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ABSTRACT

Introduction: Recent studies showed that hippocampal sclerosis (HS)
patients with unilateral involvement had more diffuse cognitive impairment
than expected. Therefore, we aimed to compare the cognitive profiles of
bilateral HS (BHS) patients with unilateral HS (UHS) patients.

Methods: Consecutive patients, diagnosed with epilepsy, who fulfilled two
major magnetic resonance imaging (MRI) criteria (T| atrophy and T2-
FLAIR hyperintensity) for HS were included. Standard neuro-psychological
test (NPT) battery consisted of the Turkish version of |5-word verbal
memory processes test, Wechsler memory scale visual reproduction
subtest, forward and backward digit span, phonemic and semantic fluency,
and Stroop test were applied; and the groups with right HS, left HS, and
bilateral HS were compared statistically.

Results: Ninety-one patients, completing the NPT (34 males, 57
females)-16 with BHS, 36 with right HS, and 39 with left HS-were
included. Six out of 43 operated patients had BHS. There were no
significant differences in education and handedness of the groups. Even

oz
Amag: Son yillardaki calismalar unilateral hipokampal sklerozlu (HS)
hastalarda kognitif tutulumun bilindiginden daha yaygin oldugunu goster-

mektedir. Amacimiz bilateral hipokampal sklerozlu hastalarla unilateral
hipokampal sklerozlu hastalarin kognitif tutulumlarini karsilastirmaktir

Yontem: Klinik olarak epilepsi tanisi almis, MRG kriterlerine (T | 'de atrofi
ve T2-FLAIRde hiperintensite) uygun sekilde HS saptanmis ardisik has-
talar calismaya dahil edildi. S6zel bellek stiregleri testi, VWeschsler bellek
testinin alt testi olan gorsel bellek testi, ileri ve geri sayl menzili, fonemik
ve semantik akicilik ve Stroop testlerini igeren standart néropsikolojik
test (NPT) bataryasi uygulanmis olan sag HS, sol HS ve bilateral HS grup-
larinda sonuglar istatistiksel olarak karsilastirildi.

Bulgular: NPT'leri tamamlayabilen |6 bilateral HS, 36 sag HS ve 39
sol HS olmak Uzere toplam 91 hasta (34 erkek, 57 kadin) dahil edildi.
Ameliyat olmus 43 hastanin 6 ‘si bilateral HS'ydi. Gruplararasi el ter-
cihleri ve egitim durumlarinda istatistiksel farklilik yoktu. Bilateral gru-

though NPT performances of the BHS group were found to be poor
compared to UHS subgroups, this was beyond statistical significance.
Comparison of BHS with the right HS group showed a significant
difference in the learning score of the Verbal Memory Processes
Test, but recognition scores were found to be similar in all groups.
Compared to the BHS group, both right and left HS groups revealed
a significant difference in delayed recall score of the Verbal Memory
Processes Test. Although there were no significant differences in the
postoperative parameters of the BHS group, UHS subgroups had
deficits in many postoperative parameters.

Conclusion: Our study revealed that bilateral involvement of the
hippocampi was correlated with a poor cognitive performance. Retrieval
failure, rather than a total recall problem, in the memory of the patients
resembles a more diffuse involvement not only limited to limbic structures.

Keywords: Epilepsy, hippocampal sclerosis, bilateral hippocampal sclerosis,
cognition

bun NPT performanslari unilateral gruplara gére daha diistik olmasi-
na ragmen istatistiksel olarak anlamli degildi. Bilateral HS'li hastalarin
sag HS ile kiyaslanmasinda sézel bellek siiregleri 6grenme skorunda
istatistiksel olarak anlamli fark olmasina ragmen tanimada fark yoktu.
Sag ve sol HS grubunda bilateral HS ile kiyaslandiginda sézel bellek
stiregleri testlerinde gecikmeli geri gagirma skorlari anlamli olarak du-
stktl. Preoperatif ile postoperatif bulgular kiyaslandiginda bilateral
grupta istatistiksel anlamli fark yokken, unilateral grupta birgok alanda
bozulma dikkati ¢ekti.

