 

run as a Microsoft Windows application on a PC, with a VGA monitor. An SVGA 

version is also available.
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Figure 14.1: Predicting Memory Decline in Postoperative Temporal Lobectomy 
Patients: Software application

A. Select the Memory Program icon.
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B. Title Screen

Predicting Postoperative 
Memory; Decline in ; « * 

Temporal Lobedomy. _
Patients

SaHie Baxendale
Clinical N europsychologist

December 1996

✓  C ontfnu^ Quit

C Introduction Screen

Introduction

;

.1 .

This program estimates the probability of a clinically significant 
decline in memory skills following an en-bloc temporal lobectomy 
based on Individual patient characteristics. The equations were 
developed using logistic regression analyses to examine the 
pre and postoperative memory scores on the memory subtests of 
the Adult Memory and Information Processing Battery of 79 
patients who underwent a standard en-bloc temporal resection 
at the National Hospital for Neurology & Neurosurgery. London 
1992-1995.

You will need to know the age. age of onset of habitual 
epilepsy, proposed side of surgery and neuroradiological 
characteristics of the patient, together with details of their 
preoperative neuropsychological test scores.



Chapter 14

After the title screen, the introduction screen tells the user the aim of the program and 

the details they will need to use it correctly. There is an option to quit the application 

at all stages. If the user wishes to continue, they are presented with the 'Patient details' 

screen.

D. Patient Details

A. Patient

25

Æ».

Please enter: ^
Patient initials: 

Age (years):

Age of onset of habitual epilepsy (years)

Does the patient have MRi evidence of: -
# a., Wr'"

Hippocampai sclerosis _ 
r  Structural lesion
^  Cortical dysplasia^^^#|:^% #####; 

Proposed side of surgery: ; ^

1

1$̂  V'
«  Left

A:

r  Right

Cancel
At-
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3. After entering the patient details the user is offered the following options:

E. Options Menu

T,.i

^ P e ta ilÉ Enter / edit patient details

B  Calculate Choose test and estimate outcome

OQult

After selecting 'calculate' the user is required to chose the test they are interested in 

and enter the percentile range o f the patients' preoperative score. The ‘results’ button 

calculates the probability o f a postoperative decline for this patient on the chosen test. 

F: Neuropsychology Screen I

Neuropsychology

Please select one of the following:

For the test that you have selected, please enter the percentile 
range in which the patients preoperative score falls

rPercentile r a r ^ s -— ----------- — —----------------- — ---------
O Below cut off (2nd percentile) 
0  3 - 1 0  percentile 
0  1 1 - 2 5  percentile 

O 26 - 50 percentile 

C 51 - 75 percentile 
0^76 - 90 percentile 
C 91 and above

Results Close
M



G. Neuropsychology Screen H

Chapter 14

f e P le a s e  sWect3he of the following;

T  "

«

„18

I Ê

m
" V' •f, :w

Verbal leaming|
Verbal learning
Recall of verbal material following distraction 
Immediate prose recall 
Delayed prose recall 
Rate of forgetting (verbal material)
Design learning
Recall of design following distraction 
Complex figure: immediate recall

C 11 - 25 percentile
I ^  26 - 50 percentile
I #  ^  ”
g o  51 - 75 percentile 
l O 76 - 90 percentile 
: r  Gl^rid above
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H. Results Screen

I

Results
A. P has a

Results  display g

A
93.3

% ' 4*»-«4g ^
% probability.of a postoperative decline in

^Verbal learning

In the original regression equation, the following vanaDies were 
identified as significant nsk factors for postoperative decline in■jswrift. -%À - . Aii -
Verbal learning -

=' '

'

Left sided operation 
Presence of cortical dysplasia 
High preoperative functioning

..^-J ■ .. »... ..... 4̂̂

The results screen gives the probability o f a significant postoperative decline on the 

test selected and displays the significant variables that were identified as risk factors in 

the original analyses. The patient details remain in the program memory until you quit 

the application. This enables the user the 'toggle' between the neuropsychological test 

screen and the results screen, to examine the probabihties o f decline on a number of 

different tests, without re-entering the patients demographic and epilepsy variables.

This program is in no way an attempt to 'computerise' the clinical judgement o f a 

neuropsychologist in predicting postoperative change, but should be viewed as a 

clinical tool, designed to give a rational basis for the preoperative counselling o f
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patients. The percentage probabilities calculated should be interpreted in conjunction 

with the appropriate class-plots and classification tables presented in the previous 

chapter.

In addition to providing probabilities of memory decline for individual patients, the 

program also provides a very 'user-friendly' way of getting a feel for the data. By 

manipulating individual variables, for example side of operation, or presence or 

absence of cortical dysplasia, the user can get an idea of the relative contributions of 

each variable to the probability of memory decline.

The programme was written in Pascal, using the Delphi software package. The 

structure of the program is such that if/when the analyses are re-run with a larger data 

set, as the surgery program continues to expand, the new equations can be easily 

inserted. The program can also easily accommodate new variables, if these prove 

important in the future.

Limitations

The limitations of the program are essentially identical to those of the regression 

analyses themselves, since it is really only a sophisticated calculator. The tests used in 

our study were the memory subtests of the AMIPB, and so the program cannot be 

reliably used to assess the probability of memory decline on other tests such as those 

from the WMS-R. All of the patients in the sample underwent an en-bloc temporal 

lobectomy, and so the program would not be appropriate for prospective selective
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amygdalo-hippocampectomy patients or other lesional resections. In addition the age 

range of the patients in our original sample was 16-49 and predictions for patients 

who ages lay outside or close to these margins may be unreliable. Similarly although 

the program will calculate probabilities for patients who do not have hippocampal 

sclerosis, cortical dysplasia or a structural lesion, all of the patients in the original 

sample had some pathology identified preoperatively and again the predictions for 

these patients will be unreliable.
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S u m m a r y  &  C o n c l u s i o n s  

'Life is the art o f  drawing sufficient conclusions from  insufficient premises'

Samuel Johnson

Introduction

Taken together, the findings from the studies presented in the previous six chapters 

have a number of implications both for clinical practise and the role o f the hippocampi 

in theoretical models o f the human memory system. The results from each study 

provided some support for the model o f lateralised, dissociated substrates for material 

specific memory processes. Strong support for the 'aetiology’ hypothesis (developed in 

Chapter 4) also emerged. In the previous chapters, the results fi*om each study were 

examined in relation to the relevant literature. In this chapter, the results fi*om the five 

studies are summarised and discussed in relation to the overall aims o f the thesis. As 

outlined in Chapter 7, the overall aim of this thesis was to improve the clinical utility 

of the neuropsychological assessment in a temporal lobectomy program by both 

increasing our understanding of the lateralising significance of preoperative 

neuropsychological profiles and by creating a model to predict postoperative function.

Studies 1 - 5: Summary o f Results

Preoperative performance

The patients in each study completed the visual and verbal memory tests from the 

AMIPB (list learning, story recall, design learning, complex figure recall). However 

no systematic right vs. left differences on the measures fi*om these tests were found. In 

study one, the RTLE group performed more poorly than the LTLE group on the 

design learning score and on all o f the measures from the complex figure recall test. 

The LTLE group did not perform more poorly than the RTLE group on any o f the
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indices. In study two, there were no significant differences between the RHS, LHS 

and 'no abnormality' groups on the design learning or complex figure tasks. However 

the LHS group obtained significantly lower scores on the immediate and delayed story 

recall tasks compared to the RHS group. No significant group differences were found 

on any of the memory tests in the sample who participated in study three. In study 

four, the LTLE group performed more poorly than the RTLE group on all o f the 

measures from the list learning and story recall tasks, whilst there were no group 

differences on any o f the non verbal memory tests. In the final study the LTLE group 

performed more poorly than the RTLE group on the list learning task whilst the 

converse pattern was apparent on the design learning score.

The general flavour o f lateralised memory dysfunction evident from the traditional 

'right verses left ' analyses without any real consistency regarding the exact nature of 

the deficit is entirely concordant with the impression gained from the early temporal 

lobe epilepsy studies that employed a similar approach (See Chapters 3 & 4). A more 

consistent picture emerged when the RTLE and LTLE group scores were compared 

with the published norms for the tests. In study one, both groups demonstrated 

impairments compared to normals on all the indices with the exception o f the design 

recall task. Similarly in Study 5, both the RTLE and LTLE groups demonstrated 

preoperative impairments on the verbal memory indices, however the LTLE patients 

in this study performed within normal limits on the non verbal memory tests.

The patients employed in each study presented in this thesis differed on a number of 

important epilepsy related criteria, although the vast majority could be safely 

classified as having lateralised temporal lobe epilepsy. Patients with no abnormalities
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evident on their MRI scan participated in studies one and two, whilst the participants 

in study four all had histologically proven hippocampal sclerosis. Patients with 

structural lesions, hippocampal sclerosis and cortical dysgenesis participated in study 

five and in study three, the sodium amytal study, patients were partly selected for 

inclusion on the basis of some evidence o f bilateral temporal lobe dysfunction.

The multivariate approaches employed across the studies presented within this thesis 

provide some evidence for the importance o f these aetiology-related variables and their 

interactions in shaping the nature and extent of the neuropsychological deficits 

associated with lateralised TLE.

Although the individual quantitative MRI measures o f right and left hippocampal 

structure were not, on the whole, significantly correlated with the memory test scores, 

when the analyses included epilepsy-related variables and demographic characteristics 

up to one third of the variance in the memory test scores was explained. Older age at 

the time o f testing and a late onset o f habitual epilepsy appear to increase the 

likelihood of material specific memory deficits associated with hippocampal pathology 

in presurgical patients. These findings are consistent both with the model of  

dissociated anatomical substrates for material specific memory and the crowding 

hypothesis (see Chapter 4) and again highlight the critical role that the aetiology o f the 

temporal lobe epilepsy may play in determining both the pre- and postoperative 

neuropsychological sequelae.

The role o f  the hippocampi in human memory

So, what o f the quest for the clinical ‘holy grail’ of pure tests of laterahsed 

hippocampal and/or temporal lobe dysfunction? In one sense, the results from these 

studies highlight the challenge for neuropsychologists to shift our thinking away from
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these pursuits to encompass the broader, inevitably more complex picture. The studies 

in this thesis have contributed to the burgeoning new literature that has begun to 

challenge our beliefs as to the meaningful parameters that contribute to memory 

dysfunction in TLE patients, away from the consideration of factors that have proven 

themselves in the past (Chelune, 1995)^'. However whilst it is becoming increasingly 

clear that factors associated with the aetiology of TLE play a significant role in 

determining the extent and nature of the associated memory dysfunction, the findings 

from the studies presented in this thesis do provide some evidence to further delineate 

the role of the hippocampus in memory functioning.

Overall the results from these studies suggest that hippocampal pathology leads to a 

‘double whammy’ of deficits in both the rate of acquisition (learning) and the rate of 

forgetting (subsequent recall) of polarised material (see Figure 15.1).

Figure 15.1: Figurative representation o f  the effects o f  hippocampal pathology on 

memory function.

N orm al forgetting rate
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N orm al H ip pocam pal Function
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Thus deficits in the immediate/delayed and percentage retained scores fi'om the story 

recall task were associated with left hippocampal pathology in studies two and four. 

Similar deficits were associated with right hippocampal pathology on analogous tasks 

involving non verbal material. Deficits in the learning o f verbal material presented 

over a number o f trials were evident in both the RTLE and LTLE groups in all o f the 

studies. In addition the RTLE groups demonstrated significant deficits in the learning 

of non verbal material (studies 1,5). This hypothesis is further supported by recent 

fimctional imaging research. Until this year (1997) no imaging technique has proved 

to be capable o f monitoring the temporarily sustained activation on the human brain 

after memory tasks. However fimctional MRI techniques have now been developed to 

map the spatial and temporal evolution o f fimctional activation with high resolution. 

Using these techniques, Kato et al (1997)^°° have demonstrated for the first time, a 

number o f different sustained responses to memory processing. These cerebral 

multiphasic sustained responses (CMSRs) were recorded following a simple verbal 

memory task. During the execution o f the task a number of areas Tit up’ as is 

frequently reported in the functional imaging literature, but in the subsequent minutes 

the hippocampal regions demonstrated the longest sustained response. The 

hippocampal CMSRs were shortened if  the patient was presented with another 

unrelated task immediately following the memory task and this shortening was 

associated with subsequent decreased recall. The innovative combination o f functional 

imaging techniques such as these, with quantitative structural measures and traditional 

neuropsychological measures will undoubtedly contribute much to our understanding 

of the role o f the hippocampi in normal memory function and dysfunction in the 

future. The current work provides a firm theoretical and clinical basis to guide the 

structure of future investigations using these powerful new tools.
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Postoperative Memory Function

The findings from studies three, four and five highlight the critical need to focus on 

two factors in the prediction o f postoperative memory decline; the functional reserve 

of the remaining unilateral and contralateral structures and the functional adequacy o f  

the structures that are to be removed. Again these factors are intricately bound up with 

the aetiology o f the TLE and can be ‘tapped’ using a combination o f epilepsy-related 

and demographic variables. The removal o f apparently ‘good’ tissue demonstrated 

both histologically (Study 4) and functionally (Study 5) results in postoperative 

memory decline. The functional reserve o f the remaining structures may be 

significantly compromised in patients with evidence o f cortical dysplasia. Overall the 

results from the studies presented within this thesis are consistent with those views put 

forward in the recent literature that different TLE aetiologies are associated with 

different neuropsychological profiles and are consistent with Chelunes model

of functional adequacy vs. functional reserve in determining postoperative memory 

change (see Chapter 4). So where do these findings leave the crowding hypothesis? 

A patient with a fast growing tumour in the left temporal lobe, associated with an 

adult onset o f seizures, may demonstrate specific verbal memory deficits 

preoperatively with little post-operative change. In these cases one may surmise that 

the tumour destroyed structures that developed and functioned normally prior to its 

arrival. Removal of the lesion would not therefore cause any significant additional 

deficit. In cases such as these the crowding hypothesis is clearly not relevant.

However in patients with an earlier onset o f epilepsy the status o f the crowding 

hypothesis remains unclear. Many patients with an onset o f epilepsy in the first 5
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years o f life may have cortical dysplasia as their underlying pathology. Neuro- 

migrational disorders that occur in the first 12 weeks o f gestation are now increasingly 

being linked to seizure disorders. These patients brains clearly develop and are 

structured in an abnormal way from the outset, it is unlikely therefore that the 

crowding hypothesis can be uniformly applied or tested in these patients, as areas of  

dysgenesis are frequently multiple and diffuse. Only in patients with hippocampal 

sclerosis as the sole pathology, preferably with the onset associated with a known 

event (e.g. a prolonged childhood febrile convulsion) can the crowding hypothesis be 

fully investigated. This was not possible with our cohort o f patients as fi*equently the 

age o f the pathology underlying the seizure disorder was unknown. Essentially the 

crowding hypothesis remains a plausible process for a subset of TLE patients. 

However, practical constraints make it difficult to test. In the same way that 

neuroradiology has moved away fi’om the simple location o f pathology to the 

identification of processes in recent years, the findings presented in this thesis 

represent an attempt to move neuropsychological research in the same direction. Thus 

rather than investigating the validity o f the crowding hypothesis in a subset o f TLE 

patients, a systems based approach evaluating the response o f the human memory 

system to a variety o f different pathological processes may be a more clinically 

profitable endeavour.

Clinical Applications

In practical terms o f improving the clinical utility of the presurgical 

neuropsychological assessment in lateralising temporal lobe dysfunction, study one 

presents some encouraging data on a new test designed to be sensitive to right 

temporal lobe disturbance and whilst further work is underway to investigate the 

mechanisms of failure on this task, it is currently proving to be a useful addition to the
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preoperative neuropsychological battery. As discussed above. Study two has provided 

a critical insight into the way in which a number o f factors interact with the laterality 

of an epileptic focus to shape the nature o f the neuropsychological deficit. Whilst 

these relationships provide vital clues as to the theoretical development and 

underpinnings o f human memory fimction, they must be integrated into clinical 

practise, if  the neuropsychological assessment is to keep pace with other presurgical 

investigations o f TLE patients and retain value. Whilst far from definitive, our 

findings that MRI measures o f hippocampal integrity correspond with the lateralising 

functional measure afforded by the lAP form the first step towards the goal o f a less 

invasive, more sophisticated method o f ensuring the memory capacity o f the 

contralateral temporal lobe prior to surgery. The retrospective nature o f comparing 

preoperative memory performance with postoperative histopathological findings helps 

us to further hone our interpretation of the presurgical neuropsychological profile. 

Finally the logistic regression model presented in the fifth study, whilst needing 

further validation and replication, provides a rational basis for the counselling and 

planning o f rehabilitation strategies o f prospective temporal lobectomy patients. 

Currently these equations are used to identify the areas in which a patient may be 

most at risk o f a decline postoperatively (for example, verbal learning and recall). 

These risks are discussed with the patient prior to surgery and the possible impact on 

their everyday functioning is considered. The patients then undergo training in the 

appropriate memory strategies using the ‘Memory Problems and Memory Strategies’ 

(unpublished) training program developed by Dr Corcoran specifically for people with 

epilepsy. Further work is underway to examine the ecological validity o f deficits on 

formal memory tests and to evaluate the clinical efficacy o f this presurgical 

intervention.
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Directions fo r Future Research

The findings from the studies presented in this thesis are now being used in new 

research projects. The functional MRI (fMRI) correlates o f the AoSMT are currently 

being investigated, as are the fMRI correlates o f performance on the sodium amytal 

test. As stated in the introduction, it is hoped that the new functional and structural 

MRI methods will eventually supersede the sodium amytal test in the screening of 

presurgical patients for amnesic risk and our initial findings are encouraging. In the 

meantime however we are currently using our MRI findings and those o f centres 

around the world who have scanned postoperative amnesic patients to refine and 

develop our sodium amytal test protocol. The regression equations presented in Study 

5 are now being validated on the same sample at one year and a second, larger cohort 

to examine their reliability. Larger sample sizes have allowed the inclusion o f more 

variables related to the aetiology of TLE and scores from the Chalfont Seizure 

Severity Scale and information about prolonged childhood febrile convulsions will be 

included in the next analyses. In addition, a large scale project is currently underway 

to investigate the factors associated with subjective indices o f postoperative memory 

change including the effect o f pre- and postoperative anti epileptic medications. Future 

plans include the evaluation o f the current presurgical memory program.

In addition to these projects which are already underway, the studies presented in this 

thesis have highlighted a number o f exciting new avenues for future research. As MRI 

post processing techniques and haemodynamic technologies continue to define 

anatomical, structural and functional abnormalities in the brain, more and more 

qualitative and quantitative indices of brain abnormality will become available to 

psychologists. Used as indices o f pathology in individual structures and in
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combination as an index of whole-brain pathology these developments will continue 

to shape the future o f pure and applied neuropsychological research. By 

corresponding these structural measures with our traditional neuropsychological tests 

we can learn more about exactly what we are testing and how the processes break 

down. In addition we can use these measures to guide our development o f new tests as 

indices o f specific pathologies associated with individual structures.
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The role of the hippocampus in recognition memory
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Abstract—Amnesic patients with focal limbic lesions in the hippocampus demonstrate normal or near normal performance on the 
Warrington Recognition Memory Test (WRMT) suggesting that the hippocampi may not be critical structures in these tasks. To 
further investigate the role of the hippocampi in recognition memory we examined WRMT performance in 99 (44 right, 55 left) 
patients with unilateral temporal lobe pathology identified on MRl. The patients were divided into two groups. Group 1 {n = 90) 
were patients with hippocampal sclerosis (40 right, 50 left). Group 2 were patients with MRI evidence of hippocampal sclerosis and 
cortical dysgenesis, (4 right, 5 left). Analyses of variance revealed a significant interaction between laterality and pathology group 
for the recognition memory for words (RMW) task. The patients with left hippocampal sclerosis and cortical dysgenesis obtained 
significantly lower scores than the other patient groups. There was a significant effect of pathology group on the recognition memory 
for faces task (RMF). The patients with hippocampal sclerosis and cortical dysgenesis obtained lower scores than the patients with 
hippocampal sclerosis, regardless of the laterality of their pathology. Post-operative WRMT deficits in the right and left hippocampal 
sclerosis groups were material specific. The clinical utility of the WRMT in the pre-surgical investigation of temporal lobe epilepsy 
patients and the role of the hippocampus in recognition memory are discussed in the light of these findings. © 1997 Elsevier Science 
Ltd.

Key Words: temporal lobe epilepsy; mesial temporal sclerosis; cortical dysgenesis.

Introduction

Patients with unilateral temporal lobe epilepsy (TLE) 
demonstrate material specific memory deficits that vary 
with the side of seizure focus. Verbal memory deficits 
are associated with left temporal lobe epilepsy, whilst 
patients with a right temporal seizure focus tend to have 
deficits on memory tests that involve non-verbal material 
[8, 11-13, 16-18, 25]. However others have failed to rep
licate these findings [4, 9, 14, 17, 22, 25]. Clinical memory 
tests differ in their emphasis on the learning, recall and/or 
recognition of the verbal or non-verbal material 
employed and there is evidence that these processes dis
sociate in patients with TLE [14, 17, 25]. Thus test selec
tion and differing task demands may account for some 
of the discrepancies in the literature. In addition, patients 
with TLE are not a homogeneous group. They differ in 
terms of aetiology, extent and type of underlying path
ology, all of which may have an impact on their neu
ropsychological functioning [6, 19],

The Warrington Recognition Memory test (WRMT)

* Address for correspondence; Sallie A. Baxendale. Depart
ment of Neuropsychology, Radcliffe Infirmary, Woodstock 
Road, Oxford 0X2 6HE, U.K.; tel.: -t-44 1865 224613; fax: 
+ 44 1865 224303.

[28] is a test of recognition memory for verbal (visually 
presented words) and non-verbal material (faces). Pat
ients with left temporal lobe lesions (primarily infarcts 
and neoplasms) have been shown to be impaired on the 
verbal component (RMW) whilst patients with right tem
poral lobe lesions are impaired on the visual component 
(RMF) [28], These deficits have also been reported in 
post-operative temporal lobectomy patients [14, 20]. 
However, the ability of the WRMT to reliably dis
criminate right from left TLE patients pre-operatively is 
poor[14, 21]. Hermann et al. [14] examined the pre- and 
post-operative WRMT performance of 77 temporal 
lobectomy patients. Patients with structural lesions (other 
than hippocampal sclerosis) evident on MRI were 
excluded from the study. Pre-operatively, no aspect of 
the WRMT could reliably distinguish the right from left 
TLE groups. Examination of pre- and post-operative 
memory change showed a decline in verbal recognition 
memory after left temporal lobectomy and a less con
sistent decline in face recognition memory following right 
temporal lobectomy. The authors conclude that the 
WRMT is insensitive to the neuropathology underlying 
lateralised TLE and that it is of‘extremely limited clinical 
utility' in the pre-operative evaluation of TLE patients.

The results of these studies suggest that mesial tem
poral lobe structures may not be critical in immediate

591

-377-



A ppendix 1

592 S. A. Baxendale/Hippocampus in recognition

recognition memory tasks and that damage to the lateral 
tem poral structures may be necessary to produce deficits 
on the W R M T . This hypothesis is further supported by 
the findings from a recent review o f  standard W R M T  
perform ance in am nesic patients. Aggleton and Shaw  
[1] found that patients with focal limbic lesions in the 
hippocam pus, fornix or mamillary bodies obtained nor
mal or near normal scores whilst patients with more 
extensive temporal lobe lesions dem onstrated significant 
deficits on  both the RM W  and R M F tasks. D espite the 
apparent sparing o f  recognition in the hippocam pal am n
esics, the overall severity o f  amnesia in all the patient 
groups appeared to be comparable.

T o further investigate this hypothesis, we exam ined the 
W R M T  performance o f  two groups o f  TLE patients with 
unilateral pathology identified on M R I. Group 1 were 
patients with hippocam pal sclerosis. Group 2 were 
patients with duel pathology: hippocam pal sclerosis and 
cortical dysgenesis.

Method

Subjects

Fifty eight of the patients (28 right, 30 left) had undergone a 
temporal lobectomy and had been re-tested on the WRMT 
3 months post-operatively. All of the patients underwent a stan
dard en bloc temporal lobe resection, measuring 4-4.5 cm from 
the anterior temporal pole, with the excision of 3-3.5 cm of the 
hippocampus. As a group the post-operative patients did not 
differ from the pre-operative patients on any of the demo
graphic or epilepsy variables. Post-operative WRMT data were 
available for 52 hippocampal sclerosis patients (24 right, 28 
left) and six patients with hippocampal sclerosis and cortical 
dysgenesis (4 right, 2 left).

Procedure

The WRMT has two component parts, the recognition for 
words (RMW) and recognition for faces (RMF) subtests. In 
the RMW task, the patient is presented with 50 stimulus words 
presented at the rate of 1 every 3 sec. The patient is required to 
rate each item as pleasant or unpleasant to ensure that they 
attend to every item. They are then presented with a series of 
word pairs and are asked to identify which of the two words 
appeared in the original list. The format of the RMF task 
parallels that of the RMW task. The patient is presented with 
a series of fifty black and white photographs, and again asked 
to rate each as pleasant or unpleasant. They are then required 
to pick the original faces from a series of 50 pairs. For the 
RMW and RMF tasks the raw scores can range from 0 to 50.

The subjects were 99 adult patients with medically intractable 
epilepsy of unilateral temporal lobe origin (44 right, 55 left) 
undergoing pre-surgical evaluation for temporal lobectomy. All 
had undergone a full neuropsychological assessment, a period 
of video telemetry and had an MRI scan. MRI revealed hip
pocampal sclerosis in 90 patients (40 right, 50 left). The MRI 
in the remaining nine (4 right, 5 left) patients revealed duel 
pathology: hippocampal sclerosis and cortical dysgenesis. The 
MRI techniques used pre-surgically to identify the pathologies 
underlying lateralised TLE are described in detail by Van Paes- 
schen et al. [26] and Raymond et al. [24]. The demographic and 
epilepsy characteristics of the patient groups are summarised in 
Table 1.

