Chapter 9
Resective Surgery for Patients with Epilepsy
and Intellectual Disabilities

A. Nicolson

Introduction

Epilepsy is common in patients with intellectual disabilities (ID), and is often
refractory to medical treatment. In one long-term study 70% of patients with an
intelligence quoitent (IQ) less than 70 continued to have more than one seizure per
year, compared to only 25% of those with borderline (IQ 71-85) or average (1Q >85)
intelligence.! Such patients are therefore among those whose potentially could
benefit most from epilepsy surgery.

When considering the possibility of epilepsy surgery one needs to consider
the risks to the patient of ongoing refractory epilepsy. There is the ongoing
risk of injury during seizures, and patients with ID and refractory epilepsy are
among the highest at risk of sudden death (SUDEP).? Added to this are the
major psychosocial and cognitive impacts that refractory epilepsy has upon
the individual, and so surgical treatment deserves serious consideration in this
population. Of course there will be individuals who have clear multiple sei-
zure foci or symptomatic generalized epilepsy who will not be candidates for
resective surgery, but many patients with ID and epilepsy may have surgically
treatable lesions.

However, it has been a traditionally held view that a low IQ is a relative
contraindication to surgery,® as the ID may represent a global brain dysfunc-
tion, with multiple seizure foci. Also of concern in patients with ID is the risk
to cognitive functioning in patients with an already limited cognitive reserve.
However, until recently this widely held belief has gone unchallenged, and as a
consequence there are likely to be many patients who may benefit from surgery
who are denied the appropriate evaluation. This is particularly crucial in children
with ID and epilepsy whose global development will be adversely affected by
ongoing seizure activity, and who may have the most to gain from early assessment
for resective surgery.
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Should a Low IQ Be a Contraindication to Epilepsy Surgery?

The first major multicenter study to examine this issue analyzed data retrospectively
from over 1,000 adults who had undergone temporal lobe resective surgery in eight
centers in the United States® and had full pre- and postoperative neuropsychological
assessments. Only 24 patients (2.3%) had an IQ less than 70, highlighting the tendency
for such patients to not receive resective surgical treatment. This study did show a
relationship between preoperative I1Q and seizure outcome, but the effect was modest.
Indeed the remission rate in those with an IQ less than 70 was 54.2%, and was 73.2%
for those with a borderline 1Q level. This emphasizes that although a lower IQ may
predict a slightly worse outcome in some, there are a significant proportion of patients
who can derive great benefit. The poorest outcome in this study was in those with a
low 1Q who had a structural lesion other than hippocampal sclerosis.

Several other small studies have also addressed this issue of preoperative IQ
level and outcome following surgery. In 16 adults with an IQ less than 85, Gleissner
and colleagues’ found a remission rate of 64%, with no deterioration in neuropsy-
chological function and some positive socioeconomic outcomes. The main predic-
tor of a poor outcome was a left-sided lesion, which is likely to be because the
surgery in the dominant hemisphere was more restricted.

The same group examined 285 consecutive children who underwent resective
epilepsy surgery, and examined the outcome in relation to IQ level.® Twenty-one
patients (7.4%) had an IQ less than 70, with 24 (8.4%) of below average level (IQ
71-85). There was no significant difference between these groups and those with an
average IQ in terms of seizure outcome one year after surgery, with 67% seizure free
in the low 1Q group, 77% of those with a borderline 1Q, and 78% in the group with
average intelligence. No change was found in neuropsychological testing, other than
an improvement in executive functioning of those with a low 1Q. Attention improved
and behavioral problems were less marked postoperatively in all groups.

Bjornaes and colleagues’ found a remission rate of 48% in 31 patients with an 1Q
less than 70 who underwent resective surgery. Remission was more likely in those
with temporal compared with extratemporal epilepsy (52% versus 38%), but the
main factor predictive of outcome was the duration of epilepsy. In those with epi-
lepsy for less than 12 years, 80% were seizure free. This raises the crucial issue of
timing of epilepsy surgery in general, but in particular in this group with ID. It is
well known that chronic refractory epilepsy has a negative neuropsychological and
psychosocial effect, and it may be that rather than excluding patients with ID from
the option of curative treatment, we should be more aggressive at an earlier stage.

