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Infantile spasms remain the most challenging of the epileptic encephalopathies
of childhood. Infantile spasms are classified as an epileptic encephalopathy, as the
adverse cognitive and behavioral burden of the condition is out of proportion to the
burden one would expect from the underlying etiology or the accompanying magnetic
resonance imaging. The ictal and interictal electroencephalographic (EEG) activity is
presumed to contribute to the progressive cerebral dysfunction. In many of these chil-
dren, the underlying etiology also contributes to the severe mental subnormality and
autistic behavior. Though it is the syndromic approach that guides the pediatric epi-
leptologist, it is best to keep in mind that one syndrome may evolve into another in
infancy and early childhood. A baby with Ohtahara syndrome may, after 2 to 7 months,
begin to have spasms. Lennox-Gastaut syndrome with its typical seizure types and
EEG may evolve in a child with infantile spasms. The unique modalities used in the
treatment of infantile spasms make early recognition important. It is, however, also
of paramount importance to make an etiological diagnosis as the underlying etiology
may be eminently treatable. The treating physician cannot abandon them as wholly
“intractable” epilepsy. The excellent response to treatment in the few who just cannot
be defined or accurately predicted drives the physician to exercise his brain. Use of
the two well-accepted modalities of treatment; vigabatrin and adrenocorticotrophic
hormone singly or in combination, oral steroids in high dose, ketogenic diet, the con-
ventional antiepileptic medications, and strategies to target the basic cause have been
tried out by various clinicians. Here, we have made an attempt to collate evidence and
describe the progress in the management of infantile spasms.

The term “epileptic spasm” is now preferred on recognition
that spasms can present for the first time beyond infancy.

Infantile spasms (IS) has been described in the International
League Against Epilepsy (ILAE) 2017 operational classifica-
tion of seizure types as epileptic spasms occurring at infan-
tile age. They are further defined as “sudden flexion, exten-
sion or mixed extension-flexion of predominantly proximal
and truncal muscles.” Hypsarrhythmia (the signatory elec-
troencephalographic [EEG] finding of IS) may be “modified”
with increased interhemispheric synchrony, asymmetry,
fragmentation, a consistent focus of abnormal discharge or
may consist of only high voltage asynchronous slow activity.
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An age-related epileptic encephalopathy, IS has an onset
between 3 months and 2 years with an estimated incidence
of 0.25 to 0.42 per 1,000 live births per year.?

IS remain etiologically heterogeneous. The etiology is
identified in 60 to 75% of cases with relevant radiological,
infectious, and metabolic investigations.> Neurocutane-
ous syndromes, brain malformations, neonatal strokes, and
sequelae of hypoxic ischemic encephalopathy are often obvi-
ous on a magnetic resonance imaging (MRI). Tuberous scle-
rosis (TS), the most well-known genetic association with IS,
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occurs in only 1 to 19% of children with IS.2* Array compar-
ative genomic hybridization (aCGH), in a 2014 report from
Canada, has revealed several de novo and likely pathogenic
hemizygous variants in 7% of children.* Many of these vari-
ants are also associated with intellectual disability or autism
spectrum disorder with no seizures. Though more expensive,
and with a delayed yield, whole exome sequencing is always
found to have a greater yield than targeted gene sequencing
in these children.* Pathogenic mutations have been reported
in ARX, STXB1, SLC2A1, CASK, ALG13, PNPO, CDKL5, MAGI2,
SCN1A, SCN2A, STK9, DCX, and ADXL genes.>”

Though diverse modalities have been used for the treat-
ment of IS, the success in terms of seizure control, motor out-
come, and cognition is poor.®® The two modalities that have
opened up lighted avenues are hormonal treatment and viga-
batrin. These promising agents let down the clinician from
time to time and fail to control seizures. In those children
who achieve seizure freedom, the cognitive outcome remains
poor.®? Adrenocorticotropic hormone (ACTH) in its natural
and synthetic forms and oral prednisolone has been used as
hormonal therapy. Very few randomized controlled trials,
with small numbers and poor methodology, have been done
using the various agents in children with IS. The answer to
what is the optimal treatment for IS is yet to come.

