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ABSTRACT

Background: The purpose of this study was to evaluate the effectiveness of multiple hippocampal transections
(MHT) in the treatment of drug-resistant mesial temporal lobe epilepsy.

Methods: Six patients underwent MHT at Burdenko Neurosurgery Center in 2018. The age of the patients
varied from 18 to 43 years. All patients suffered from refractory epilepsy caused by focal lesions of the mesial
temporal complex or temporal pole in dominant side. Postoperative pathology revealed neuronal-glial tumors in
two patients, focal cortical dysplasia (FCD) of the temporal pole — in two patients, cavernous angioma — in one
patient, and encephalocele of the preuncal area - in one patient.

Results: All patients underwent surgery satisfactorily. There were no postoperative complications except for
homonymous superior quadrantanopia. This kind of visual field loss was noted in four cases out of six. During
the follow-up period five patients out of six had Engel Class I outcome (83.3%). In one case, seizures developed
after 1 month in a patient with FCD in the uncus (Engel IVA). After surgery, three out of six patients developed
significant nominative aphasia. Two patients relative to the preoperative level demonstrated improvement
in delayed verbal memory after MHT. Two patients showed a decrease level in delayed verbal memory. In
preoperative period, visual memory was below the normal in one patient. Delayed visual memory in two cases
impaired compared to the preoperative level.

Conclusion: MHT can be considered as an effective method of drug-resistant mesial temporal lobe epilepsy caused
by tumors of the medial temporal complex. At the same time, MHT makes it possible to preserve memory in patients
with structurally preserved hippocampus. However, MHT do not guarantee the preservation of memory after surgery.

Keywords: Epilepsy surgery, Hippocampal transections, Memory, Multiple hippocampal transection, Neuronal-
glial tumor

INTRODUCTION

Resective surgery is an effective treatment for drug-resistant mesial temporal lobe epilepsy.”*! To
achieve the treatment objective, two main methods are used: anteromedial temporal lobectomy
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and selective amygdalohippocampectomy. A necessary
component of such interventions is the removal of the
hippocampus along with the fimbria, parahippocampal
gyrus, and amygdala. (592531

However, the consequences of resection of the hippocampus,
where its function is still preserved, can be a decrease in
verbal memory or visual-spatial memory, intelligence,
emotional and speech performance, as well as cognitive
disorders.™ Even today, cognitive impairments that
occur after hippocampectomy are sometimes neglected
or are considered to be inevitable consequences of the
surgical treatment.>'*! In addition, the subventricular and
subgranular zones of the hippocampus house progenitor cells
that play an important role in the processes of neurogenesis
throughout an individual’s life."!

To solve this problem, Shimizu et al.*® in 2006 described
the technique of the multiple hippocampal transection
(MHT). The concept of MHT originated on the basis
of multiple subpial transection in eloquent areas of the
neocortex.® The principle of surgical treatment of medial
temporal lobe epilepsy by multiple transverse transection
of the hippocampus is the mechanical disruption of the
longitudinal pathways of the hippocampus.

It is established that the hippocampus has two types of
pathways: (1) trisynaptic pathways, which are located in
parallel loops oriented orthogonally to the longitudinal
axis of the hippocampus; and (2) longitudinal pathways
that run along the long axis of the hippocampus.?
Loops of trisynaptic pathways originating and ending in
the entorhinal cortex are important for processing and
stabilizing memory.'!" The longitudinal path of the
hippocampus does not play an important physiological
role; on the contrary, it facilitates the synchronization of
pathological epileptic discharges and their propagation
along the hippocampus and, further, to extrahippocampal
structures, thus contributing to the development of a
seizure.!! For the pathological electrical activity in the
hippocampal neurons to develop into an epileptic seizure,
synchronization of the critical number of neurons -
exceeding 5 mm thickness - located in the hippocampal
segment is necessary. Therefore, if longitudinal horizontal
interneuronal fibers along the axis of the hippocampus are
separated with an intervals of 5 mm, then the pathological
chain is broken and, as a result, an epileptic seizure does
not occur.” Due to the fact that epileptic discharges
in the hippocampus disrupt the normal function of the
hippocampus, with the disappearance of seizures following
transection, function of the hippocampus is restored with
improved memory.?