Sonug: Calismamiz bilateral hipokampal etkilenmenin distik kognitif per-
formansla iliskili oldugunu géstermistir. Hatirlama probleminden gok geri
getirme eksikligi seklindeki kognitif tutulum limbik yapilarla sinirli kalma-
yan daha yaygin bir etkilenmeyi diistindirmstur:

Anahtar kelimeler: Epilepsi, hipokampal skleroz, bilateral hipokampal
skleroz, kognitif

INTRODUCTION

One of the most common syndromes causing of drug-resistant epilepsy is mesial temporal lobe epilepsy (MTLE) associated with memory
problems (1,2). MTLE is mostly characterized by typical pathological changes such as hippocampal sclerosis (HS), which has its well-known
MRI correlates and is mostly unilateral. However, there are some patients with bilateral involvement of hippocampi both neuroradiologically
and pathologically (3,4). The reasons for reluctant use of surgical therapy options in patients with bilateral HS (BHS) have not been fully
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explained. Mainly, one of the causes can be suggested as the fear of
severe postoperative memory deficits, besides poor seizure control (5).
Moreover, recent studies investigating cognitive involvement patterns of
patients with unilateral HS (UHS) indicated that the involvement was
more diffuse than previously thought and is not limited to the dominant
versus non-dominant hemispheric patterns (6). Furthermore, research
suggested that postoperative cognitive deficits of BHS were not that
worse in comparison to unilateral cases (7). However, their already poor
baseline performances, shown on neuropsychological tests (NPT), are still
at risk for severe postoperative memory decline even though they may
show significantly improved quality of life after epilepsy surgery (7,8).

There are no consecutive series investigating these interesting
neuropsychological associations in BHS versus UHS patients in the same
study design. We, therefore, aimed to investigate the differences of BHS
patients in comparison to the UHS patients in terms of neuropsychological
profiles and to compare their postoperative neuropsychological outcomes.

METHODS

Patients’ Selection

We investigated our database for epileptic patients with MTLE during
2000-2014 who fulfilled the MRI criteria (mentioned later) for BHS and
having at least one NPT in our epilepsy center. We included consecutive
UHS patients who had undergone the same NPT battery and seen in
our epilepsy center during 20132014 to ascertain their prognosis as
a control group. The Ethical Committee of Istanbul University, istanbul
School of Medicine, approved the study, and the patients were included
after their informed consent.

All MRI studies were performed with a [|.5-T scanner (Magnetom
Siemens Symphony; Erlangen, Germany) with thin coronal in addition to
sagittal and axial planes including TI- and T2-weighted images and fluid-
attenuated inversion recovery (FLAIR) images to visualize mesial temporal
regions optimally.

MRIs were re-investigated for the verification of HS diagnosis; presence
of atrophy and high signal changes on T2 and FLAIR series in any one or
more parts of the hippocampus were considered as the major criteria
necessary to establish the neuroradiological diagnosis of HS (9,10).
Patients with clear-cut UHS with suspicious findings of the other side
had undergone 3-T MRI, and were included into the BHS group after
confirmation of BHS (Figure I). All patients were grouped as right HS,
left HS, or BHS. Seizures and syndromes were diagnosed according to
the revised terminology, and concepts for organization of seizures and
epilepsies of the ILAE Commission on Classification and Terminology (I 1).

Neuropsychological Testing Battery

In the routine examination of the HS patients in our unit, the NPT is a
standard approach to evaluate the mental status of the patients. Therefore,
we obtained the neuropsychological evaluation results of each HS
patients from their patient files. Preoperative and first-year postoperative
neuropsychological evaluations were all reviewed and scores of the tests
were transferred to an Excel sheet. These tests were used several times
in our studies (12,13,14). Included tests functions, names, and parameters
are as follows:

- Verbal memory: A |5-word Turkish verbal learning memory test
(immediate recall, learning score, maximum learning score in 10 drills, 40-
min delayed recall test, followed by total recall) (I5).