Investigations in a Child with Infantile Spasms

Role of neuroimaging in these children is later elaborated. The
National Infantile Spasms Consortium has observed that 55%
of patients reach an etiological diagnosis following clinical
examination and MRI. They have proposed a cost-effective
workup of children with no detected etiology, to include
aCGH followed by an epilepsy gene panel if the microarray is

Table 1 Standard modalities used to treat infantile spasms

Management of Infantile Spasms lype, Koshy

not diagnostic, serum lactate, serum amino acids, and urine
organic acids.!®

Treatment Modalities Available

Adrenocorticotropic Hormone

The Cochrane review of 2013 cautions the comparison of
different studies with ACTH; as natural or synthetic ACTH
has been used by different groups and the two cannot be
compared.'' However, Riikonen states that the internation-
al units of the two forms of ACTH are equivalent.'? Short-
term treatment with high-dose intramuscular natural
ACTH (150 IU/m?) in two divided doses may help to treat IS
and is the Food and Drug Administration (FDA)-approved
dose.

There is modest evidence that low-dose ACTH is as effec-
tive as high dose.’®'> However, ACTH is not without side
effects (=Table 1). The duration for which ACTH should
be given is also not agreed upon. ACTH is available in the
natural form; it is made from bovine and porcine sourc-
es. With the scare of bovine spongiform encephalopathy
in Europe, the natural form ceased to be marketed there
and the synthetic form was used either in depot (given
on alternate days) or nondepot form. In the updated evi-
dence-based guideline developed by the American Acade-
my of Neurology (AAN) and the Practice Committee of the
Child Neurology society in 2012, it is stated that, “ACTH
is more effective than vigabatrin for short-term treatment
of infantile spasms.”'® It was approved for use in children
with IS by the US FDA in 2010. =Fig. 1 is a description that
consolidates the gamut of doses of different modalities
used in IS.

Advantages Adverse effects Precautions
ACTH Has best evidence Death is recorded in many studies. It may cause Use H2 blocker or proton pump
hypertension, hyperglycemia, irritability, pigmen- | inhibitor, monitor blood pressure (once
tation, electrolyte imbalance, weight gain and daily for 2 days and weekly thereafter),
facial puffiness, severe life-threatening or other and blood sugar (check at 48 hours
infections due to immunosuppression, gastritis, and weekly thereafter). Avoid live-virus
sleep disturbance, reversible hypertrophic cardio- | vaccines for 4 weeks following course.
myopathy, and cerebral cortical atrophy Stress dose steroid may be needed in
case of intercurrent illness
Vigabatrin More effective than Black box warning regarding irreversible, loss of Periodic testing by an ophthalmologist
ACTH in tuberous vision in the peripheral visual field. Behavioral to look for macular changes. Restrict use
sclerosis abnormality, psychosis, somnolence, depression, of the drug for 6-12 months
Oral administration irritability, myoclonus, diarrhea, anemia, deranged
liver function tests and reversible hyperintensities
in white matter, thalamus, basal ganglia, and brain
stem
Oral steroid Oral administration Weight gain, immunosuppression, gastritis, Use H2 blocker or proton pump
irritability, sleep disturbance, hyper pigmentation, | inhibitor, monitor blood pressure and
reversibly hypertrophic cardiomyopathy, and blood sugar. Avoid live-virus vaccines
cerebral cortical atrophy for 4 weeks following course. Stress
dose steroid may be needed in case of
intercurrent illness

Abbreviation: ACTH, adrenocorticotrophic hormone.
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Treatment

ACTH (High dose) IM (First line)
150units /m2/day(bd) x 3weeks
80 units /m2 x 2 weeks
80 units /m2 on alternatedays x 3 weeks
50 units /m2 on alternatedays x 1 week

Alternate high dose ACTH regime
150 mg/m2/dayx14 days

30 units/m2 /day x3 days

15 units/m2 /day x3 days

10 units/m2 /day x3 days
10units/m2 /alternate dayx6 days

ACTH (Low dose) IM(First line)
20units/ day x2 weeks Followed by 30
units /day for 4 weeks if no