This paper analyzes the results of six surgeries of patients
with drug-resistant medial temporal lobe epilepsy.
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MATERIALS AND METHODS
Patients population

From March 2018 to June 2018, six patients underwent MHT
at Burdenko Neurosurgery Center [Table 1]. The age of the
patients varied from 18 to 43 years (median 28 years). All
patients suffered from refractory epilepsy caused by focal
lesions of the mesial temporal complex or temporal pole. The
duration of epilepsy before surgery varied from 2 to 24 years
(median 11 years). All surgeries were performed by the
senior author of this study.

Patient’s selection

In this group, we included the patients who suffered from
drug-resistant epilepsy caused by focal lesions of the mesial
temporal complex. Although, no clear signs of changes
in the architecture and volume of the hippocampus were
found on MRI scans. In all cases, the lesion was localized
in the dominant left hemisphere. In all patients, memory
was intact or slightly reduced. Final decision to perform
the hippocampal transection was made intraoperatively -
if epileptiform activity was recorded on the hippocampus
following the resection of the lesion of the temporal lobe,
transection was performed.

The decision to perform a surgical treatment was made at an
interdisciplinary committee of physicians with the participation
of  neurosurgeons,  neurologists,  neurophysiologists,
neuropsychologists, and neuroradiologists.

Patient’s examination

In all cases, video EEG showed seizures initiating from the
left temporal lobe. Stereo EEG was not performed in any case.
MRI revealed the lesions in the left dominant hemisphere
but significant structural abnormalities did not extend to the
hippocampus. Intraoperative electrocorticography (ECoG)
of the basal temporal lobe and hippocampus was performed.
ECoG recordings were performed during the background
recording and after each stage of surgery (resection of the
lesion, resection of the uncus with amygdala, and transection
of the hippocampus). The recordings were made on an
electroencephalograph “NicoletOne” (V44, USA).

The median follow-up after surgery comprised 27 months
(from 25 to 31 months). Seizure outcome was evaluated
using Engel scale.!”

Neuropsychological tests before surgery and 6 months after
surgery were obtained in all patients. Neuropsychological
tests included the assessment of immediate and delayed
verbal memory (evaluated using the Rey Auditory Verbal
Learning Test - RAVLT), immediate and delayed visuospatial
memory (evaluated using the Brief Visuospatial Memory
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Table 1: Main indicators in the hippocampal transection group.

Sex/age Lesion location, Temporal lobe Number of Visual fields after Follow-up Engel
pathology resection transections surgery (months) outcome

F/29 Uncus, Uncus, amygdala 6 Normal 30 IC
Ganglioglioma

F/23 Uncus, FCD Uncus, amygdala 5 Homonymous superior 31 IVA

quadrantanopia

F/43 Uncus, Cavernous Uncus, amygdala 5 Homonymous superior 27 IA
angioma quadrantanopia

M/18 Uncus, Uncus, amygdala 6 Homonymous superior 27 IA
Gangliocytoma quadrantanopia

M/36 Basal temporal Temporal pole, 6 Homonymous superior 25 IA
pole, Encephalocele uncus, amygdala quadrantanopia

F/27 FCD in the Temporal pole, 5 normal 27 IA
temporal pole uncus, amygdala

FCD: Focal cortical dysplasia

Test-Revised - BVMT-R), motor memory, assessment of
the preservation of executive functions (evaluated using the
Frontal Assessment Battery - FAB) and spatial representations
(evaluated using the Judgment of Line Orientation - JLO). In
addition, a comprehensive, qualitative neuropsychological
examination of higher mental functions was carried out
to exclude specific disorders of gnosis, praxis, and speech.
Before surgery, five out of six patients had normal values. In
one patient (F29), there was a moderate decrease in scores on
all the assessment scales.

All patients underwent an examination of the visual fields by
means of automatic static perimetry, both before and after
the surgery on the Humphrey II - 730 visual field analyzer.

The study was approved by the local ethical committee of
Burdenko Neurosurgery Center. Informed consent was
obtained from each patient.