- Visual memory: Wechsler Memory Scale (WMS) visual reproduction
subtest (immediate recall, 40-min delayed recall test, followed by total
recall) (16).
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- Simple and complex attention: Digit span (forwards and
backwards) (17).

- Complex attention: Phonemic and semantic fluency tests (animal
naming; words with letters of K, A, and S; and perseverations).

- Executive functions: Stroop test (spontaneous corrections of
commission errors, commission errors, and difference between time
spent for reading and for color naming) (18).

The patients who could not learn the |5-word drilled list with
appropriate motivation were excluded fromfurther neuropsychological
analysis. To exclude the possible negative impact of a recent seizure on
cognition, we did not test patients who reported having had a seizure
within the previous 24 h. Patients with active major depression and
other serious medical and psychiatric diseases were not enrolled for
the NPT.

Statistical Analyses

Descriptive statistics were applied, and right HS and left HS patients
were compared with BHS separately; chi-square test, Fisher's exact
test, and t test were used where appropriate. After applying Kruskal—
Wallis test for triple group comparisons (right HS, left HS, and BHS),
two groups’ comparisons were also accomplished with the Mann—
Whitney U test. Preoperative and postoperative tests’ performances
were also compared with Wilcoxon signed rank test in operated
patients. Statistical Package for the Social Sciences Version 21 (IBM
SPSS Statistics; New York, USA) was used, and the significance level
was set at p<0.05.

Figure . Bilateral hippocampal sclerosis with 3-T coronal MR imaging as demon-
strated by our criteria; bilateral atrophy in T [-weight and high-signal FLAIR images
bilaterally.
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Figure 2. Postoperative versus preoperative neuropsychological test compari-
sons (values derived by subtraction of postoperative mean ranks from preopera-
tive mean ranks, based on preoperative mean ranks for each statistically significant
value; positive values indicate better performance in percentages, and negative
values indicate worse performance after the operation in percentages).

VerlL: verbal immediate learning; VerDR: verbal 40-min delayed recall; VisIR: visual immediate
recall; VisDR: visual 40-min delayed recall; VisTR: visual total recall; AN: animal naming; A:
words beginning with the letter A; SCE: Stroop commission errors
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Table 1. Preoperative neuropsychological test results

Parameters, meantSD,
(min-max), n
Turkish version of Immediate learning
I'5-word verbal
memory process test Learning score
Maximum learning score
in 10 drills

40-min delayed recall
Total recall
Wechsler Memory Scale Immediate recall
visual reproduction subtest
40-min delayed
recall test
Total recall

Simple attention Digit span forward

Complex attention Digit span backward

Animal naming

Animal naming perseverations

Words beginning with the letter K

Words beginning with the letter
K perseverations

Words beginning with the letter A

Words beginning with the letter
A perseverations

Words beginning with the letter S

Words beginning with the letter
S perseverations
Stroop Test Spontaneous corrections of
commission errors

Commission errors

Difference between time spent
for reading and time spent

for color naming

Right HS (n:36) | Left HS (n:39)

6,00+ | .64
(3-8), 33
10591+23.14
(42-137), 33
13.06+2.27
(7-15), 33
9.88+3.90
(0-15), 33
1430+ 1.88
(8-15), 33
10424373
(3-14), 31
8.58+4.62
(0-14), 31
10.88+3.48
(3-14), 25
4444182
(3-8), 36
378+14l
(0-7),33
15334721
(5-27), 36
0.78+143
(0-6), 33
1138451 |
(3-25), 26
033+0.62
(0-2), 26
8.20+4.99
(1-18), 25
0.20£0.50
(0-2),25
9524529
(0-22), 25
0.08+0.28
(0-1),25
1.8343.72
(0-19), 30
377445
(0-22), 30
56.07+4534
(13-244), 30
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Level of significancy
(right versus BHS;