Pharmacological Therapy

response

Or switch to Vigabatrin

Vigabatrin (Oral) (First line)
100-150mg/kg per day Titrated
from a lower dose of 12-15 mg/kg/day

Given for 6 months followed by taper

Oral Prednisolone 40-60mg/day given as 3-5
divided doses (since the UKISS trial)

Begin 4mg/kg/day given three times a day

If successful reduce weekly over 4 weeks

If no improvement, step up to 60 mg/day

If in a week no improvement, taper over 2 weeks
Change to other treatment modality

Pyridoxine
No evidence for first line use

Trial of 300 mg/day

N S S S E——————
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Ketogenic diet (Insufficient evidence)

Not yet proven to be superior to pharmacological
agents

4 N

May be considered soon after hormonal treatment
or Vigabatrin fails

Surgical treatment

Could be resorted to early in cases of focal
cortical dysplasia and hemispheric epilepsy

Non "standard pharnTacoIogicaI" Therapy

Patient should not be diagnosed to have a
metabolic disease

Post surgery patient should not have new and

\ irreversible neurological deficits /

Precision medicine for genetic aberratons}

High dose pulse Rapamycin

May emerge as effective in even non
Tuberous Sclerosis patients

Precision medicine for
metabolic/infectious disorders

-

- —

Vagus nerve stimulation
Only limited evidence for use in infantile spasms

continued

-
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Subsequent oral adjunctive therapies

Insufficient evidence; Often used in intractable cases, for prevention of relapse and in continuation phase

Sodium valproate
Nitrazepam
( Be aware of

idiosyncratic ( Better evidence

behavioural

hepatocellular
failure)

than clonazepam)

Levetiracetam

(Be aware of

adverse effect)

Topiramate

Zonisamide

Renal calculi (Be aware
could occur of
behavioural and

cognitive sequel)

Fig. 1 Treatment options in infantile spasms. ACTH, adrenocorticotrophic hormone.

Vigabatrin

Vigabatrin, a suicide substrate for the enzyme gamma
aminobutyrate transaminase, effectively blocks it and thus
augments the brain level of gamma aminobutyric acid. It
produces irreversible visual field defects and has psychiatric
side effects, which has stuttered its entry into the epileptic
armamentarium.'”’® The United States especially resisted its
entry as intramyelinic edema in the brain was demonstrated
in animals.’”® The AAN in their 2012 meta-analysis failed to
show that vigabatrin is superior to ACTH and recommended
that ACTH or vigabatrin may be used for short-term treatment
of [S.'® They also recommend ACTH over vigabatrin to possibly
improve the developmental outcome (level C evidence).'®

The United Kingdom Infantile Spasms Study (UKISS trial)
compared hormonal treatment (oral prednisolone or ACTH)
and vigabatrin.?>?? Spasm cessation on day 14 was more
likely in children on hormonal treatment.?’ At 14 months,
seizure freedom and developmental outcome assessed using
Vineland Adaptive Behavior Scale (VABS) were comparable
in the two groups.?' However, developmental outcome was
better in children with cryptogenic IS, given ACTH versus
those given vigabatrin. At 4 years follow-up, developmental
and epilepsy outcome between the two treatment groups
were not significantly different and developmental out-
come continued to be better in children with cryptogenic
spasms given hormonal treatment.?? Children with TS were
excluded in this study and thus the real advantage of viga-
batrin may have been hidden by excluding the group that is
accepted to be best treated with vigabatrin.

Chiron et al compared vigabatrin (150 mg/kg/day) to
hydrocortisone (15mg/kg/day) in children with TS and
showed that all children who were first treated with viga-
batrin (11/11) became spasm free compared with 5/11 on
hydrocortisone. Nonresponders to hydrocortisone were
crossed over to vigabatrin and all of them became seizure
free.® This was the paper that first established the role of
vigabatrin in children with TS. A nonrandomized study by

Ahmed showed earlier and better EEG outcome with ACTH,
though seizure control was better with vigabatrin.?*

In spite of the formidable list of adverse effects (~Table 1)
associated with it, vigabatrin was approved for use by the
US FDA in 2009 for refractory complex partial seizures and
IS based on two studies conducted by Elterman et al.?>?¢
Elterman et al in 2010 published evidence, after a single blind
randomized control trial, of better seizure outcome with
high-dose vigabatrin (up to 200 mg/kg/day) compared with
low dose.?” The current guideline is an ophthalmological eval-
uation once in every 3 months for children on vigabatrin.?