There were no significant differences between any of the 
groups in age, duration of epilepsy and verbal IQ or per
formance IQ. However there was a significant effect of path
ology group on the age of onset of habitual epilepsy. The 
patients with duel pathology, hippocampal sclerosis with cort
ical dysgenesis had a significantly earlier age of onset than those 
with hippocampal sclerosis [F = 4.7, P < 0.05]. In addition 
there was a significant effect of underlying pathology on per
formance IQ. The patients with hippocampal sclerosis and cort
ical dysgenesis had significantly lower performance IQs than 
the other patient groups [F = 4.3, P < 0.05].

Quantitative hippocampal neuropathology

Clinical constraints during the operative procedure mean 
that a surgical specimen is not always available for histological 
analysis. However post-operative examination of the surgical 
specimen, confirmed the suspected pre-operative pathology in 
41 patients where a resected specimen was available. Whenever 
possible, the hippocampi were removed en bloc during surgery 
and were fixed immediately in formalin where they remained for 
1 week. After fixation both the temporal lobe and hippocampus 
were cut in approximately 3 to 5 mm thick slices. A section of 
the body of the hippocampus with the characteristic C-shaped 
appearance of the cell layers was used for quantitative neuro
pathology. For the neuronal densities, 20 pm sections were 
stained with LFB/CV. A direct 3-D counting method was used. 
A Zeiss research microscope was fitted with a Zeiss drawing 
tube and a digital length gauge (Heidenhain MT12) with a 
sensitivity of 0.5 pm. An oil immersion objective with a numeri
cal aperture of 1.3 and depth of field of 0.22/im was used. For 
measurement of the neuronal densities in the CAl subfield, a 
counting box of90 x 90 x 10 ̂ m was used. A neuron was defined 
as a large pyramidal shaped cell with Nissl substance in the 
cytoplasm and a vesicular nucleus containing a prominent

Table 1. Demographic and epilepsy characteristics of the hippocampal sclerosis and duel pathology (hippocampal sclerosis and
cortical dysgenesis) groups

Demographic and 
epilepsy characteristics

Hippocampal sclerosis (« = 90)
Right TLE {n = 40) Left TLE (« = 50)

Hippocampal sclerosis and cortical dysgenesis n = 9 
Right TLE {n = 4) Left TLE (« = 5)

Age: years (S.D.) 32.7(8.1) 30.6 (7.6) 32.7 (9.8) 28.2(14.9)
Age at onset of epilepsy 10.4 (9.2) 12.4 (9.6) 4.6 (4.0) 5.0 (4.8)

(years)
Years of epilepsy 21.1 (8.5) 24.0 (6.5) 17.2 (8.3) 19.0(12.8)
Verbal IQ (S.D.) 93.6(12.7) 93.1 (11.7) 93.2(13.9) 88.8(13.6)
Performance IQ (S.D.) 97.7(16.2) 96.3 (14.3) 84.2(17.7) 96.6(17.9)

-378-



A p p e n d i x  1

S. A. Baxendale Hippocampus in recognition 593

nucleolus. Fifty counting boxes were used to count one hip
pocampal subfield. Sampling and counting was carried out in a 
random, systematic and unbiased way. Quantified neuronal cell 
densities for the CAl subfield of the resected hippocampus were 
available for 41 patients (Right, = 21; Left, n = 20) These 
measures were available for 4 of the 6 post-operative patients 
with duel pathology (2 right, 2 left). The neuronal densities are 
expressed as measures of volume (median cell count mm')[27].

against normative data, group size becomes critical in the cal
culation of the statistical probabilities, and thus a reliance on 
the significance levels alone may lead to a misleading impression 
of the severity of any deficit in each group. The group means 
are therefore presented together with the published percentile 
ranges to aid the interpretation of the data.

Statistical analysis Results

Two (R vs L) by two (hippocampal sclerosis vs duel path
ology) analyses of variance ( ANOVA) were used to examine the 
effects of laterality and type of pathology on the pre-operative 
RMW and RMF test scores.

The numbers of patients with duel pathology were too small 
to allow a meaningful statistical analysis of their post-operative 
scores, and they were excluded from the post-operative analy
ses. The effects of the side of surgery on the pre- and post
operative RMW and RMF scores in the hippocampal sclerosis 
groups were examined using repeated measures multivariate 
analyses.

To ensure the duel pathology patients were matched with the 
hippocampal sclerosis patients in terms of the extent of their 
hippocampal pathology, the CAl neuronal densities of the duel 
pathology patients were compared with the mean densities in 
the right and left hippocampal sclerosis groups. Pearsons cor
relations were used to further examine the relationship between 
the extent of pathology and the pre-operative WRMT scores.

Kolmogorov-Smirnov tests of goodness of fit were used to 
compare the pre- and post-operative RMW and RMF scores for 
each patient group with those reported in normal age matched 
patients 28 to examine the clinical significance of any WRMT 
deficits in each group. Because these comparisons are made

Group differences: pre-operative scores

For the RMW task the 2 (right vs left) by 2 (hip
pocampal sclerosis vs hippocampal sclerosis with cortical 
dysgenesis) ANOVA revealed a significant interaction 
effect (laterality by pathology) [F = 4.4, P = 0.03], see 
Fig. 1. There were no significant differences between the 
right and left hippocampal sclerosis groups. However the 
left hippocampal sclerosis with cortical dysgenesis group 
obtained significantly lower scores than the other patient 
groups. The patients with duel right temporal lobe path
ology obtained significantly higher scores than the other 
patient groups.

The 2 (right vs left) by 2 (hippocampal sclerosis vs 
hippocampal sclerosis with cortical dysgenesis) ANOVA 
for the RMF task revealed a significant effect of path
ology, [f = 10.7, R = 0.001]. The patients with hip
pocampal sclerosis obtained significantly higher scores 
than those with duel pathology, see Fig. 2.

P re-su rg ica l S c o r e s P o st-o p era tiv e  S c o r e s

50  -

4 8

H ip pocam pal
S c le r o s is

(n = 9 0 )

Duel H ip p ocam p al
P ath ology(n = 9) S c le r o s is

(n = 52)
Pathology group

Fig. 1. RMW raw scores: Group means.

Right

[■ L e ft

D uel Pathology  
(n=6)
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50

□  Right! 
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H ip pocam pal
S c le r o s is

(n = 90)
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P a th o lo g y (n = 9 ) S c le r o s is

(n = 52)
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Fig. 2. RMF raw scores: Group means.

Duel P athology  
(n=6)

Pre-operative clinical deficits

The WRMT scores were compared with the published 
normative data for people aged between 18 and 39 years 
[28], (RMW mean = 4̂ 6.5, S.D. = 3.6; RMF 
mean = 43.6, S.D. = 3.3) using Kolmogorov-Smirnov 
(K-S) tests of goodness of fit, see Table 2. As a group the 
patients with both right and left hippocampal sclerosis 
demonstrated mild clinical deficits on the both the RMW 
and RMF tasks. In the hippocampal sclerosis with cort
ical dysgenesis group, only the left TLE patients per
formed poorly on the RMW task. Both the right and

left hippocampal sclerosis with cortical dysgenesis groups 
were impaired compared to normals on the RMF task.

Group differences: post-operative scores

There were no significant differences between the right 
and left hippocampal sclerosis groups in their 3-month 
post-operative RMW score [F = 2.Ü, F = 0.15]. However 
the right hippocampal sclerosis patients obtained sig
nificantly lower scores post-operatively on the RMF task 
[f = 5.4, F = 0.02].

Table 2. Group comparisons with normative data: pre-operative RMW and RMF scores

Kolmogorov-Smirnov Group mean score: percentile
Task group Mean statistics range in published norms

Patient group WRMT (S.D.) (n.s. = not significant) (age 18-39)

Right hippocampal sclerosis (n = 40) RMW 43.7 (3.6) : = 2.0. P < 0.001 15th-20th (below average)
Left hippocampal sclerosis (// = 50) 43.8 (4.6) : = 1.6, P < 0.05 15th-20th (below average)
Right hippocampal sclerosis and cortical 46.7 (2.0) z = 0.6. P > 0.05 35th-50th (average)

dysgenesis (n = 4) (n.s.)
Left hippocampal sclerosis and cortical 39.6(5.1) : = 1.7. f  < 0.005 5th-10th (well below average)

dysgenesis [n = 5)
Right hippocampal sclerosis {n = 40) RMF 41.2 (3.6) r = 2.2. P < 0.001 20th-35th (low average)
Left hippocampal sclerosis (// = 50) 41.6(4.0) .-= 1.6, F <0.05 20th-35th (low average)
Right hippocampal sclerosis and cortical 36.5 (4.2) : = 1.4, f  < 0.05 Below 2nd (impaired)

dysgenesis (n = 4)
Left hippocampal sclerosis and cortical 35.8 (6.0) .- = 1.6, P < 0.005 Below 2nd (impaired)

dysgenesis (n = 5)
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Repeated m easures multivariate analyses o f  variance 
were used to exam ine the effects o f  side o f  surgery on the 
pre- and post-operative change in scores on the RM W  
and R M F  tasks. A lthough there was a trend for the left 
temporal lobectom y patients to decline on the R M W  
tasks post-operatively, the interaction between side o f  
surgery and time at assessm ent (pre- vs post-surgery) was 
not significant [F  =  3.4, P =  0.06]. Similarly there was no 
significant interaction between time at assessm ent and 
side o f  surgery on  the R M F  test [F =  2.97, P — 0.09].

Post-operative clinical deficits

The patients in the hippocam pal sclerosis groups dem 
onstrated m ild m aterial specific deficits, related to the 
side o f  surgery, on  the RM W  and R M F  tasks post-oper
atively. The left hippocam pal sclerosis group showed  
deficits on  the R M W  task com pared to normal controls, 
whilst the R M F  scores in the right hippocam pal sclerosis 
group were significantly lower than those o f  the normal 
controls, see Table 3.

Quantitative hippocampal pathology and the W R M T

The m ean neuronal density in the C A l subfield o f  the 
resected hippocam pus in the right hippocam pal sclerosis 
group was 3314mm^ (S.D . =  1574). The mean neuronal 
density in the C A l subfield o f  the resected hippocam pus 
in the left h ippocam pal sclerosis group was 3184mm^ 
(S.D. =  2147). The right and left tem poral lobectom y  
groups were m atched in the extent o f  hippocam pal path
ology [F =  0.04, P >  0.05].

The neuronal densities in the C A l subfield o f  the 
resected hippocam pus in the two duel pathology patients 
with right TL E were 5658 mm^ and 2222 mm^ N either 
fell below  one standard deviation o f  the mean o f  the 
right h ippocam pal sclerosis group, indeed for one o f  the 
patients, the C A l neuronal density measure fell one stan
dard deviation above the mean. The neuronal densities 
in the C A l subfield o f  the resected hippocam pus in the

tw o duel pathology patients with left TLE were 4691 mm^ 
and 1191 m m \ Both fell within one standard deviation  
o f  the m ean o f  the left hippocam pal sclerosis group.

In the right tem poral lobectom y group there were no 
significant correlations between the C A l neuronal den
sities and the pre-operative R M W  [r =  0.11, P > 0.05] 
and R M F  [r =  —0.3, P <  0.05] scores. There was a sig
nificant negative correlation between the C A l neuronal 
density and pre-operative RM W  score in the left tem poral 
lobectom y group [r =  —0.71, P '< 0.001]. The left C A l 
neuronal density w as not significantly correlated with the 
pre-operative R M F  score [r =  —0.2, P > 0 .0 5 ] .

Discussion

Our results suggest that pre-operative patients with 
hippocam pal sclerosis m ay dem onstrate mild deficits on  
the W R M T . W hilst we found no significant differences 
in W R M T  performance between the right and left hip
pocam pal sclerosis groups, both groups performed in the 
below  average range (10-25th  percentile) on the R M W  
and R M F  tasks com pared to normal controls. These 
findings are broadly consistent with previous studies o f  
W R M T  performance in pre-operative TLE patients who  
do not have structural lesions. In their study o f  77 pre- 
surgical TLE patients with presumed hippocam pal scler
osis, Herm ann et al. [14] found no significant effect o f  
laterality o f  lesion on  either the R M W  or R M F  scores. 
The authors did n ot directly com pare their patients 
R M W  and R M F  distributions with those in the W R M T  
m anual, but used diagnostic efficiency statistics using the 
word/face discrepancy cut-offs from the W R M T  m anual 
to evaluate the accuracy o f  the RM W  and R M F  as diag
nostic tests. The m ean raw scores in their right and left 
TLE groups (R M W  : RTL =  m ean 41.4, S .D . =  7.0, 
LTLE m ean =  40.5, S .D . =  5.5,: R M F  : RTLE m ean =  
37.9, S .D . =  6.8, LTLE m ean =  38.9, S .D . =  5.3) appear 
to be com parable w ith those in our sample o f  hip
pocam pal sclerosis patients and below those o f  the pub
lished norms. Thus whilst their patients did not 
dem onstrate m aterial specific recognition m em ory defi

Table 3. Right and Left hippocampal sclerosis group comparisons with normative data: pre- and post-operative RMW and RMF
scores {n = 52)

Patient Group
WRMT

Task

Pre-operative 
group mean (S.D.) 

n = 52

Post-operative 
group mean (S.D.) 

n = 52

Kolmogorov-Smirnov 
statistics for post-op 

scores 
(n.s. = not significant)

Group mean score: 
percentile range in 
published norms 

(age 18-39)

Right hippocampal 
sclerosis (« = 24)

RMW 44.2 (3.2) 44.2 (4.8) r = 1.0, P > 0.05 (n.s.) 20-25th (low average)

Left hippocampal 
sclerosis {n — 28)

44.3 (4.3)
f

42.1 (5.5) r=  1.9, F <0.001 10th-15th (below average)

Right hippocampal 
sclerosis (« = 24)

RMF 40.9 (3.8) 40.4 (3.2) r = 2.3, P < 0.001 15th-20th (below average)

Left hippocampal 
sclerosis {n = 28)

41.5 (4.0) 42.8 (4.1) z = 1.2, P > 0.05 (n.s.) 35th-50th (average)

-381-



5 9 6 S. A. Baxendale/Hippocampus in recognition A ppendix 1

cits (evidenced by the word/face discrepancy score) and 
were not unequivocally impaired, falling below  the cut
off for norm als, mild deficits may have still been present. 
H erm ann et al. conclude that the W R M T is insensitive 
to the neuropathology underlying lateralised TLE (given  
the absence o f  a gross space-occupying or destructive 
structural lesion) and is therefore o f  ‘extremely limited 
clinical utility’ in the pre-surgical assessment o f  TLE pat
ients. H owever, our findings suggest that the W R M T  may 
be sensitive to less com m on neuropathologies underlying 
TL E and as such could be a useful clinical tool in the pre- 
surgical evaluation o f  TLE patients.

Our patients with left hippocam pal sclerosis and cort
ical dysgenesis obtained significantly lower scores on the 
R M W  task than the patients with left hippocam pal scler
osis. Similarly both the right and left patient groups with 
duel pathology performed more poorly than the hip
pocam pal sclerosis groups on the R M F task. W hilst the 
num bers in our hippocam pal sclerosis with cortical dys
genesis groups were small, reflecting the relative 
infrequency o f  these pathologies in epilepsy [23, 24], our 
findings suggest that W R M T impairments in patients 
w ith hippocam pal sclerosis may reflect additional tem 
poral lobe pathologies such as cortical dysgenesis. These 
deficits m ay not be material specific; the left hippocam pal 
sclerosis with cortical dysgenesis group dem onstrated  
deficits on both the R M W  and the R M F task.

One explanation for our findings may be that the hip
pocam pal pathology in the duel pathology group is more 
extensive than in the hippocam pal sclerosis groups. H ow 
ever the quantified hippocam pal pathology in a subset o f  
the patients suggest that the two groups were m atched  
for the severity o f  the hippocam pal sclerosis. The lack  
o f  significant positive correlations between hippocam pal 
neuronal densities and pre-operative RM W  and R M F  
scores in both the right and left temporal lobectom y  
groups also suggest that the W R M T performance is not 
related to the degree o f  hippocam pal atrophy. H owever, 
we did find a significant negative correlation between the 
neuronal densities in the left C A l hippocam pus and the 
pre-operative R M W  score. Poor scores were associated  
with higher neuronal densities. It is possible that this 
correlation reflects an unquantifled third factor since a 
relatively intact hippocam pus in a patient with well lat
eralised, m edically intractable epilepsy may be indicative 
o f  m ore widespread temporal lobe dysfunction.

If W R M T  performance was dependent upon the func
tional integrity o f  the lateral cortex, rather than the mesial 
tem poral lobe structures we would predict material spec
ific memory decline in patients with hippocam pal scler
osis following an en bloc temporal lobe resection. 
H owever our data is equivocal in this regard. Material 
specific m em ory deficits on the R M F task were recorded 
post-operatively in the right hippocam pal sclerosis pati
ents. Their post-operative R M F scores were significantly 
lower than the left hippocam pal sclerosis patients. As a 
group the left hippocam pal sclerosis patients tended to 
perform more poorly than the rights on the RM W  task.

although this failed to reach significance. M arked rec
ognition  m em ory deficits were not apparent in either o f  
the hippocam pal sclerosis groups post-operatively. The 
degree o f  post-operative im provem ent or decline in 
R M W  and R M F  was not related to the side o f  surgery, 
reflecting much individual variation in post-operative 
change in both the right and left hippocam pal sclerosis 
groups. It is probable that post-operative seizure control 
and a number o f  dem ographic and epilepsy related vari
ables are related to post-operative m em ory change and 
further work is underway to exam ine the relationship  
between these factors and side o f  surgery and their influ
ence on  post-operative memory function [5].

Fifty four percent o f  our hippocam pal sclerosis pat
ients dem onstrated post-operative im provem ents in rec
ognition m em ory for material traditionally associated  
with the temporal lobe contralateral to the surgery. The 
m echanism s underlying these im provem ents are unclear. 
The im provem ents cannot be attributed to a reduction  
in anti-epileptic m edication, since the patients had not 
em barked upon any post-operative drug reduction at the 
time o f  their 3-m onth post-operative assessm ent. One 
possible explanation may be the post-operative cessation  
o f  frequent seizure activity. A lthough the pre-surgical 
investigations suggested that all o f  the patients had a 
unilateral temporal lobe seizure focus, it was not uncom 
m on for the pre-surgical EEG telemetry studies to record 
the spread o f  seizure activity to the contralateral temporal 
lobe during the later stages o f  the seizure and inter-ictal 
bilateral independent spikes are com m on in both children 
and adults with TLE, even in patients with will lateralised  
hippocam pal sclerosis [9].

Overall these findings are consistent with the con
verging evidence from a number o f  experim ental para
digm s that suggest that hippocam pal damage does not 
result in marked recognition m em ory deficits on the 
W R M T  as it is standardly applied. Firstly, in their exten
sive review o f W R M T  performance in am nesic patients, 
A ggleton  and Shaw [1] found that patients with focal 
hippocam pal lesions following ischemia, showed normal 
or near normal W R M T performance. D espite their 
apparent sparing o f  recognition, the overall severity o f  
am nesia was com parable to that o f  patients with more 
extensive bilateral temporal lobe lesions w ho dem 
onstrated significant clinical impairments on both the 
R M W  and R M F  tasks. Secondly, whilst quantitative 
M R I measures o f  hippocam pal integrity have been cor
related with performance on tests o f  learning and recall 
(see [2], for a review) W R M T  scores do not appear to 
be related to M R I hippocam pal volumes[3] and are not 
positively correlated with the extent o f  hippocam pal 
pathology quantified post-operatively. Thirdly, material 
specific m em ory deficits have been reported in previous 
studies o f  temporal lobectom y patients [14, 20, 21] 
although we only found material specific recognition  
m em ory deficits in our right temporal lobectom y patients. 
The R M W  scores failed to differentiate the rights from  
the lefts post-operatively. Finally, we only found marked

182-



Appendix 1

S. A. Baxendale/Hippocampus in recognition 597

recognition m em ory deficits in patients with h ippocam pal 
sclerosis w ho had additional cortical pathology. T oge
ther, these findings support the hypothesis that the hip
pocampus m ay not be a critical structure in the 
Warrington R ecognition M em ory Test [7, 10, 15].
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A ppendix 2

ELSEVIER

"If I Didn't Have Epilepsy . .  Patient Expectations of 
Epilepsy Surgery

^Sallie A. Baxendale and ^Pamela J. Thompson

Although reduction of seizures is the primary aim of epilepsy surgery, patients 
who undergo elective temporal lobe surgery for the relief of medically intrac
table epilepsy often hope that a successful surgical outcome will result in 
broader changes in their lifestyle. The reasons given for proceeding to surgery 
often include assumptions about the consequences of becoming seizure-free. 
We describe the application of a rating scale to assess the expectations of 
presurgical epilepsy candidates. Seventy patients in the presurgical epilepsy 
program at the National Hospital for Neurology & Neurosurgery, London, 
were asked to rate themselves on 20 descriptive scales covering personality, 
cognitive, and emotional dimensions. They were also asked to rate how they 
believed they would be if the surgery were successful and their seizures 
ceased. An analysis of their responses showed that the patients were expecting 
significant positive changes in many dimensions postoperatively. Many of 
these expectations do not compare with the psychosocial changes that have 
been associated with temporal lobectomy in the literature or those reported by 
32 patients who had been followed up for 1 year postoperatively. We conclude 
that these implicit assumptions need to be identified and addressed preopera- 
tively so that the candidate can make a truly informed decision regarding a 
surgical option. Key Words: Epilepsy surgery—Expectations—Temporal lo
bectomy. © 1996 by Elsevier Science Inc. All rights reserved.

A  unilateral tem poral lob ectom y perform ed  for 
the relief o f ep ilep sy  is  a w ell-estab lish ed  treatm ent 
for m ed ica lly  intractable ep ilep sy . R ecently m ag
n etic re so n a n ce  im a g in g  (MRI) tech n iq u es h ave  
p roved  to be h ig h ly  effective  in  id en tify in g  h ipp o-
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cam pai sc lerosis and other p rev io u sly  “invisib le"  
p ath o log ies su ch  as cortical d y sg en esis  (1-7). A s a 
result, tem poral lob ectom y has b ecom e a v iab le sur
gical op tion  for an increasing num ber of patients  
w ith  m e d ic a lly  in tractab le e p ile p sy . This is re
flected  in  the recent dram atic increase in  the n u m 
ber of centers w o r ld w id e  that offer the treatm ent. In 
1986, d e lega tes  from  >50 centers offering ep ilep sy  
surgery atten d ed  the first in ternational conference  
on the su rgica l treatm ent of the ep ilep sies  (8). In 
1991, the num ber o f participating centers had m ore  
than d ou b led , to 118 (9).

It is n ot su rp rising  that ou tcom e in  these patients  
is m ost frequ en tly  reported in  term s o f the effect o f

I. Epilepsy 1996;9:274-281
© 1996 by Elsevier Science Inc. All rights reserved. 
655 Avenue of the Americas, New York, NY 10010
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the su rgery  on  their se izu res (10). R ecently, h o w 
ever, there has b een  a m o v e  to v ie w  a reduction  in  
se izu res as on e o f m an y  im portant variables in  the 
a ssessm en t o f su rgica l ou tcom e. A  grow in g  litera
ture d ocu m en ts the psych iatric (11-14) and neuro
p sy ch o lo g ica l seq u e la e  o f tem poral lobe su rgery  
(15-18). This b o d y  o f  research enables surgeons, 
n eu ro log ists, and  n eu rop sych o log ists  to offer sur
g ica l can d idates in form ed  estim ates of their prob
able p ostop erative  course. Based on  several in d i
v id u a l factors (in c lu d in g  im agin g , ictal and interic
tal EEG data, ep ile p sy  h istory, and ictal sem io logy) 
can d id ates are in form ed  o f the relative chances of 
b ecom in g  se izu re-free  a n d /o r  experiencing a s ig 
n ificant red u ction  in  their se izu res sh ou ld  they pro
ceed  to surgery. T h ese p ossib le  gains n eed  to be 
w eig h ed  again st the probabilities of surgical m or
b id ity  and m orta lity  (19). Surgical candidates are 
a lso  w arn ed  o f the p ossib ility  of a transient p sych i
atric d isturbance (u su a lly  depression) that so m e
tim es occurs in  the early postop erative period  (14). 
A t the N ation a l H osp ita l for N eu ro lo g y  & N eu ro 
surgery, p ro sp ectiv e  surgical candidates are also  
a d v ised  about an y  deterioration  or im provem en t in  
m em ory  or la n g u a g e  fun ction s that m ight be ex 
p ected  p ostsu rg ica lly . Together, this in form ation  
en ab les the p atient to m ake an inform ed  d ecision  
regard ing a su rgica l option .

H ow ever, a lth ou gh  m an y  stu d ies h ave contrib
u ted  to a p red ictive  m o d e l o f postop erative change  
in  these areas, the im plicit a ssu m p tions regarding a 
su ccessfu l su rg ica l o u tcom e h eld  b y  p rosp ective  
surgical can d id ates h ave b een  largely  ignored  in 
the literature. There is a sm all but gro w in g  litera
ture on  severa l asp ects o f p sych osocia l change after 
su rgery for ep ile p sy  (20-32) [see D odrill (23) for 
review ]. T h ese in c lu d e  the d evelop m en t and ap p li
cation  of a variety  o f clin ical rating scales to assess  
p sych osocia l fu n ction in g  b oth  pre- and postop era
tive ly  (23,28-30) [see C ram er (28) for rev iew ], and  
q uality  o f life  in vestiga tion s w h ich  have p roved  im 
portant in  id en tify in g  the p sych osocia l issu es that 
im p ed e the b en efits  o f im p roved  or com p lete se i
zu re control. In on e su ch  stud y, G u ld vog  (27) ret
rosp ectively  exam in ed  p atient satisfaction  w ith  sur
gical treatm ent for ep ilep sy  in terms of w h eth er it 
w a s u sefu l or had  n egative  effects. In com m on  w ith  
m an y of the other stu d ies in  this area, the experi
ence of satisfaction  w ith  the surgery w as stron gly  
a s s o c ia te d  w it h  a fa v o r a b le  s e iz u r e  o u tc o m e  
w hereas the exp erience of d issatisfaction  w as s ig 
n ificantly a ssoc ia ted  w ith  n eurological deficit and  
decreased  w o rk in g  ability.