There is a significantly higher rate of psychiatric problems in patients with epi-
lepsy than the general population, particularly in those with drug-refractory partial
epilepsy. A mood disorder is very common in such patients, and depending on the
definition used, may occur in up to 75% of patients'?; anxiety has been reported in
over 40%'" of individuals with refractory epilepsy. Suicide rates may be up to 25
times more common in patients with temporal lobe epilepsy compared with people
without epilepsy.'? It has been recognized that psychiatric symptoms may worsen
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or appear de novo following epilepsy surgery, and so surgery is often undertaken
with extreme caution or refused on the grounds of pre-existing psychiatric prob-
lems. This issue may be of particular relevance to the ID population with epilepsy
where behavioral problems and other psychiatric symptoms may coexist. Many
clinicians may have reservations about epilepsy surgery in a patient with ID for the
reasons already stated, and if they have psychiatric symptoms in addition, the
patient is often rejected for surgery.

However, some reports have suggested that the psychiatric status of epilepsy
patients is either not influenced, or may even improve, following epilepsy sur-
gery'3!4 and that even patients with chronic psychosis may have a successful out-
come." The evidence for the psychiatric outcome in patients with ID is limited,
but one of the studies examining the seizure outcome in patients with different IQ
scores commented on an overall improvement in behavioral problems in patients
with ID.8

A study of 226 consecutive patients who underwent epilepsy surgery at a single
center showed a favorable psychiatric outcome overall'® but did not specifically
examine patients with ID. There was a high proportion (34.5%) of some psychiatric
disturbance preoperatively, with psychosis in 16%. In 22 patients (28%) the psychiatric
symptoms resolved post surgery; the main symptom was postictal psychosis, which
suggests that this may be a factor favoring surgery. Thirty-nine patients (50%) had
a persistence of psychiatric symptoms postoperatively, and the symptoms appeared
de novo in 17 (22%). In many of those patients with new-onset psychiatric symp-
toms there were detectable personality traits presurgery that would predispose to
psychiatric problems, which has been reported previously.'” De novo postsurgery
psychosis has been reported to be more common in nondominant resections'®!* and
some tumors such as gangliogliomas,? but this has not been confirmed in other
studies.'® Major depressive episodes may occur following epilepsy surgery, but
these are usually transitory and in individuals with a history of a milder mood
disorder."

Despite concerns over performing surgery in patients with ID, recent evi-
dence, albeit from small studies, suggests that a low 1Q should not itself be an
exclusion factor for resective epilepsy surgery. There may be a trend for
patients who have more severe ID to have a slightly worse outcome, but still a
significant proportion derive great benefit, with no evidence of worsening cog-
nitive performance or behavior. However, further studies on this issue are
required in larger numbers to confirm these findings and also to examine
whether patients with a more severe ID may also benefit from resective surgery,
as the data for the group with an IQ less than 50 are very limited. It seems intui-
tive that if surgery is to be considered, it should be undertaken as early as pos-
sible, rather than waiting for years of chronic drug-refractory epilepsy and the
consequential negative impact that this has, particularly on a child’s develop-
ment. This will require a fundamental shift in thinking outside of specialist
centers, as currently many such patients may be managed in the community or
by psychiatrists with an interest in ID and may never have access to neurological
and specialist epilepsy services.
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Special Consideration for Presurgical Evaluation
in People with LD

The main role of epilepsy surgery is to achieve seizure freedom, or a significant
reduction in seizure frequency, without producing adverse cognitive or psychologi-
cal effects. It has been proposed that epilepsy surgery should be considered in any-
one “in whom the seizure represents the sole or predominant factor preventing a
normal quality of life.”?! This may not be the case in individuals with ID, as achiev-
ing a “normal” quality of life may not be possible, and the goals of epilepsy surgery
need to be carefully considered.

The investigative process in patients with ID may be even more complicated
than in those with normal intelligence. Vital to accurate seizure localization is the
correlation between clinical features, imaging, and electroencephalograms (EEG).
Patients with ID may not be as able as those with a higher 1Q to give a detailed
account of their seizure symptomatology, magnetic resonance imaging (MRI) may
be difficult without a general anesthetic, and neuropsychological testing needs to
take the low IQ into account.

Neuropsychological Assessment

There are several aims of the preoperative neuropsychological assessment in all
patients in an epilepsy surgery program. It gives us information about the cerebral
organization of an individual’s verbal and visuospatial skills and determines any
evidence for areas of brain dysfunction which could be relevant to the seizure focus.
It also examines the postoperative risk to memory and language skills. An essential
part of the assessment, in addition to these principal functions, is to evaluate the
potential psychosocial consequences of surgery to that individual. This includes the
identification of any psychiatric comorbidity and the evaluation of the patient’s
(and family’s or caregiver’s) expectations about surgery. How a patient copes with
epilepsy and his or her preoperative support network are relevant when identifying
the possible psychosocial consequences of successful surgery. Patients are more
likely to perceive the surgery as a success if their goals have been realistic and
practical before surgery.? The change from having frequent seizures that negatively
impact social lives, employment, driving, and relationships to being seizure free
after surgery is a major life event that can be difficult to adjust to.? The goals from
surgery for patients with ID may vary considerably from those without such a disa-
bility. However, this may be difficult to ascertain easily, and specific counseling
about this issue is essential for the patient and family or caregivers.

