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ABSTRACT: A retrospective study of 383 patients who had undergone either left or right anterior temporal lobectomy 
(varying with respect to the amount of hippocampus excised) revealed that there were no significant differences in sur
gical outcome between those patients having a large and those patients having a small hippocampal removal. Although 
left temporal-lobe excisions were significantly smaller than right temporal-lobe excisions, both medially and laterally, 
patients with left temporal-lobe removals had an overall better surgical outcome. Patients in the successful surgical-
outcome group did better than the unsuccessful surgical-outcome group on a variety of cognitive measures, including 
tests of intelligence, delayed verbal memory, and verbal fluency. The results suggest that, for many patients with medi
cally intractable epilepsy, an anterior temporal lobectomy including the amygdala may suffice to reduce their seizure 
frequency. 

RESUME: Chirurgie temporale dans l'epilepsie: les variables neuropsychologiques en relation avec l'issue 
chirurgicale. Une 6tude retrospective r6alis6e sur 383 patients ayant subi une lobectomie temporale droite ou gauche 
(variant dans l'6tendue de l'excision de l'hippocampe) a montrg qu'il n'y avait pas de difference significative entre 
Tissue chirurgicale chez les patients porteurs d'une petite ou une grande resection de l'hippocampe. Bien que les exci
sions laterales et/ou m6dianes du lobe temporal gauche soient significativement plus petites que celles du lobe tempo
ral droit, les patients qui ont subi une lobectomie temporale gauche ont, en general, obtenu de meilleurs rdsultats 
chirurgicaux. Le groupe de patients ayant un bon succes chirurgical a d6montre un meilleur rendement sur une vari&e' 
de mesures cognitives, y compris les tests d'intelligence, de memoire verbale apres d61ai et de fluence verbale, que le 
groupe des patient ayant une reussite chirurgicale moins grande. Les r6sultats suggerent qu'une resection de la partie 
anteYieure du lobe temporal, incluant I'amygdale, semble etre suffisante pour reduire la frequence des crises chez de 
nombreux patients qui pr6sentent une 6pilepsie rebelle a une therapeutique m6dicale. 
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Unilateral temporal-lobe surgery for epilepsy has a long 
record at the Montreal Neurological Hospital (MNH) and, 
thanks to Penfield's pioneering work,1 many more centres 
around the world are now providing this option for patients with 
medically intractable epilepsy. The surgical procedure as prac
tised in different institutions varies greatly, and ranges from 
small anterior temporal neocorticectomies2 to radical temporal-
lobe removals that include the amygdala and the bulk of the hip
pocampus.3 A striking feature of these procedures is that the 
success rate, in terms of seizure outcome, is remarkably similar 
from institution to institution, irrespective of the particular pro
cedure employed.4"7 The surgical series of Drs. Theodore 
Rasmussen and William Feindel constitutes an ideal population 
in which to study the effects of the medial extent of removal on 
seizure outcome, as well as providing an opportunity to examine 
the effects of successful versus unsuccessful surgical outcome 
on cognitive function. 

SUBJECTS 

Three hundred and eighty-three patients who had undergone 
a unilateral cortical excision at the MNH, either on Dr. 
Rasmussen's service or on Dr. Feindel's service, between the 
years 1961 and 1980 made up the initial sample. Patients who 
had had preoperative independent electrographic abnormality 
arising from both hemispheres, or who had tumours or diffuse 
cerebral damage, were not included. Those patients who had 
had a second surgical procedure were also not considered. The 
operations were carried out for the relief of focal cerebral 
seizures, and in most instances the epileptogenic lesion dated 
from birth or early life, and was static in nature. 

Only patients between the ages of 16 and 60 with Full-Scale 
Wechsler IQ's above 75 were included in the analyses. Sixty 
subjects were excluded because of incomplete psychological 
test profiles, and of the remaining 278 patients, 166 had pre-
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operative, postoperative and follow-up neuropsychological eval
uations. 

The 278 subjects were subdivided, according to Rasmussen's 
and Feindel's classification system (this supplement), into three 
hippocampal groups: 1) hippocampus spared or only a few mil
limetres of the pes excised (n = 86); 2) pes hippocampus excised 
plus a few millimetres of the body (n = 131); and 3) pes plus at 
least half of the body excised (n = 61). A preliminary analysis 
(see Table 1) was undertaken in order to determine if there was 
a relationship between size of hippocampal removal and surgi
cal outcome (0 = seizure free; 1 = a few attacks during the early 
postoperative months or years; 2 = recurrence of one or more 
attacks after a seizure free period of three years; 3 = no more 
than 2 attacks per year over the follow-up period; 4 = a lesser 
reduction in seizure tendency). As shown in Table 1, a Chi-
square test revealed no statistically significant differences with 
respect to surgical outcome and the extent of hippocampal exci
sion. This fact is also made clear in the Rasmussen and Feindel 
reports. 