H ow ever, n o stu d ies h ave yet exam ined  the ex

EXPECTATIONS OF EPILEPSY SURGERY

p ecta tion s o f surgery  h eld  b y  p resurgical candi
dates. A lth o u g h  m ost patients u n d ou b ted ly  w o u ld  
state relief from  seizu res as their prim ary aim  in  
p u rsu in g  the surgical option , further q uestion in g  
often  d isc lo ses  the im plicit assu m p tion s that the p a
tient h o ld s about b ein g  seizure-free. A t a sim p le  
level, th ese  assu m p tion s m ay in clu d e the elim ina
tion  o f se izu re-related  injury and socia l em barrass
m ent. T liey  m ay  also  in clu d e fairly straightforw ard  
con seq u en ces o f b ein g  seizure-free, such  as b ein g  
able to d rive and redu ce or d iscon tin u e their anti
ep ilep tic  d ru gs (AEDs). A t a d eep er level, h ow ever , 
patients w ill often  express the h op e that a su ccess
fu l su rg ica l o u tco m e w ill herald  m u ch  b road er  
ch an ges in  their h festy le  and personal relations. 
T hese im plicit a ssu m p tion s n eed  to be identified  
and a d d ressed  so  that the candidate can m ake a 
tru ly in form ed  d ecision  regarding surgery. In our 
stu d y , w e  w ish ed  to describe the expectations of 
ch an ge associated  w ith  a good  surgical ou tcom e in  
p resurgical can d idates presented  w ith  the op tion  of 
tem p o r a l lo b e  su rg ery . T h ese ex p ec ta tio n s  are 
ev a lu a te d  in  lig h t o f  the p sy ch o so c ia l ch a n g es  
d ocu m en ted  in  the literature and the changes re
p orted  b y  patients p ostop eratively .

Subjects and Methods

T he subjects w ere 70 patients adm itted  to the N a 
tion a l H o sp ita l for N e u r o lo g y  & N eu rosu rgery , 
L ondon , for v id eotelem etry  as part o f their presur
gica l assessm en t. A ll w ere first-tim e candidates for 
e lective  tem poral lob e surgery for m ed ica lly  intrac
table ep ilep sy . Patients w h o  u n d erw en t surgery to 
rem ove a h igh-grad e lesion  or for other therapeutic  
p u rp o ses (other than the relief o f ep ilepsy) w ere  
therefore exc lu d ed  from  the stud y, as w ere those  
w ith  a V erbal I.Q. (V.I.Q.) =^70. Preoperative in v es
t ig a t io n s  in c lu d e d  M RI v o lu m e tr ic  a n d  T 2- 
w eig h ted  im agin g , interictal and ictal EEG record
in gs w ith  scalp  electrodes, n eu rop sych ologica l as
sessm en t (in c lu d in g  the sod iu m  am ytal test w h en  
n ecessary), and  a psychiatric assessm ent.

T he sam p le  w as com p osed  o f 33 m ales (47%) and  
37 fem ales (53%). T w en ty-seven  of the patients had  
a clear right tem poral lob e seizu re focus, and 30 had  
a clear left tem poral lobe focus. The routine presur
gical in vestiga tion s fa iled  to establish  a clear u n i
lateral tem poral lobe focus in the rem aining 13 p a
tients. The d em ograp h ic and ep ilepsy-related  char
acteristics o f the sa m p le  are sh o w n  in T able 1. 
T h irty-tw o (45.7%) o f the sam ple w ere in  fu ll-tim e
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T a b le  1. Demographic and epilepsy characteristics of 
the presurgical group (n = 70) and postsurgical 

controls (n = 32)

T ab le  2. Classification of seizure outcome for the 
follow-up group (n = 32) at 1-year follow-up after 

temporal lobectomy

Presurgical 
group 

(n = 70)

Postsurgical 
group 

(n = 32)

Variable
Mean
(SD) Range

Mean
(SD) Range

Age (yr) 
Age at 

habitual

31.8 (7.5) 16-53 28.91 (5.8) 2 1 ^

seizure
onset

V.I.Q.
(WAIS-R)

P.I.Q.
(WAIS-R)

11.7 (8.2)

92.8 (11.2) 

97.1 (15.7)

1-40

70-123

65-137

11.7 (8.4) 

94.1 (10.9) 

100.5 (13.4)

1-40

79-127

73-134

V.I.Q. and P.I.Q., Verbal and Performance I.Q.; WAIS- 
R, Wechsler Adult Intelligence Scale-Revised.

em p lo y m en t at the tim e of their presurgical eva lu 
ation. T w o (3%) attend ed  a sheltered  w ork shop , 
and  five (7.1%) others w ere in  fuU-tim e education. 
T w elv e  o f the patients (17.1%) listed  their occupa
tion  as h ou sew ife ; the rem aining 19 (27.1%) w ere  
u n em p lo y ed .

The control group con sisted  of 32 patients (13 
m ales, 19 fem ales) w h o  had u n d ergon e tem poral 
lob e surgery  (18 right, 14 left), at the N ational H o s
p ita l and w h o  had been  fo llo w ed  up  for 1 year after 
surgery. T h ese patients d id  not sign ifican tly  differ 
from  the p resurgical group  in  age (F = 3.6, df = l , p  
> 0.05), age o f on set of habitual ep ilep sy  ( f  = 0.01, df 
= I, p > 0.05) or in tellectual function  (V.I.Q., F = 
0.29, df = 1, p > 0.05; Perform ance I.Q. (P.I.Q.) (F = 
1.1, df = I, p > 0.05). Table 2 sh o w s the surgical 
ou tcom e in  term s of se izu re control [using Engels  
criteria (33)] for the patients at 1-year fo llow -u p .

S elf-C on cep t R a tin g  Scale

The sca les u sed  in this stu d y  w ere adapted  from  
those d ev e lo p e d  b y Tyrem an and H u m p hries (34) 
and w ere orig in a lly  d ev e lo p ed  for u se  w ith  p eop le  
w ith  severe h ead  injuries. The patients w ere asked  
to rate th em se lv es  along a continuum , d iv id ed  into  
seven  eq u al segm en ts, m arked w ith  o p p o sed  adjec
tives at each  end. These in clu d ed  B ored-Interested , 
H a p p y - S a d ,  In  C o n t r o l - H e lp le s s ,  R e la x e d -  
W o r r ie d , S a t i s f i e d - D i s s a t i s f i e d ,  A t t r a c t iv e -  
U n a ttra ctiv e , H o p e fu l-D e s p o n d e n t , C o n f id e n t-  
Lacking C onfid en ce, Stable-E m otional, W orth less-  
O f V a lu e , F o r g e tfu l-M in d fu l ,  C a lm -Ir r ita b le ,

Classification Description n

Class 1 Seizure free" Total 68.7%“
A Completely seizure-free 13 (40.6%)
B Aura only 9 (28.1%)

Class 11 Rare seizures Total 18.7%
A Initially seizure-free, 

but rare seizures
now 3 (9.3%)

B Rare seizures since
surgery 2 (6.3%)

D Nocturnal seizures
only 1 (3.1%)

Class IV N o worthwhile
improvement Total 12.6%

B N o appreciable change 2 (6.3%)
C Seizures worse 2 (6.3%)

"Seizure classifications were made at the 1-year post
operative follow-up appointment. All patients were still 
receiving some antiepileptic drugs. Three of the patients 
who were in the seizure-free class 1 year postoperatively 
have since experienced a return of their seizures. Re
sected specimens from all three showed cortical dysgen
esis histologically.

C a r in g -U n c a r in g , C lu m sy -S k illfu l, D e p e n d e n t-  
I n d e p e n d e n t ,  A c t i v e - I n a c t i v e ,  D i f f i c u l t -  
C o o p e r a t iv e , T a lk a t iv e -W ith d r a w n , F r ie n d ly -  
U nfrien d ly , and S tu p id -C lever. To reduce the like
lih o o d  o f p ersevera tive  resp on ses, the p o s it iv e /  
n egative  p o les  are reversed  for half o f the item s in  
the scale. T hus, on  10 of the scales the "positive"  
a d je c tiv e  (e .g .. H a p p y , A ttra c tiv e , R elaxed ) is  
p laced  to the left o f the scale and on  the rem aining  
10 the "n egative"  adjective (e.g.. Bored, D ep en dent, 
W orthless) is p laced  to the left o f the scale. D uring  
their p eriod  o f v id eotelem etry , the patients w ere  
asked  to rate th em se lves on  the scale under tw o  
con d ition s: first, h o w  th ey  w o u ld  gen era lly  d e
scribe th em se lv es, an d  second, h o w  they  b elieved  
they w o u ld  b e if the p rop osed  surgery  w ere su c
cessfu l in  e lim in atin g  their se izures. The fo llow -u p  
grou p  w a s ask ed  to rate h o w  they w o u ld  generally  
describe th em se lv es  at their 1-year postsu rgica l fo l
lo w -u p  ap poin tm ent.

S corin g

The resp on ses on  each of the item s scored on  a 
scale of 1 -7 , w ith  1 representing the m ost extrem e  
resp on se at the n ega tive  p o le  and 7 representing the 
m ost extrem e resp on se on  the p o sitiv e  pole. There
fore, the p atients obtained  a score (m axim um  7) on
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each  of the 20 d im en sion s under tw o conditions: 
their p reop erative self-rating and a rating repre
sen tin g  their exp ectations after su ccessfu l surgery.

Statistical Analysis

N orm al probability  p lots and the Lilliefors m od i
fication of the K olm ogorov-Sm irnov test sh ow ed  
that m ost o f the questionnaire data w ere approxi
m ately  n orm ally  d istributed. The data w ere there
fore an a lyzed  b y  m ultip le paired t tests and on e
w a y  an alyses of variance (A N O V A s) to exam ine the 
relation  b e tw e en  the patients' p reop erative self- 
ratin gs an d  th eir ex p ecta tio n s o f p o sto p era tiv e  
change. A con fid en ce lim it o f p < 0.001 w as u sed  to 
guard again st type 1 errors in the m ultip le com pari
sons.

Results

Patient Expectations

M ultip le paired t tests b etw een  the preoperative  
self-ratings and the expectation  ratings sh o w ed  that 
the p reop erative patients w ere exp ecting  sign ificant 
p ositive  ch an ges on  n ine of the scales. After su c
cessfu l surgical elim ination  of seizu res, the patients  
w ere exp ectin g  to be happier, m ore in control, and  
m ore h op efu l, in d ep en d en t, and interested  in life. 
T hey also exp ected  to be m ore sk illfu l and of m ore 
valu e and to h ave a better m em ory and be m ore 
clever than their preoperative se lves. The preopera
tive self and expectation  ratings are sh ow n  in Fig
ure 1.

A ge of on set o f the habitual ep ilep sy  m ay have a 
significant bearing on patient's expectations of a 
su ccessfu l su rg ica l outcom e. Surgical can d idates  
w h o  have liv ed  at least part of their adult life w ith 
out recurrent se izu res m ay have a m ore realistic 
idea of life w ith o u t seizures than a patient w h o  has 
been m ed ica lly  intractable since ch ild h ood , or in 
fancy. Based on  this hypothesis, the patients w ere  
d iv id ed  in to  three groups, those w ith  on set of ha
bitual se izu res in  very early life (before age 7 years, 
n = 27), th ose  w ith  onset in ch ild h ood  (age 8-16  
years, n = 22), and those w ith  habitual onset in 
ad ulthood , (age ^ 1 7  years, n = 21). O n e-w ay  A N O 
VAs sh o w ed  that these groups d id  not differ s ig 
nificantly on  their preoperative self-ratings on any  
of the scales. N eith er did the pattern of expectations 
after su ccessfu l surgery differ b etw een  the three 
groups.

EXPECTATIONS OF EPILEPSY SURGERY

In C ontrol
G o o d  M em ory  

H ap p y

A ctive

C aring

I n d e p e n d e n tSatisfied

InterestedFriendly

H opefu lTalkative

SkillfulC o n fid en t

Of V a lu eS ta b le

C leverA ttractive
R ela x ed

Figure 1. Diagrammatic representation of preoperative self- 
ratings versus expectations after successful surgery (n = 70). 
The scales are presented clockivise in the order of greatest/least 
magnitude of difference. Preoperative self (solid line); expecta
tions of surgery (heavy dashed line).

In the preoperative group , m ales and fem ales did  
not sign ifican tly  differ on  their ratings of their pre
operative se lv es or in their expectations of surgery. 
N eith er w as a sign ificant effect of laterality of se i
zure focus (right vs. left) ev id en t in the preopera
tive and expectation  ratings.

Postoperative Change

In the 1-year p ostop erative control group, 67.8% 
(n = 22) w ere classified  as seizure-free. These pa
tients d id  not differ sign ifican tly  in their ratings on  
any of the item s in  the scale as com pared  w ith  p a
tients w h o  w ere not seizure-free p ostoperatively . 
H ow ever, there w ere som e significant differences  
b etw een  this group  and the preoperative group. Pa
tients w h o  w ere seizure-free postop eratively  rated  
th em selves as m ore in control of their lives than the 
preoperative patients. There w ere also  trends for 
the seizure-free controls to feel happier, m ore h o p e
ful and friendly, and less clum sy than the p reop 
erative group , a lthou gh  these failed  to reach sign ifi
cance at p < 0.001.

A lth ou gh  the p ostop erative  seizure-free group  
did rate th em selves m ore p ositive ly  than the pre
op erative group  on  som e of the scales, these ratings 
did not m atch w ith  all of the preoperative groups' 
exp ectation s of su ccessfu l surgery. A  series of on e
w ay A N O V A s com paring the preoperative exp ec
tation ratings w ith  the ratings of the p ostoperative  
seizu re-free patients sh o w e d  that p reop eratively  
the patients' exp ectation s of b eing m ore interested  
in life w ere greater than w as the actual experience
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of the p atien ts w h o  w ere se izu re-free 1 year p ost
op erative ly . There w as a lso  a trend for the p reop 
erative p atien t's exp ectation s o f h app iness, in d e
p en d en ce , an d  im p rovem en ts in  m em ory sk ills to 
be greater than  that exp erien ced  by the p ostop era
tive  se izu re-free group, a lth o u g h  again  this failed  to 
reach sign ifican ce at p < 0.001.

Discussion

W e w ish ed  to describe the exp ectations associ
ated  w ith  a su ccessfu l su rgica l ou tcom e in adult  
can d idates for elective tem poral lobe surgery for 
the relief o f m ed ica lly  intractable ep ilep sy . These  
p atients are currently in v o lv ed  in a several lo n g 
term  fo llo w -u p  s tu d ie s  ev a lu a tin g  su rg ica l o u t
com e, and w h eth er the ch an ges w rou gh t b y  sur
gery m atch  the presurgical exp ectation s rem ains to 
b e seen . H o w ev er , a rev iew  of the literature d o cu 
m en tin g  p ostop erative  ch an ges su g g ests  that som e  
of these exp ectation s are u n lik e ly  to be fulfilled .

W e n oted  that p reop erative surgical cand idates  
w ere exp ectin g  sign ifican t im p rovem en ts in m any  
areas of their life if they b ecam e seizure-free p ost
op eratively . T hese im p rovem en ts can be d iv id ed  
in to  three groups: direct con seq u en ces, secondary  
effects, an d  cogn itive  factors.

A s a grou p , the p reop erative  patients reported  
that they  exp ected  the greatest im provem en t after 
su ccessfu l surgery  to b e a fee lin g  of b ein g  m ore in  
control. B ecause the su d d en , unpredictable, and ir
repressib le lo ss  o f control is probably the m ost d is
tressing an d  proh ib itive asp ect of liv in g  w ith  ep i
lep sy , this is  n ot an u n exp ected  find ing. It is en 
co u ra g in g  that our p o s to p e r a tiv e  p a tien ts  w h o  
w ere se izu re-free at 1 year d id  feel sign ifican tly  
m ore in control than the p reop erative patients, su g 
gestin g  that the exp ectation s o f the preoperative p a
tients in this area m ay be realistic. The preoperative  
patients w ere  also  h o p in g  to becom e le ss  c lu m sy  
after su ccessfu l surgery. A g a in  this can be v ie w e d  
as an exten sion  o f b ein g  m ore in  control. D iscu ssion  
w ith  m an y  o f the patients sh o w e d  clearly that they  
rated th em se lv es  on  this item  w ith  their se izu res  
very m uch  in  m ind . T hey felt c lu m sy  becau se of the 
num ber of accid en ts that they  had both  d uring  se i
zures and in  the p ostical p eriod . It appears reason 
able to a ssu m e that this Idnd o f c lum sin ess w o u ld  
decrease if the se izu res ceased .

In ad d ition  to the m an y  socia l aspects o f d ep en 
d en ce assoc ia ted  w ith  h a v in g  recurrent seizu res, 
not b ein g  able to d rive is on e o f the greatest bars to

in d ep en d en ce . A ll the presurgical p atients w ere  
prohib ited  from  d riv in g  d u e to the intractable na
ture of their ep ilep sy . The seizure-free postop era
tive p atients d id  not differ sign ifican tly  from  the 
p reop era tive  grou p  in  their ratings o f in d e p e n 
dence. This apparent lack of d ifference m ay in  part 
be d u e  to driving. The p ostop erative group  filled  in  
the questionn aires 1 year p ostsu rgically  and thus 
w ere n ot elig ib le to drive during the period  o f fo l
lo w -u p , a lth ou gh  som e started to d rive soon  after
w ards.

Investigators h ave reported im provem en ts on  a 
variety  of m easu res o f in d ep en d en ce in  patients  
w h o  b ecom e seizu re-free after surgery, in clu d ing  
w ork  perform ance m easu res (35) and financial sta
tus (36). The receipt o f state w elfare has also  b een  
u sed  as a m easu re o f p ostop erative d ep en dence. 
A u g u stin e  et al. (37) and Jensen (1975) (38) reported  
that the num ber of p eop le  d raw in g state benefits  
dram atically  decreased  after su ccessfu l surgery. A n  
increased  sen se  o f b ein g  in control, im provem en ts  
in  at least som e aspects of in depend en ce, and a d e
crease in  c lu m sin ess associated  w ith  se izu re can be  
v ie w e d  as d irect con seq u en ces o f b ecom in g  se i
zure-free, and a b o d y  o f ev idence su ggests  that pre
op erative exp ectation s of im provem en t in these ar
eas are realistic.

T he secon d  grou p  o f expectations o f change re
ported  in  our sam p le can be classed  as secondary  
effects and m ay n ot necessarily  be associated  w ith  
su ccessfu l surgical outcom e. The preoperative p a
tients w ere exp ectin g  to be sign ificantly  happier, 
m ore h op efu l, and m ore interested in  life and to feel 
less w orth less after su ccessfu l surgery. O ur p o sto p 
erative se izu re-free patients d id  not d iffer s ign ifi
cantly  from  the p reop erative group on  any of these  
variables. Im provem en ts in these areas are prob
ably related to ch an ges in  lifestyle m ore than the 
p resen ce or absence of seizures them selves. Em 
p loym en t and p erson al relations are probably the 
tw o  m ost im portant factors that en gen d er a sen se of 
v a lu e , in terest, h o p e , and h ap p in ess in  an in d i
v idual.

L iv ing  w ith  ep ilep sy  has b een  associated  w ith  an 
increased  lik elih ood  of several p sych o log ica l and  
socia l prob lem s, in clu d in g  social iso lation  and u n 
em p loym en t (39-41). U nfortunately, a lthou gh  p res
ence o f se izu res m ay h ave contributed sign ifican tly  
to an in d iv id u a l's  p ersonal circum stances, several 
stu d ies su g g est  that these circum stances w ill not 
au tom atica lly  ch an ge after cessation  o f se izures. In 
their rev iew  o f the psych osocia l p ostop erative lit
erature, D odrill et al. (23) noted  that vocation al ad
justm ent is reported  m ore than any other factor.
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H o w ev er , a lth ou gh  m ost investigators report som e  
p o sitiv e  p ostop erative  change in em p loym en t, al
m ost all cite reservations or lim itations in their con 
clu sion s regard in g  im p roved  vocational function
ing. Factors other than b ein g  seizure-free clearly  
contribute to the lik elih ood  o f find in g em p loym en t  
p ostop eratively . W hatever the cause, chronic lo n g 
term  u n em p lo y m en t leads to lack of experience and  
sk ills , m ak in g  an in d iv id u a l an unattractive con sid 
eration  to a p ro sp ec tiv e  em p loyer faced  w ith  a 
ch o ice of m ore exp erienced  applicants.

S im ilarly , im p rovem en ts in m easures o f social 
fu n ction in g  d o  n ot autom atically  accom pan y the 
cessa tion  o f seizu res. In m any stud ies in w hich  an 
overall rating o f life satisfaction  or general w e ll
b e in g  is u sed , an im provem en t in  seizure-free p ost
op erative p atients is reported. H ow ever, these im 
p rovem en ts are se lective  rather than global. The 
can d idates m ost lik ely  to benefit from  im proved  
p sych osocia l fun ction ing  are those w ith  few  p sy 
ch osocia l prob lem s other than problem s that stem  
d irectly  from  the se izu res them selves. A s D odrill et 
al. (23) note: “ [U lnfortun ately  this m eans that a 
num ber o f our m ost n eed y  patients cannot rou
tinely  be exp ected  to have im proved  p sych osocia l 
fu n ction in g  after surgery, even  if the se izu res en 
tirely d isappear."  O ur patients w ere h op in g  to be 
m ore h o p efu l and interested  in life, to be happier, 
and  to feel le ss  w orth less after surgery. The litera
ture su g g ests  that su ch  expectations m ay be realis
tic for som e b ut n ot all surgical candidates. The 
can d idates m o st lik ely  to experience these im p rove
m en ts can b e id en tified  preoperatively. This led  M i- 
hara et al. (41) to su ggest that surgical in tervention  
"shou ld  occur before patients are subjected to the 
p sych o log ica l conflicts and social handicaps associ
ated  w ith  chronic intractable ep ilepsy."  H ow ever, 
the p ostop erative  course for patients w h o  appear  
u n lik e ly  to exp erience im provem en ts in  their p sy 
chosocial fu n ction in g  after relief of se izu res is not 
unalterable. For true m axim ization  of the benefits 
o f ep ilep sy  su rgery  for su ch  patients, the p o sto p 
erative in p u t m ay  h ave m atch the in tensity  o f the 
p resurgical evaluation . This issue has received  little 
attention  in  the literature, but Schw artz et al. re
ported  en cou rag in g  results (42). P sych ologica l in 
put, both pre- and p ostsurgically , m ay h elp  to u n ify  
p resurgica l exp ectation s and p ostsu rg ica l reality  
in to  accord. Further stud ies are n eed ed  to d evelop  
and evaluate strategies to reach this goal.

The third grou p  o f expectations of change can be  
classed  as cogn itive  effects. Our presurgical can d i
dates w ere exp ectin g  sign ificant im provem en ts in  
m em ory fu n ctio n in g  and in te lligen ce p ostop era 
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tively. S tu d ies h ave d ocu m en ted  the n eu rop sych o
log ica l ch a n g es a ssoc ia ted  w ith  tem poral lob ec
tom y (18-21). A lth o u g h  som e in vestigators report 
d ram atic in creases in  I.Q. and m em ory  sk ills  in  
p ostop erative  patients, su ch  gains are n ot typical 
and, on  the w h o le , general in telligen ce rem ains u n 
ch an ged  after tem poral lobe surgery. A  w ea lth  of 
ev id en ce  su g g ests  that m em ory sk ills d ecrease after 
surgery, particu larly after dom in ant tem poral lobe 
resection. Preoperative factors exert a large in flu 
ence o n  the extent an d  pattern o f p ostop erative  
n eu rop sych o log ica l change. A g e  o f on set o f ep i
lepsy, extent, location  and type of p a th o logy , and  
p reop erative le v e l of fun ction ing  h ave all b een  re
lated to p ostop erative m em ory  fun ction ing  (20-21). 
T he n a tu r e  a n d  e x te n t  o f n e u r o p s y c h o lo g ic a l  
ch ange after tem poral lobe surgery w ill be d ifferent 
for each  p atient d ep en d in g  on  these factors; h o w 
ever, for m ost p atients, exp ecting  sign ificant im 
p rovem en ts in in tellectual fun ction ing  or m em ory  
skills is unrealistic.

W e d id  n ot d etect a sign ificant effect of sex , lat
erality o f se izu re focu s, or age o f on set o f habitual 
ep ilep sy  on  the p reop erative patients' expectations  
of ch an ge after surgery. The nature of the surgical 
sam ple m eant that aU o f the patients in  the stu d y  
had lo n g -s ta n d in g  ep ile p sy  (from  2 to 44 years, 
m ean d uration  20.1 years, S.D. 9.1). L iv ing  w ith  re
current se izu res has a sign ificant im pact on  life
style, an d  p atients appear to have a sim ilar v ie w  of 
life w ith o u t ep ilep sy , regard less o f age of on set or 
duration  of ep ilep sy .

Our stu d y  has several sh ortcom ings that lim it the  
con clu sion s that can b e draw n from  our data. The 
data w ere  subjective ratings and, w ith  the exception  
of vocation a l m easu res, w e  d id  n ot u se  objective  
m easu res to va lid ate the patients' responses. H o w 
ever an  earlier p ilo t stu d y  sh o w ed  that relatives' 
r a tin g s  o f  th e p a tie n ts ' ch a ra c ter istics  c lo s e ly  
m atched th ose o f the presurgical can d idates (43). 
Our seizu re-free p atients w ere assessed  1 year p ost
op eratively . P sych osocia l and in tellectual im p rove
m en ts h a v e  p rev io u s ly  b een  d ocu m en ted  for as 
long as 10 years p ostop eratively  (23,44), and our 
relatively  early fo llo w -u p  period  m ay  have m asked  
som e o f th ese p otentia l im provem en ts in  som e of 
the patients.