These factors are applicable to any candidates for epilepsy surgery, but special con-
sideration may be required for individuals with ID. The neuropsychological assess-
ment tools are not specific to individuals with ID, and it is not known whether they
provide as accurate a picture of overall cognitive functioning as in people with average
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intelligence. The actual neuropsychological tests used vary widely between centers —
there is no uniform approach,? and there is no specific protocol for patients with ID.
This is also particularly relevant to children with ID, who provide their own unique
challenges. It is likely that at different ages during childhood certain neuropsychologi-
cal methods may be most beneficial or alternatively difficult to interpret.

The intracarotid amytal, or Wada, test is established as a method of examin-
ing laterality of language functioning and predicting those at risk of postopera-
tive amnesia. As with standard neuropsychological testing, the procedure varies
between centers, and some feel it is not a necessary investigation when baseline
neuropsychometry provides clear evidence for lateralization.”> When the test is
performed, the sodium amytal is injected into a single carotid artery to provide
anesthesia of one hemisphere, enabling the neuropsychologist to test the mem-
ory and language abilities of the contralateral hemisisphere. Whether the Wada
test is valid, or requires modification, in patients with ID is not known, and
some do not perform this test in individuals with an IQ below 75.%* It may be
that in the future other methods will replace the role of the Wada test, in partic-
ular functional MRI (fMRI) (Figure 9.1AD) and magnetoencephalography
(MEG), but any protocols developed in these technologies may need to be
adapted for people with ID.

Seizure Recordings

Seizure recordings are routinely required in the presurgical evaluation process, and
even in the most clear-cut cases it is valuable in confirming seizure semiology. In
patients with ID, obtaining seizure recordings may be more problematic, and meas-
ures such as allowing caregivers to stay with the patient may be required. Reducing
medication on the day of admission may help to shorten the length of hospital stay.
Often in cases associated with ID the seizure focus cannot be reliably determined
with scalp EEG recordings and routine MRI, and so invasive depth or subdural
strips/grids are required (Figure 9.2). Such procedures may be more difficult for
patients with ID to tolerate, and if any intraoperative mapping is required, this may
be very difficult.

Consent

At every stage during the presurgical evaluation process it is essential that every
effort is made to ensure that informed consent is given. This may be difficult in
patients with ID, and although in this situation a legal guardian will have to provide
assent it is of paramount importance that professionals experienced in dealing with
such patients and their families undergo detailed discussions about the aims, risks,
and expectations from investigations or procedures.
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Fig. 9.1 Functional MRI (fMRI). A 45-year-old left-handed man presented with a single tonic-
clonic seizure; MRI revealed a right temporal lobe arteriovenous malformation (AVM) (A).
During the evaluation process for surgical excision of the AVM he underwent fMRI for language
localization. This was carried out with three different language paradigms. The verb generation
paradigm demonstrated bilateral Broca’s and Wernicke area activation, with the Wernicke’s area
just superior to the nidus of the AVM on the right (B-D)

Pathologies Associated with ID That May Benefit
from Resective Surgery

Focal Cortical Dysplasia

Focal cortical dysplasia (FCD) was first described over 30 years ago,?® and while
our abilities to detect it have improved significantly with new imaging techniques,
uncertainties about FCD remain.
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Fig. 9.2 Depth electrodes. A 25-year-old man had complex partial seizures preceded by a stere-
otyped olfactory aura. MRI was normal, and ictal scalp EEG recordings had suggested that the
seizures had a right temporal onset. This was confirmed with depth electrode recordings, with
three electrodes placed in the right temporal lobe and one in the left temporal lobe

Focal cortical dysplasia is commonly associated with severe drug-resistant epi-
lepsy, including epilepsia partialis continua; therefore, evaluation for potential sur-
gery is increasingly important. Focal cortical dysplasia is frequently associated
with a degree of ID, and many cases that were previously termed cryptogenic may
now have FCD identified with high-resolution MRI, although even the most sophis-
ticated MRI will not currently identify all cases of FCD and therefore the true
prevalence of FCD is not known. Surgery offers some hope to patients with FCD,
as antiepileptic drugs (AEDs) will often fail to achieve remission.