BHS (n:16) left versus BHS)
5.63£1.61 531+1.92 Ns; Ns
(2-9), 38 (2-9), 16
104.03£21.21 93.44£20.45 0.038*; Ns
(64-141), 38 (50-128), 16
12.76+2.06 12.06+2.21 Ns; Ns
(8-15),38 (7-15), 16
9.87+£3.08 781£276
(3-14), 38 (3-13), 16 0.041%;0.024*
14.58+0.98 14.69+0.60 Ns; Ns
(1-15),38 (13-15), 16
9494376 893+3.54 Ns; Ns
(2-14),37 (3-14), 15
8.3243.63 5.67+4.62 0.050%; 0.053*
(1-14),37 (0-14), 15
[1.39£2.58 9.18+£4.33 Ns; Ns
(5-14), 31 (3-14), I
474172 531+1.58 Ns; Ns
(4-8), 39 (3-8), 16
422+1.27 3.69+1.14 Ns; Ns
(2-7), 36 (2-6), 16
15.79+6.05 14.88+4.32 Ns; Ns
(6-27),39 (6-25), 16
0.92+1.51 0.94+1.18 Ns; Ns
(0-6), 38 (0-4), 16
9.09+6.16 8.46+3.07 Ns; Ns
(0-22), 33 (4-16), 13
0.34£0.70 0.08+0.28 Ns; Ns
(0-3),33 (0-1),13
697+5.38 6.92+3.82 Ns; Ns
(0-20), 31 (2-12), 12
0.40+0.80 0.50+0.80 Ns; Ns
(0-3), 31 0-2), 12
7.77£5.64 7.50+4.78 Ns; Ns
(1-22), 31 (2-16), 12
0.06+0.25 0.25+0.62 Ns; Ns
(0-1), 31 0-2), 12
1224282 1.38+2.76 Ns; Ns
(0-13),37 (0-10), 13
3.76£3.75 3.69+2.56 Ns; Ns
(0-16), 37 (0-8), 13
49.50+29.40 5531+25.65 Ns; Ns
(7-126), 36 (14-101), 13

Higher values indicate better test performance (except perseveration and Stroop test); SD: standard deviation; HS: hippocampal sclerosis; BHS: bilateral hippocampal

sclerosis; Ns: not significant *with Mann—Whitney U test
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Table 2. Postoperative neuropsychological test results

Parameters, meantSD, (min-max), n Right HS (n=17) Left HS (n=20) BHS (n=6)
Turkish version of Immediate learning 6.59+1.50 5.00+2.05* 5.50+242
I 5-word verbal memory (4-9), 17 0-8), 19 (3-10), 6
process test Learning score [10.11£21.15 86.47+£26.60 81.66+35.38
(69-138), 17 (37-129), 19 (41-135), 6
Maximum learning score in 10 drills 13.58+1.80 [1.21£3.06 10.66+3.38
(10-15), 17 (6-15), 19 (7-15), 6
40-min delayed recall 10.64+3.58 7.1543.58° 6.50+6.56
(5-15), 17 (1-13), 19 (0-15), 6
Total recall 14.23£2.10 14.58+0.98 12.16£3.60
(7-15), 17 (1-15),38 (6-15), 6
Wechsler Memory Scale Immediate recall [1.53+£2.77 [1.16+3.84¢ 7.67+3.93
visual reproduction subtest (6-14), 15 (1-14), 19 (2-14), 6
40-min delayed recall test 9.47+£3.74 10.61+3.64 5671493
(4-14), 15 (0-14), 19 (0-14), 6
Total recall 12.13+2.61" 13.00+1.508 7.67£5.20
(6-14), 15 (10-14), 15 (0-14), 6
Simple attention Digit span forward 4.53£2.0I 4.32+2.08 4.00£2.37
0-7), 19 0-7), 19 (0-7), 6
Complex attention Digit span backward 3.71£1.40 3.89+1.33 2.80+1.79
(0-6), 17 2-7), 19 (0-4), 5
Animal naming 19.94+5.03? 16.16+5.53° 16.67+£6.43
(12-30), 17 (9-27), 19 (6-26), 6
Animal naming perseverations 0.65£1.05 [.26+£1.36 [.17£041
0-4), 17 0-4), 19 (1-2), 6
Words beginning with the letter K 13.6245.20 1047£7.76 7.33+£4.04
(4-22), 13 (2-22), 17 G-11),3
Words beginning with the letter 0.38+0.51 0.53+0.87 1.00+0.00
K perseverations O-1), 13 (0-2), 17 (1-1),3
Words beginning with the letter A 10.17+4.88° 7.29£4.92 633£5.86"
(2-18), 12 (0-19), 17 (2-13),3
Words beginning with the letter 0.33£0.65 0.18+£0.73 0.00£0.00"?
A perseverations (0-2), 12 (0-3), 17 (0-0), 3
Words beginning with the letter S 12.3345.08 8711563 7.33£7.09"
(6-20), 12 (0-20), 17 (1-15),3
Words beginning with the letter 0.58+1.24 0.18+0.39 0.00+0.00"
S perseverations (0-4), 12 -1, 17 (0-0), 3
Stroop test Spontaneous corrections of 031+0.75 0.63+1.56 [.16+2.85
commission errors (0-3), 19 0-7),22 (0-7),6
Commission errors |.66x1.54 1.88+1.8710 [.40+2.19
(0-5), 15 (0-6), 18 (0-5), 5
Difference between time spent for 40.00+14.81 37.89£19.96 28.604£8.70
reading and time spent for (22-73), 15 (10-85), 18 (15-36), 5
color naming