Surgical technique

Under general anesthesia with minimal effective dosage of
propofol 3-8 mg/kg/h, the patient is placed supine on the
operating table with the head fixated on a MAYFIELD skull
clamp and tilted about 45° to the opposite site of incision.
Standard pterional craniotomy was performed in the left
frontotemporal region. After the dura mater was opened an
electrode was placed on a basal anterior temporal region and
an ECoG was recorded from. The arachnoid of the sylvian
fissure was dissected and the sylvian fissure was opened
proximally about 3 cm [Figure la]. After the uncal region
was exposed, piecemeal lesionectomy was performed.

The amygdala was also resected, and the temporal horn of
the left lateral ventricle was opened and the anterior part
of the head of the hippocampus was exposed. The inferior
peri-insular sulcus was identified, and the temporal lobe was

dissected along the sulcus at a distance of 15 mm, and thus
the surface of the hippocampus, including its tail, was widely
exposed. A 4-contact electrode was placed on the surface of
the hippocampus from the head to its tail, and ECoG activity
was recorded over the hippocampus for 5 min. Registration
of characteristic epileptic discharges and spike-wave
complexes indicated the involvement of the hippocampus in
the generation of seizures, and a decision was made in favor
of its transection. Subsequently, the surgery was performed
according to the presented scheme [Figure 1b-d].

The alveus consisted of dense fibers is sharply incised with
micro-scissors. The transverse incision lines are 5 mm apart
and perpendicular to the hippocampal axis [Figure 2a].
After the incisions are made on alveus, the hippocampus is
dissected along these incisions up to the hippocampal fissure,
where the vessels supplying the hippocampal formation
are located. The incisions are made using 4 mm round,
blunt silver loop [Figure 2b and c]. After hippocampal
incisions, transverse incisions of the parahippocampal
gyrus are made with a blunt bayonet ring-shaped silver loop
(diameter - 4 mm) from the lateral margin of hippocampus
to the arachnoid membrane of the ambient cistern medially
and to the vascular layer of the hippocampal fissure dorsally.
After the transaction was completed, ECoG was repeated
over the entire hippocampus. If there was absence in spiking
activity, the transactions were completed. If activity was
detected in an untreated area, transection was extended
posteriorly. The total number of transections comprised 5
to 6, depending on the presence of pathological activity on
ECoG. After reliable hemostasis was achieved, the surgery
was completed and wound was closed. After waking up,
patients were transferred from ICU department to patient
room at the same day. CT scan underwent all patients before
discharge and after 3-6 months an MRI scan was performed
[Figure 3].
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Figure 1: Intraoperative figure and schematic representation of multiple hippocampal transection. (a) Proximal part of the sylvian fissure is opened.
The dotted line indicates the site of the temporal stem dissection parallel to the inferior peri-insular sulcus (arrows). fl: Frontal lobe; li: Limen of insule;
lw: Lesser wing of sphenoid bone; m1, m2: Segments of middle cerebral artery; tl: Temporal lobe; tv: Temporal vein. (b) Transection locations along
hippocampus; (c) Approach is performed through the Sylvian fissure, after lesionectomy and dissection of the limen insula the temporal horn of the
lateral ventricle is opened; (d) Hippocampus (h) is intersected in the orthogonal plane to its longitudinal axis with a blunt silver knife (white circle) up
to the hippocampal fissure (hf) with preservation of fimbria (f); following transection of hippocampus the parahippocampal gyrus is transected with a
blunt silver knife (hollow circle) in the same plane as the hippocampus up to the tentorium (t) and to the arachnoid membrane of the ambient cistern
inferomedially and to the hippocampal fissure (hf) dorsally. h: Hippocampus; ph: Parahippocampus; f: Fimbria; hf: Hippocampal fissure; t: Tentorium.

Figure 2: (a) View of the head and the body of the hippocampus
after transection. (b and ¢) Special silver knives 4 mm in diameter for
hippocampal transection (lower) parahippocampal gyrus (upper).
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RESULTS

All patients underwent surgery satisfactorily and were
discharged from the hospital on average 4 days after surgery.
There were no postoperative complications except for
homonymous superior quadrantanopia as a consequence of
Meyer’s loop injury during temporal lobe stem dissection.
This kind of visual field loss was noted in four cases out of
six [Table 1].