For the analyses of the cognitive data, 20 patients known to 
have right-sided, or bilateral, speech representation (as demon
strated by preoperative intracarotid Amytal tests8) were elimi
nated, leaving a sample of 258 subjects who had had either the 
left or the right anterior temporal neocortex, amygdala, and 
varying amounts of the hippocampus excised. These subjects 
were then subdivided on the basis of side and of extent of 
removal from the hippocampus and/or the parahippocampal 
gyrus. The size of the hippocampal removal was considered 
important because the kind and extent of memory deficits 
observed after anterior temporal lobectomy can be exacerbated 
by9"" or contingent upon the inclusion of the hippocampus in 
the removal.12"14 Subjects were assigned to four groups: two left 
temporal, one (LTh, n = 88) with small and one (LTH, n = 42) 
with large removals from the hippocampal region, and two right 
temporal-lobe groups, one (RTh, n = 65) with small and one 
(RTH, n = 63) with large hippocampal excisions. The hippocam
pal removals were classified as small or large on the basis of the 
surgeon's drawing and report at the time of operation. The 
removal was considered to be small if no encroachment was 
made upon the hippocampus or if no more than the pes (1.5 cm) 
of the hippocampus was excised; the hippocampal removals 
were classified as large if the excision encroached further upon 
the body of the hippocampus or the parahippocampal gyrus. 
Table 2 shows the number of patients in each of the temporal-

Table 1: Seizure Outcome as Related to Extent of Hippocampal 
Removal 

Hippocampal Removal 0 
Seizure Outcome 

1 2 3 

Hippocampus spared or 
only mm of the Pes 

Pes plus mm of body 

Pes plus at least half 
of body 

19 
22% 

36 
27% 

15 
25% 

18 
21% 

20 
15% 

7 
11% 

17 
20% 

17 
13% 

14 
23% 

18 
14% 

25 
29% 

40 
31% 

20 
33% 

lobe groups, the mean age at operation, and the mean number of 
years of education. 

Neuropsychological Measures Employed 

For the analyses of the neuropsychological data, only those 
tests that had been administered since the beginning of the pre
sent series (1961-1980) were included. Most subjects completed 
the following tests: Wechsler-Bellevue Intelligence Scale; 
Wechsler Memory Scale, including immediate and delayed 
recall measures; Wisconsin Card Sorting; Chicago Word 
Fluency; Chapman-Cook Speed of Reading; Copy and Delayed 
recall or the Rey-Osterreith Complex Figure; Wingfield Object 
Naming. 

RESULTS 

The mean extent of the removal along the Sylvian fissure and 
along the base is shown in Table 3 (the discrepancy between the 
population numbers in Tables 2 and 3 is present because mea
surements were not available for all patients). We note that the 
lateral extent of the removals for both the Sylvian fissure and 
the base are almost 1 cm smaller on the left, and this difference 

Table 2: Main Subject Groups 

Group 

Age (years) 
at operation 

Mean Range 

Education 
(years) 
Mean 

Left Temporal 
— small hippocampal 88 31.8 17-45 11 

removal 
Left Temporal 
— large hippocampal 42 32.4 21-45 11 

removal 
Right Temporal 
— small hippocampal 65 27.7 17-45 11 

removal 
Right Temporal 
— large hippocampal 63 28.6 17-37 11 

removal 

N = 258 

Table 3: 

Group 

Men = 145, Women =113. 

Lateral Extent of Temporal-Lobe Excisions 

Sylvian 

N Mean 

Fissure 

sd 

Base 

Mean sd 

X2 = 7.72,df=8, p=.46. 

Left Temporal 
— small hippocampal 62 

removal 
Left Temporal 
— large hippocampal 32 

removal 
Right Temporal 
— small hippocampal 45 

removal 
Right Temporal 
— large hippocampal 49 

removal 

5.0 0.7 5.4 1.0 

4.9 0.6 5.7 1.1 

5.7 0.7 6.3 0.9 

6.0 1.2 6.4 1. 
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is highly significant (F = 44.16, df = 1, 184, p < .001). In addi
tion, significantly fewer large hippocampal removals were per
formed on the left than on the right (see Table 4) and it is there
fore surprising, that left temporal lobectomy is associated with a 
small but significantly better chance of being in the success 
group (see Table 5). It is possible that a bias exists in the selec
tion of patients for left temporal-lobe surgery, in that surgeons 
may prefer that these patients have preoperative medical profiles 
that are consistent with well lateralized and localized lesions, 
because they are operating on the dominant hemisphere. 