Several surgical series have been published on the outcome of patients undergoing
surgery for FCD, with reported remission rates mostly around 40-50%%-** but with
some studies showing rates as high as 70-90%.%* As with any reports of data from
surgical series one needs to take into account different methodologies when interpret-
ing the data, such as patient numbers, selection criteria, and length of follow-up in
particular. We know from studies of surgical outcome in patients with hippocampal
sclerosis that late relapses can occur,* and a lengthy follow-up is needed to accurately
predict prognosis. One such study reported a 10-year follow-up of patients who
underwent surgery for malformations of cortical development (MCD), 31 of whom
had FCD.* In the group overall, the remission rate remained stable between 2 years
and 10 years, suggesting that patients with MCD who initially do well following epi-
lepsy surgery are likely to have a favorable long-term outcome. However, in another
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study of 49 patients with FCD the proportion of patients with a favorable postopera-
tive seizure outcome following surgery dropped from 84% to 70% over the 10 years
of follow-up, and most of this change was observed during the first 3 years.**
Several studies have identified factors that may predict outcome from surgery,
with completeness of resection commonly identified.**334?> As with other pathologies,
outcome has also been dependent on the location of the lesion, with extratemporal
FCD having a poorer surgical outcome.”* Attempts have been made to examine
whether the histological subtype of FCD influences outcome, with varying results.
Cortical dysplasia can be classified in order of cytological disruption as “mild mal-
formation of cortical development” (mMCD) or FCD type la (isolated architectural
abnormalities); 1b (with additional immature or giant neurons); 2a (with additional
dysmorphic neurons); and 2b (with additional balloon cells) (Figure 9.3).4
This is a pathological classification system, and we do not currently know how this
correlates with clinical features and severity of the epilepsy or outcome following surgery.
It is clear, however, that the patients with FCD are a heterogenous group. One study

1+

Fig. 9.3 Histological slide of focal cortical dysplasia. Photomicrograph depicting an abnormal
cluster of dysplastic neurons with irregular profiles closely admixed with large, binucleated astro-
glial cells exhibiting pale pink cytoplasm (A). When stained with neurofilament protein this shows
the perikaryion of the neurons and their axons embedded in a disorganised neuropil background
(B). On the slide stained with GFAP (Glial Fibrillary Acidic Protein) stroglial cells are highlighted
in close apposition to the neurons (which remain unstained) (C). A subpopulation of cells exhibit-
ing co-localisation of reactivity with both Neurofilament protein and GFAP, suggestive of a
dysplastic nature of divergent phenotype
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that examined whether the histological subtype of FCD influenced surgical outcome
found a trend towards better results in those patients with a less severe histological
subtype (mMCD or FCD type 1a),*? but this study has relatively small numbers with
limited follow-up. Others have found the reverse situation, with outcome better in
FCD 2% or no correlation.** This issue clearly needs evaluation in larger studies with
longer follow-up data, which would allow us to further our understanding of the clin-
icopathological correlate in FCD and ultimately enable us to identify presurgery those
candidates who are likely to have the most favorable outcome. With a condition such
as FCD, this will only be possible with multicenter collaboration.

Focal cortical dysplasia can coexist as “dual pathology” with other pathologies
which are also known to cause epilepsy, such as hippocampal sclerosis (HS) and
dysembryoplastic neuroepithelial tumors (DNT). Certain dual pathologies have an
unfavorable outcome following epilepsy surgery, for example HS with periventricu-
lar nodular heterotopia,* but some small studies suggest that if both pathologies are
readily identifiable presurgery and considered resectable then the outcome is favo-
rable. A study of 28 patients with temporal lobe epilepsy associated with FCD
found no difference in the outcome between those patients with FCD only and
those with additional HS.* In a study of patients with DNT who underwent surgical
resection, an associated cortical dysplasia was identified in over 80% of patients.*
This finding emphasizes that in tumors such as DNT a focal resection may not be
sufficient to achieve remission, and in many the surrounding tissue may be dysplas-
tic and “epileptogenic.” Other authors have also reported that in cases of temporal
lobe dual pathology the outcome is good if the lesions are resected in addition to
the mesial temporal structures.*’43