Oral Prednisolone
The protocol used in the UKISS trial (40-60 mg/day of oral
prednisolone given as 3-5 divided doses) has been since
used in the International Collaborative Infantile Spasms
Study (ICISS) trial and by Wanigasinghe et al.?*?°30 Hussain
et al modified this dose to 8 mg/kg per day.*! An Indian
study showed a 4mg/kg dose to be more effective on day 14
compared with a 2 mg/kg dose.>

The randomized controlled trial by Wanigasinghe et al
showed that prednisolone has more efficacy than ACTH for
control of IS at 14-day, 3-month, 6-month, and 12-month fol-
low-up. However, on follow-up beyond 12 months there was
no statistical difference between the two groups®® The UKISS
trial did not show any difference between groups given high-
dose prednisolone and ACTH.*! Hussain et al, using historical
controls, demonstrated that very high-dose prednisolone is
superior to low-dose prednisolone but less effective than high-
dose ACTH.*! Kossoff et al showed that high-dose prednisolone
is not inferior to ACTH.>* The national IS consortium, however,
showed a better response to ACTH when compared with viga-
batrin and oral steroids with very minimal response to non-
standard treatments.>* A retrospective case series from Austra-
lia showed superiority of oral prednisolone over vigabatrin.>

The AAN in their meta-analysis in 2012 revealed insuf-
ficient evidence to recommend use of prednisolone,

International Journal of Epilepsy Vol.6 No. 1/2020
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dexamethasone, and methylprednisolone as being as effec-
tive as ACTH for the management of IS.'®

Ketogenic Diet

A high-fat and low-carbohydrate diet has been used in
intractable epilepsy since the early 20th century. Sever-
al authors have shown positive results with ketogenic diet
(KD) in intractable IS.>5-*® Hong et al in her prospective study
demonstrated seizure freedom of 37% over a 6-month peri-
0d.* Kayyali et al found KD effective in 70% at 3 months (15%
maintaining the seizure free status at 6 months).>’ Kang et al
showed that short-term use of KD was as good as a longer
duration of the same, as recurrence of spasms was compara-
ble after KD for 1 year versus for 2 years.>® There is also con-
sensus of opinion that KD is the treatment of choice when
the etiology is pyruvate dehydrogenase complex deficiency
or glucose transporter type 1 (Glut1) deficiency.”* Updated
recommendations of the International Ketogenic Diet Study
Group have also recommended that KD should be initiated
early when the child with IS has TS or a gastrostomy tube.?84C
However, there are concerns about this diet hampering
growth in the developing child.*® Evidence supporting use of
KD in early life is mounting.*'“? Dressler et al have recently
shown a trend toward lower relapse rates with KD especially
when given following vigabatrin.*

Better cognitive development is documented in children
on KD versus those on hormonal treatment or vigabatrin.*®
Rigorous KD is not without side effects and often poorly
tolerated. Modified Atkins diet and the simplified modified
Atkins diet have been shown to be effective in controlling
seizures in children with IS.#44 In a recent retrospective anal-
ysis, only 2 out of 22 children with refractory IS responded to
KD, and the response was maintained only for 1 month. The
diet could be maintained in only 6/22 patients with partial or
subjective benefit.*s

Role of Pyridoxine

There is insufficient evidence to support the use of pyridoxine
in the long-term treatment of IS.!® In cases where no cause
is apparent for spasms, pyridoxine-dependent seizures may
be suspected and a trial of pyridoxine in the pharmacolog-
ical dose of 300 mg/day may be given a trial.#’ In suspected
cases, it would be best to look for pipecolic acid, piperideine-
6-carboxylate, and « aminoadipic semialdehyde in quickly fro-
zen plasma using liquid chromatography-mass spectrometry.
A genetic study for ALDH7A1 mutation may also be done.