Control of postoperative seizures

During the follow-up period of 25-31 months (median
27 months), five patients out of six had Engel Class I outcome
(83.3%). In one case, seizures developed after 1 months in a
patient with focal cortical dysplasia (FCD) in the uncus (Engel
IVA outcome). In the Engel I group, one patient developed rare
epileptic seizures 26 months after surgery (Engel IC). During
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Figure 3: Multiple hippocampal transections Case #F29. Focal cortical dysplasia, in the left temporal pole is visualized on MRI T2 weighted
image. FCD does not spread to the hippocampus and it’s assize and structure were normal. MRI after FCD with the temporal pole resection
and hippocampal transection. SWAN, axial and sagittal planes (b and c). Multiple hippocampal transactions. Patient #F27. Preoperative
MRI scans on FLAIR reveals focal cortical dysplasia of the temporal pole and uncus. In addition, hippocampal sclerosis without its obvious
reduction in volume can be observed on MRI. MRI scans 6 months after resection of the temporal pole, uncus and multiple hippocampal
transections. There are no obvious signs of hippocampal infarction on MRI images in DWI (d) and FLAIR (e) sequences; In axial (f) and
sagittal (g) MRI images in SWAN sequence, can be clearly visualized transections of hippocampus and parahippocampal gyrus (arrows).
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Figure 4: Evaluation of neurocognitive function in patients before
and 6 months after MHT. The charts on the right show the gender
and age of the patients.

the follow-up period five patients (F29, F23, F43, M18, and
M36) are continuing anticonvulsant therapy, and three of these
reduced the dose of anticonvulsants (M36, F43, and M18).

Intraoperative ECoG

Despite the resection of lesion, the amygdala, and even the
temporal pole in two cases, when recording biopotentials
from the hippocampus, sharp wave forms of epileptiform
activity were detected in all patients. In two cases (F23 and
F27), continued spike activity was recorded. In one patient
(M18), activity was minimal, revealed as rare sharp waves.

After hippocampal transections, spikes either completely
disappeared in all patients, or single low-amplitude sharp
waves were recorded asynchronously under different
electrodes (F43). In one case (F23), after hippocampal
transections, low-amplitude sharp waves, synchronously
conducted from the cortex, were recorded under all
electrodes of the strip.

Neuropsychological outcome

According to results of preoperative neuropsychological
evaluation, all patients demonstrated normal indicators on
all evaluation scales, except for one patient, F29, where all
indicators were decreased.

Immediately after surgery, three out of six patients (M36,
F29, and F23) developed significant nominative aphasia

Surgical Neurology International « 2021 « 12(372) | 5
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which later demonstrated a certain regression; however, they
still persisted 6 and 12 months after surgery.

Evaluation of verbal memory in two cases revealed worsening
compared to preoperative level [Figure 4].

Delayed verbal memory decreased in two patients (F29 and
M36). Improvement was noted in two patients (F43 and F27).

In preoperative period, visual memory was below the normal
in one patient (F29). In one case, memory improvement
was observed (F27). Delayed visual memory in two cases
impaired compared to the preoperative level (F29 and F43).

Preoperative evaluation showed that motor memory was
impaired in two patients (F23 and F29); after surgery, one
of them showed an improvement relative to preoperative
values. In the remaining patients, these indicators remained
within the normal range.

When assessing the regulatory component-using block
of methods FAB, DS-coding, in the overall preoperative
evaluation, regulatory capabilities were impaired in
one patient (F29). In post-operative period - relative to
preoperative evaluation, three patients showed improvement
and three patients remained unchanged.

In the study of visuospatial synthesis, using the JLO
technique, only one patient revealed impairment in
preoperative evaluation, four patients in postoperative period
showed improvement.

DISCUSSION
Significance of MHT and seizure control

Based on recent publications, there is now a consensus that
radical excision of neuronal-glial tumors located in the lateral
temporal lobe is quite sufficient and hippocampal resection is
not necessary for achievement of seizure control."*>*! On
the contrary, when a neuronal-glial tumor is located in the
mesial temporal lobe complex, removal of the tumor with
additional hippocampal excision leads to seizure free period
much more often than only radical tumor removal sparing
the hippocampus.[216:23:44]

The same can be stated about treatment of FCD in
the temporal lobe pole; its surgical treatment involves
resection of the temporal pole along with the amygdala and
hippocampus.®

Considering the above mentioned, it can be stated that surgical
resection of the hippocampus contributes to effective treatment
and management of seizures. However, excision of a normal
functioning hippocampus can lead to serious impairment of
verbal memory, visual memory, behavior, and emotions.™*”172!