In the past decade the identification of FCD has been revolutionized by advances
in MRI techniques in particular, but still this may not identify FCD in up to 30% of
patients.* Characteristic findings on MRI are an abnormal gyral pattern, increased
cortical thickness, poor grey-white matter differentiation, and increased subcortical
signal on T2-weighted and FLAIR images.* Detailed presurgical evaluation is neces-
sary to identify the epileptogenic zone, and this is a particular challenge in those
patients with normal MRIs. As imaging techniques improve, it seems likely that more
patients with FCD will be able to be identified and become surgical candidates.
Currently, as a routine in the presurgical evaluation process these patients should
undergo high-resolution MRI and scalp video-EEG telemetry. In some patients this
will be sufficient to identify the FCD, but in others techniques such as intracranial
EEG recordings, positron emission tomography (PET), or ictal single-photon emis-
sion computed tomography (SPECT)’' will be required. Ictal SPECT identifies the
epileptogenic zone as a an area of hyperperfusion based on cerebral metabolic and
perfusion coupling,> and an early injection can reduce the risk of identifying a pos-
tictal hypoperfused area. SPECT coregistered to MRI (SISCOM) (Figure 9.4) may
identify a localized region of cerebral perfusion concordant with the epileptogenic
zone* and improve the localizing value of ictal SPECT. Patients are most likely to
have a favorable seizure outcome if the focal cortical resection includes the region of
peri-ictal blood flow change.>*** Ictal SPECT and SISCOM may be particularly use-
ful in patients with FCD which is not identifiable on standard MR imaging.
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Fig. 9.4 Ictal SPECT coregistered to MRI (SISCOM). SISCOM in a patient with right temporal
lobe epilepsy. Routine MRI was normal. Note that the right side of the brain is on the right side
of the figure

Our knowledge of FCD has advanced significantly in recent years, but the major
challenges of being able to identify all patients with FCD preoperatively and to
verify whether there are subgroups of patients who are most likely to respond well
to surgery remain.

Other Malformations of Cortical Development

Schizencephaly is a malformation of cortical development (MCD) that consists of
congenital clefts in the cerebral mantle extending from the pial surface to the lateral
ventricles and lined by cortical gray matter.” It may have a variable clinical presen-
tation ranging from little or no deficit to severe developmental delay, hemiplegia,
and epilepsy, which often will be refractory to AED treatment. The structural
changes may be unilateral or bilateral, and when unilateral surgery may be consid-
ered. However, data on the outcome of surgery in patients with schizencephaly are
limited,**® and the evaluation process is likely to be complex. Even when the cleft
is unilateral it may be multilobar, the structural abnormality may be distant from the
epileptogenic zone, and the dysplastic cortex may be essential for language and
motor functions.” Invasive EEG recordings are required in such patients, but
SISCOM may provide useful data to guide electrode placement and/or cortical
resection.®” In the reported cases the surgical strategy has varied and includes tem-
poral lobectomy, excision of the dysplastic cortex, and resection of cortex distant
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from the cleft. Polymicrogyria is an MCD characterized by an increase in the
number and decrease in the size of gyri; it may be generalized or localized. It has a
widely varying clinical presentation which depends upon the distribution of the dys-
plastic cortex and the presence of any other underlying abnormality. In some patients
with refractory epilepsy a focal potentially resectable region may be identifiable.®!

MRI has improved our recognition of uncommon MCDs such as schizencephaly
and polymicrogyria. The majority of these patients are managed medically, but
surgery may be an option for some with unilateral dysplastic cortex.

Dysembryoplastic Neuroepithelial Tumor (DNT)

Dysembryoplastic neuroepithelial tumors are benign glioneuronal tumors fre-
quently associated with refractory epilepsy in children and young adults.? They
have characteristic findings on imaging with a mixed signal lesion on MRI which
is based in the cortex but may involve the white matter, often with overlying skull
abnormalities indicating a chronic lesion.®® They typically have a disorganized
arrangement of neuronal and glial elements without cytological atypia and frequent
association of foci of dysplastic cortical disorganization. Cortical dysplasia is fre-
quently associated with DNTs,%"! which need careful evaluation preoperatively, as
a high proportion of associated “MRI-invisible” cortical dysplasia has been
reported.* For optimum surgical outcome, this needs to be identified presurgically
by invasive methods (intracranial EEG recordings and/or electrocorticography) to
ensure resection of the entire epileptogenic zone,”>” but in some patients functional
imaging such as SISCOM may provide a noninvasive alternative.”

Intellectual disability may occur in around 40% of cases with DNT,” but the pres-
ence of LD may imply a more widespread cortical dysfunction. DNTs are often surgi-
cally resectable, with studies generally showing a favorable outcome in terms of
seizure control, 26366677680 bt the outcome is less certain in patients with ID.