Our stu d y  h igh ligh ts the im portance of presurgi
cal eva lu ation  of patients' expectations of a su ccess
ful su rgica l outcom e. O ur data su ggest that patients  
m ay h a v e  m an y  exp ectations of ch ange associated  
w ith  b ecom in g  seizure-free. These im plicit a ssu m p 
tions m u st be id en tified  and ad dressed  preopera
tively  so  that the can d idate can m ake a tru ly in 
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form ed  d ecision  regarding a surgical option. Just as 
p atien ts are g iv en  in d iv id u a l od d s on  b ecom in g se i
zu re-free  after surgery, based  on  several preopera
tiv e  factors, they  sh ou ld  con sen t to surgery w ith  a 
realistic  id ea  o f extent of the p sych osocia l changes  
that m a y  occur after su ccessfu l elim ination  of se i
zures. A  rating scale, su ch  as the on e u sed  in the 
p resen t stu d y , m ay  be u sed  as a basis to exp lore  
th ese  exp ectation s. O ther m ore recently d ev elo p ed  
m eth o d o lo g ie s  for a ssessin g  health-related quality  
of life in  ep ilep sy , su ch  as the Q-TW iST approach  
p ro p o sed  b y  Schw artz et al. (45) m ight also  lend  
th em se lv es  w e ll to this endeavor.
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Dose Effects on Intracarotid Amobarbital 
Test Performance

’Sallie A. Baxendale, 'Pamela J. Thompson, 'Lloyd Savy, 'Joe Bhattacharya, and 
^Simon D. Shorvon

Memory performance on the intracarotid amobarbital test can be influenced by 
several factors. We assessed the effects of sodium  amytal dosage on the 
memory scores obtained by 120 presurgical candidates for right or left tem
poral lobectomy (59 RTL, 61 LTL). Sodium amytal doses ranged from 45 to 425 
mg. Sodium amytal dose was not related to any of the measures of memory 
used in the test or the eventual pass/fail outcome. However, two measures of 
the impact of the dose, the time taken to respond to simple verbal commands 
(initial recovery) and the total time taken to regain normal power (complete 
recovery), were related to memory scores in both the right and the left patient 
groups. As a group, the patients who were judged to have failed the sodium  
amytal test (n = 10) had a significantly longer initial recovery time than the 
patients who passed the test. Our data suggest that several individual factors 
may affect the impact of sodium amytal dosage and that language dominance 
might be one such factor. Key Words: Intracarotid amobarbital procedure—  
Wada test—Memory—Epilepsy surgery—Temporal lobectomy.

R ecent a d van ces in  n eu rorad io logy  h ave  en ab led  
the co n fid en t in v iv o  identification  of som e p ath o lo 
g ie s  a ssoc ia ted  w ith  ep ilep sy . In particular, v o lu 
m etric an d  T 2-w eigh ted  im ages o f the h ip p ocam p i 
h a v e  p ro v ed  particularly im portant in the presur
g ica l in v e st ig a t io n  o f  p ro sp ec tiv e  tem p ora l lob e  
su rgery  can d id a tes (1-5). A s a result, a v iab le  sur-
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gical o p tio n  is  b ein g  offered to an increasing n u m 
ber o f p atien ts w ith  m ed ica lly  intractable ep ilepsy . 
A u nilateral tem poral lob ectom y rem ains the m ost  
com m on  su rgica l procedure for clearly lateralized  
tem poral lob e ep ile p sy  and is associated  w ith  a 
go o d  o u tco m e in  term s o f se izu re control, particu
larly in  p a tien ts  w ith  h ip p ocam p al sc lerosis  (6). 
H o w ev e r , the procedu re p oses risks to m em ory  
function .

Several cases in  the literature clearly sh o w  that 
d en se  an terograde am nesia can result from  a u n i
lateral tem poral lob ectom y if the contralateral h ip 
p ocam p u s is d am aged  and unable to su sta in  basic 
m em ory  fu n ctio n s (7-9). Therefore en su rin g  ad 
equate m em ory  function  o f the contralateral tem 
poral lob e b efore surgery is im portant. A lth ou gh  
baseline n eu rop sych o log ica l m easures and the n ew

J. Epilepsy 1996;9:135-143
© 1996 by Elsevier Science Inc. All rights reserved. 
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applications of magnetic resonance imaging (MRI) 
provide som e indication of the structural and func
tional integrity of the temporal lobe structures (10), 
the intracarotid amobarbital procedure (lAP) re
mains the most commonly used procedure in epi
lepsy surgery programs to ensure the adequate 
memory capacity of the hemisphere contralateral to 
the suspected epileptic focus. In most centers, the 
test is an integral part of the presurgical workup 
(11).

The nature of the LAP means that many factors, 
unrelated to the functional integrity of the temporal 
lobe, can contribute to an impression of memory 
failure; these include the level of sedation induced 
by the sodium amytal (12) and intense emotional 
reactions (13,14). Functional disturbance in other 
structures in the hemisphere may also contribute to 
an impression of memory failure. Perseverative re
sponses are frequently observed when frontal lobe 
function is compromised, and perceptual difficul
ties can interfere with memory testing when more 
posterior parts of the brain are affected.

Some investigators (15,16) have raised a concern 
that the amobarbital test yields a high return of 
false positives in predicting what is actually a very 
rare event. The results may exclude some patients 
from a viable surgical option. In a recent study, 
Loring et al. (9) reported the case of a young man 
who became densely amnesic after a dominant tem
poral lobectomy. An examination of his perfor
mance on the LAP showed that he failed to remem
ber the items presented immediately after the injec
tion. However, four other patients in the series 
demonstrated an identical deficit and did not be
come amnesic postoperatively.

The dose of sodium amytal administered during 
the test has a potentially crucial role in determining 
memory performance. In a recent survey, Rausch et 
al. (11) reported that epilepsy surgery centers rou
tinely administered a large range of standard doses, 
ranging from 60 to 200 mg. Advocates of a low dose 
argue that it demonstrates subtle hemispheric dif
ferences, whereas other researchers believe that the 
desired transient global amnesia will result only 
from a higher dose.

Loring et al. (17) assessed the relation between 
the dose of sodium amytal administered ipsilateral 
to the suspected seizure focus and memory perfor
mance in a series of 72 patients (33 right, 39 left) 
who had undergone the LAP as part of their pre
surgical workup and reported that the dose was a 
critical factor in deterrnining memory performance. 
Significantly poorer recognition memory perfor
mance was associated with higher sodium amytal

doses. As a result, the patients who received a high 
dose were more likely to fail the test. Acting on 
their results, Loring et al. (17) changed their test 
protocol from an incremental administration to ad
ministration of a standard, single injection of 100 
mg. In the present study, w e examined the effects of 
sodium amytal dose on behavior and memory per
formance in a series of 120 patients who had un
dergone a sodium amytal test as part of their pre
surgical workup for temporal lobe epilepsy sur
gery. . . . .

Methods

S am ple  -

The patients were 120 adult presurgical candi
dates for right or left temporal lobectomy (59 right, 
RTL, 61 left, LTL) who attended the National Hos
pital for N euro logy  & N eurosurgery, Queen  
Square, London between 1986 and 1995. The lAP 
was performed routinely on all presurgical candi
dates until 1994 (n = 102). Since January 1994, we 
have not automatically performed the lAP on all 
presurgical candidates. If the baseline neuropsy
chological assessment results accord with the EEG 
and MRI indicators of laterality of seizure focus, the 
lAP is not performed. However, if the neuropsy
chology suggests the possibility of bilateral involve
ment, w ith com prom ise of verbal and visual 
memory skills, a lAP is conducted. Since January 
1994, approximately two-thirds of our temporal 
lobe surgical candidates have undergone the pro
cedure. Before the procedure, all patients had un
dergone a period of telemetry with simultaneous 
video and EEG monitoring. The clinical presenta
tion of the seizure, together with the ictal and in
terictal EEG changes provided lateralizing informa
tion. These data were evaluated together with the 
clinical history, MRI findings, and the results of the 
neuropsychological assessment to provide the ulti
mate lateralization of the seizure focus. Patients 
who had technically unsatisfactory procedures 
were excluded, as were those who had undergone a 
sodium amytal test for the purposes of determining 
language lateralization before extratemporal lobe 
surgery.

The demographic and epilepsy characteristics of 
the groups are shown in Table 1. Separate analyses 
of variance (ANOVAs) showed no significant dif
ferences between patients with left- and right-sided 
seizure foci in any of these variables.
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Table 1. Demographic and clinical features of the patients

Parameter
LTL seizure focus 

.. _ (n = 61)
RTL seizure focus 

. . (n = 59)

Age (yr) Mean 283 (SD = 8.24) Mean 28.1 (SD = 6.7)
Range 17-53 Range 16-48

Sex 35 M, 26 F 31 M, 28 F
Handedness 50 R, 9 L, 2 ambidextrous 50R, 9L
Age at onset of epilepsy (yr) 12.1 (SD = 10.9) • 8.8<SD = 7.8)
Duration of epilepsy (yr) 163 (SD = 8.3) 18.4<SD = 7.4)

RTL and LTL, right and left temporal lobes.

lAP Protocol

Figure 1 shows the lAP protocol used at the Na
tional Hospital for Neurology & Neurosurgery. In 
our protocol, bilateral internal carotid artery cath
eterization is achieved through a transfemoral ap
proach, and cerebral angiography with lateral and 
occipitofrontal projections is performed before the 
injection of sodium  amytal. The angiograms are 
analyzed to determine whether there is filhng of the 
arteries to the contralateral temporal lobe and the 
ipsilateral posterior cerebral artery, which supplies 
much of the posterior part of the hippocampus. Left 
and right sodium  amytal injections are given with 
an interval of at least 30 min allowed between the 
two. Before each injection, the patient is shown two 
sim ple line drawings of common objects and is 
asked to name them (e.g., a ship and a telephone). 
A single bolus of 75 mg sodium amytal is injected 
into the carotid artery ipsilateral to the side of pro
posed surgery. The neuroradiologist injects the so
dium amytal slowly, to minimize the possibility of 
crossflow into the contralateral anterior cerebral ar
tery. Additional incremental doses of 25 mg are ad
ministered until a dense contralateral hemiplegia is 
produced. The average doses administered ipsüat- 
erally and contralaterally for the RTL and LTL 
groups are shown in Table 2. One patient in the LTL 
group received a single bolus injection of 45 mg. An 
earlier, technically unsatisfactory procedure in this 
patient had established that a single bolus injection 
of 75 mg induced a prolonged (15 min) period of 
unconsciousness.

Once full hemiparesis is produced, the patient's 
a tten tio n /re sp o n s iv ity  is a ssessed , prim arily  
through evaluation of eye gaze (i.e., the ability to 
focus on and track the movement of an object 
placed in the appropriate visual field) and through 
tests of simple comprehension. The patient is asked 
to respond to simple requests, such as to open or 
close the eyes and to give their name. As soon as 
they are sufficiently responsive, four common ob

jects are presented and the patients are asked to 
name each one. For aphasie patients, the psycholo
gist ensures that they have seen the object by as
sessing eye gaze. Frequently, aphasie patients can 
indicate that they have seen the object, even though 
they are unable to name it, through nonword vo
calizations and nonverbal gestures (e.g., by nod
ding or by grasping the object). Examples of the 
objects used include a fork, a seashell, a banana, 
and a model car. The patient is then asked to name 
four items from their verbal descriptions. Examples 
of these questions include “What color is grass?" 
and "What animal has a long gray trunk?" Again, 
with aphasie patients, who cannot produce the an
swers, the psychologist tries to ensure that they 
have registered the question. Aphasie patients can 
frequently be observed "trying" to answer the 
question and may produce nonwords or dysphasic 
responses. A neurologist then tests the strength of 
the hemiparesis. Four of the original items (two ver
bal items and two objects) together with four foils 
are presented sequentially and the patient is asked 
to name each one and to indicate whether it has 
been presented previously. The patient is then 
shown eight line drawings and is asked to name the 
object depicted in each one and to identify the two 
that w ere presented before the injection. The 
strength of the hemiparesis is then tested again. If 
sodium amytal effects are still evident, the patient is 
asked to complete several tasks, including tests of 
simple perception, face recognition, and recital of 
well-leamed sentences, including the alphabet and 
the months of the year. Once the sodium amytal 
effects have worn off completely, as demonstrated 
by a return of 5 /5  strength, recognition memory is 
tested for a second time. The patient is presented 
with two original objects and two original verbal 
items interspersed with four foils and is asked to 
identify each as an old or new item. The catheter is 
then redirected into the internai carotid artery con
tralateral to the suspected seizure focus and the
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Angiography

Approx. Time

2 Line drawings presented to name 

Injection of 75 mg of sodium amytal

Assessment of hemiplegia (1)

If complete If partial —►

i
Assessment of responsivity
Eye gaze, comprehension of simple commands

+ increments of 25 mg

Patient asked to name/indicate that they have seen 
4 objects.

Patients asked to name 4 items from their verbal 
descriptions

Assessment of hemiparesis (2)
Patient asked to name 4 objects and asked 
whether each has been shown before.

Patient asked to name 4 items from their verbal----
descriptions and asked whether each has been 
presented before.

Patient asked to name 8 line drawings and identify 
the two shown prior to the injection.
Assessment of hemiparesis (3)
If resolved If residual —̂

i
Patient asked to name 4 objects and asked 
whether each has been shown before.

2 original items + 2 foils presented serially 
and in a random order

-2 original descriptions + 2 foils presented 
serially and in a random order

Patient asked to name 4 items from their verbal 
descriptions and asked whether each has been 
presented before

Simple sentence repetition
Perceptual tasks
Simple face recognition tasks
2 original items + 2 foils presented serially 
and in a random order

-2 original descriptions + 2 foils presented 
serially and in a random order

Figure 1. 
London.

Intracarotid amobarbital test protocol used at the National Hospital for Neurology & Neurosurgery, Queen Square,

procedure is repeated with novel stimuli. An inter
val of 30-45 min elapses between the two sodium  
amytal injections, allowing full recovery from the 
first injection.

Table 2. Ipsilateral and contralateral dosage for the 
RTL and LTL groups

LTL seizure RTL seizure
Dose (mg) focus (n = 61) focus (n = 59)

Ipsilateral 96.6 (SD = 36.7) 100.0 (SD = 52.7)
Range 45-250 Range 75-425

Contralateral 87.8 (SD = 29.1) 89.3 (SD 28.3)
Range 45-250 Range 75-225

Abbreviations as in Table 1.

Scoring

The LAP yields a number of anterograde scores. 
The total number of visual items correctly recog
nized is computed by adding the number of visual 
items recognized during the first memory test, per
formed before the effects of the sodium amytal have 
completely worn off (maximum two) to the number 
of visual items correctly recognized from the sec
ond memory test, completed once the hemiplegic 
effects of the sodium amytal have resolved (maxi
mum 2), yielding a maximum of four visual items 
remembered (the visual memory score). Similarly, 
the total number of verbal items correctly recog
nized is computed by adding the number of verbal
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item s recognized during the first memory test 
(maximum two) to the number of verbal items cor
rectly recognized from the second memory test 
(maximum two) for a maximum of four verbal 
items remembered (the verbal memory score). The 
overall memory score equals the visual plus the 
verbal memory score (maximum eight). To correct 
for response bias and guessing, w e incorporated a 
correction for each patient by subtracting half of the 
false-positive responses from the total correctly 
identified (17). As in the sample of Loring et al. (17), 
the number of false-positive responses tended to be 
small and this adjustment did not appreciably 
change the memory scores for most patients.

In addition to the quantifiable measure of the 
dose of sodium amytal administered, the procedure 
also allows for the measurement of the impact of 
the drug on hemispheric function. The initial recov
ery time is measured by the time the patient takes 
to respond to verbal commands after the injection 
and resultant hemiparesis. If the injection is given 
into the nonlanguage-dominant hemisphere, this 
time may be the time required for patients to give 
their name. After an injection into the language- 
dominant hemisphere, this would be the time it 
takes for them to respond to a simple verbal com
mand such as opening and closing their eyes on 
request or looking at an object on request. The total 
recovery time is the time required for complete 
resolution of the hemiparesis.

Results

DOSAGE A N D  AMOBARBITAL TEST PERFORMANCE

and early onset of epilepsy (before age 4 years). The 
fourth patient had right temporal seizure focus and 
a later age of epilepsy onset (age 7 years). Seven  
patients were assessed as having bilateral language 
representation, with stronger representation in the 
left hemisphere than the right; the remaining 109 
were assessed as left hemisphere dominant for lan
guage. For the purposes of the subsequent analysis, 
the patients w ith  bilateral representation were 
classed as left hemisphere dominant for language.

Failure to recognize four or more of the original 
stimuli usually constitutes a failure on the LAP. Fail
ure to remember more than half of the items pre
sented is considered  to indicate a significant 
memory deficit and thus to present an increased 
risk of postsurgical amnesia. This cutoff point has 
not been derived empirically and is to some extent 
arbitrary. We know that none of our patients who 
have passed the lAP according to these criteria 
have become amnesic after surgery. However, this 
criterion might be too stringent. Our test “failure" 
patients have not proceeded to surgery; therefore, 
we do not know if a unilateral temporal lobectomy 
results in an amnesic state in such cases. However, 
clinical judgment is used to ensure, to the greatest 
degree possible, that such errors in recognition are 
due to memory failure rather than to the other fac
tors already discussed. Of the 10 patients who were 
judged on these criteria to have failed the memory 
component of the test, 9 had a left temporal lobe 
seizure focus. The pass/failure groups did not dif
fer significantly in the mean ipsilateral dose admin
istered (pass X =  99.4 mg, SD 47.1; fail x  = 88.6 mg, 
SD 23.3; t  = 0.75, df = 118, p > 0.05).

D osage

Mean doses administered ipsilateral and contra
lateral to the seizure focus for the RTL and LTL 
groups are shown in Table 2. There was no signifi
cant difference in the dose of sodium amytal ad
ministered ipsilateral to the seizure focus in the 
RTL and LTL groups (F = 0.2, df = 1, p > 0.05). There 
was a trend m both the RTL and LTL groups to 
receive a smaller dose for the injection contralateral 
to the seizure focus as compared with the ipsilateral 
injection, but this did not reach statistical signifi
cance (RTL group t  = 1.97, df = 57, p > 0.05, LTL 
group t = 1.5, df = 59, p >  0.05). The ipsilateral and 
contralateral doses were significantly correlated in 
both the RTL (r = 0.78, p < 0.001) and LTL group (r 
= 0.39, p <  0.01). Four of the patients were assessed 
as right hemisphere dominant for language. Three 
of the four had a left temporal lobe seizure focus

C orrela tion a l A n a ly s is

The relation between memory performance and 
ipsilateral sodium amytal dose was examined with 
a Pearson correlation coefficient. No significant cor
relations were noted in the RTL group, the LTL 
group, or the sample as a whole between any of the 
memory scores (verbal, visual, and overall memory 
score) and the dose administered (Table 3).

G rou p  D ifferences

Using the ipsilateral LAP data and following the 
protocol of Loring et al., we dichotomized the pa
tients into language dominant (LD, n = 59) or non
language dominant (NLD, n = 61) and “low dose"
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Table 3 Correlations between ipsilateral dose and 
memory performance

Visual Verbal Overall
memory memory memory

Groups score score score

LTL group (n = 61) 0.09 -0.07 0.01
RTL group (n = 59) -0.01 0.03 0.02
Whole group <n = 120) 0.06 0.02 0.04

Abbreviations as in Table 1.

(=^124 mg) and "high-dose" (^125 mg) groups. 
Nineteen patients in the LD group and 16 patients 
in the NLD group received a sodium amytal dose 
3s 125 mg. Creating this dose dichotomy did not in
troduce systematic differences in patient age ( f  = 
3.6, df = 1, p > 0.05), age at onset of epilepsy (F = 0.8, 
df = 1, p > 0.05), or duration of epilepsy (F = 0.49, df 
= 1, p > 0.05). The overall memory score, analyzed 
by a 2 (dosage: low vs. high) x 2 (language domi
nance: dom inant vs. nondom inant) ANOVA, 
showed a statistically significant main effect of lan
guage dominance (F = 39.0, df = 1, p < 0.001), with 
poorer memory performance associated with injec
tion into the language-dominant hemisphere. No 
statistically significant effects of high versus low  
dose were observed (F = 0.85, df = 1, p > 0.05). There 
was no statistical interaction between dosage and 
language dominance (F = 1.08, df = 1, p > 0.05). The 
verbal memory scores and visual memory scores 
were also analyzed individually by a 2 (dosage: low  
vs. high) X 2 (language dominance: dominant vs. 
nondominant) ANOVA.

For the verbal memory score, a statistically sig
nificant main effect of language dominance was ob
served (F = 50.2, df = 1, p < 0.001), with poorer 
verbal memory performance associated with injec
tions of the language-dominant hemisphere. No 
statistically significant effects of high versus low  
dose were observed (F = 0.91, df = 1, p > 0.05). There 
were no statistical interactions between dosage and 
language dominance for the verbal memory scores 
(F = 2.31, df = 1, p > 0.05).

Similarly, for the visual memory score, a statisti
cally significant main effect of language dominance 
was observed, with poorer visual memory perfor
mance associated with injections of the language- 
dominant hemisphere (F = 5.8, df = 1, p < 0.01). No 
statistically significant effects of high versus low  
dose were observed (F = 0.14, df = 1, p > 0.05). There 
were no statistical interactions between dosage and 
language dominance for the visual memory scores 
(F = 0.17, df = 1, p > 0.05).

Impact of the Dose

Initial and total recovery times after the ipsilat
eral injection for the LD and NLD groups are 
shown in Table 4. The dose administered ipsilateral 
to the seizure focus was not related to the impact of 
the drug measured by the initial recovery time or 
by complete recovery times in the LD (initial recov
ery r = -0.06, p > 0.05; complete recovery r = -0.09, 
p > 0.05) and NLD groups (initial recovery r = -0.08, 
p > 0.05; complete recovery r = 0.01, p > 0.05).

After the ipsilateral injection, the LD group re
quired significantly more time for initial recovery 
(F = 34.6, p < 0.001) and full recovery of full motor 
strength (F = 14.4, p < 0.001) than the NLD group. 
Overall, the 10 individuals who were judged to 
have failed the test had a significantly longer initial 
recovery time than patients who passed the test it = 
-4.2, p < 0.005).

Sex was not a significant variable governing the 
impact of the dose administered. Males and females 
did not differ in their initial it = -1.06, df = 118, p > 
0.05) or complete recovery times it = 0.59, df = 118, 
p > 0.05).

C orrela tion a l A n a ly se s

The relation between the memory scores and 
measures of recovery were examined by Pearson 
correlation coefficients (Table 5). Statistically sig
nificant negative correlations were obtained be
tween the immediate and complete recovery times 
and the verbal, visual, and overall memory scores 
after the ipsilateral injection for the group as a 
whole. The longer patients took to become respon
sive after the injection and the longer they took to 
regain full motor strength, the more memory errors 
they made. The correlations were also calculated 
separately for the LD and NLD groups. In the LD 
group, the verbal, visual, and overall memory 
scores were significantly and negatively correlated 
with both the initial recovery time and the complete

Table 4. Initial and complete recovery times for the 
LD and N LD  groups

Recovery time
LD group 
(n = 59)

NLD group 
(n = 61)

Initial (min) 1.9 (SD = 2.1) 0.3 (SD = 0.5)
Complete (min) 6.8 (SD = 2.1) 5.4 (SD = 1.8)

Range 3.5-14 Range 1.3-10.5
Fail n = 9 n = 1

LD and NLD, language dominant and nonlanguage 
dominant.

140 /  EPILEPSY, VOL. 9, NO. 2,19 96

-398-



Appendix 3

Table 5. Correlations: Impact measures and memory 
test performance

Visual Verbal Overall
memory memory memory

Parameter score score score

W hole group
Initial recovery -0.56" -0.55" -0.58"
Com plete recovery -0.45" -0.44" -0.47"

Nonlanguage- >
dominant hemisphere
(n -  61)

Initial recovery -0.52" -0.42" -0.52"
Complete recovery -0.29 -0.07 -0.21

Language-dominant
hemisphere
(n = 59)

Initial recovery -0.49" -0.39" -0.47"
Complete recovery -0.43'’ -0.45" -0.48"

"Significant at p < 0.01.
'Significant at p < 0.05.

recovery time. In the NLD group, the verbal, visual, 
and overall memory scores were significantly cor
related with the initial recovery time but not with 
the complete recovery time. The initial and com
plete recovery times were not significantly corre
lated w ith measures of intellectual function or 
age of onset of epilepsy or at the time of testing.

Discussion

The dose of sodium amytal administered ipsilat
eral to the side of seizure focus was not related to 
any of the behavioral measures of sedation or the 
measures of recognition memory used in our lAP 
protocol. In addition, patients w ho failed the 
memory component of the test did not receive sig- 
nificantiy higher doses of sodium amytal than those 
who passed; most of our patients received a dose of 
sodium amytal of 75-150 mg. Our data suggest that 
within this dosage range and for our particular lAP 
protocol, the amount of sodium amytal injected 
may not be a critical factor in determining memory 
performance.

However, two behavioral measures of the impact 
of the dose were related to subsequent memory 
performance. The longer it took for the patients to 
become responsive immediately after the injection, 
the poorer their memory scores, regardless of the 
laterality or dose of the injection. After perfusion of 
the language-dominant hemisphere, the initial re
covery time and complete recovery time were re
lated to verbal, visual, and overall memory scores.

DOSAGE A N D  AMOBARBITAL TEST PERFORMANCE

The longer these patients took to recover from the 
initial sedative effects of the dose and the longer it 
took for the motor effects to wear off completely, 
the poorer the patients' recognition o f both the ver
bal and visual items used in the test. After perfu
sion of the nondominant hemisphere, the initial but 
not complete recovery time was related to both ver
bal and visual -recognition memory. Patients took 
significantly longer to recover from the immediate 
sedative effects and to recover full motor function 
completely after the ipsilateral injection into the 
language-dominant hemisphere than did patients 
who received an injection into the nondominant 
hemisphere.