SD: standard deviation; HS: hippocampal sclerosis; BHS: bilateral hippocampal sclerosis; Ns: not significant

Higher values indicate better test performance (except perseveration and Stroop Test)

145.10p=0,046, 0.032, 0.015, 0.004; compared to preoperative scores with Wilcoxon signed rank test based on negative ranks, respectively
2367895=0,004, 0.041, 0.002, 0.001, 0.026, 0.006; compared to preoperative scores with Wilcoxon signed rank test based on positive ranks, respectively

11121314N| ot calculated
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RESULTS

Only 91 patients (34 males, 57 females)- 16 with BHS and 75 with UHS
(right HS: 36, left HS: 39)-had complete results of the NPT required for
this study. Among them, 28 of 36 right HS patients, 35 of 39 left HS
patients, and |12 of |6 BHS patients were right-handed (not significant with
Kruskal-Wallis test). The mean educations in years of right HS, left HS, and
BHS groups were 8.68 [3.81], 7.64 [4.16], 6.93 [2.32] years, respectively.
There was no significant difference between years of education between
the three groups. Six patients from the BHS group, but only | from the
UHS subgroups, had clinically overt mental retardation (p=0.007); these 7
patients could not complete the NPT and excluded from the study.

Preoperative NPT findings of the study groups are shown in Table |I.
Comparison of BHS patients with unilateral HS patients (BHS vs right
HS and BHS vs left HS) showed that there was a significant difference
between the right HS group and BHS group in the learning score of the
Verbal Memory Processes Test. Compared to BHS patients, both right
and left HS patients revealed a significant difference in delayed recall score
of the Verbal Memory Processes Test. Furthermore, the right HS and left
HS patients showed difference in delayed recall score of WMS, but these
were beyond the statistical significance (p=0.050 and 0.053, respectively).

Of the 49 patients, only 43 who underwent an operation had complete
the NPT (right HS: 17, left HS: 20, and BHS: 6). Details of postoperative
NPT results of the groups are shown in Table 2. Although there were no
significant differences in the preoperative versus postoperative findings
of the BHS group, UHS subgroups had decline in many postoperative
parameters. Preoperative versus postoperative group comparison
revealed significant differences in WMS and semantic and phonemic
fluency tests in the right HS group. In the left HS group, the Verbal
Memory Processes Test, WMS, semantic fluency, and Stroop tests were
found to be impaired after the operation.

The performances in the NPT of the operated groups were visualized
in Figure 2, based on subtraction percentages of preoperative minus
postoperative means of each group. Positive values indicate better,
negative values indicate worse postoperative test performances.