Presurgical predictors of memory impairment after
amygdalohippocampectomy are normal architecture and

Surgical Neurology International « 2021 « 12(372) | 6

hippocampal volume on MRI scans and normal or slightly
reduced memory on neuropsychological testing.[1%1°3)

Milner™ first described the high frequency of verbal
memory impairment, after hippocampal resection in patients
with intact hippocampus in the 1950s, and later other authors
stated same."2628] Baxendale et al.”) reported that partial
excision of the hippocampus gives the patient a chance to
regain memory after surgery.

The above stated facts indicate the importance of preserving
the hippocampus in cases where the patient’s memory is not
affected or is slightly impaired. For this purpose, Shimizu
et al.®® proposed a MHT technique. The theoretical basis
for this type of surgery rested on the previous experiments
on monkeys and on subpial incision technique for epilepsy
treatment.®>*! At present, there is not much experience of
MHTs in the world, with a total of just 139 operations. These
surgeries were performed in four hospitals in Japan and the
USA. The research results are given in [Table 2].

Hippocampal transection was mainly performed in cases
of hippocampal sclerosis (126 cases). Only in 13 cases,
hippocampal transections were performed for medial temporal
space occupying lesions. Of these, cavernous malformations
were the cause of epilepsy in nine cases, and neuronal-glial
tumors in four cases (three gangliogliomas and 1 DNET).
(2227421 Ty this group of patients, MHT was used simultaneously
with resection of the medial temporal lesions in cases when
intraoperative ECoG showed epileptic discharges coming
from the hippocampus after tumor removal. Our approach
is consistent with the paradigm described by Ishida et al.”?
Hippocampal transections were performed only in those cases
when epileptiform activity remained on the hippocampal
surface, despite removal of lesion. In most cases when
resecting the tumors of the medial temporal complex, we
did not perform hippocampal transections if there were no
epileptic discharges recorded over the hippocampus.

In general, taking into account all published data (except
for publications describing single observations), after
hippocampal transection, seizure control (Engel I) was
achieved - from 64.7% to 94.7% of cases during a follow-
up period of 12-60 months.!"*3+3640421 Sejzure control rate
is also high in the group of patients with medial temporal
lobe lesions sparing the hippocampus. In the study of Usami
et al.,*” the Engel I outcome was achieved in 100% of cases
by 2 years and 60% of cases by 5 years. According to Ishida
et al.,” Engel 1 outcome was achieved in 85.7% of cases over
an average follow-up period of 63 months (20-119 months).

In our series of patients, four out of six patients had
lesions in the medial temporal lobe and two patients in the
temporal pole. None of the patients revealed any changes
of hippocampus volume or architecture confirmed on MRI
scans. After hippocampal transection, an Engel I outcome
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Table 2: Results of hippocampal transection.

Number Pathology Dominant Approach
of side
patients

Shimizu 21 MTLE 12 TST

et al.! 2006

Sunaga 1 MTLE 1 TST

etal'2011

Patil et al.? 15 MTLE 11 TMT

2013

Uda et al.! 37 MTLE 18 TS

2013

Koubeissi 13 MTLE 12* TMT

etal?2016

Usami 24 3 Tumors, 16 TS

etal!2016 2 CM TST

19 MTLE

Girgis 17 MTLE 15 T™MT

etal?2017 LE

Park et al.? 1 MTLE 1 LE

2018

Ishida 7 CM 3 TS

etal!2018 TC
ST

Marashly 3 Tumor 1 TS

et al.* 2020 Hippocampal

sclerosis

Additional Number of  Outcome Verbal Visual
procedures transections Engell memory  memory
at1year worsening worsening

Amygdala+ NA 82% 0% NA
PH-
NA-H,B 100% 0% NA
PH+

MST NA-H,B, T 94% 0% 22%
PH-

Amygdala 5-6 67,6%  NA NA
PH+

5 patients — 3-6 (1 cm 77% NA NA

amygdala and apart)

temporal pole PH+

MST/ NA 71% 12% NA

lesionectomy NA

Amygdala 4-5 64.7%  21% 21%

4,5 cm lobectomy PH+

3 cm Temporal 3-H,B 100% 0% 0%

pole, amygdala PH+

Lesionectomy 6 85.7% NA NA

Amigdalectomy  PH+

+Cortectomy

Amygdalar NA 66.7%  NA NA

tumor resection

Amygdalar and

temporal tip

resection

Milwaukee, Wisconsin, USA.