In our sample, there was considerable variation 
in the dose of the sodium amytal required to pro
duce a contralateral hemiplegia, ranging from 45 to 
425 mg. Since the preparation of this report, we 
have tested one patient with a right temporal lobe 
seizure focus w ho required an injection of 600 mg 
into the right hemisphere to produce a contralateral 
hemiplegia. In our protocol, we use the presence of 
a hemiplegia to indicate the functional disruption 
of the hemisphere. In other centers, a single bolus 
injection of a standard dose is used (17). Loring et 
al. (17) reviewed their incremental dosage proce
dure and noted a significant relation between dos
age and m em ory perform ance, w ith  poorer  
memory associated with higher dosage. Using a 
similar incremental dose procedure with a different 
memory testing protocol, w e did not detect this re
lation. Our findings suggest that an incremental ad
ministration of sodium amytal does not necessarily 
produce a dose effect on memory functioning; in
stead, this effect appears to be dependent on the 
way in which memory is subsequently tested.

Amobarbital test protocols vary considerably be
tween centers, and procedural differences probably 
make a significant contribution to the discrepancies 
and the failures to replicate in studies reported in 
the literature. Our test protocol differs in key re
spects from that of Loring et al. (17) in both the 
memory items used and the testing schedule in re
lation to the effects of the sodium amytal. Although 
our results suggest that the finding of Loring et al. 
(17) of a significant effect of drug dose on memory 
performance does not generalize across all lAP pro
tocols, it remains to be seen whether our findings 
regarding the behavioral impact of the sodium  
amytal generalize to the different Wada test proto
cols used in other centers. Until only one standard
ized version of the Wada test exists, variations in 
findings across centers inevitably will reflect these 
procedural differences.
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Several factors may govern an individual's re
sponse to sodium amytal. Our data suggest that 
laterality of seizure focus in relation to language 
dominance may be one such factor. Debate regard
ing  the effects of perfusion  of the language- 
dominant hemisphere on memory test performance 
continues. Lesser et al. (18) reported that aphasie 
difficulties did not impair the recognition memory 
of their sample of 24 left-hemisphere language- 
dominant patients with a left temporal lobe focus. 
They argued that consciousness, and therefore 
memory, is retained despite transient disruption of 
the language hemisphere. However, other studies 
have failed to support this contention. Moore et al. 
(19) reported that subjects with left hemisphere lan
gu age dom inance dem onstrated sign ificantly  
greater impairment of consciousness after perfu
sion of the left hemisphere than after perfusion of 
the right. Loring et al. (17) suggested that the pres
ence of aphasia might contribute to some of the 
poor memory performances observed in individual 
patients, although in their sample this trend did not 
reach statistical significance. Smith et al. (20) re
ported that ipsilateral injection of the speech- 
dominant hemisphere produced a 12% reduction in 
recognition memory scores relative to the ipsilateral 
injection into the nondominant hemisphere. The 
rates of passing and failing were not significantly 
affected by speech dominance, however. In another 
study, quantitative data were used to seek laterality 
differences in performance on the lAP. Jones Got- 
man (21) reported that the functional lAP correlates 
of hippocampal abnormalities (measured by volu
metric MRI) varied with hemisphere dominance. 
Patients with left hippocampal atrophy performed 
more poorly than those with comparable right hip
pocampal atrophy on the lAP. Collectively, the re
sults of these studies suggest that patients tend to 
perform more poorly on memory tasks after perfu
sion of the language-dom inant hemisphere, al
though whether this is a result of a greater impair
ment of consciousness, the presence of aphasia, or a 
combination of both is unclear.

Age, general level of intellectual functioning, and 
age of onset of epilepsy were not related to the level 
of dose administered or to the measures of dose 
impact. Anecdotally, w e can report that body  
weight does not appear to be related to the impact 
measures. It is more probable that our measures of 
the impact of the sodium amytal are governed by 
individual variations in pharmacodynamics and 
pharmacokinetic differences owing to the varia
tions in arterial anatomy. The antiepileptic drug 
(AED) regimen of the patient may shape the indi

vidual variations in pharmacodynamics, increasing 
or decreasing a tolerance to sodium amytal. Al
though very few of our patients were receiving bar
biturate compounds as part of their AED regimen 
at the time of the test, previous exposure to barbi
turates may affect the cellular uptake of sodium  
amytal and thus shape the level of initial sedation 
and overall speed of recovery.

Other factors that may influence the level of se
dation produced by the sodium amytal include the 
rate (i.e., pressure) of the injection. We inject slowly, 
thereby avoiding a nonphysiologic pressure in
crease in the injected vessel and minimizing the 
amount of drug reaching the contralateral hemi
sphere through the circle of Willis. This certainly 
reduces crossflow into contralateral temporal arter
ies supplied by middle cerebral and anterior cho
roidal arteries, although there may still be crossflow 
into the contralateral frontal lobe through anterior 
cerebral arteries, which may increase the level of 
sedation. Injection through the internal carotid ar
tery infrequently leads to filling of the ipsilateral 
posterior cerebral artery, which may supply as 
much as two-thirds of the hippocampus posteri
orly. Jack et al. (22) have used superselective cath
eterization of the posterior temporal branches of the 
posterior cerebral arteries, with microcatheters. Un
fortunately, this approach significantly increases 
the duration and complexity of the test as well as 
the risk of complications.

These findings have important implications for 
the clinical interpretation of our LAP results. Pa
tients may be excluded from surgery or undergo a 
limited resection because of lAP failures that result 
from the sedative impact of the dose rather than 
from genuine memory failure. Levin et al. (12) re
ported a modified version of the Reaction Level 
Scale (23) for use with the LAP. Our data suggest 
that use of such a scale to assess the level of seda
tion produced by the sodium amytal dose may be 
helpful in the clinical interpretation of some Wada 
test protocols.

Our data also suggest that the level of sedation 
induced by the unilateral hemispheric injection of 
sodium amytal is related to memory test perfor
mance in our LAP protocol. The impact of the dose 
is governed by several factors. One is language lat
erality. At present, although functional imaging 
techniques hold some promise for the future, the 
LAP remains the most common tool for risk assess
ment yet available. However, several variables, in 
addition to the functional integrity of the contralat
eral temporal lobe, can contribute to memory fail
ure. The sedative impact of the dose may be one
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such factor. As a result of our study, w e have in
troduced a modified sedation rating scale to aid our 
clinical interpretation of the results.
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A p p e n d ix  4

Study 1: Aspects o f  Spatial Memory Test; test administration and summary statistics.

1. Score Sheet
ASPECTS OF SPATIAL MEMORY TEST

No. TIME RESPONSE No TIME RESPONSE

1 D 0 31 S
2 D FD 32 D FS
3 S 33 D FS
4 D SL 34 D FS
5 D FS 35 D 0
6 D FS 36 D 0
7 S 37 D FD
8 D 0 38 D SL
9 D FD 39 D SL
10 D 0 40 D SL
11 S 41 D FD
12 D SL 42 D FD
13 D SL 43 D FD
14 D FS 44 S
15 D FD 45 s
16 S 46 D FS
27 D FD 47 D SL
18 D FS 48 D SL
19 D FD 49 S
20 D SL 50 s
21 S 51 D 0
22 D SL 52 D 0
23 D FD 53 D 0
24 D 0 54 S
25 D 0 55 D FS
26 D FS 56 D SL
27 D FS 57 D SL
28 D FS 58 D FD
29 S 59 D 0
30 D FD 60 D 0

S = Same FD = Figurative Detail 
SL = Spatial location O = Orientation

FS = Filled Space
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Statistical Analyses

Multivariate Analyses o f  Variance

2. Baseline Neuropsychological Measures

MANOVA List learning (LIST 15) List recall (L1STA6) Story immedite recall (STORYl) Story 
delayed recall (STORYD) Story % retained (STORY ) Design learning (DESIGN 15) Design recall 
(DES1GNA6) Figure immediate recall (FIGIMM) Figure delayed recall (FIGDFL) Figure % retained 
(FIG ) by Group (RTL, LTL).

EFFECT .. Group

Multivariate Tests of Significance (S = 1, M = 4 N = 23 1/2)

Test Name Value Approx. F Flypoth. DF Error DF Sig. of F

Pillais .30056 2.10564 10.00 49.00 .042
Flotellings .42972 2.10564 10.00 49.00 .042
Wilks .69944 2.10564 10.00 49.00 .042
Roys .30056

Univariate F-tests with Bonferroni adjustment.

Variable Hypoth. SS Error SS Hypoth. MS Error MS F Sig. of F

LIST 15 54.14482 5110.58852 54.14482 88.11360 .61449 .436
L1STA6 .07177 579.92823 .07177 9.99876 .00718 .933
STORYl .49769 6046.48565 .49769 104.24975 .00477 .945
STORYD .16148 7189.08852 .16148 123.94980 .00130 .971
STORY 45.09601 30396.8373 45.09601 524.08340 .08605 .770
DESIGN 15 417.82464 3463.82536 417.82464 59.72113 6.99626 .010
DFS1GNA6 4.90463 341.02871 4.90463 5.87981 .83415 .365
FlGlMM 1758.56587 15298.1675 1758.56587 263.76151 6.66726 .012
FIGDEL 2469.63517 15141.6148 2469.63517 261.06232 9.45994 .003
FIG 571.90463 6552.02871 571.90463 112.96601 5.06263 .028
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3. AMIPB Information Processing

M ANOVA Total correct (TOTAL) Error score (ERRORS) Motor speed (SPEED) Adjusted score 
(ADJ) By Group.

EFFECT .. Group

Multivariate Tests o f  Significance (S = 1, M = 1 , N = 23 1/2)

Test Name Value Approx. F Hypoth. DF Error DF Sig. o f  F

Pillais .10232 1.39626 4.00 49.00 .249
Hotellings .11398 1.39626 4.00 49.00 .249
Wilks .89768 1.39626 4.00 49.00 .249
Roys .10232

Univariate F-tests with Bonferroni correction.

Variable Hypoth. SS Error SS Hypoth. MS Error MS F Sig. o f  F

TOTAL 14555.0277 554868.232 14555.0277 10670.5429 1.36404 .248
ERRORS 22.65675 479.26917 22.65675 9.21671 2.45822 .123
SPEED 52.64898 5821.44361 52.64898 111.95084 .47029 .496
ADJ 306.39067 26427.4797 306.39067 508.22076 .60287 .441
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4. AoSMT Indices

MANOVA Total time (TOTTIME) Overall total (TOTALl) Orientation total (ORIENTAT) 
Orientation time (ORIENTIM) Same total (SAME) Same time (SAMETIME) Figurative detail total 
(FIGDETAL) Figurative detail time (FIGDETTM) Filled/unfilled space total (FILLSPCE) 
Filled/unfilled space time (FILSPCTM) spatial location total (SPACELOC) spatial location time 
(SPCELCTM) BY Group (RTL, LTL, Normals).

* * ANALYSIS OF VARIANCE -  DESIGN 1 * *

EFFECT .. Group
Multivariate Tests of Significance (S = 2, M = 3 1/2, N = 45 1/2)

Test Name Value Approx. F Hypoth. DF Error DF Sig. of F

Pillais .51 116 3.22730 20.00 188.00 .000
Hotellings .78376 3.60531 20.00 184.00 .000
Wilks .53483 3.41673 20.00 186.00 .000
Roys .39461

EFFECT .. EAT (CONT.)

Univariate F-tests with (2,102) D. F and Bonferroni adjustment.

Variable Hypoth. SS Error SS Hypoth. MS Error MS F Sig. of F

TOTTIME 140391.05 563290.146 70195.5272 5522.45241 12.71093 .000
TOTALl 213.81 2620.70106 106.90661 25.69315 4.16090 .018
ORIENTAT 36.96 499.55423 18.48003 4.89759 3.77329 .026
ORIENTIM 6995.72 51585.8320 3497.86495 505.74345 6.91628 .002
SAME 14.87 444.11772 7.43638 4.35410 1.70790 .186
SAMETIME 15972.12 119883.832 7986.06495 1175.33169 6.79473 .002
FIGDETAL 34.03 302.21032 17.01865 2.96285 5.74402 .004
FIGDETTM 4691.88 10027.1019 2345.94431 98.30492 23.86396 .000
FILLSPCE 4.09 119.75661 2.04550 1.17408 1.74221 .180
FILSPCTM 3885.83 22625.4947 1942.919 3 1 221.81858 8.75905 .000
SPACELOC 6.89 175.1098 182.0 1.7168 2.0067 .139
SPCELCTM 1370.73 11403.2288 12773.9619 111.7964 6.1305 .003
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A oSMT univariate F tests and Post hoc range tests (Scheffé tests) 

Key
Group 1 = RTLE 
Group 2 = LTLE 
Group 3 = Controls

5. Total Time

Variable TOTTIME 
By Variable EAT

Analysis of Variance

Sum of Mean F F
Source D.F. Squares Squares Ratio Prob.

Between Groups 2 140391.0545 70195.5272 12.7109 .0000
Within Groups 102 563290.1455 5522.4524
Total 104 703681.2000

Multiple Range Test, Scheffe Procedure,
(*) Denotes pairs of groups significantly different at the .050 level 
Variable TOTTIME

Mean Group

GGG
r r r 

PPP

3 2 1
228.3889 Grp 3
267.1 190 Grp 2
323.7407 Grp 1 * *

6. Overall Total

Variable TOTALl 
By Variable EAT

Analysis of Variance

Source D.F.
Sum of 
Squares

Mean
Squares

F F 
Ratio Prob

Between Groups 2 213.8132 106.9066 4.1609 .0183
Within Groups 102 2620.7011 25.6931
Total 104 2834.5143

Multiple Range Test, Scheffe Procedure
(*) Denotes pairs of groups significantly different at the .050 level

GGG
r r r
PPP

Mean Group 1 3 2
46.5185 Grp 1
48.8889 Grp 3
50.1 190 Grp 2 *
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7. Orientation Total

Variable ORIENTAT 
By Variable LAT

Analysis of Variance

Sum of Mean F F
Source D.F. Squares Squares Ratio Prob.

Between Groups 2 36.9601 18.4800 3.7733 .0262
Within Groups 102 499.5542 4.8976
lotal 104 536.5143

Multiple Range Test, Scheffe Procedure
(*) Denotes pairs of groups significantly different at the .050 level

G G G  
r I r 
PPP

Mean Group 3 1 2

5.8611 Grp 3
6.7037 Grp 1
7.2381 Grp 2 *______________________________________

8. Orientation Time

Variable ORIENTIM 
By Variable LAT

Analysis of Variance

Sum of Mean F F
Source D.F. Squares Squares Ratio Prob

Between Groups 2 6995.7299 3497.8649 6.9163 .0015
Within Groups 102 51585.8320 505.7435
Total 104 58581.5619

Multiple Range Test

Scheffe Procedure,Ranges for the .050 level 
(*) Denotes pairs of groups significantly different at the .050 level 

G G G  
r r r 
PPP

Mean Group 3 2 I

52.9167 Grp 3 
57.9286 Grp 2
73.6296 Grp 1 * *___________________________________
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9. Same Total

Variable SAME 
By Variable LAT

Analysis of Variance

Source D.F.
Sum of 
Squares

Mean
Squares

F
Ratio

F
Prob.

Between Groups 2 
Within Groups 102 
Total 104

14.8728 
444.1 177 
458.9905

7.4364
4.3541

1.7079 .1864

Multiple Range Test, Scheffe Procedure

No two groups are significantly different at the .050 level

10. Same time score

Variable SAMETIME 
By Variable LAT

Analysis of Variance

Sum of Mean F F
Source D.F. Squares Squares Ratio Prob.

Between Groups 2 15972.1299 7986.0649 6.7947 .0017
Within Groups 102 119883.8320 1175.3317
Total 104 135855.9619

Multiple Range Test, Scheffe Procedure
(*) Denotes pairs of groups significantly different at the .050 level

Mean Group

GGG 
r I r
PPP 
3 2 1

63.1944 Grp 3
79.5952 Grp 2
95.1852 Grp 1 *
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Figurative detail total

Variable FIGDETAL 
By Variable LAT

Analysis of Variance

Sum of Mean 
Source D.F. Squares Squares

F F 
Ratio Prob.

Between Groups 2 34.0373 17.0187 
Within Groups 102 302.2103 2.9628 
Total 104 336.2476

5.7440 .0043

Multiple Range Test Scheffe Procedure
(*) Denotes pairs of groups significantly different at the .050 level

GGG
r r r
PPP

Mean Group 1 2 3

8.8889 Grp 1
10.0476 Grp 2 * 
10.3056 Grp 3 *

12. Figurative Detail Time

Variable FIGDETTM 
By Variable LAT

Analysis of Variance

Sum of Mean 
Source D.F. Squares Squares

F F 
Ratio Prob.

Between Groups 2 4691.8886 2345.9443 
Within Groups 102 10027.1019 98.3049 
Total 104 14718.9905

23.8640 .0000

Multiple Range Test, Scheffe Procedure
(*) Denotes pairs of groups significantly different at the .050 level

GGG
r r r
PPP

Mean Group 3 2 1

3 9 J 0 5 6  Cmp3 
45^333 Glrp2 *
56.7037 Grp 1 * *
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13. Filled/Unfilled Space score

Variable FILLSPCE 
By Variable LAT

Analysis of Variance

Sum of Mean F F
Source D.F. Squares Squares Ratio Prob

Between Groups 2 4.0910 2.0455 1.7422 .1803
Within Groups 102 119.7566 1.1741
Total 104 123.8476

Multiple Range Test, Scheffe Procedure
No two groups are significantly different at the .050 level

14. Filled/Unfilled Space

Variable FILSPCTM 
By Variable LAT

Analysis of Variance

Sum of Mean F F
Source D.F. Squares Squares Ratio Prob.

Between Groups 2 3885.8386 1942.9193 8.7590 .0003
Within Groups 102 22625.4947 221.8186
Total 104 2651 1.3333

Multiple Range Test Scheffe Procedure
(*) Denotes pairs of groups significantly different at the .050 level

G G G  
r r r 
PPP

Mean Group 3 2 1

3 4 J 7 7 8  Grp3 
40.9762 Grp 2
50.6296 Grp I * *___________________________________
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15. Spatial Location

Variable SPACELOC
By Variable LAT

Analysis of Variance

Sum of Mean F F
Source D.F. Squares Squares Ratio Prob.

Between Groups 2 6.8902 3.4451 2.0067 .1397
Within Groups 102 175.1098 1.7168
Total 104 182.0000

Multiple Range Test Scheffe Procedure
No two groups are significantly different at the .050 level

16. Spatial Location Time

Variable SPCELCTM 
By Variable LAT

Analysis of Variance

Sum of Mean F F
Source D.F. Squares Squares Ratio Prob.

Between Groups 2 1370.7331 685.3665 6.1305 .0031
Within Groups 102 11403.2288 I I 1.7964
Total 104 12773.9619

Multiple Range Test Scheffe Procedure

(*) Denotes pairs of groups significantly different at the .050 level

Mean Group

GGG 
r r r 
PPP

3 2 1

38.1944 Grp 3
42.7857 Grp 2
47.5926 Grp 1 *
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Study 2: The relationship between quantitative MRI and neuropsychological 
functioning in temporal lobe epilepsy. Summary Statistics

1. Group Differences: demographic and epilepsy variables 
(RHS vs LHS vs No Abnormalities).

ANOVA /VARIABLES AGE ONSET DURATION VIQ PIQ BY SCELLAT (0,2).

* * * A N A L Y S I S  OF V A R I A N C E * * *
AGE

BY SCELLAT
Sum of Mean Signif

Source of Variation Squares DF Square F of F
Main Effects 94.210 2 47.105 .711 .495

SCELLAT 94.210 2 47.105 .711 .495
Explained 94.210 2 47.105 .711 .495
Residual 3843.856 58 66.273
Total 3938.066 60 65.634

* * * A N A L Y S I S OF  V A R I A N C E * * *
ONSET

BY SCELLAT
Sum of Mean Signif

Source of Variation Squares DF Square F of F

Main Effects 630.896 2 315.448 3.990 .024
SCELLAT 630.896 2 3LY448 3.990 .024

Explained 630.896 2 3LY448 3.990 .024
Residual 4585.956 58 7T068
Total 5216.852 60 8&948

* * * A N A L Y S I S OF V A R I A N C E  * * *
DURATION

BY SCELLAT
Sum of Mean Signif

Source of Variation Squares DF Square F of F
Main Effects 446.087 2 223.044 2.778 .070

SCELLAT 446.087 2 223.044 2.778 .070
Explained 446.087 2 223.044 2.778 .070
Residual 4657.323 58 8&299
Total 5103.410 60 85.057
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Group Differences: RHS vs LHS V5 No Abnormalities (cont.)

* * *  A N A L Y S I S O F  V A R I A N C E  * * * . . S i a i .............................................
V e r b a liQ ::.... ........ ...................... r— m-m-

B W S œ i l A T "
Sum of Mean Signif

Source o f Variation Squares DF Square F o f F

Main Effects 25.311 2 12.655 .088 .916
SCELLAT 25.311 2 12,655 .088 916

Explained 25.311 2 12.655 .088 .916
Residual 8362.099 58 144.174
Total 8387.410 60 139.790

, * * *  A N A L Y S I S : O F  V A R I A N C E  * ♦ *

Sum of Mean Signif
Source o f Variation Squares DF Square F o f F

Main Effects 457.925 2 228.962 .843 .435
SCELLAT 457,925 2 228,962 .843 .435

Explained 457.925 2 228,962 .843 .435
Residual 15747.124 58 271,502
Total 16205.049 60 270,084

Table A5.1 Baseline Neuropsychological Test Scores for the RTLE and LTLE Groups

Test RTLE Group 
m eaÉfs.d.)

LTLE Group 
mean (§!d.)-

Normals* 
mean ( s .d )

List Learning 45.6(8.5) 43.2 (8.5) a 57.3 (7.6) yg 52.9(7.8)

List Recall 8,7 (2.9) 7.5 (3.1) a 12.5(2.3) y? 11.7(2.5)

Stor) : immediate recall 24.1 (9.8) 19.1(8.4) a 39.2(10.5) y? 33.0(10.1)

Story: delayed recall 20.1 (11.0) 15.3(9.3) a 37.5 (10.6) yg 30.9(10 5)

Story % retained 77.8 (20.0) 73.9(30.6) a 95.7 (10.9) yg 92.8(10.4)

Design Learning 30.2 (8.3) 32.2 (9.2) a 36.8 (6.7) yg 32.0(7,7)

Design Recall 6 .7 (2 5 ) 6.4 (2.4) a 7.9 (1.9) yg 6 .7(26)

Figure: immediate recall 67.7(19.0) 73.1 (15.5) a 89.6 (15.4) yg 78.6(19,4)

Figure: delayed recall 63.5 (22.1) 70.2 (16 8) a 87.2 (17.5) yg 76,0(19,3)

Figure: % retained 90.7(19.6) 95.6(11.7) a 97.0 (9.9) yg 98,0(15.3)

* From the AMIPB test manual. a Form I, age 18-30 (page 57)
)5Form I, age 31-45 (page 58) 

See page 193 of this thesis for the rationale behind the choice of norms quoted

P<0.01 P<0.05
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2. Group Differences: Neuropsychological scores
(Multivariate Analyses o f  variance; RHS vs LHS v.v No Abnormalities)

MANOVA VIQ PIQ LIST 15 LISTA6 LISTB STORYl STORYD STORY_ 
DESIGN 15 DESIGNA6 DESIGNS FIGIMM FIGDEL FIG_ BY SCELLAT (0,2).

* * ANALYSIS OF VARIANCE -  DESIGN 1 * *

EFFECT .. SCELLAT
Multivariate Tests of Significance (S = 2, M = 5 1/2, N = 28 1/2)

Test Name Value Appi ox. F Hypoth. DF Error DF Sig. of F

Pillais .56064 1.66932 28.00 120.00 .031
Hotellings .80647 1.67054 28.00 116.00 .031
Wilks .51287 1.67035 28.00 118.00 .031

Roys .35150

Univariate F-tests with (2,72) D. F.

Variable Hypoth. SS Error SS 1 Ixpoth. MS Error MS 1 Sig. o f  E

VIQ 104.75704 11188.6296 52.37852 155.39763 .33706 .715
PIQ 1224.29481 18736.8519 612.1474 1260.23405 2.35230 .102
LIST 15 96.12037 5559.87963 48.06019 77.22055 .62238 .540
L1STA6 25.01333 636.66667 12.50667 8.84259 1.41437 .250
LISTB 16.77000 243.41667 8.38500 3.38079 2.48019 .091
STORYl 521.72926 5393.65741 260.86463 74.91191 3.48229 .036
STORYD 730.83111 6090.55556 365.41556 84.59105 4.31979 .017
STORY 2432.62259 62496.6574 1216.31130 868.00913 1.40127 .253
DESIGN 15 102.41333 5352.33333 51.20667 74.33796 .68884 .505
DESIGNA6 6.43111 482.55556 3.21556 6.70216 .47978 .621
DESIGNE 5.97815 278.76852 2.98907 3.87178 .77201 .466
FIGIMM 685.07444 26246.4722 342.53722 364.53434 .93966 .396
FIGDEL 903.86333 33644.0833 451.93167 467.27894 .96716 .385
FIG 583.59259 25965.0741 291.79630 360.62603 .80914 .449
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3. Group Differences: Immediate Story Recall
( Analyses o f  variance & post hoc range test; RHS v.v LHS No Abnormalities)

ONEWAY /VARIABLES STORYl STORYD BY SCELLAT (0,2) /RANGES
SCHEFFE/STATISTICS 1.

................- - - O N E W A Y --------- ---------
Immediate Story Recall By Variable SCELLAT 

Analysis of Variance
Sum of Mean F F

Source D.F. Squares Squares Ratio Prob.
Between Groups 2 567.4381 283.7191 3.8153 .0264
Within Groups 75 5577.2414 74.3632
Total 77 6144.6795

Multiple Range Test
Scheffe Procedure
Ranges for the .050 level -
(*) Denotes pairs of groups significantly different at the 

Variable STORYl
G G G
r r r
P P P

.050 level

Mean Group 
17.6667 Grp 2 
19.0000 GrpO 
23.5172 G rp l

2 0 1

*
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4. Group Differences : Delayed Story Recall
( Analyses o f  variance & post hoc range test; RHS LHS vs No Abnormalities)

Analysis o f Variance: Delayed Stor} Recall

Sum of Mean
Source________ D.F. Squares_______ Squares_____ Ratio Prob.