mTOR Inhibitors for Tuberous Sclerosis

Sirolimus is a mammalian target of rapamycin (mTOR) inhib-
itor available as tablet and solution that is rapidly absorbed.
Everolimus, another mTOR inhibitor with greater bioavail-
ability, is initiated at 5 mg/m?/day given once daily and titrat-
ed to a target blood level of 5 to 15 ng/mL. High-dose pulse
rapamycin, an mTOR pathway inhibitor that is well tolerated,
may in future emerge as the new and effective therapy for IS,
even when not due to TS.*84°
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A recent comprehensive review by Li et al has shown that
seizure frequency is significantly reduced in patients with TS
given mTOR inhibitors.** mTOR inhibition should be the sub-
ject of future trials as this therapeutic modality addresses the
potentially lethal complications of TS including subependy-
mal giant cell astrocytoma related hydrocephalus, hemor-
rhage due to renal angiomyolipoma and progressive lymph-
angioleiomyomatosis, besides seizure control.”!

Targeting Other Metabolic Causes

An underlying metabolic etiology has been reported variably
as 8, 4.8, and 12.5%.81952 Phenylketonuria (PKU), cobalamin
deficiency, methylmalonic aciduria, Glut1 deficiency, pyri-
doxine deficiency or dependency, pyridoxal 5'P deficiency,
folinic acid deficiency, propionic academia, homocystinemia,
biotinidase deficiency, primary carnitine deficiency, molyb-
denum cofactor deficiency, Menkes kinky hair disease, and
mitochondrial disorders including pyruvate dehydrogenase
deficiency, Leigh’s disease, and Alpers-Huttenlocher dis-
ease are some of the metabolic disorders that can be treated.
There are no studies comparing standard treatment for IS and
precision treatment for the underlying neurometabolic dis-
ease in children with IS. A Saudi Arabian group has shown
a poor response to treatment using steroids or vigabatrin in
children with IS and a neurometabolic disorder.>?

Nonketotic hyperglycinemia (NKH), PKU, Menkes disease,
pyridoxine responsive or dependent seizures, methylmalo-
nic aciduria, and mitochondrial disorders were found to be
more frequently seen in infants with IS in a recent review.>
In children with KCNT1 mutation, treatment with quinidine
is effective.> Though apnea improves in children with NKH
when given sodium benzoate and ketamine, seizure control
and developmental milestones are rarely achieved.>> Menkes
disease also has poor seizure control even after copper histi-
dinate supplementation.®

Other Treatable Underlying Etiologies

In children with IS and cytomegalovirus infection, 10/22
maintained seizure freedom over 18 months on treatment
with intravenous ganciclovir given for 3 to 12 weeks along
with antiepileptic drugs.”’ Riikonen has always cautioned
against the use of ACTH in children with spasms and cyto-
megalovirus infection as she documented worsening of
spasms with ACTH.>8

Nonstandard Treatment for Infantile Spasms

The 2012 AAN recommendation states insufficient evidence
to recommend sodium valproate, nitrazepam, levetiracetam,
zonisamide, topiramate, and KD for the management of IS.'6
Topiramate is the most promising among other antiepilep-
tics.>% Knupp et al have recently shown that when a first-
line standard-therapy for IS (ACTH, oral steroid or vigabatrin)
fails, the use of a second standard-therapy (ACTH, oral ste-
roid, or vigabatrin) with a different mechanism of action is
superior to using another antiepileptic drug like topiramate
or zonisamide.5!