Tuberous Sclerosis

Tuberous sclerosis complex (TSC) is an autosomal dominant neurocutaneous syn-
drome with variable expression and a high spontaneous mutation rate, which is
characterized by multiple hamartomas in the skin, retina, heart, kidney, and brain. It
is associated with epilepsy in up to 90% of cases, which is usually of early onset and
refractory to medical treatment in up to 30%.%' The central nervous system involve-
ment in TSC also gives rise to focal neurological deficits and developmental and
intellectual delay. There is evidence that achieving early seizure control may have a
positive impact on cognitive development and social adjustment.®?> Traditionally,
epilepsy surgery has not been considered an option for TSC patients, as imaging
often reveals multiple tubers and therefore potentially multiple epileptogenic zones.

Prasher_Ch09.indd 139 @ 7/22/2008 10:02:07 PM



140 A. Nicolson

However, in certain cases surgery may be a realistic option, particularly for those
patients with stereotyped seizures that suggest an origin from a single tuber.

The presurgical assessment of a patient with TSC offers some unique chal-
lenges. Magnetic resonance imaging will often reveal multiple tubers in TSC and
does not identify the origin of the seizures,® and interictal EEG may show multiple
abnormalities or be nonlocalizing.®* On MRI, FLAIR sequences, or even diffu-
sion-weighted imaging,®” may be optimal to detect tubers. Computerized tomogra-
phy can be useful to identify calcification, one study suggesting that such tubers
may be more likely to be epileptogenic.®® In some cases with TSC the epileptogenic
tuber will be relatively easy to identify with concordance between MRI, interictal,
and ictal EEG. However, in many cases invasive EEG recordings with depth elec-
trodes and/or subdural grids will be necessary. Functional imaging such as ictal
SPECT can aid localization with hyperperfusion anterior to the epileptogenic tuber.®
FDG-PET scans may reveal multiple hypometabolic regions corresponding ana-
tomically to the tubers, and will not differentiate between those with or without
epileptogenic potential.”*? Other radioactive ligands such as C-alpha-methyl-tryp-
tophan (CAMT), a marker of serotonin synthesis, may be more promising in this
regard, as this has been shown to have a significantly greater uptake in epilep-
togenic tubers.”*** FDG-PET coregistration with MRI and diffusion tensor imaging
may provide additional information to PET alone.”

At present, such functional imaging techniques, and more recently SISCOM, are
useful tools to aid localization, but in practice invasive EEG recordings are usually
required and this information can assist with the placement of such electrodes.
Invasive monitoring can also identify adjacent functional cortex to guide resection.
MEG is a technique that selectively measures tangential sources (e.g., sources on a
sulcus) rather than the radial sources also detected by EEG. MEG can be combined
with EEG recordings simultaneously and then visualized by plotting the equivalent
current dipole on the patient’s MRI brain scan with volume reconstruction.

Experience in localizing the epileptogenic zone with MEG is limited in TSC, but
some provisional studies have suggested that it may have a role,’**” and in combina-
tion with PET and ictal SPECT could provide a three-dimensional map of the rela-
tion of the epileptic activity to the adjacent structural and functional anatomy.

Several small series of cases of surgically treated TSC have been reported, with
a remission rate between 10% and 78% (Table 9.1).

The best outcome is for:

. Patients with a single seizure type or single tuber
. Patients with multiple tubers and one large calcified tuber, with concordant
interictal EEG abnormalities related to it

3. Patients with concordant investigationsAlthough the evaluation process is more
complicated and potentially higher risk, patients who do not fall into these good
prognostic groups should not be denied appropriate investigation. There are
reports of successful outcomes in cases requiring multistage investigation and
surgery, even for bilateral seizure foci.!!!!12

N =

The multifocal nature of TSC means that when undergoing resective surgery
special consideration needs to be given to the possibility of further epileptogenic
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Table 9.1 Selected series of resective surgery for tuberous sclerosis patients
(modified from Romanelli and colleagues.”

No. of

Author Patients ~ Remission Rate (%)  Follow-up (months)
Bebin®” 9 67 38
Avellino!% 8 55 35
Baumgartner!" 4 0 30
Guerreiro!%? 12 58 120
Acharya!® 9 78 1 mon-14 yrs
Neville'* 6 67 60

Koh®® 13 69 48
Thiele!%> 21 33 50
Karenfort!% 8 38 42
Vigliano!% 4 75 24
Sinclair!® 4 78 60

Jarrar'®” 21 42 60
Lachhwani!? 17 65 25

tubers developing, and patients need to be counseled accordingly. One study found
that in this patient group the remission rate fell from 59% (13 of 21) to 42% after
five years,'” but larger systematic long-term studies are required to see whether this
phenomenon is more common in TSC patients than others with a different underly-
ing pathology such as FCD or hippocampal sclerosis.