Between Groups____ 2_____694.9181______ 347.4591_____4.1564 .0194
Within Groups______75 6269.6972 83.5960__________________
Total 77 6964.6154

Multiple Range Test_________________________________________
Seheffe Procedure___________________________________________
(*) Denotes pairs of groups significantly different at the .050 level

G G G
r r r
P P P

Mean Group 2 0  1
12.8056 Grp 2
15.4615 Grp 0
19.3793 Grp 1 *
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5. Correlations: Whole group: Quantitative MRI & Neuropsychology scores
(Coefficient / (Cases) / 1-tailed Significance)

C orrelations: RIGHT VO LEFT VOL RIG H T T2 LEFT T2

VIQ - . 0 2 0 2 -.0954 -.0558 .0244

( 80) ( 80) ( 80) ( 8m
P= .429 P= .200 P= .311 P= .415

PIQ .1752 .0115 -.1385 .0005

( 80) I 80) ( 80) ( 8m
P= .060 P= .460 P = .I I O P= 498

LIST 15 -.1475 .0420 .2193 -.0208
( 80) ( 80) ( 80) ( 8m
P= .096 P= .356 P= .025 P= .427

LISTA6 -.0840 .2398 .1340 -.1901
( 80) ( 80) I 80) ( 80)
P= .229 P= .016 P= .118 P= .046

ST O RY l -.0365 .2401 .1104 -.0865
( 79) ( 79) ( 79) ( 79)
P= .375 P= .017 P= .166 P= .224

ST O R Y D -.0893 .2336 .0893 -.1 178
( 79) ( 79) ( 79) ( 79)
P= .217 P= .019 P= .217 P= . 151

STO RY -.0199 .1290 -.0106 -.1113
( 79) ( 79) ( 79) ( 79)
P= .431 P = .I2 9 P= .463 P= . 164

D ESIGN 15 . 2 1 1 2 -.0430 -.1824 .0740
( 77) ( 77) ( 77) ( 77)
P= .033 P = .3 5 5 P= .056 P = .2 6 l

D E SIG N A 6 .1646 .0506 .0181 .1391
( 77) ( 77) ( 77) ( 77)
P= .076 P= .331 P= 438 P= . 114

FIGIM M .2043 -.0720 -.1 157 .1967
{ 79) ( 79) ( 79) ( 79)
P= .035 P= .264 P= .155 P= .041

FIGDEL .2674 -.0638 -.1365 .1948
( 79) ( 79) ( 79) { 79)
P= .009 P= .288 P = .I1 5 P= .043

FIG .0226 -.1454 -.0834 .0998
( 79) ( 79) ( 79) ( 79)
P= .422 P = .1 0 l P= .232 P= .191

M C K E N N A -.0242 .0443 .0034 .0141

( 76) ( 76) ( 76) ( 76)
P= .418 P= .352 P= .488 P= .452

D ER EN ZI .0814 -.0778 -.1608 .0547

( 76) ( 76) ( 76) ( 76)
P= .242 P= .252 P= .083 P = .3 1 9
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6. Correlations: RHS Group: Quantitative MRI & Neuropsychology scores
(C oefficient/ (Cases) / 1-tailed Significance)

A p p e n d ix  5

C orrelations; RIG H T VO 1.EFT VOL RIG H T T2 LEFT T2

VIQ -.1426 -.1233 .1070 .0619

1 30) I 30) ( 30) ( 3m
P= .226 P= .258 P= .287 P= .373

PIQ -.0971 .0582 .1430 .0276
( 30) ( 30) ( 30) ( 3m
P= .305 P= .380 P= .225 P= .442

LIST 15 .1038 .0637 .3032 .0700

( 30) ( 30) ( 30) ( 3m
P= .293 P= .369 P= .052 P = .3 5 7

L1STA6 .1487 .0084 -.0241 -.0335
( 30) ( 30) ( 30) ( 30)
P = .2 I 6 P= .482 P= .450 P= .430

STORY! .1768 1117 .0506 .1807
( 29) ( 29) ( 29) ( 29)
P= .179 P= .282 P= .397 P= . 174

ST O R Y D .1667 .1480 - . 0 1 1 0 .1007
( 29) ( 29) ( 29) ( 29)
P= .194 P= .222 P= .477 P= .302

STO RY .3571 .3032 -.1599 .0137
( 29) ( 29) ( 29) ( 29)
P= .029 P= .055 P= .204 P= .472

D ESIGN 15 . 1 2 1  1 -.0391 -.0644 .0024

( 28) I 28) ( 28) ( 28)
P= .270 P= .422 P= .372 P= .495

DES1GNA6 .1111 .1041 .1033 .1247

( 28) ( 28) ( 28) ( 28)
P= .287 P= .299 P= .300 P= .264

FIGIM M .1890 .0237 -.0203 .3000
( 30) ( 30) ( 30) ( 30)
P= . 159 P= .450 P= .458 P= .054

FIGDEL .2037 - 0036 . 0 1 1 0 .1922
( 30) ( 30) ( 30) ( 30)
P = .I 4 0 P= .493 P= .477 P= .154

FIG .0832 -.1178 .0549 -.1355

( 30) ( 30) ( 30) ( 30)
P = .3 3 l P= .268 P= .387 P= .238

M C K EN N A -.0504 .1240 .0842 .0341

( 28) ( 28) ( 28) ( 28)
P= .399 P= .265 P= .335 P= .432

D EREN ZI - 1593 .0057 -.0080 -.1700
( 29) ( 29) ( 29) ( 29)
P= .205 P= .488 P= .484 P = .1 8 9
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7. Correlations: LHS Group: Quantitative MRI & Neuropsychology’
5core5(Coefficient / (Cases) / 1-tailed Significance)

A p p e n d ix  5

Correlations: RIG H T VO L E Fl VOL RIG H T 12 LEFT T2

VIQ .0672 -.1580 -.3309 .0015
( 36) ( 36) ( 36) ( 3^
P= .348 P= .179 P= .024 P= .497

PIQ .1379 -.0737 - . 2 2 1 2 -.0410

( 36) ( 36) ( 36) ( 3^
P= .21 1 P= .335 P= .097 P= .406

LIST 15 -.2196 -.0037 .1141 -.0656

( 36) ( 36) t 36) ( 36)
P= .099 P= .491 P= .254 P= 352

L1STA6 -.0023 .3336 .3530 -.1334
( 36) ( 36) ( 36) ( 36)
P= .495 P= .023 P= .017 P= .219

STO RY l .2788 .0207 - 2040 1403
1 36) ( 36) ( 36) ( 36)
P= 050 P= 452 P= . 116 P= .207

ST O R Y D .1093 - 1631 -.2041 .1490

( 36) ( 36) ( 36) ( 36)
P= .263 P = .1 7 1 P = .116 P = .1 9 3

STO RY -.1609 -.3335 -.1087 .0058
( 36) ( 36) ( 36) ( 36)
P= . 174 P= .023 P= .264 P= .487

D ESIGN 15 .1494 -.0415 -.0853 .0973
( 36) ( 36) ( 36) ( 36)
P= .192 P= .405 P = .3 1 0 P= .286

DES1GNA6 .1228 1151 .1591 .1830

( 36) I 36) ( 36) ( 36)
P= .238 P= .252 P= . 177 P= .143

FIGIM M .2523 -.2440 -.3125 .2544
( 36) ( 36) ( 36) ( 36)
P= .069 P= .076 P= .032 P= .067

FIGDEL .2873 -.0836 -.2218 .2375
( 36) ( 36) ( 36) ( 36)
P= .045 P= .314 P= .097 P= .081

FIG -.2505 -.3323 -.0274 .2838
( 36) ( 36) ( 36) ( 36)
P= .070 P= .024 P= .437 P= .047

M C K E N N A -.0716 .0435 -.0909 -.0325

( 34) ( 34) ( 34) ( 34)
P= .344 P= .404 P= .305 P= .428

D EREN ZI .1426 0423 -.2361 -.0458
( 34) ( 34) ( 34) ( 34)
P= .211 P= .406 P= .089 P= .399
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(V. Multiple Regression Analyses

REGRESSION /VARIABEES RIGHT T2 EEFT_T2 RIGHT VO LEFT VOE 
AGE ONSET DURATION VIQ PIQ E IS T J5  LISTA6 LISTB STORYl STORYD 
STORY DESIGN 15 DESIGN A6 DESIGNB FIGIMM FIGDEL FIG_ 
/DEPENDENT VIQ PIQ LIST 15 EISTA6 EISTB STORYl STORYD 
STORY_ DESIGN 15 DESIGNA6 DESIGNB FIGIMM FIGDEL FIG_
/METHOD STEPWISE
RIGHT VO LEFT VOE RIGH r_T2 EEFT T2 AGE ONSET DURATION. 

a. Verbal IQ

* * * * M U L T I P L E  R E G R E S S I O N  * * * *
Equation Number 1 Dependent Variable.. VIQ

Block Number I. Method: Stepwise Criteria PIN .0500 POUT .1000______
RIGHT VO LEFT VOL RIGHT T2 LEFT T2 AGE ONSET DURATION

End Block Number I PIN = .050 Limits reached.
No variables entered/removed for this block.

h. Performance IQ

* * * * M U L T I P L E  R E G R E S S I O N  * * * *
Equation Number 2 Dependent Variable.. PIQ

Block Number I. Method: Stepwise Criteria PIN .0500 POUT .1000______
RIGHT VO LEFT VOL RIGHT T2 LEFT T2 AGE ONSET DURATION

End Block Number I PIN = .050 Limits reached.
No variables entered/removed for this block.
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c. List Learning

Equation Number 3 Dependent Variable.. LIST 15

Block Number 1. Method: Stepwise Criteria PIN .0500 POUT .1000______
RIGHT VO LEFT VOL RIGHT T2 LEFT T2 AGE ONSET DURATION

Variable(s) Entered on Step Number
L. AGE

Multiple R 1254
R Square .09768
Adjusted R Square .08128
Standard Error 8.48796

Analysis of Variance
DF Sum of Squares Mean Square

Regression 1 428.97611 428.9761
Residual 55 3962.49758 72.04541

F = 5.95425 Signif F = .0179

Variables in the Equation
Variable B SE B Beta T SigT

AGE -J60181 T47607 -J12544 -2.440 .0179
(Constant) 53.856393 4.903266 10.984 .0000

Variables not in the Equation

Variable Beta In Partial Min Toler T SigT

RIGHT T2 .126304 13293 .999479 .986 J287
LEFT T2 -.011382 -.011770 .964844 -.086 .9314
RIGHT VO -.071832 -TU4633 .974047 -.550 .5846
LEFT VOL -.029206 -TB0735 .999290 -.226 .8221
ONSET -.019235 -^18338 .820158 -.135 .8933
DURATION .063862 .062227 .856701 .458 .6487
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d. List Recall (A 6 Score)

* * * +  M U L T I P L E  R E G R E S S I O N  * * * *
Equation Number 4 Dependent Variable.. LISTA6

Block Number 1. Method: Stepwise Criteria PIN .0500 POUT .1000______
RIGHT VO LEFT VOL RIGHT T2 LEFT T2 AGE ONSET DURATION

Variable(s) Entered on Step Number
I.. AGE

Multiple R .29116
R Square .08478
Adj listed R Square .06814
Standard Error 2.59901

Analysis of Variance
DF Sum of Squares Mean Square

Regression 1 34.41344 34.41344
Residual 55 371.51638 6.75484

F = 5.09463 Signif F = .0280

Variables in the Equation

Variable B SEB Beta T SigT

AGE .102016 .045197 -J^1165 -2.257 .0280
(Constant) 11.000276 1.501378 7.327 .0000

Variables not in the Equation

Variable Beta In Partial Min Toler T SigT

RIGHT T2 03372 08025 .999479 J9 8  ^281
LEFT 12 -T^4956 -.076961 .964844 -.567 .5729
RIGHT VO -.035120 -.0362: .974047 -.266 .7909
LEFT VOL .102708 0732 .999290 .793 .4311
ONSET -H01029 -.095638 .820158 -.706 .4832
DURATION .098674 .095468 .856701 J0 5  .4840
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e. Slory: Immediate Recall

+ * * *  M U L T I P L E  R E G R E S S I O N  * * * *
Equation Number 5 Dependent Variable.. STORYI

Block Number 1. Method: Stepwise Criteria PIN .0500 POUT .1000______
RIGHT VO LEFT VOL RIGHT T2 LEFT T2 AGE ONSET DURATION

Variable(s) Entered on Step Number
L. LEFT VOL

Multiple R JI8532
R Square .08141
Adjusted R Square .06471
Standard Error 8.90315

Analysis of Variance
DF Sum of Squares Mean Square

Regression 1_____ 386.36131 186.36131
Residual 55 4359.63869 79.26616

F =  4.87423 S ign ifF =  .0314

Variables in the Equation

Variable B SE B Beta T SigT

LEFT VOL .002613 .001184 ^85320 2208 .0314
(Constant) 8.562158 5.313250 1.61 1 .1128

Variables not in the Equation

Variable Beta In Partial Min Toler T SigT

RIGHT T2 -.062464 -.057192 270062 -.421 .6755
LEFT T2 126434 105204 .636007 277 .4403
RIGHT VO .040128 ^40924 255395 201 2646
AGE .116483 .121492 299290 -^99  2724
ONSET -209446 .209292 217242 -1.573 .1216
DURATION .073031 273668 234702 243 2895
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f. Story: Delayed Recall

* * * * M U L T I P L E  R E G R E S S I O N  * * * *
Equation Number 6 Dependent Variable.. STORYD

Block Number 1. Method: Stepwise Criteria PIN .0500 POUT .1000______
RIGHT VO LEFT VOL RIGHT T2 LEFT T2 AGE ONSET DURATION

Variable(s) Entered on Step Number
1.. ONSET

Multiple R 36251
R Square 13141
Adjusted R Square . 11562
Standard Error 9.37072

Analysis of Variance
DF Sum of Squares Mean Square

Regression 1 730.67656 730.67656
Residual 55 4829.56905 87.81035

F = 8.32108 S ign ifF ^  .0056
Variables in the Equation

Variable B SEB Beta SigT

ONSET -379348 .131507 -362506 41885 .0056
(Constant) 20.167426 2.036844 9.901 .0000

Variables not in the Equation

Variable Beta In Partial Min Toler T SigT

RIGHT T2 .031681 332872 335102 342 3099
LEFT T2 -T92239 -306126 398606 H.548 .1275
RIGHT VO -.096249 -.103031 395304 -.761 .4499
LEFT VOL .203538 309161 317242 L572 3218
AGE 345358 344076 320158 324 3470
DURATION -.029762 -325352 330250 -486 3529
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g. Story: Percentage retained

* * * * M U L T I P L E  R E G R E S S I O N  * * * *
Equation Number 7 Dependent Variable.. STORY

Block Number 1. Method: Stepwise Criteria PIN .0500 POUT .1000______
RIGHT VO LEFT VOL RIGHT T2 LEFT T2 AGE ONSET DURATION

Variable(s) Entered on Step Number
!.. ONSET

Multiple R 39460
R Square .15571
Adjusted R Square .14036
Standard Error 27.85177
Analysis of Variance

DF Sum of Squares Mean Square
Regression 1 7868.32564 7868.32564
Residual 55 42664.65682 775.72103

10.14324 Signif F =  .0024
Variable(s) Entered on Step Number

2.. LEFT T2
Multiple R 39609
R Square .2461
Adjusted R Square .21819
Standard Error 26.56102
Analysis of Variance

DF Sum of Squares Mean Square
Regression 2 12436.63702 6218.31851
Residual 54 18096.3454: 705.48788
F = 8.81421 Signif F = .0005

Variables in the Equation
Variable B SEB Beta S i g T

ONSET L280289 373012 -305832 3 3 3 2  3012
LEFT T2 331527 326771 -300880 AF545 3138
(Constant) 179.610879 36.744207 4. 3000

Variables not in the Equation
Variable Beta In Partial Min Toler T SigT
RIGHT T2 -.100805 109248 385455 -300  3272
RIGHT VO -.020291 -321420 340057 -.156 .8766
LEFT VOL -.175317 -448328 339645 -1.092 3798
AGE -378882 -380782 390648 393 .5577
DURATION -.116867 -404773 305930 -367 3465
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h. Design Learning

* * * * M U L T I P L E  R E G R E S S I O N  * * * *
Equation Number 8 Dependent Variable.. DESIGN 15

Block Number 1. Method: Stepwise Criteria PIN .0500 POUT .1000______
RIGHT VO LEFT VOL RIGHT T2 LEFT T2 AGE ONSET DURATION

Variable(s) Entered on Step Number
L. RIGHT T2

Multiple R 33977
R Square ,11544
Adjusted R Square .09936
Standard Error 7.93741
Analysis of Variance

DF Sum of Squares Mean Square
Regression 452.23031 452.2303
Residual 55 346543811 63.0025
F =  7.17797 Signif F =  .0097

Variable(s) Entered on Step Number
2.. AGE

Multiple R .42507
R Square 8069
Adjusted R Square . 15034
Standard Error 7.70948
Analysis of Variance

DF Sum of Squares Mean Square
Regression 2 707.82377 353.91 1
Residual 54 3209.54465 59.43601
F =  5.95450 Signif F = .0046

Variables in the Equation
Variable B SEB Beta T SigT

RIGHT T2 -.231831 .085536 -.333936 -2.710 .0090
AGE -378095 434104 -355500 -2.074 .0429
(Constant) 65.606492 10.323060 6355 3000

Variables not in the Equation
Variable Beta In Part ial Min Toler T SigT
LEFT T2 -.047211 .050061 321196 65 3166
RIGHT VO .011315 309615 391676 370 3445
LEFT VOL -.001126 -301092 369815 -308 3937
ONSET -376769 -373460 350197 -336 3940
DURATION .015798 315813 320837 115 .9088
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i. Design Recall
* * * * M U L T I P L E  R E G R E S S I O N  * * * *

Equation Number 9 Dependent Variable.. DESIGNA6_______________________
Block Number 1. Method: Stepwise Criteria PIN .0500 POUT .1000______

RIGHT VO LEFT VOL RIGHT T2 LEFT T2 AGE ONSET DURATION
End Block Number I PIN = .050 Limits reached.__________________________
No variables entered/removed for this block.
/■ Complex Figure: Immediate Recall
* * * *  NI U L  T I P  LE RE G R E S  S I O N  ** **
Equation Number 12 Dependent Variable.. FIGIMM
Block Number I. Method: Stepwise Criteria PIN .0500 POUT .1000______

RIGHT VO LEFT VOL RIGHT T2 LEFT T2 AGE ONSET DURATION
Variable(s) Entered on Step Number

ONSET
Multiple R .42419
R Square 17993
Adjusted R Square .16502
Standard Error 17.44084
Analysis of Variance

DF Sum of Squares Mean Square
Regression 1670.81782 3670.81782
Residual 55 16730.05937 104.18290
F =  12.06780 S ign ifF =  .0010
Variable(s) Entered on Step Number

2.. RIGHT T2
Multiple R J0739
R Square ^5745
Adjusted R Square .22994
Standard Error 16.74910
Analysis of Variance

DF Sum of Squares Mean Square
Regression 2 5252.13192 2626.06596
Residual 54 5148.74527 280.53232
F =  9.36101 S ign ifF =  .0003

Variables in the Equation
Variable B SEB Beta T SigT
ONSET -.997287 ^43073 -.497532 -4.103 .0001
RIGHT T2 -.456131 T92I20 -^87909 /L374 .0212
(Constant) 131.578159 22.200917 5.927 .0000

Variables not in the Equation
Variable Beta In Part ial Min Toler T S i g T

LEFT T2 T36267 T53772 ^85455 LI33 ^623
RIGHT VO .050071 .045182 J68055 J2 9  J432
LEFT VOL -.102134 - .10201 J40764 -J4 7  .4586
AGE -T23559 -T28397 J50197 -.943 J502
DURATION -.131114 -T20603 .611457 -.884 J804
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k. Complex Figure: Delayed recall

* * * * M U L T I P L E  R E G R E S S I O N  + * * *
Equation Number 13 Dependent Variable.. FIGDEL

Block Number 1. Method: Stepwise Criteria PIN .0500 POUT .1000
RIGHT VO LEFT VOL RIGHT T2 LEFT T2 AGE ONSET DURATION

Variable(s) Entered on Step Number
1.. AGE

Multiple R .45290
R Square J^512
Adjusted R Square J9067
Standard Error 20.27844
Analysis of Variance

DF Sum of Squares Mean Square
Regression 1 5836.22450 5836.22450
Residual 55 22616.82814 411.21506
F =  14.19263 S ign ifF =  .0004

Variable(s) Entered on Step Number
2.. DURATION

Multiple R ^1320
R Square 26338
Adjusted R Square 23609
Standard Error 19.70110

Analysis of Variance
DF Sum of Squares Mean Square

Regression 2 7493.84796 3746.92398
Residual 54 20959.20468 388T3342
F = 9.65370 Signif F = .0003

Variable(s) Entered on Step Number
3.. RIGHT VO

Multiple R ^6822
R Square 22287
Adjusted R Square 28454
Standard Error 19.06609
Analysis of Variance

DF Sum of Squares Mean Square
Regression 3 9186.71589 3062.23863
Residual 53 19266.33674 363.51579

F = 8.42395 Signif F =  .0001
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------------------- Variables in the Equation —......................
Variable B SEB Beta T SigT

AGE -L534218 J60324 -^23019 -4.258 .0001
DURATION .717058 J02790 291108 2.368 .0216
RIGHT VO .005936 .002751 248780 2.158 .0355
(Constant) 73.078818 HL546774 3.940 .0002

--------------Variables not in the Equation - ................

Variable Beta In Partial Min Toler T SigT

RIGHT T2 -.149170 -.139151 J89222 -1.013 .3156
LEFT T2 .057585 .063771 ^30420 .461 .6469
LEFT VOL -.072597 -.083528 293324 -.604 ^482
ONSET -H40028 -.061037 H28654 -.441 .6611
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/ Complex Figure Recall: Percentage Retained Score

* * * * M U L T I P L E  R E G R E S S I O N  * * + *
Equation Number 14 Dependent Variable.. FIG ____________________________

Block Number 1. Method: Stepwise Criteria PIN .0500 POUT .1000______
RIGHT VO LEFT VOL RIGHT T2 LEFT T2 AGE ONSET DURATION

Variable(s) Entered on Step Number
1.. AGE

Multiple R .31196
R Square .09732
Adjusted R Square .08091
Standard Error 19.16998

Analysis of Variance
DF Sum of Squares Mean Square

Regression 2179.12665 2179.12665
Residual 55 2021L8558 167.48829
F =  5.92979 Signif F = .0182

Variables in the Equation
Variable B SEB Beta SigT
AGE -.811794 -J11964 -2.435 .0182
(Constant) 1 15.897140 11.073989 10.466 .0000

Variables not in the Equation

Variable Beta In Part ial Min Toler T SigT

RIGHT T2 133441 -.140413 .999479 -L042 3020
LEFT T2 .038880 340196 364844 396 3687
RIGHT VO .004166 304327 374047 332 3747
LEFT VOL -.148151 -T55878 399290 -1.160 .2513
ONSET -316096 -315342 320158 3106
DURATION .103072 100412 .856701 342 3615

9. Multiple Regression Analyses .Residuals analyses.

The criteria used for the identification of multivariate outliers was Mahalanobis 
distance at p<0.001. Mahalanobis distance is evaluated as x" with degrees of freedom 
equal to the number of variables, in this case, seven. Any case with a Mahalanobis 
distance greater than x  (7) = 24.32 would be a multivariate outlier. None of the cases 
in any of the analyses were identified as significant outliers using this procedure.
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C a r o t id  a m o b a r b i t a l  m e m o r y  t e s t  in  a  p a t ie n t  w it h

BILATERAL HIPPOCAMPAL SCLEROSIS.

Van Paesschen W, Baxendale SA, Thompson PJ, Duncan JS.
Epilepsia 1994;35 (Suppl. 7) 49.

Background

Amnesia is a rare but severe complication of temporal lobectomy for intractable 

temporal lobe epilepsy. Bilateral damage of the hippocampi appears a requirement to 
cause an amnesic syndrome. The intracarotid amobarbital procedure (lAP) is used in 
the presurgical evaluation of patients with intractable temporal lobe epilepsy to assess 

memory competence of the temporal lobes and it has been suggested that memory 

performances under amytal conditions can reflect the relative integrity of the 

hippocampus. Patients with severe hippocampal sclerosis (HS) tend to fail the lAP 

memory test following perfusion of the hemisphere contralateral the side affected by 

HS, but not with perfusion of the affected hemisphere.

Quantitative high resolution MRJ using hippocampal T2 mapping and volume 
measurement is able to detect hippocampal sclerosis (HS) non-invasively. 
Hippocampal T2 (HCT2) and volumes of the hippocampi correlate with hippocampal 
neuronal density and predict the extent of HS. lAP results in a patient with bilateral 
HS have not been reported.

We report the neuropsychological findings and the results of the lAP of a patient with 
MRI evidence of bilateral severe HS.

History

JR is a 30 year old right handed woman. At the age of 10 months, she had an 

encephalitic illness with prolonged and repeated convulsions. Since that time, she has 

had intractable temporal lobe epilepsy. She is currently on CBZ CR 600 mg BD. Past 
medication included PHT, PB, VPA, GVG, LTG, Acetazolamide, Clonazepam and 

Clobazam. On examination, she was obese with evidence of mild mental retardation 

and otherwise normal neurological examination.
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Investigations

Visual assessment of the MRI of the brain (1.5 Siemens) showed bilateral small 
hippocampi with increased T2 signal. Quantitative measures of the hippocampi 
showed T2 on the right of 140 msec and T2 on the left of 116 msec (NI: 96-107  

msec), consistent with bilateral HS. Volume of the right hippocampus was 1563 mm  ̂
and of the left hippocampus was 1554 mm  ̂ (NI: > 2000 mm  ̂). The volume ratio of 

the left/right hippocampus was 1.00.