Analyses of Neuropsychological Measures 

Each of the neuropsychological variables was examined in 
the context of a 4-way analysis of variance (Side of Surgery x 
Time of Testing x Size of Hippocampal Removal x Surgical 
Outcome). The Surgical-Outcome factor combined groups 1, 2, 
and 3 into a success group (n = 166), and group 4 was labelled 
as an unsuccessful group (n = 46). For the analyses, only those 
patients who had had a follow-up neuropsychological examina
tion were included and thus the populations are smaller than for 
surgical outcome. The extent of removal from the hippocampus 
did not have an effect on any of the cognitive measures exam
ined. It is noted that tests designed to be sensitive to hippocampal 
function were developed only after this series was begun.12-'4 

Wechsler Full-Scale IQ A two-way interaction was found 
for Full-Scale IQ between time of testing and side of surgery (F 
= 6.18, df = 2, 324, p < .002), and between surgical outcome 
and time of testing (f = 6.04, df = 2, 324). Examination of these 
interactions revealed that preoperatively there were no differ
ences between the left and right temporal-lobe groups, whereas 
post-operatively the LT group showed a significant decrease 
compared to the RT group (see Table 6). In follow-up testing, 
both groups improved, but the differences between the LT and 
RT groups was again significant. From the standpoint of surgi
cal outcome (collapsed across side of surgery and size of hip-

Table 4: Size of Hippocampal Removal as Related to Side of 
Surgery 

Side of Surgery 
Hippocampal removal 

Small Large 

Left temporal 
(n= 130) 

Right temporal 
(n= 128) 

88 
68% 

65 
51% 

42 
32% 

63 
49% 

X2 = 6.95,df=l,p<.01. 

Table 5: Seizure Outcome as Related to Side of Surgery 

Side of Surgery 
Outcome 

Successful Unsuccessful 

Left temporal 

Right temporal 

130 

128 

98 
75% 

82 

64% 

32 
25% 

46 
36% 

pocampal removal), there were no significant differences in IQ 
preoperatively between the successful and the unsuccessful 
groups. Post-operatively, both groups showed a slight drop; 
however, in follow-up testing the patients in the successful-out
come group demonstrated a significant increase in mean IQ, 
which rose to 111, whereas the unsuccessful group returned only 
to their preoperative level (F = 5.43, df = 2, 324, p < .005). 

Wechsler Verbal IQ The results for Verbal IQ were remark
ably similar to those for Full Scale IQ, in that once again there 
was a two-way interaction between side of surgery and time of 
testing (F = 10.27, df = 2, 324, p < .001) and between surgical 
outcome and time of testing (F = 3.31, df = 2, 324, p < .04). The 
RT group showed little change from preoperative to post-opera
tive testing, although they demonstrated a significant improve
ment in follow-up (see Table 6). The. LT group showed a sharp 
decrease post-operatively and returned just to their preoperative 
level in follow-up. Again the difference between the RT and LT 
groups in follow-up testing was significant. When the results 
were collapsed across group and looked at in terms of surgical 
outcome, the patients in the successful and the unsuccessful 
groups both dropped slightly post-operatively but the successful 
group showed a significant rise in follow-up testing. 

Wechsler Performance IQ For Performance IQ there was no 
interaction between side of surgery and time of testing; howev
er, the interaction between surgical outcome and time of testing 
was significant (F = 5.50, df = 2, 324, p < .004). Figure 1 illus
trates this interaction, and the most salient effect is the increase 
in Performance IQ shown by the successful outcome group in 
follow-up testing. 

Delayed verbal-memory index Analysis of delayed verbal-
memory ability (a score composed of the mean of the delayed 
recall of the two Wechsler Memory prose passages plus the total 
number of Wechsler paired associates recalled after one and a 
half hours10) yielded a three-way interaction between side of 
surgery, surgical outcome, and time of testing. Figure 2 
illustrates this interaction, and Tukey's post hoc tests'5 revealed 
that both LT groups had a significant loss post-operatively; how
ever, in follow-up testing the successful LT group obtained sig
nificantly better recall scores than the unsuccessful LT group. 
As expected, neither of the RT groups showed a deleterious 
effect of the surgical procedure on this measure.9'"'16'17 

Chicago word fluency test This test requires subjects to pro
duce as many words as they can beginning with the letter S in 

Table 6: Mean Wechsler Intelligence Ratings 

Intelligence Quotient 
Side of Surgery Full-Scale Verbal Performance 

X2 = 3.92,df= l,p<.05. 