Lennox-Gastaut Syndrome

Lennox-Gastaut syndrome (LGS) is a form of symptomatic generalized epilepsy
that is characterized by a peak age of onset between two and six years of age, mul-
tiple seizure types, a characteristic EEG abnormality, and often severe ID.
Approximately one third of children will have had West syndrome in the first year
of life. Symptomatic cases may be caused by focal, multifocal, or diffuse cerebral
abnormalities, which could be congenital or acquired.

As LGS is a generalized epilepsy syndrome, it typically is not amenable to
resective surgery. However, atypical LGS may be related to a focal lesion, and if
such a lesion is identified on MRI, it may be possible to identify a resectable epileptogenic
zone and provide a good seizure outcome.'!>!1*

Hemispherectomy

The technique of hemispherectomy was first used to treat refractory epilepsy in
Toronto in 1938."5 After the technique was utilized in a number of cases,'¢ it
became apparent that there was a significant associated mortality and morbidity,
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and in particular a high risk of the development of superficial siderosis, due to
hemorrhage into the fluid-filled cavity left by the removal of the hemisphere. The
hemispherectomy only became an accepted treatment for refractory epilepsy
caused by diffuse hemispheric syndromes when the technique was modified by
Rasmussen.!'”:!18

Hemispherectomy is indicated as a treatment for refractory partial seizures sec-
ondary to a diffuse hemispheric abnormality. Presurgical evaluation is required to
ensure that seizures originate solely from the affected hemisphere, and that the
contralateral hemisphere is normal. Magnetic resonance imaging can determine
whether there is any structural abnormality, and functional techniques such as PET,
SPECT (showing interictal hypoperfusion and ictal hyperperfusion from the
affected hemisphere), fMRI, and MEG can evaluate the functions of the hemi-
spheres in terms of motor, sensory, and language functions. Further localization
may be performed with intracranial recordings with subdural strips or grids, which
provide intraoperative mapping of eloquent cortex.

The ideal timing for hemispherectomy is uncertain. Earlier intervention will
reduce the adverse cognitive effects of years of poorly controlled seizures and the
sedative effects of AEDs and subsequently improve quality of life. However, it is
uncertain whether surgical intervention should be delayed until neurological defi-
cits such as hemiparesis or dysphasia become established, or to perform the proce-
dure as early as possible. Although there is evidence for a better cognitive outcome
in cases of Sturge-Weber syndrome (SWS) if hemispherectomy is performed dur-
ing the first year of life,!”® there is also fMRI evidence that sensory and motor func-
tions may transfer to the contralateral hemisphere at different stages of cerebral
maturation'? and that postponement of surgery until completion of transfer of func-
tions from the diseased to intact hemisphere leads to better fine and motor func-
tion."?! A fine balance clearly is required to consider both of these factors in each
individual being considered for hemispherectomy.

One of the major indications for hemispherectomy is Sturge-Weber syndrome
(SWS) (Figure 9.5), a neurocutaneous syndrome characterized by a facial capillary
angioma (port-wine stain) seen predominantly in the distribution of the first branch of
the trigeminal nerve; however, it may be more extensive, with an underlying leptome-
ningeal angioma that can occasionally be bilateral. The leptomenigeal angioma may
be detected by skull X-ray, CT, or MRI. Typically SWS is associated with a moderate
to severe ID (a normal IQ occurs in only 25-30%)'?* and refractory epilepsy. Status
epilepticus is common, and there may be periods of encephalopathy associated with
cognitive and developmental plateau and increased hemiplegia.'*® Although the lep-
tomeningeal angioma may be easily evident on standard imaging, the epileptogenic
zone may be more extensive; seizure recordings thus are essential, and intraoperative
electrocorticography may be used to guide the extent of resection.'?*

Any other conditions that cause a diffuse unilateral hemispheric disorder and
epilepsy may be considered for hemispherectomy, in particular hemimegalencephaly
(a neuronal migration disorder resulting in a unilateral enlarged hemisphere),
Rasmussen’s encephalitis, hemiconvulsion-hemiplegia, and epilepsy (HHE) syndrome,
and a spastic hemiplegia caused by perinatal stroke.
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Fig. 9.5 Sturge-Weber syndrome. Post-contrast MRI shows the characteristic features of Sturge-
Weber syndrome with abnormal enhancement, suggesting calcification in the cortical veins,
together with right hemisphere atrophy

Several small series of the outcome from hemispherectomy have been reported,
with generally favorable results. One of the largest series with prolonged follow-up
found that 65% of 111 children who underwent hemispherectomy were seizure free,
and 89% could walk without assistance. The poorest seizure outcome was found in
those with neuronal migration disorders.'” Another study of 115 patients found the
poorest outcome and most complicated surgery in cases of hemimegalencephaly, but
not in those with unilateral hemisphere cortical dysplasia, i.e., without the abnor-
mally enlarged hemisphere.'? Other series have produced remission rates of
52-81%"'3 with a generally good motor outcome, usually cognitive stability or
improvement, and behavioral improvement in many.