Available Evidence for the Dose of ACTH and the Issue
of Combining Steroid with Vigabatrin

A retrospective study showed that though the immediate
effect of high-dose ACTH is more impressive, long-term out-
come after high- or low-dose ACTH is comparable.5? Similar
results, with no significant difference in seizure outcome with
even very low dose of ACTH, were supported by others.!*>
However, a better seizure control has been highlighted with
high-dose ACTH by other authors.®*%* The high-dose group
showed a higher rate of hypertension on treatment, with
other side effects comparable between high and low dose.®*
Long-term weekly ACTH has been used successfully in some
series.%

The ICISS trial published its results in 2017 and revealed
that hormonal treatment with concomitant vigabatrin is
more effective in controlling seizures than hormonal treat-
ment alone.? Infants with IS and a hypsarrhythmic or sim-
ilar EEG were randomly assigned in a one to one ratio to
either hormonal therapy with vigabatrin or hormonal ther-
apy alone. Hormonal treatment included prednisolone used
in a minimum dose of 40 mg daily or intramuscular ACTH
40 units on alternate days. Vigabatrin was used in a dose of
100 mg/kg/day. No witnessed spasms between day 14 and
day 42 (a 4-week period) were taken as seizure freedom.
Infection as an adverse effect was seen in five patients on
hormonal treatment alone and four on combination treat-
ment. This study did not randomize hormonal treatment
and therefore it is not clear whether it is better to combine
oral steroid or ACTH with vigabatrin. At follow-up of this
cohort at 18 months, no difference in VABS scores or seizure
outcome was seen in the two groups.® Analysis of the same
data has shown that it is initial control of seizure between 14
and 42 days that predicted a better VABS score and seizure
freedom at 18 months.®® A shorter latent period to initiate
treatment also resulted in better seizure outcome and VABS
score.®® This merits more research, using ACTH with vigaba-
trin versus ACTH or vigabatrin alone, as many investigators
continue to believe that ACTH is superior to oral steroids.!620¢7

Recently, rapid control of seizures has been seen with
pulse methyl prednisolone for 3 days followed by 56 days of
high-dose oral prednisolone.®®% However, these studies have
no power, as numbers recruited were small and there was no
control group.

Cochrane Review

Arecent Cochrane review has concluded that hormonal treat-
ment (ACTH or prednisolone) results in faster spasm control
in more children.' They are skeptical about better long-term
seizure or cognitive outcome. There is modest evidence for
better developmental outcome in those with no underlying
neurological disease. They stress that when prednisolone or
vigabatrin is used, the dose should be high and that optimum
dose of ACTH is not yet clear. It is observed that vigabatrin
should possibly be the treatment in TS and that it is not clear,
based on evidence, whether it is necessary to treat persisting
EEG abnormalities when the child is seizure free. No other
treatment other than hormonal treatment or vigabatrin can
be recommended on the basis of evidence.!!

Management of Infantile Spasms lype, Koshy

Prevention of Relapse and Duration of Treatment

It is well known that remitted spasms relapse often after
a time interval.”’ Knupp et al have clearly shown that use
of a second standard-therapy with a different mechanism
of action is better than another antiepileptic medication.®!
The EEG at control of spasms has been evaluated by a
group from Japan.”* Their results showed that chances of
relapse are 17% with normal EEG at seizure control, 75%
with nonhypsarrhythmic epileptic activity, and 86% with
hypsarrhythmia. This study lends support to the opinion
that treatment should be continued until the EEG has
normalized.

Time Lag to Treatment

A shorter time lag to treatment has been generally accepted,
leading to a better outcome in these children.’®¢® However,
this correlation was not seen in other studies.®

Brain Imaging
In a retrospective review by Khatami et al, MRI of the brain
helped to establish the etiology in 73%.7> He has demonstrat-
ed that one-third of cases considered idiopathic on clinical
assessment are classified as structural-metabolic following
MRI and that the MRI finding cannot predict the treatment
response.’? There could be clues in the MRI pointing to an
inborn error of metabolism.” As the immature white mat-
ter could hide subtle dysplasias serial MRI would be needed
in intractable cases that show focal EEG changes, to consider
whether surgical resection would lead to seizure freedom.”