Interictal EEG showed bitemporal epileptiform abnormalities with a left/right spike 

ratio of 2/1. Ictal EEG showed a left sided onset.

Baseline Neuropsychology

JR was assessed to function in the borderline range on the WAIS-R (VIQ = 75; PIQ = 
78; FSIQ = 75). and demonstrated significant memory impairments in the learning and 
recall of both verbal and visual material. All her scores on the list learning, story 

recall, design learning and complex figure recall tasks on the AMIPB fell below the 
10th percentile, with many falling below 2 standard deviations from the mean.

Sodium Amytal Procedure

Language and memory functions were assessed via an injection of Sodium Amytal (75 
mg and 50 mg) into the right carotid artery, and upon recovery following an injection 
(75 mg) into the left. The following observations were made following injection into 

the right hemisphere.

Her left arm dropped but counting was not interrupted. She was able to clearly state 

her name at 1 minute after the 1st injection of 75 mg. By 2 minutes she correctly 

named 3/5 objects. Perceptual difficulties were evident in her responses to the other 

two. By 2 minutes 30 seconds she correctly named 4/4 items from their verbal 
descriptions. At 2 minutes 45 seconds a left hemiplegia was still judged to be present. 
By 3 minutes 45 seconds she correctly named 5/5 objects but did not recognise the 2 
she had been shown previously. By 4 minutes 30 seconds she correctly named 4/4 
items from their verbal description and identified the 2 she had been shown prior to 

the injection. At 5 minutes 20 seconds a mild left weakness was judged to be present. 

By 7 minutes she identified 1/3 Fragmented Letters and recognised 1/2 Faces in
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simple recognition test. She recited the alphabet completely. By 7 minutes 30 
seconds her hemiplegia was assessed to have resolved. Upon recovery she named 6 
objects and identified 2/3 she had seen before. She named 4/4 items from their verbal 
description and classified them all correctly as old or new items.

The following observations were made after injection (75 mg) into the left 

hemisphere. Her right arm dropped and counting was arrested. At 30 seconds she 
was unable to produce her name. By 3 minutes she correctly named 1/4 objects, 
producing dysphasic and preservative responses to the other 3. By 4 minutes she was 

unable to name any of the 4 items from their verbal description. At 4 minutes 15 

seconds a moderate right hemiparesis was recorded. By 5 minutes 30 seconds she 

correctly named 1/4 items, producing dysphasic responses to the other 3. She 

recognised 1 of the 2 that she had been shown previously. By 6 minutes 30 seconds 

she correctly named 3/4 items from their verbal description and recognised 1/2 she 

had been asked previously. By 7 minutes she named 7/7 pictures correctly although 
some se lf  corrected errors occurred and recognised 2 she had been shown prior to the 
injection. At 7 minutes 20 seconds normal power was assessed to have returned. By 
8 minutes 15 seconds she identified 3/4 Fragmented Letters and correctly recited the 
days of the week and months of the year. She also passed a simple face recognition 
task. On recovery she named 8/8 items and classified 4/4 of the visual and 2/4 of the 

verbal items correctly as old or new items.

The sodium amytal procedure was judged successful as the appropriate unilateral 

motor weakness occurred after each injection. Perceptual difficulties and a poor recall 

of visual but not verbal material occurred after the injection into the right hemisphere. 

Language disturbance and a weak recall of verbal but not visual material followed the 
injection into the left hemisphere. Language was assessed to be lateralised to the left.

Discussion

This patient had MRI features of bilateral severe hippocampal sclerosis. The 

quantitative MRI measurements correspond with a decrease in neuronal densities in 

the CAl of 70 - 99%. Amnesia can be caused by a bilateral lesion limited to the CAl 

of the hippocampus. Remarkably, this patient did not have amnesic syndrome. 

Bilateral hippocampal damage therefore is not always sufficient to produce an 

amnesic syndrome. We speculate that plasticity of the developing brain allowed 

functional recovery of memory after early damage of both hippocampi.
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We had predicted that this patient would have failed the lAP on both sides. Patients 

with severe HS tend to fail the memory test when the contralateral temporal lobe is 

perfused with amobarbital. In these patients the hippocampus on the side opposite the 
HS is probably normal and functional. The TAP in our patient produced a memory 
deficit that was material specific but not an amnesic syndrome. Material specific 
memory deficits revealed by TAP correlate with hippocampal neuronal densities. We 
conclude that bilateral and severe hippocampal damage did not produce an amnesic 
syndrome in this patient, that memory specific decline may be predicted following 
temporal lobectomy, but that the chances of global amnesia are remote.
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Study 3: The relationship helM>een quantitative MRI measures o f  hippocampal 
structure and the intracarotid amobarbital test. Summary Statistics.

1. Correlations between the Right and Left Hemisphere lAP Scores and Quantitative 
Measures o f  Hippocampal Pathology.
(Coefficient /  (Cases) /  1-tailed Significance)

Correlations: Right Hemisphere Left hemisphere
Amytal Score Amytal Score

Right HCVol
-.1148 3133
( 48) ( 48)
P= .219 P= .015

RIGHT HCT2 .1472 -.1977
( 48) ( 48)
P= .159 P=.089

LEFT HCVol .0668 .1775
( 48) ( 48)
P=.326 P=.114

LE FT T2 -?365 3324
( 48) ( 48)
P=.053 P= .010

2. Correlations between ipsilateral and contralateral lAP scores in the RTLE group.

Correlations: RIGHT RIGHT LEFT LEFT
HCVol HCT2 HCVol HCT2

IPSILATERAL 3324 3673 3229 3888
lAP Score ( 11) ( 20) ( 11) ( 20)

P - .076 P= .240 P= .082 P=.355

CONTRA- -3580 3255 3106 3327
LATERAL ( 11) ( 20) ( 11) ( 20)
lAP Score P= .404 P=.299 P=.482 P=.162

(Coefficient / (Cases) / 1-tailed Significance)
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3. Correlation between ipsilateral and contralateral lAP scores in the LTLE group.

Correlations: RIGHT RIGHT LEFT LEFT
HCVol HCT2 HCVol HCT2

IPSILATERAL ^048 .0577 .0787 -.0486
lAP Score ( 17) ( 22) ( 17) ( 22)

P -  .491 P= .394 P= .357 P= .411

CONTRA -.0200 .1221 -.0505 .3414
LATERAL ( 17) ( 22) ( 17) ( 22)
lAP Score P= .463 P= .285 P= .407 P= .051

(Coefficient / (Cases) / 1-tailed Significance)
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Study 4: Hippocampal Cell Loss & Gliosis: Summary Statistics

Hippocampal Cell Loss & Gliosis: Summary o f  Repeated Measures Manova Analyses 
o f Neuropsychological Test scores

I. Verbal IQ

MANOVA VIQ VIQ2 BY OPLAT (1,2) /WSFACTORS VERBALIQ (2).

Tests of Between-Subjects Effects (n=38).
Tests of Significance for TI using UNIQUE sums of squares
Source of Variation SS DF MS F S ^ o f F
WITHIN CELLS 12184.38 36 338.45
CONSTANT 655160.78 1 655160.78 1935.7 TWO
OPLAT 223.04 I 223.04 .66 .422

Tests involving 'VERBALIQ' Within-Subject Effect.
WITHIN CELLS 904.74 36 25.13
VERBALIQ 13.89 1 LL89 .55 .462
OPLAT BY 2.05 1 Z05 .08 .777
VIQ

2. Performance IQ

MANOVA PIQ PIQ2 BY OPLAT (1,2) /WSFACTORS PERFIQ (2).

Tests o f Between-Subjects Effects. (n=38).
Tests of Significance for Tl using UNIQUE sums of squares
Source of Variation SS DF MS F S ^ o f F
WITHIN CELLS 17431.02 36 484.20
CONSTANT 690615.40 1 690615.40 1426.32 TOO
OPLAT 61.71 1 61.71 .13 J2 3

Tests involving 'PERFIQ' Within-Subject Effect.
WITHIN CELLS 1271.36 36 35.32
PERFIQ 65.59 I 65.59 L86 .181
OPLAT BY PERFIQ 1.17 1 1.17 .03 T57
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3. Graded Naming Test

MANOVA MCKENNA MCKENNA2 BY OPLAT (1,2)
/WSFACTORS EXPLANG (2).

Tests of Between-Subjects Effects (n=39).
Tests of Significance for Tl using UNIQUE sums of squares
Source of Variation SS DF MS F Sig of F
WITHIN CELLS 1913.52 37 51.72
CONSTANT 17224.64 1 17224.64 333.06 .000
OPLAT 508.64 1 508.64 9.84 .003

Tests involving 'EXPLANG' Within-Subject Effect.
WITHIN CELLS 190.97 37 5.16
EXPLANG 2.21 1 2.21 .43 .517
OPLAT BY 10.83 1 10.83 2.10 .156
EXPLANG

4. De Renzi Shortened Token Test

MANOVA DERENZI DERENZI2 BY OPLAT (1,2) /WSFACTORS RECLANG (2).

Tests of Between-Subjects Effects.(n=37)
Tests of Significance for Tl using UNIQUE sums of squares
Source of Variation SS DF MS F S ^ o f F
WITHIN CELLS 194.90 35 157
CONSTANT 13949.24 1 13949.24 2504.99 .000
OPLAT 172 1 172 .67 .419
Tests involving 'RECLANG' Within-Subject Effect.
WITHIN CELLS 84.78 35 2.42
RECLANG 2.81 1 181 1.16 .289
OPLAT BY A76 1 4.76 1.96 .170
RECLANG
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5. List Learning Last

MANOVA LIST 15 LIST152 BY OPLAT (1,2) /WSFACTORS LIST (2).

Tests o f Between-Subjects Effects ( n=40)
Tests o f Significance for Tl using UNIQUE sums of squares
Source of Variation SS DF MS F S ^ o f F
WITHIN CELLS 4929.96 38 129.74

CONSTANT 158161.93 1 158161.93 1219.11 TWO
OPLAT 1366.73 1 1366.73 10.53 T02
Tests involving 'LIST' Within-Subject Effect.
WITHIN CELLS 1409.15 38 37.08
LIST 24.54 1 24.54 .66 .421
OPLAT BY LIST 107.34 1 107.34 Z89 T97

6. List Learning Task: recall following distraction.

MANOVA LISTA6 L1STA62 BY OPLAT (1,2) /WSFACTORS LISTREC (2).

Tests of Between-Subjects Effects (n=40).
Tests of Significance for Tl using UNIQUE sums of squares
Source of Variation SS DF MS F S ^ o f F
WITHIN CELLS 468.65 37 12.67
CONSTANT 5593.50 1 5593.50 441.61 WOO
OPLAT 146.53 1 146.53 11.57 W02
Tests involving 'LISTREC Within-Subject Effect.
WTI HIN CELLS 140.74 37 3.80
LISTREC L98 1 1.98 .52 .476
OPLAT BY 3.41 1 3.41 .90 W50
LISTREC
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7. Story: Immediate recall.

MANOVA STORYI ST0RYI2 BY OPLAT (1,2) /WSFACTORS STORYIM (2).

Tests of Between-Subjects Effects (N=41).
Source of Variation SS DF MS F S ^ o f F
WITHIN CELLS 6456.87 39 165.56
CONSTANT 3280641 1 3280641 198.15 .000
OPLAT 866.89 1 866.89 5.24 TC8
Tests involving 'STORYIM' Within-Subject Effect.
WITHIN CELLS 1675.41 39 42.96
STORYIM 230.20 1 230.20 5.36 .026
OPLAT BY 3.47 1 3.47 .08 J7 8
STORYIM

8. Story: Delayed recall

MANOVA STORYD ST0RYD2 BY OPLAT (1,2) /WSFACTORS STORYDEL (2).

Tests of Between-Subjects Effects (n=41).
Tests of Significance for Tl using UNIQUE sums of squares
Source of Variation SS DF MS F Sig of F
WITHIN CELLS 7590.96 39 194.64
CONSTANT 21807.55 1 21807.55 112.04 .000
OPLAT 891.55 1 891.55 4.58 TH9
Tests involving 'STORYDEL' Within-Subject Effect.
WITHIN CELLS 2034.38 39 52.16
STORYDEL 125.50 1 125.50 2.41 429
OPLAT BY T74 1 3.74 .07 J9 0
STORY DEL

- 4 4 0 -
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9. Story: Percentage retained

MANOVA STORY_ ST0RY_2 BY OPLAT (1,2) /WSFACTORS STORYPER (2).

Tests of Between-Subjects Effects (n=41).
Tests of Significance for T l using UNIQUE sums of squares
Source of Variation SS DF MS F S ^ o f F
WITHIN CELLS 38302.22 39 982T1
CONSTANT 4484632^ 1 448463.54 456.63 .000
OPLAT 4278.57 1 4278.57 T36 TH3
Tests involving 'STORYPER' Within-Subject Effect.
WITHIN CELLS 19604.20 39 502.67
STORYPER 1L36 1 11.36 .02 ^81
OPLAT BY 208.92 1 208.92 .42 ^23
STORYPER

10. Design Learning

MANOVA DESIGN 15 DESIGN 11 BY OPLAT (1,2) /WSFACTORS DES 15 (2).

Tests of Between-Subjects Effects (n=35).
Tests of Significance for Tl using UNIQUE sums of squares
Source of Variation SS I9F MS F S ^ o f F
WITHIN CELLS 3604.37 33 109.22
CONSTANT 70400.12 1 70400.12 644.55 .000
OPLAT 5&58 1 56.58 .52 A l l
Tests involving 'DES15' Within-Subject Effect.
WITHIN CELLS 1239.17 33 37.55
DES 15 34.40 1 34.40 .92 J4 5
OPLAT BY DES 15 .12 1 .12 .00 .955

- 4 4 !
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II. Design learning: Recall following distraction.

MANOVA DESIGNA6 DESIGNAI BY OPLAT (1,2) /WSFACTORS DESA6 (2).

Tests of Between-Subjects Effects (n=35).
Tests of Significance for Tl using UNIQUE sums of squares
Source of Variation SS DF MS F S ^ o f F
WITHIN CELLS 337.37 33 10.22
CONSTANT 2934.40 1 2934.40 287.03 .000
OPLAT .58 1 J 8 .06 ^14
Tests involving 'DESA6' Within-Subject Effect.
WITHIN CELLS 125.37 33 180
DESA6 .12 1 .12 .03 ^61
OPLAT BY DESA6 .00 1 .00 .00 .972

12. Complex Figure: Immediate Recall

MANOVA FIGIMM FIGIMM2 BY OPLAT ( 1,2) /WSFACTORS FIGIM (2).

Tests of Between-Subjects Effects (n=38).
Tests of Significance for Tl using UNIQUE sums of squares
Source of Variation SS DF MS F S ^ o f F
WITHIN CELLS 22858.79 36 634.97
CONSTANT 371928.63 1 371928.63 585.75 .000
OPLAT 472.63 1 472.63 .74 394
Tests involving 'FIGIM' Within-Subject Effect.
WITHIN CELLS 3068.39 36 85.23
FIGIM 32.30 1 32.30 .38 342
OPLAT BY FIGIM 61.77 1 61.77 .72 .400

- 4 4 2 -
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13. Complex Figure: Delayed recall.

MANOVA FIGDEL FIGDEL2 BY OPLAT (1,2) /WSFACTORS FIGDELAY (2).

Tests of Between-Subjects Effects (n=38)
Tests of Significance for Tl using UNIQUE sums of squares
Source of Variation SS DF MS F S ^ o f F
WITHIN CELLS 24996.65 36 694.35
CONSTANT 343357.52 1 343357.52 494.50 .000
OPLAT 1147.84 1 1147.84 1.65 .207
Tests involving 'FIGDELAY' Within-Subject Effect.
WITHIN CELLS 4689.14 36 130.25
FIGDELAY 1.77 1 1.77 .01 .908
OPLAT BY 1.77 1 1.77 
FIGDELAY

.01 .908

14. Complex Figure: Percentage retained

MANOVA FIG F1G 2 BY OPLAT (1,2) /WSFACTORS FIGPER (2).

Tests of Between-Subjects Effects (n=38).
Tests of Significance for TI using UNIQUE sums of squares
Source of Variation SS DF MS F S ^ o f F
WITHIN CELLS 29338.85 36 814.97
CONSTANT 704430.32 1 704430.32 864.37 .000
OPLAT 2720.85 1 2720.85 T34 TU6
Tests involving 'FIGPER' Within-Subject Effect.
WITHIN CELLS 26002.71 36 722.30
FIGPER 90.78 1 90.78 .13 J2 5
OPLAT BY 904.99 1 904.99
FIGPER

1.25 ^70

- 4 4 3 -



A p p e n d ix  8

Hippocampal Cell Loss & Gliosis: Summary o f Manova Profile Analyses o f  
Neuronal/Glial cell/ G D/ND ratios

15. Neuronal Cell Counts

MANOVA nccal to NCDG by oplat (1,2) /wsfactors subfield (5).

Tests o f Between-Subjects Effects.
Tests of Significance for Tl using UNIQUE sums of squares
Source of Variation SS ITF MS F S ^ o f F
WITHIN CELLS 92633666689 22 4.211E+09
CONSTANT 3.70633E+11 1 3.706E+11 88.02 .000
OPLAT 2677749252 1 2.678E+09 .64 .434
AVERAGED Tests of Significance for MEAS.l using UNIQUE sums of squares
WITHIN CELLS 2.84388E+I1 88 3.232E+09
SUBFIELD 1.00485E+I2 4 2.512E+11 77.73 TWO
OPLAT BY 9880672427 4 2.470E+09 .76 .551
SUBFIELD

16. Glial Cell Counts

MANOVA GCCAl TO GCDG BY OPLAT (1,2) /WSFACTORS SUBFIELD (5).

Tests of Between-Subjects Effects.
Tests of Significance for TI using UNIQUE sums of squares
Source of Variation SS DF MS F Sig of F
WITHIN CELLS 55344235302 22 2.5I6E+09
CONSTANT Y68928E+11 1 5.689E+II 226.16 TOO
OPLAT I3I300937A 1 131300937 .05 T21
AVERAGED Tests of Significance for MEAS.l using UNIQUE sums of squares
WITHIN CELLS 78567325594 88 892810518
SUBFIELD 1.00869E+11 4 2.522E+10 28.24 TOO
OPLAT BY 9080975457 4 2.270E+09 2.54 T45
SUBFIELD

- 4 4 4 -
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17. Glial cell density/neuronal density ratio

MANOVA RATCAl TO RATDG BY OPLAT (1,2) /WSFACTORS SUBFIELD (5).

Tests of Between-Subjects Effects.
Tests of Significance for Tl using UNIQUE sums of squares
Source of Variation SS DF MS F S ^ o f F
WITHIN CELLS 17362.75 22 789.22
CONSTANT 45557.1 1 1 45557.11 57.72 .000
OPLAT 351.27 1 351.27 .45 .512
AVERAGED Tests of Significance for MEAS.l using UNIQUE sums of squares
WITHIN CELLS 53702.35 88 610.25
SUBFIELD 36176.33 4 9044.08 14.82 TWO
OPLAT BY 1503.76 4 375.94 .62 T52
SUBFIELD

- 4 4 5 -
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Hippocampal Cell Loss & Gliosis: Summary o f Correlational Analyses

18. Correlations: RTLE Group- Cell Counts and pre-operative neuropsychological 
test scores (Coefficient / (Cases) / 1-tailed Significance)

Test NCCAl NCCA4 GCCAl GCCA4 RATCAIRATCA4

VIQ -.0712 
( 23)
P= .373

.1111 
( 23)
P= .307

.1306
(
P= .276

-.0184
( zn
P= .467

.2338 
( 23) 
P= .141

.1083
( z%

P= .311

PIQ -.1455 
( 23) 
P= .254

.0516 
( 23)
P= .408

.2943
( 23)

P= .086

-.1390
( zn

P= .264

.2572 
( 23) 
P= .118

-.0741 
( 23) 
P= .368

M C K EN NA -.3471 
( 21) 
P= .062

-.1484 
( 21) 
P= .260

.5109 
( 21) 
P= .009

.0686
( 21) 
P= .384

.4141 
( 21) 
P= .03 1

.0437 
( 21) 
P= .425

DERENZI - .3 2 1 1 
( 21) 
P= .078

-.2031 
( 21) 
P -  . 189

.3408
( 21) 
P= .065

-.1315 
( 21) 
P= .285

.3087
( 21) 
P -  .087

-.0699
( 21) 
P -  .382

[ . I S T J 5 -.0016 
( 22)
P= .497

.0361 
( 22)

P= .437

.2110 
( 2^ 
P= . 173

.0477 
( 2^ 
P= .417

.3056 
( 22)
P= .083

-.0762 
( 2^
P = .3 6 8

LISTA6 .3169
( 22) 
P= .075

-.2108 
( 22)
P= . 173

-.0948 
( 2 ^
P= .3 3 7

.1084
( z%
P= .316

-.1702 
( 22)
P= .224

.1128 
( 2 ^
P= .309

STORYI -.2907
( 21) 
P= .101

-.0716
( 21)

P -  .379

.2630
( 21) 
P= .125

.0462
( 21) 

P= .421

.3917
( 21) 

P= .040

.0744 
( 21) 
P= .374

STORYD -.2014 
( 21) 
P -  .191

-.1387 
( 21) 
P= .274

.2101 
( 21) 
P= . 180

-.0049 
( 21) 
P= .492

.2538
( 21) 
P= .134

.0782 
( 21) 
P= .368

STORY _ -.0569
( 21) 
P= .403

-. 1591 
( 21) 
P= .246

.0902
( 21) 
P= .349

-.0938
( 21) 
P= .343

-.0370 
( 21) 
P= .437

.0223
( 21) 
P= .462

DESIGN 1 5 -.1793 
( 19) 
P= .23 1

.0088
( 19)

P= .486

.2068
( 19) 
P = .1 9 8

-.1171 
( 19)

P= .316

.3089
( 19) 
P -  .099

-.2381 
( 19) 
P = .163

DESIGNA6 -.1592 
( 19) 
P= .257

-.1095 
( 19)

P= .328

.2742 
( 19) 
P= .128

.2141 
( 19) 
P = .1 8 9

.2778
( 19) 
P= .125

.0608
( 19) 
P= .402

FIGIMM -.2366
( 21) 
P= . 151

-.0518 
( 21) 
P= .412

.2427
( 21) 
P= .145

.1906 
( 21) 
P= .204

.3747 
( 21) 
P -  .047

.2689
( 21) 
P= .119

FIGDEL -.1546 
( 21) 
P= .252

-.2671 
( 21) 
P= . 121

.0972
( 21) 
P= .338

.1181
( 21) 
P= .305

.3019 
( 21) 
P= .092

.2503
( 21) 
P= .137

FIG_ .0803
( 21) 
P= .365

-.4027 
( 21) 
P= .035

-.0036
( 21) 
P -  .494

-.0250 
( 21) 
P= .457

.0928
( 21) 
P= .345

.1687
( 21) 
P= .232

- 4 4 6 -
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elations: LTLE Group- Cell Counts and pro
’s (C o e f f ic ie n t  / (C a se s )  / 1- ta i led  S ig n i f ic a n ce )

operative neuropsychological

T es t N C C A I N C C A 4  G C C A l G C C A 4  R A T C A l R A T C A 4

VIQ .1816 .1995 . 1302 -.0632 .1536 -.1400
( 24) ( 24) ( 24) ( ZQ ( 24) ( 24)
P= . 198 P= .175 P -  .272 P= .385 P= .237 P= .257

PIQ 1585 .1447 .0906 -.1413 .2575 -.1503
( 24) ( 2 ^ ( 2 ^ ( 2 4 ( 24) ( 24)
P= .230 P= .250 P= .337 P= .255 P= .112 P= .242

M C K EN NA .1149 .0868 .1772 -.0045 .2458 .0443
( 23) ( z n ( z n ( 2 4 ( 23) ( 23)
P = .3 0 I P= .347 P= .209 P= .492 P = . I 2 9 P= .420

DERENZI .1054 .2493 -.1 175 -.2374 -.1206 -.4695
( 23) ( 23) ( 23) ( 23) ( 23) ( 23)
P= .316 P = .126 P= .297 P= .138 P= .292 P = .0 1 2

EIST_I5 .0258 .1 141 .1326 -.1862 -.0087 -.2481
( 22) ( 2^ ( 22) ( 2 4 ( 22) ( 22)
P= .455 P= .307 P= .278 P= .203 P= .485 P= .133

EISTA6 .0629 .2166 .1938 .1314 -.0141 -.2032
( 21) ( 21) ( 21) ( 21) ( 21) ( 21)
P= .393 P= . 173 P -  .200 P= .285 P -  .476 P= . 188

STORYI .5346 .3452 -.2285 -.3085 -.1264 -.0251
( 23) ( 23) ( 23) ( 23) ( 23) ( 23)
P- .004 P= .053 P = .1 4 7 P= .076 P= .283 P= .455

STORYD .5321 .4123 -.2375 -.3867 -. 1509 -.1198
( 23) ( 23) ( 23) ( 23) ( 23) ( 23)
P= .004 P= .025 P= .138 P= .034 P= .246 P= .293

STORY_ 2166 .3124 -.0660 -.3773 -.0219 -.1863
( 23) ( 23) ( 23) ( 23) ( 2 4 ( 23)
P - .160 P= .073 P= .382 P= .038 P= .460 P = . I 9 7

DESIGN 15 .1074 .1610 .0844 -.0656 .0972 -.2415
( 21) ( 21) ( 21) ( 21) ( 21) ( 21)
P= .322 P= .243 P=358 P=389 P=.338 P= .146

DESIGNA6 -.2262 -.0406 .0922 -.0880 .1999 -.2335
( 21) ( 21) { 21) ( 21) ( 21) ( 21)
P= .162 P= .43 1 P= .345 P= .352 P= .192 P= .154

FIGIMM -.1978 -.1831 I486 -.1727 .3735 -.1298
( 21) { 21) ( 21) ( 21) ( 21) ( 21)
P= .195 P = .213 P= .260 P= .227 P -  .048 P= .288

EIGDEL -.0288 .0417 .0247 -.2385 .3126 -.2912
( 21) ( 21) ( 21) ( 21) ( 21) ( 21)
P -  .451 P= .429 P= .458 P = . I 4 9 P= .084 P= .100