DISCUSSION

Neuropsychological profiles of bilateral HS patients are usually ignored
in epileptology despite their utmost significance in epilepsy practice.
Therefore, we aimed to investigate differentiating cognitive variables of
BHS in comparison to UHS and showed that the BHS group had markedly
decreased performance in verbal learning memory but not in visual
memory.

The association of BHS with worsening of the cognitive abilities was noted
only in a few small-sized studies (19,20). It was formerly believed that
left HS patients have verbal memory deficits and right HS patients have
visual memory problems and this modality-specific memory dysfunction
has been used as a lateralizing tool in the evaluation temporal lobe
epilepsy patients. However, in recent years, some studies disclosed that
patients may have both verbal and visual memory deficits and cognitive
impairment may be more diffuse than expected in the UHS patients (6).
Our results indicated that HS is also associated with cognitive impairments
mainly involving executive functions with episodic memory deficits.

On the other hand, it can be propound that WMS visual reproduction
subtest is a less sensitive means than the verbal memory test, as
suggested by Jeyaraj et al. (2). Subtypes of HS may be related with
the severity of the damage caused by initial precipitating injury and
personal background of the patients. It is important to distinguish and
specify these subtypes to uncover the relevant mechanisms and provide
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appropriate treatment. One may postulate that if the involvement of
the mesial temporal structure is less severe, cognitive impairment may
be less devastating, such as minor to moderate memory problems seen
in UHS. The clinical pictures may worsen when the insulting episodes
recur, such as status epilepticus. Accordingly, the development of
hippocampal damage does not seem to be restricted to those who
have had febrile status epilepticus, but can occur following any cause
of convulsive status epilepticus (21). Recently, older systems of grading
the severity of cell loss in HS have been superseded by a recent
classification. This new classification recognizes that it is not only the
severity of cell loss that is important but also the pattern of this cell loss
(22). We believe that integrating the degree of bilateral involvement
on imaging and a grading system of cognitive involvement patterns may
aid to further develop a more reasonable clinico-pathological system
to be used in future studies.

Vogt et al. (8) emphasized that despite further deficits in verbal memory,
surgically treated BHS patients reported a slightly better subjective
outcome than pharmacologically treated BHS patients did. Furthermore,
this recent retrospective study carefully assessed neuropsychological
outcome after epilepsy surgery in || patients with BHS, and reported
that verbal memory further declined in 73% of the BHS patients, despite
severe impairments already evident at baseline whereas nonverbal
memory performance did not change significantly in any patient after
surgery (8). We intriguingly showed that UHS and BHS groups did not
show any significant difference even before surgery in almost all domains
investigating nonverbal memory. This finding may indicate that nonverbal
memory is not a strictly lateralized function or that our NPT batteries
are not that sensitive to measure nonverbal memory appropriately as has
been debated (2,6).

Other reports also consistently showed significant memory worsening
after surgery in patients with BHS especially when left hippocampus is
resected (5,23). Despite significant postoperative changes of right HS and
left HS patients, our BHS group did not show any significant difference
postoperatively except in the domain of words beginning with the
letter A, indicative of more global involvement. BHS patients provided
an interesting research group for assessing memory function, given the
complex functional interactions of the hippocampi with each other
and other structures of the limbic system and there is the possibility of
compensatory mechanisms.

We acknowledge the following limitations of our study. Our group
comprised mostly drug-refractory patients admitted to a tertiary center
with a small size of operated BHS, and the study design is retrospective;
thus, different effects of variable antiepileptic drug treatments on cognition
could not be assessed. However, our series is unique to compare the NPT
profiles of BHS versus UHS and provided important results.

In conclusion, we showed that bilateral involvement of the hippocampi
was correlated with a poor cognitive performance at the baseline, but did
not show significant loss after surgery in many cognitive domains in com-
parison to unilateral patients. Retrieval failure, rather than a total recall
problem, in the memory of these patients resembles a more diffuse invol-
vement not only limited to limbic structures.
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