TS: Transsylvian approach, ST: Subtemporal, TC: Transcortical, TST: Trans-superior temporal gyrus approach, TMT: Trans-middle temporal gyrus
approach, LE: lobectomy, MTLE: Mesial temporal lobe epilepsy, CM: Cavernous malformation, MST: Multiple subpial transection, PH: Parahippocampal
gyrus, H, B, T: Head, Body, Tail of hippocampus, NA: Not available. 'Tokyo Metropolitan Neurological Hospital, Tokyo, Japan, *University Hospital

Case Medical Center, Cleveland, Ohio, USA, *Creighton University Medical Center, Omaha, USA, *Children’s Wisconsin/Medical College of Wisconsin,

was achieved in five patients (83.3%) within 27 months
after surgery (25-31 months). One patient, with FCD of the
temporal pole, developed seizures after 3 months of surgery.
In this patient, seizure frequency was much lower than
before surgery. Apparently, in this case, the area of initiation
of abnormal activity was beyond the temporal lobe, which is
not uncommon in FCD.

Neuropsychological outcome

The advantage of MHT lies in its ability to preserve cognitive
function, particularly auditory verbal memory on the
dominant hemisphere and visuospatial memory on the non-
dominant.[143640)

Analysis of few published studies showed that hippocampal
transection preserves or improves
visuospatial memory.??#3¢4 There is a slight memory
impairment in rare cases.’*>*

even verbal and

According to Shimizu ef al.,* verbal memory was not affected
in all eight patients who underwent neuropsychological
evaluation after MHT. In another series of nine cases,™!
after MHT, improved verbal memory was confirmed in
seven patients, with no changes in two cases. Visual memory
improved in four cases, worsened in two cases and remained
stable in three cases. Uda et all reported differences
based on the surgical side: MHT on the non-dominant side
resulted in significant improvements in verbal but not visual
memory, whereas MHT on the dominant side did not lead to
significant changes in verbal or visual memory.

According to Ishida et al,? out of seven cases, MHT,
simultaneously with removal of the cavernous malformation
of the temporal lobe with refractory epilepsy, did not worsen
postoperative memory or memory was reduced by no more
than 25%.

In our series, among six patients, two patients relative to the
preoperative level demonstrated improvement in delayed verbal

Surgical Neurology International « 2021 « 12(372) | 7
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memory after MHT. One patient showed a decrease level in
delayed verbal memory, and two patients remained unchanged.
It is important to note that despite decrease in delayed verbal
memory in some patients, it still remains within normal range.

However, it is worth paying attention that in the postoperative
period, three patients had nominative difficulties, with
only one of them having decreased cognitive abilities in the
auditory-verbal link both before and after evaluation. In two
other patients with nominative difficulties, auditory-verbal
memory indicators remained within the normal range.

This being said, it is important to note that MHT does not
impair regulatory abilities, nor does it impair optical-spatial
analysis and synthesis, which is a significant indicator of the
choice of this type of treatment for patients with initially high
cognitive levels.

Limitations

Our study has several important limitations. First, it is a
retrospective study with a small number of patients. Second,
the outcomes of surgical treatment of different pathologies were
evaluated. Third, at the preoperative stage, the patients did not
undergo stereo EEG monitoring, which seems to have been the
cause of a diagnostic error in patient F29, who suffered from
postoperative refractory seizures. Furthermore, the assessment
of seizure freedom in the reported patient population cannot be
construed as an evaluation of MHT success.

CONCLUSION

MHTs can be considered as an effective method of drug-
resistant mesial temporal lobe epilepsy caused by tumors of
the medial temporal complex. At the same time, MHT makes
it possible to preserve memory in patients with structurally
preserved hippocampus. However, MHT do not guarantee
the preservation of memory after surgery.
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