FIG_ .3309 .4583 -.2013 -.2320 -.0119 -.3512
( 21) ( 21) ( 21) ( 21) { 21) ( 21)
P= .071 P= .018 P= .191 P= .156 P= .480 P= .059

- 4 4 7 -
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20. Correlations: RTLE Group- Cell Counts and post-operative neuropsychological
test scores (Coefficient / (Cases) / 1-tailed Significance)

Test NCCAl NCCA4 GCCAl GCCA4 RATCAIRATCA4

VIQ2 ^2436
( 17) 
P= .173

-4743
( 17) 
P= .027

.2393
( 17) 
P= .178

.0760 
{ 17) 
P= .386

.2122 
( 17) 
P= .207

.3656 
( 17) 
P= .075

PIQ2 -.1554
( 17) 
P= .276

-.2767 
( 17) 
P= .141

.1877 
( 17) 
P= .235

-.2284
( 17) 
P= . 189

.1813 
( 17) 
P= .243

.0124 
( 17) 
P= 481

MCKF.NNA2 -.0915 
( 18) 
P= .359

2318
( 18) 
P -  . 177

.2127 
( 18) 
P= 198

^2232
( im
P = .1 8 7

.3484
( 18) 
P= .078

-.2520
( 18) 
P = .1 5 7

DERENZ12 -J036
( 18) 
P= . I 10

.0566
( 18) 
P= .412

.4218 
( 18) 
P = .0 4 I

.2677 
( 18) 
P= .141

3925
( 18) 
P= .054

.1384 
( 18) 
P= .292

L1ST152 -.4644 
( 20) 
P= .020

^3739
( 20) 
P= .052

.3510 
( 20) 
P= .065

.1799
( 2m
P= .224

^643
( 2m
P = .1 3 0

3320
( 2m
P -  .076

EISTA62 -.4008 
( 20) 
P= .040

-.2244 
( 20) 
P= . 171

.4944
( 2m
P= .013

.2717
( 2m
P= .123

.4227 
{ 20)
P= .032

.1908
( 2m
P= .210

ST 0R Y I2 -J328
( 20) 
P= .076

-.2116 
( 20) 
P= .185

.3787 
( 20) 
P= .050

-.0017
( 2m
P= .497

.4730 
( 20) 
P= .018

-.0120 
( 20) 
P= .480

S T 0 R Y D 2 - 3090 
( 2^
P= .093

-.3505
( am
P= .065

J823
( 2m
P= .048

.0550
( 2m
P= .409

.4140
( 2m
P= .035

.0887
( 2m
P= .355

S T 0 R Y 2 -.2234

( 2m
P= . 172

-.5775 
( 20) 
P= .004

.2190

( 2m
P= . 177

.2316
( 2m
P= .163

.0588
( 2m
P= .403

.3688
( 2m
P= .055

DESIGN 1 1 .0019 
( 16) 
P= .497

.3299
( 16) 
P= .106

.0641 
( 16) 
P= .407

0504
( 16) 
P= .426

.1803 
( 16) 
P= .252

.1318 
{ 16) 
P= .313

DESIGNAI .1 123 
( 16) 
P= .339

.1460 
( 16) 
P= .295

0032
( 16) 
P= .495

.0572 
( 16) 
P= .417

.0710 
( 16) 
P= .397

.2020
( 16) 
P= .227

FIG1MM2 -.5647 
( 20) 
P= .005

-4294
( 20) 
P= .029

.4664 
( 20) 
P= .019

.1495

( 2m
P= .265

.3077
( 2m
P= .093

2831
( 20) 
P = .1 1 3

FIGDEL2 ^4369
( 20) 
P= .027

- 2684
( 20) 
P= .126

J675
( 2m
P= .055

.1008 
( 2m
P = .3 3 6

.2840
( 2m
P = .1 1 2

.2241
( 2m

P= . 171

F I G 2 .1471 
{ 20) 
P= .268

.2762
( 20) 
P= . 119

^0305
( 20) 
P= .449

-.0820 
( 2m
P= .366

0662 - 
( a m
P= .391

.0908
( 2m
P= .352

-448-
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dations: LTLE Group- Cell Counts and post-operative neuropsychological 
es  (C o e f f ic ie n t  / (C ases)  / 1-ta i led  S ign if icance)

T es t N C C A l N C C A 4  G C C A l G C C A 4  R A T C A 1 R A T C A 4

VIQ2 .0801 .1892 .1326 -.1230 .1631 -.2844
( 21) ( 21) ( 21) ( 21) ( 21) ( 21)
P= .365 P= .206 P= .283 P= .298 P= .240 P = .1 0 6

P1Q2 .1416 .1968 -.0677 -.2245 .2408 -.4174
{ 21) ( 21) ( 21) ( 21) ( 21) { 21)
P= .270 P= .196 P= .385 P= . 164 P= .147 P= .030

MCKENNA2 .0204 .0819 .1245 -.1637 .2631 -.1878
( 23) ( 23) ( 23) ( 23) ( 23) ( 23)
P= .463 P= .355 P= .286 P= .228 P= .1 13 P= .195

DERHNZ12 .1864 .2703 - .0447 -.0298 -.1824 -.3343
( 21) ( 21) ( 21) ( 21) ( 21) ( 21)
P= .209 P= .118 P= .424 P= .449 P= .214 P= .069

LIST) 52 -.3007 -.1553 .5005 .0149 .3611 -.0519
( 23) ( 23) ( 23) { 23) ( 23) ( 23)
P= .082 P= .240 P= .008 P= .473 P= .045 P= .407

EISTA62 -.3110 -.0399 .3153 .0659 .3161 -.1827
( 23) ( 23) ( 23) ( 23) ( 23) ( 23)
P= .074 P= .428 P= .071 P= .383 P = .0 7 l P= .202

STORY 12 .0684 .2348 .1552 -.2352 .1484 -.2627
( 23) ( 23) { 23) ( 23) ( 23) ( 23)
P= .378 P= . 140 P= .240 P = . 140 P= .250 P= .113

STÜRYD2 .0378 .2360 .1509 -.2603 .1496 -.2616
( 23) ( 23) ( 23) ( 23) ( 23) ( 23)
P= .432 P=.139 P= .246 P = .115 P= .248 P= .1 14

ST0RY_2 .0930 .3814 -.0765 -.3000 .0177 -.4541
( 23) ( 23) ( 23) ( 23) ( 23) ( 23)
P= .337 P= .036 P -  .364 P= .082 P= .468 P -  .015

DESIGN 11 .1688 .3086 -.0513 -.2304 -.0814 -.3173
( 22) ( 22) ( 22) ( 22) ( 22) ( 22)
P= .226 P -  .081 P= .410 P= . 151 P= .359 P= .075

DESIGNAI .0192 .1277 .1530 -.0515 .3154 -.2265
( 22) ( 22) ( 22) ( 22) ( 22) ( 22)
P= .466 P= .286 P= .248 P = .4 1 0 P= .076 P = .1 5 5

FIG1MM2 -.0058 .1341 .1321 -.0840 .2326 -.3273
( 23) ( 23) ( 23) ( 23) ( 23) ( 23)
P= .490 P=.271 P= .274 P= .352 P= .143 P= .064

EIGDEL2 -.1253 .0230 . I 708 -.0898 .2557 -.2954
( 23) ( 23) ( 23) ( 23) ( 23) ( 23)
P= .284 P= .458 P= .218 P= .342 P= .119 P -  .086

FIG_2 -.2042 -.2825 .1420 .0876 .1610 .3109
( 23) ( 23) ( 23) ( 23) ( 23) ( 23)
P= . 175 P= .096 P= .259 P= .346 P= .232 P= .074

- 4 4 9 -
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22. Correlations: RTLE Group- Cell Counts and post-operative change (pre-op - post
op) neuropsychological test scores (Coefficient / (Cases) / 1-tailed Significance)

Test NCCAl NCCA4 GCCAl GCCA4 RATCAIRATC/^

CHL1ST15 -.0030 .4253 .2499 -.0787 .2182 -.4559
( 19) ( 19) ( 19) ( 19) ( 19) ( 19)
P= .495 P= .035 P= . 151 P- .374 P- .185 P- .025

CHL1STA6 .4621 -.0707 -.5024 -.1819 -.6333 -.1054
( 19) ( 19) ( 19) ( 19) ( 19) ( 19)
P= .023 P= .387 P= .014 P- .228 P -  .002 P- .334

ClIGSTORI -.0730 -.0483 -.0048 .1645 -.0493 .2047
( 19) ( 19) ( 19) ( 19) ( 19) ( 19)
P= .383 P= .422 P- .492 P= .250 P= .421 P= .200

CHGSTORD .0064 .1049 -.0684 .0092 -.0998 .0590
( 19) ( 19) ( 19) ( 19) ( 19) ( 19)
P= .490 P= .335 P- .390 P= .485 P= .342 P= .405

CHGSTORP .0153 .3471 .0023 -.2098 .0024 -.2554
( 19) ( 19) ( 19) ( 19) ( 19) ( 19)
P= .475 P= .073 P= .496 P- .194 P= .496 P= .146

CHGDES15 -.1978 .0747 .2664 -.1781 .1842 -.5005
( 15) ( 15) ( 15) ( 15) ( 15) ( 15)
P= .240 P- .396 P= . 169 P= .263 P= .256 P- .029

CHGDESAG -.3263 .0919 .4451 .2053 .2983 -.2290
( 15) ( 15) ( 15) ( 15) ( 15) ( 15)
P= . 118 P= .372 P= .048 P= .231 P= .140 P= .206

CHGFIGIM -.3695 .1490 .1514 .1920 .3524 .1936
( 18) ( 18) ( 18) ( 18) ( 18) ( 18)
P= .066 P= .278 P= .274 P= .223 P= .076 P= .221

CHGFIGDL -.2767 -.0653 .0693 .0297 .1817 .0599
( 18) ( 18) ( 18) ( 18) ( 18) ( 18)
P=.133 P= .398 P= .392 P= .453 P= .235 P= .407

CHGFIGP -.0110 -.2416 .0496 -.0890 .0005 .0643
( 18) ( 18) ( 18) ( 18) ( 18) ( 18)
P= .483 P= .167 P= .423 P= .363 P= .499 P= .400

-450-
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23. Correlations: LTLE Group- Cell Counts and post-operative change (pre-op - post
op) neuropsychological test . sxy>>/t .v  (Coefficient / (Cases) / 1-tailed Significance)

Test NCCAl NCCA4 GCCAl GCCA4 RATCA1RATCA4

CHLIST15 .3946 .2044 -.4520 -.1317 -.3741 .0052
( 21) ( 21) ( 21) ( 21) ( 21) ( 21)
P= .038 P= .187 P= .020 P= .285 P= .047 P= .491

CHL1STA6 .2775 .1441 -.0548 .1073 -.2420 .0584
( 20) ( 20) ( 20) ( 20) ( 20) ( 20)
P= . 118 P= .272 P= .409 P= .326 P- .152 P= .403

CHGSTORl .5299 .2309 -.5028 -.1474 -.3884 .0289
( 22) ( 22) ( 22) ( 22) ( 22) ( 22)
P= .006 P= .151 P= .009 P= .256 P= .037 P= .449

CHGSTORD .5230 .2491 -.4676 -.1687 -.3768 -.0037
( 22) ( 22) ( 22) ( 22) ( 22) ( 22)
P= .006 P= .132 P= .014 P= .226 P= .042 P- .494

CHGSTORP .1094 -.0473 -.0139 -.0883 -.0515 .1885
( 22) ( 22) ( 22) ( 22) ( 22) ( 22)
P- .314 P= .417 P- .476 P= .348 P= .410 P- .200

CHGDES15 .0038 -.1587 .1779 .2661 .1083 .2524
( 20) ( 20) ( 20) ( 20) ( 20) ( 20)
P= .494 P= .252 P= .226 P= .128 P= .325 P= .142

CHGDESAG -.5058 -.4874 .3199 .1055 .3964 .2652
( 20) ( 20) ( 20) ( 20) ( 20) ( 20)
P= .01 1 P- .015 P= .085 P= .329 P= .042 P= .129

CHGFIGIM .0582 -.2648 -.1845 -.0786 -.1033 .3171
( 20) ( 20) ( 20) ( 20) ( 20) ( 20)
P= .404 P= .130 P= .218 P= .371 P= .332 P= .087

CHGFIGDL .4319 .1674 -.3163 -.1271 -.1390 .0413
( 20) ( 20) ( 20) ( 20) ( 20) ( 20)
P= .029 P- .240 P= .087 P= .297 P= .279 P= .43 1

CHGFIGP .2971 .3894 -.1851 -.1326 -.1506 -.3917
( 20) ( 20) ( 20) ( 20) ( 20) ( 20)
P= .102 P= .045 P= .217 P= .289 P= .263 P= .044
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Study 5 : Prediction o f  postoperative memory decline in temporal lobectomy: A 
multivariate approach. Summary statistics.

1. List Learning

* * ANALYSIS OF VARIANCE - -  DESIGN 1 * *

T e s t s  o f  B e t w e e n - S u b ] e c t s  E f f e c t s .

T e s t s  o f  S i g n i f i c a n c e  f o r  T1 u s i n g UNIQUE sums  o f s q u a r e s
S o u r c e  o f  V a r i a t i o n  SS DF MS F S i g  o f  F

WITHIN CELLS 8 6 5 3 . 7 1 68 1 2 7 . 2 6
CONSTANT 2 6 6 3 7 9 . 6 9 1 2 6 6 3 7 9 . 6 9 2 0 9 3 . 1 9 . 000
OPLAT 4 5 6 . 6 9 1 4 5 6 . 6 9 3 . 5 9 . 0 6 2
WITHIN CELLS 2 4 7 0 . 1 9 68 3 6 . 3 3
PREPOST 1 9 1 . 5 5 1 1 9 1 . 5 5 5 . 2 7 . 0 2 5
OPLAT BY PREPOST 2 4 1 . 6 9 1 2 4 1 . 6 9 6.  65 . 0 1 2

2. List Learning (recall)

* * ANALYSIS OF VARIANCE - -  DESIGN 1 * *

T e s t s  o f  B e t w e e n - S u b ] e c t s E f f e c t s .

T e s t s  o f  S i g n i f i c a n c e  f o r  T1 u s i n g UNIQUE sums o f s q u a r e s
S o u r c e  o f  V a r i a t i o n SS DF MS F S i g  o f  F

WITHIN CELLS 7 8 2 . 5 6 67 11 .  68
CONSTANT 9 8 4 3 . 7 5 1 9 8 4 3 . 7 5 8 4 2 . 7 8 . 0 0 0
OPLAT 1 1 0 . 0 1 1 1 1 0 . 0 1 9 . 42 . 0 0 3
WITHIN CELLS 2 5 9 . 6 7 67 3.  88
PREPOST . 74 1 .74 . 1 9 . 663
OPLAT BY PREPOST 5.  61 1 5 .  61 1 . 4 5 . 2 3 3

3. Story (immediate recall)

* * ANALYSIS OF VARIANCE - -  DESIGN 1 * *

T e s t s  o f  B e t w e e n - S u b ] e c t s  E f f e c t s .

T e s t s  o f  S i g n i f i c a n c e f o r  T1 u s i n g UNIQUE sums  o f s q u a r e s
S o u r c e  o f  V a r i a t i o n SS DF MS F S i g  o f  F

WITHIN CELLS 1 0 2 1 3 . 4 6 67 1 5 2 . 4 4
CONSTANT 5 4 8 4 5 . 4 3 1 5 4 8 4 5 . 4 3 3 5 9 . 7 8 . 000
OPLAT 1 8 7 . 1 6 1 1 8 7 . 1 6 1 . 2 3 . 2 7 2
WITHIN CELLS 3 1 8 9 . 8 9 67 47 . 61
PREPOST 4 1 1 . 6 1 1 4 1 1 . 6 1 8.  65 . 0 0 4
OPLAT BY PREPOST 4 . 5 9 1 4 . 5 9 . 10 . 7 5 7

- 4 5 2 -
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4. Story (delayed recall).

* * ANALYSIS OF VARIANCE - -  DESIGN 1 *

T e s t s  o f  B e t w e e n - S u b ] e c t s  E f f e c t s .

T e s t s  o f  S i g n i f i c a n c e f o r  T1 u s i n g UNIQUE sums o f s q u a r e s
S o u r c e  o f  V a r i a t i o n SS DF MS F S i g  o f  F

WITHIN CELLS 1 1 6 1 0 . 2 4 67 1 7 3 . 2 9
CONSTANT 3 8 7 7 7 . 8 6 1 3 8 7 7 7 . 8 6 2 2 3 . 7 8 . 000
OPLAT 3 1 5 . 9 7 1 3 1 5 . 9 7 1 . 8 2 . 181
WITHIN CELLS 4 0 8 2 . 8 2 67 60 .  94
PREPOST 2 1 4 . 4 9 1 2 1 4 . 4 9 3 . 5 2 . 065
OPLAT BY PREPOST . 78 1 .7 8 . 01 . 910

5. Story (% retained)

* * ANALYSIS OF VARIANCE - -  DESIGN 1 *

T e s t s  o f  B e t w e e n - S u b ] e c t s  E f f e c t s .

T e s t s  o f  S i g n i f i c a n c e f o r  T l  u s i n g UNIQUE s urns o f s q u a r e s
S o u r c e  o f  V a r i a t i o n SS DF MS F S i g  o f  F

WITHIN CELLS 5 4 3 2 9 . 6 5 67 8 1 0 . 8 9
CONSTANT 8 1 6 7 8 6 . 4 5 1 8 1 6 7 8 6 . 4 5 1 0 0 7 . 2 7 . 000
OPLAT 2 7 5 3 . 7 5 1 2 7 5 3 . 7 5 3 . 4 0 . 070
WITHIN CELLS 3 5 4 7 7 . 3 0 67 5 2 9 . 5 1
PREPOST 1.  32 1 1 . 32 . 00 . 960
OPLAT BY PREPOST 1 9 2 7 . 1 8 1 1 9 2 7 . 1 8 3 .  64 . 061

6. Design Learning

* * ANALYSIS OF VARIANCE - -  DESIGN 1 * *

T e s t s  o f  B e t w e e n - S u b ] e c t s  E f f e c t s .

T e s t s  o f  S i g n i f i c a n c e f o r  T l  u s i n g UNIQUE sums  o f s q u a r e s
S o u r c e  o f  V a r i a t i o n SS DF MS F S i g  o f  F

WITHIN CELLS 5 2 2 2 . 0 6 55 9 4 . 9 5
CONSTANT 1 1 5 8 6 4 . 2 2 1 1 1 5 8 6 4 . 2 2 1 2 2 0 . 3 1 .0 0 0
OPLAT 8 4 4 . 3 6 1 8 4 4 . 3 6 8 . 89 . 004
WITHIN CELLS 1 7 3 1 . 3 0 55 3 1 . 4 8
PREPOST 5 . 1 9 1 5 . 1 9 . 16 . 686
OPLAT BY PREPOST 8 . 7 7 1 8 . 7 7 . 28 . 600
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* * ANALYSIS OF VARIANCE —  DESIGN 1 * *

T e s t s  o f  B e t w e e n - S u b ] e c t s E f f e c t s .

T e s t s  o f  S i g n i f i c a n c e  f o r T l  u s i n g UNIQUE sums o f s q u a r e s
S o u r c e  o f  V a r i a t i o n SS DF MS F S i g  o f  F

WITHIN CELLS 4 8 1 . 0 0 55 8 . 7 5
CONSTANT 4 9 8 0 . 3 4 1 4 9 8 0 . 3 4 5 6 9 . 4 8 . 0 0 0
OPLAT 14 . 7 6 1 14 . 7 6 1 .  69 . 1 9 9
WITHIN CELLS 1 7 4 . 9 8 55 3 . 1 8
PREPOST 2 . 1 8 1 2 . 1 8 . 69 . 4 1 1
OPLAT BY PREPOST 3 . 7 6 1 3 . 7 6 1.  18 . 2 8 2

8. Complex Figure (immediate recall)

* * ANALYSIS OF VARIANCE - -  DESIGN 1 * *

T e s t s  o f  B e t w e e n - S u b ] e c t s  E f f e c t s .

T e s t s  o f  S i g n i f i c a n c e f o r  T l  u s i n g UNIQUE sums  o f s q u a r e s
S o u r c e  o f  V a r i a t i o n SS DF MS F S i g  o f  F

WITHIN CELLS 3 0 9 8 1 . 8 6 63 4 9 1 . 7 8
CONSTANT 6 6 6 9 6 8 . 2 4 1 6 6 6 9 6 8 . 2 4 1 3 5 6 . 2 4 . 000
OPLAT 1 0 1 7 . 1 0 1 1 0 1 7 . 1 0 2 . 07 . 155
WITHIN CELLS 5 1 8 6 . 3 5 63 8 2 . 3 2
PREPOST 2 . 6 2 1 2 . 6 2 . 03 . 859
OPLAT BY PREPOST 3 6 .  53 1 3 6 . 5 3 . 4 4 . 5 0 8

9. Complex Figure (delayed recall).

* * ANALYSIS OF VARIANCE - -  DESIGN 1 * *

T e s t s  o f  B e t w e e n - S u b ] e c t s  E f f e c t s .

T e s t s  o f  S i g n i f i c a n c e f o r  T l  u s i n g UNIQUE sums  o f s q u a r e s
S o u r c e  o f  V a r i a t i o n SS DF MS F S i g  o f  F

WITHIN CELLS 3 9 9 8 3 . 5 4 63 6 3 4 . 6 6
CONSTANT 6 2 1 6 1 6 . 9 6 1 6 2 1 6 1 6 . 9 6 9 7 9 . 4 5 . 000
OPLAT 1 4 2 2 . 4 3 1 1 4 2 2 . 4 3 2 . 2 4 . 139
WITHIN CELLS 9 2 0 7 . 3 9 63 1 4 6 . 1 5
PREPOST 41 . 53 1 41 .  53 . 2 8 . 5 9 6
OPLAT BY PREPOST 9.  10 1 9 . 1 0 . 0 6 . 8 0 4
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10. Complex Figure (% retained).

* * ANALYSIS OF VARIANCE - -  DESIGN 1 *

T e s t s  o f  B e t w e e n - S u b ] e c t s  E f f e c t s .

T e s t s  o f  S i g n i f i c a n c e  f o r  T l  u s i n g UNIQUE sums o f s q u a r e s
S o u r c e  o f  V a r i a t i o n  SS DF MS F S i g  o f  F

WITHIN CELLS 4 1 3 1 3 . 9 5 63 6 5 5 . 7 8
CONSTANT 1 1 7 0 4 9 5 . 6 2 1 1 1 7 0 4 9 5 . 6 1 7 8 4 . 9 0 . 0 0 0
OPLAT 1 0 8 6 . 0 2 1 1 0 8 6 . 0 2 1.  66 . 2 0 3
WITHIN CELLS 3 0 9 4 4 . 0 8 63 4 9 1 . 1 8
PREPOST 2 7 . 0 3 1 27 . 03 . 0 6 . 8 1 5
OPLAT BY PREPOST 2 2 3 . 9 5 1 2 2 3 . 9 5 . 4 6 . 502
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11. Pattern of decline across the AMIPB indices for each individual case. 

Test No:

1 List Learning (trials 1-5) 6 Design Learning (trials 1-5)
2 List Recall 7 Design Recall
3 Story Recall (immediate) 8 Figure Recall (immediate)
4 Story Recall (delayed) 9 Figure Recall (delayed)
5 Story % Retained 10 Figure % Retained

0 = No decline
1 = Decline
- = Missing data

Test No 10

Case No.
Case No. 2
Case No. 3
Case No. 4
Case No. 5
Case No. 6
Case No. 7
Case No. 8
Case No. 9
Case No. 10
Case No. 11
Case No. 12
Case No. 13
Case No. 14
Case No. 15
Case No. 16
Case No. 17
Case No. 18
Case No. 19
Case No. 20
Case No. 21
Case No. 22
Case No. 23
Case No. 24
Case No. 25
Case No. 26
Case No. 27
Case No. 28
Case No. 29
Case No. 30 
Case No. 3 1 
Case No. 32 
Case No. 33 
Case No. 34 
Case No. 35 
Case No. 36 
Case No. 37
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Case No. 38 
Case No. 39 
Case No. 40
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Case No. 41
Case No. 42
Case No. 43
Case No. 44
Case No. 45
Case No. 46
Case No. 47
Case No. 48
Case No. 49
Case No. 50
Case No. 51
Case No. 52
Case No. 53
Case No. 54
Case No. 55
Case No. 56
Case No. 57
Case No. 58
Case No. 59
Case No. 60
Case No. 61
Case No. 62
Case No. 63
Case No. 64
Case No. 65
Case No. 66
Case No. 67
Case No. 68 
Case No. 69 
Case No. 70

-457-



Appendix 10

A p p e n d ix  10

Installing the Memory Program

1. Use File manager to create a new directory ’Memory' on the hard disk drive (C:\).

Cunent Diiecloiy: C;\ OK̂

Cancel

Help

2. Copy a:\*.* to c:\memory and exit file manager.

3. In the windows program manager select File:new:group. Under description type 

'Memory program'.

“New 
<§) iRiogia i  Group! 

O  ProgtaM Item

' a w #

Cancel j

He#,

De$cfiption: 

Hfoup Fie:

Memoiy Piogrc OK

Cancel

He»,

4. Select File again. This time select new item.

“ New
O  Progiam Group 

#  Program Item!

I -M I
Cmcel

He»,
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5. For description type 'Memory Program'. For command line type 

'c:\memory\memory.exe'.

:: fie*cfiplion: 
Command Line; 

Wofking Dkecloqr 

Shortcul Kef;

Memoif Piogrc OK

c:\memoif\memoif.exe Cancel

None gmmme

Gi Bun Minimized Changilcon..

6. The hippocampus icon will automatically appear and the program is ready to run. 

File Options Wndow Help

Startup

s ± é û ± é û i é « t a « t a « t a
A ft9 . ÂZ9. aîft

Apps Accessories LANej^ess Main Microsoft
Office

Reflection PERSONAL