Positron emission tomogram (PET) may reveal areas of
hypometabolism, in patients with a normal MRI, but with
focal EEG changes, enabling remission following surgery done
based on PET localization.”> Glucose metabolism PET scan
(*®F- fluorodeoxyglucose [FDG] PET) is routinely used; though
some have used ''"C-flumazenil or ''C-a-methyl-L-tryptophan
PET scans for better localization of cortical tubers and
dysplasias.’®

Better localization of the epileptic focus is achieved with
the aid of ictal and interictal single-photon emission com-
puted tomography (SPECT). Interictal SPECT images are
subtracted from ictal SPECT images and then displayed on
co-registered MRIs (subtraction ictal single photon emis-
sion computed tomography co-registered to magnetic reso-
nance imaging [SISCOM] analysis) for greater sensitivity and
accuracy. When the first ictal SPECT image is nonlocalizing,
repeated ictal SPECT studies with SISCOM analysis help refine
the attempt to localize the epileptic focus.””

Surgical Treatment

Surgery is no longer a last resort and should be the option
considered soon after the child fails hormonal treatment or
vigabatrin or a cross over. It should be resorted to as early as
possible in children with focal brain lesions or single hemi-
spheric lesions (such as hemimegalencephaly).” Subtle focal
cortical dysplasias (FCD) may be missed on MRI early in the
course of the illness. On the contrary, some FCDs may disap-
pear as the white matter matures. FDG-PET may detect the
FCD when MRI is normal. Longitudinal, repeated MRI and

International Journal of Epilepsy Vol.6 No. 1/2020
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FDG-PET may be needed to pick up FCDs.” In patients with  discharges are localized consistently to the same location.
TS with many cortical tubers or other children with wide-  Data from the international TS registry showed that 4.2% of
spread brain malformations, surgery is the option if seizure  children with IS and TS underwent surgery.” Porencephalic

Newly diagnosed
Infantile Spasms

No cause detected Dysmorphic features diagnostic of a genetic Tuberous sclerosis
syndrome, diagnosis of an infectious cause

of spasms like; congenital CMV infection,
cause obvious on MRI, a metabolic
condition, a gene defect that has a specific
treatment modality or diagnosis established
by karyotyping or microarray

} O

15t line ACTH In the conditions where Early surgery to be Vigabatrin

. specific treatment can be considered in . .
In case of no seizure . ) ) . . N lin case of no seizure
. . given like the metabolic hemispheric epilepsies . .

control - Vigabatrin or . . . . . . control with vigabatrin
. . epilepsies, or intrauterine and in focal cortical .
oral steroid may be tried . . . ACTH may be tried
Infections, the precise dysplasia

treatment should be given
along with the standard of
care for Infantile Spasms

~N S

ACTH/ Vigabatrin or oral steroid is the
standard of care even with precision medicine

|

Assess clinically and electrographically
at 2 weeks- when one standard
therapy fails switch to another standard
first line modality

If spasm free and Spasm free and Spasms present
EEG normal EEG abnormal

‘ -~ S

Continue Vigabatrin for 6 months and taper

If ACTH was the standard first line used, taper Prolonged video EEG to look for spasms or other
ACTH seizures. Try other modality like oral steroid,
l ketogenic diet /possible surgical option Try one or a

combination of antiepileptics proven to be useful in

Rela pse ——" infantile spasms

Fig. 2 Suggested treatment algorithm for infantile spasms. ACTH, adrenocorticotrophic hormone; CMV, cytomegalovirus; EEG, electroen-
cephalogram; MRI, magnetic resonance imaging.
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cysts with concordant EEG localization can be marsupialized
or fenestrated into the adjacent ventricle. The candidate is
considered “ideal” when he has an MRI lesion or region of
hypometabolism on PET not involving the motor or visual
cortex. Minimally invasive surgery for focal lesions is the par-
adigm now and MRI-guided laser interstitial thermal therapy
to ablate focal lesions has found success recently.®

In children with IS and hemimegalencephaly with con-
tralateral hemiparesis, hemianopia and impaired fine fin-
ger movements, anatomical or functional hemispherecto-
my should be considered. This has resulted in both seizure
control and developmental progression. If functional hemi-
spherectomy is done earlier, chances of shift of function to
the other hemisphere are more likely, especially with regard
to language function, when the dominant hemisphere is
megalencephalic.®! Early epilepsy surgery has led to better
seizure outcome in other series also.5%3