Since the earlier anatomical hemispherectomy technique was found to be associ-
ated with an unacceptable degree of complications, the technique has evolved to
more restricted resections with disconnections. The functional hemispherectomy
was first described in 1983 and entails the resection of the parietal and temporal
lobes, Rolandic region, and severing the connections with the thalamus and brain-
stem, hence leaving in place the frontal and occipital lobes and their blood supply.
This procedure has a much lower risk of the complication of hemosiderosis (in a
series of 20 patients none had hemosiderosis'**) compared with up to 30% of
patients undergoing anatomical hemispherectomy,'3* although it should be stressed
that some series of patients undergoing anatomical hemispherectomy also report no
cases of haemosiderosis.'** The disadvantage of the functional hemispherectomy is
that the potentially epileptogenic insula is left in situ, although the seizure freedom
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Fig. 9.6 Hemispherectomy. T1-Weighted MRI scans of examples of anatomical (A and B) and
functional (C and D) hemispherectomy, and hemispherotomy (E and F)

rates compare favorably with the conventional procedure.!*® Other more restricted
procedures include hemicorticectomy (only grey matter is resected) and hemisphe-
rotomy (disconnection of the epileptogenic hemisphere from the subcortical cent-
ers, thereby reducing brain excision (See Figure 9.6)).

Patients with the diffuse hemispheric disorders discussed here often have severe
epilepsy with profound developmental and cognitive delay and hemiplegia. In
childhood this is the patient group with potentially the most to gain from successful
epilepsy surgery, as this can provide dramatic benefits not only in terms of seizure
control but particularly cognitive development, and further work needs to be done
to enable us to make an appropriate judgement on the timing of surgery.

Evaluating the Outcome of Resective Epilepsy Surgery
in Patients with ID

The immediate aim of resective epilepsy surgery is to reduce, and hopefully stop,
seizures. However, there are many other additional factors that are vitally important
in assessing the overall outcome in terms of quality of life. The ultimate aim has to
be to improve quality of life, which is not achieved if the patient has fewer seizures
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but an adverse cognitive or psychiatric outcome. Even seizure freedom does not
necessarily improve quality of life, and many such patients may continue to lead a
“disabled” life with no discernable functional benefit.’* ¥/

An essential part of the presurgical evaluation is to assess the patient’s and/or
caregiver’s expectations of surgery, and careful counseling at this point may ensure
that these are not unrealistically high. This is particularly relevant in patients with
ID in whom even the most favorable seizure outcome may not lead to as much of
an improvement in functioning as caregivers may hope for or expect. However, the
possibility of a reduction of seizure frequency and severity and a reduction in the
drug burden are valid reasons to consider epilepsy surgery in this patient group,
which may have particularly severe and frequent seizures, and so be in a particu-
larly high-risk group for seizure-related injury and death (SUDEP).

There is not an established health-related quality of life measure that reliably
assesses the impact that epilepsy surgery has on the quality of life of an individual with
ID or their family. To measure this is complex and requires the evaluation of multiple
domains and so requires the use of a variety of instruments of quality of life.

Conclusion

The traditionally held view that patients with ID will not be candidates for considera-
tion of epilepsy surgery has been challenged in recent years. No longer are palliative
procedures such as corpus callosotomy the only surgical options in such cases, and
prospects of seizure freedom are realistic for many with ID. It would seem that a sub-
group of patients with focal epilepsy and ID can be identified and treated successfully
without drastic cognitive consequences. However, resective epilepsy surgery in the ID
population remains a significant challenge. The identification of suitable candidates
may be difficult, and the evaluation procedure may require special considerations and
adaptations for those with ID. Newer techniques such as higher-resolution MRI have
aided us in identifying potentially resectable epileptogenic foci, and in the future
advances in technologies such as fMRI, SISCOM, and MEG may help further to
localize foci more accurately and noninvasively, which would carry benefits for all
patients with refractory focal epilepsy, including those with ID.
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