Left temporal 
pre-op 
post-op 
follow-up 

Right temporal 
pre-op 
post-op 
follow-up 

105 
98 

108 

105 
102 
111 

105 
95 

105 

106 
105 
110 

105 
101 
111 

103 
98 

110 
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five minutes and as many four-letter words beginning with the 
letter C in four minutes. A three way interaction was found on 
the C-words between side of surgery, surgical outcome, and 
time of testing (F = 3.02, df = 2, 320, p < .05), and this is illus
trated in Figure 3. Preoperatively there were no significant 
group differences; postoperatively the LT groups were worse 
than the RT groups, and in follow-up testing the patients in the 
unsuccessful LT group remained low, whereas the mean score 
for the subjects in the successful group improved significantly. 

Other cognitive measures On the Wisconsin Card Sorting 
test there was no difference between the successful and the 
unsuccessful groups, and this was also true for the Chapman 
Cook speed of reading test, and for the Wingfield object naming 
test. 
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Figure 1 — Performance IQ. Two-way interaction between surgical 
outcome and time of testing showing the significant improvement 
demonstrated by the successful outcome group in follow-up testing, 
compared both to their preoperative level and to the unsuccessful 
outcome group. 

18 

16 

14 
CD 
O 12 
O 
w 10 
o 
c 8 
(0 
m 6 

4 

2 

0 

• =r 

q 

Pre-op 

M r - — 
s--

Post-op 

Time of Testing 

* RT successful outcome 

J> LT successful outcome 

^ - -oLT unsuccessful outcome 

Follow-up 

Figure 2 — Delayed verbal memory index. Three-way interaction 
between side of surgery, surgical outcome and time of testing. The 
patients in the left temporal-lobe groups show a significant loss 
postoperatively, however, subjects in the LT successful outcome 
group are significantly better in follow-up testing than the LT 
unsuccessful outcome group. 

DISCUSSION 

The statistical analyses confirm the main theme of the reports 
made by Drs. Rasmussen and Feindel (this supplement) in that 
there was no suggestion of a difference between the groups in 
surgical outcome as related to the extent of the encroachment 
upon the medial temporal region. The results also make clear 
that there were no significant effects brought about by size of 
lateral removal on surgical outcome. Some evidence indicating 
that smaller removals led to better surgical outcome was sug
gested by the finding that there were significantly more small 
removals on the left and an increased chance of being in the suc
cess group. A possible explanation for this finding may be that 
surgeons have slightly different criteria for selecting candidates 
for dominant hemisphere excisions, such that the lesions are 
more clearly focal. 

Controversy exists as to whether seizure abolition or reduc
tion of seizure frequency actually translates into changes in the 
patient's quality of life.6 The present study makes clear that 
patients who have successful surgical outcome, in terms of 
seizure reduction, perform significantly better, on a range of 
cognitive tests, than those patients who receive no benefit.18"20 

In general, there are significant improvements in intelligence 
ratings and, although verbal memory losses are still present after 
left temporal lobectomy, it is nonetheless true that those patients 
who have successful surgery do significantly better, even on 
memory tests, than do those subjects in whom the seizures were 
not relieved. It is possible that some of the cognitive benefit 
observed in the successful group might be related to practice 
effects of repeated tests; however, both the successful group and 
the unsuccessful group performed the same tests. Alternatively, 
it could be suggested that the patients in the unsuccessful group 
are not improved cognitively because they are still on anti-
epileptic medication; however, many of the patients in the suc
cessful group are also taking medication and furthermore there 
are many tests on which there were no differences between the 
groups. 

Finally it should be emphasized that there is persuasive evi
dence that extensive removal of the hippocampal formation (in 
addition to an anterior temporal-lobe excision) on the left or on 
the right can result in severe material-specific memory 
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Figure 3 — Chicago Word Fluency (C-words). Three-way interaction 
between side of surgery, surgical outcome and time of testing. In 
follow-up testing the LT successful outcome group shows significant 
improvement whereas the LT unsuccessful outcome group remains 
at preoperative testing level. 

596 

https://doi.org/10.1017/S0317167100032777 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100032777


LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES 

deficits.1 2-'4-2 1-2 2 Therefore, given that in the present series 
small hippocampal removals were as effective as large removals 
in reducing seizure frequency, encroachment upon the hip
pocampus should be kept to a minimum, unless there is preoper
ative evidence that the structure is non-functioning. 
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