Issues in Management of Infantile Spasms in
Developing Countries
Reported hurdles in the management of IS in developing
countries include resource limited setting, nonapproval of
and no open marketing of vigabatrin (though FDA approved),
unawareness that spasms are seizures, and financial bur-
den of repeated hospital visits.® Khreisat from Jordan and
Kulsoom et al from Pakistan reported that the profile and
outcome in their countries were similar to any other.®>¢ A
remarkable volume of work has been published from India
on the effects of KD and oral steroids in children with IS.324445
A study from Sri Lanka with very high dose of oral steroid
has also raised hopes that this cheaper alternative could help
children with IS in resource-limited countries.*
Immunosuppression when using the hormonal agents
assumes greater importance in the developing countries,
as exposure to tuberculosis is likely. A South African study
found that none of the patients screened for tuberculosis pri-
or to hormonal therapy showed a positive screen.®” There are
currently no guidelines regarding screening for tuberculosis
prior to hormonal therapy.

Discussion

Management of IS is yet to come of age. The flowchart in
=Fig. 2 makes the current management guidelines for IS
more manageable and definable. ACTH and vigabatrin have
been promising in the treatment, with more favorable results
with ACTH.* The behavioral and cognitive outcome even in
children with control of seizures is poor.5?! The end result of
the ICISS trial has brought down hopes of combining hor-
monal treatment with vigabatrin.®

Once diagnosis of IS has been made, a proper history
should be taken followed by a thorough physical examina-
tion to attempt to reach an etiological diagnosis. However,
it is evident from studies in neurometabolic centers that
prognosis for IS with an underlying neurometabolic dis-
ease is poor in spite of precision treatment.>> Knowing the
etiology is also important in prognostication as cryptogenic
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IS has shown better response to hormonal treatment.??** A
recent, multicenter prospective database recruiting newly
diagnosed IS has concluded that the most important factor
that determines seizure outcome is early initiation of stan-
dard treatment even when the child has a known structural,
metabolic, or genetic defect.>*

ACTH should be considered over other standard-treatment
modalities, unless the patient has TS.'620-2234 Vigabatrin
should possibly be the first standard therapy in children with
TS.%27 The other nonstandard treatments have insufficient
evidence for use.'®34 High-dose ACTH currently has more evi-
dence than low-dose ACTH.!'® When vigabatrin and oral ste-
roids are used, dose recommended is high.?”3%-333> The possi-
bility of combining hormonal treatment with vigabatrin has
been set aside following the results of the ICISS trial.®®

There is no clear guideline on when to evaluate the
response to first-line standard treatment. Hussain in his
2018 review mandates change of the first-line treatment
at 2 weeks if there is no remission.’” When the first-line
standard treatment fails, evidence shows that another
standard treatment (ACTH, oral steroid, or vigabatrin) is
superior to the use of a nonstandard modality.®' The high-
est response rate was when the second standard-therapy
had a different mechanism of action (ACTH to vigabatrin
or vice versa).%!

There is no consensus on the next step to be taken if both
these first-line modalities fail as none of the other treatment
modalities has been backed by robust evidence.!®** Surgery
as an option should be considered early in the course in chil-
dren with a proven discrete focus.”880-84

A positive short-term response to standard treatment
is taken as seizure freedom and resolution of hypsarrhyth-
mia at 2 weeks with no relapse up to 3 months, though
late responders are documented.'®* Hussain in his review
recommends use of nonstandard modalities of treatment
including topiramate, zonisamide, KD, valproate, felbamate,
or cannabidiol when standard-modalities of treatment fail,
though the AAN guidelines (2012) clearly do not recommend
nonstandard therapy.®’

Conclusion

Evidence we have today, points to the use of standard modal-
ities of treatment of IS (ACTH, oral steroids, or vigabatrin)
with possibly more evidence in favor of ACTH. The standard
modalities of treatment are best used sequentially, using a
modality with a different mechanism of action as the second
agent. Detecting the underlying etiology and treatment of
the same though important should not deter one from start-
ing one of the standard modalities of treatment.
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