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ABSTRACT
Comparison of treatment efficacy between oral steroid and ketogenic
diet for patients with infantile spasm

Byoungho Noh

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Heung Dong Kim)

Purpose: Infantile spasm is an age-dependent unique epilepsy syndrome characterized
by clinical spasm, hypsarrhythmia at a particular age usually around 5 months. There
are only few pharmacological and non-pharmacological treatments. Comparing the
efficacy of oral steroid and that of ketogenic diet (KGD) may be beneficial to suggest
which treatment should be considered first, in the early stage after pharmacological
failure.

Methods: We reviewed 132 patients with infantile spasm who tried oral steroid or
ketogenic diet treatments. We excluded children: who did not have typical
hypsarrhythmia; who tried >3 anti-epileptic drugs (AEDs) before hormone or KGD;
and who tried those treatments after 24-month old. Treatment efficacy was measured
as seizure outcome in 3-month and long term final outcome: seizure free; >90%
reduction; >50%; <50%; and no change.

Results: There was no difference in demographics between groups who tried hormone
or KGD. Seizure outcome in 3 months was not statistically different between two
groups. Median follow-up period was 3.1 years. Overall 17 of 54 (31.5%) patients
evolved into Lennox-Gastaut syndrome (LGS). Eventual numbers of patients without
seizure did not significantly differ between groups. Patients with seizure free in 3
months had been treated earlier with hormone/KGD after seizure-onset compared to
those without (p=0.004). In addition, who responded better showed earlier response
compared to who did not (p=0.015).

Conclusion: Ketogenic diet should be considered as early treatment option with a first
line AED failure.

Key words: steroid, ketogenic diet, seizure, infantile spasm, efficacy
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I. INTRODUCTION

Infantile spasms or West syndromes are well-known epilepsy syndrome since
Dr. West described peculiar behaviors of his own son on 1841. These
malignant epilepsy syndromes are typically characterized by its clinical

spasms, hypsarrhythmia at a particular age usually around 5 months

Many researchers have been reported few drugs thought to be effective:
adrenocorticotropic hormone (ACTH); oral steroid; vigabatrin'~; and so on.
Besides of these pharmacological treatments, there is also an effective non-
pharmacological treatment for this syndrome, the ketogenic diet’ (KGD).
Researchers have pointed that patients with infantile spasm can be
successfully treated by diet therapy, including modified types of ketogenic

diet”.

There were some reports comparing ketogenic diet and ACTH'". However,
oral steroid can be good substitution for ACTH. Comparing the efficacy of
ketogenic diet and that of oral steroid can give us useful insight of which

treatment should be considered earlier if anti-epileptic drug (AED) fails.



II. SUBJECTS AND METHODS

Patients

We reviewed medical records retrospectively from children who visited
Severance Hospital from January 2007 to October 2013. Reports of routine
EEG, long-term video-EEG, CT scan, MRI, magnetic resonance spectroscopy
(MRS) were reviewed. Each EEG was analyzed by more than two
epileptologists. All reports of CT scan, MRI, and MRS were generated by

more than two neuroradiologists.

Searching technique
All relevant records were obtained through computer-program designed for
database searching and a keyword list. After keyword searching, each data

was manually reviewed and assigned based on inclusion and exclusion criteria.

Inclusion and exclusion criteria

From Jan 2007 to October 2013, there were 6170 medical records for infantile
spasm patient with a keyword of ketogenic diet and 8711 with hormone
treatment (Fig. 1). Total 2789 records for ketogenic diet and 4259 for oral
prednisolone created after patient-age of 24 months were excluded. From the
rests of records, 69 patients experienced ketogenic diet and 80 patients of oral
prednisolone before 24 month-old were included. After manual review of 132
patients, we excluded patients: who were tried more than 3 AEDs before
hormone or ketogenic diet (n=41); who were on the hormone not for seizure
control (n=27); without hypsarrhythmia (n=9); and who underwent epilepsy
surgery before ketogenic diet during this period (n=1). The remaining 54
patient divided into two groups: oral steroid (hormone group, n=23); and

ketogenic diet (KGD group, n=31).



8711 medical records 6170 medical records
Keyword: infantile spasm and Keyword: infantile spasm and
oral steroid ketogenic diet (KGD)
Jan 2007 to Oct 2013 Jan 2007 to Oct 2013
Excluded (n=4259) Excluded (n=2789)
Hormone done after 24mo KGD done after 24mo

| 80 patients | | 69 patients |

| 132 patients who tried hormone or KGD |

More than 3 AEDs before
hormone or KGD (n=41)

54 patients who tried
hormone or KGD Hormone not for seizure
control (n=27)
2
Hormone group KGD group | No hypsarrhythmia (n=9) |
n=23 n=31 ﬁ| Epilepsy surgery (n=1) |

Figure 1. Diagram of inclusion/exclusion criteria
KGD, ketogenic diet; AED, antiepileptic drug

Data categorization

Treatment response was investigated at 3 month after treatments begin.
Seizure outcome was located into: seizure free; >90% seizure reduction;
90~50% seizure reduction; <50% seizure reduction; and no change or even
worse. EEG responses were categorized into: normalize; mildly abnormal
EEG (rare or occasional interictal epileptiform discharges (IEDs) with mildly
disorganized background); mild-to-moderately abnormal (more than
occasional IEDs with an excess of background slowing); moderately
abnormal (frequent IEDs with an excess of background slowing); and
hypsarrhythmia. Spasm-free interval was estimated as weeks from the date of

treatment begin to the last day of spasm within 12 weeks. Based on the 3-



Table 1. Demographics

Total Hormone KGD p-value”

Number 54 23 31
Seizure onset age 5.8 6.7 5.8 0.132

Median (month)

Negative MRI findings 22 7 15 0.188
Number of AEDs before Hormone/KGD (mean) 2.1 2.1 2.1 0.911
Sex(M/F) 29/25 12/11  17/14  0.847

"Mann-Whitney test
KGD, ketogenic diet; AED, antiepileptic drug

month response, the treatment latency from seizure onset to begin of hormone
or KGD and efficacy from begin of treatment to spasm free were measured.
Long term outcome was categorized into: seizure free; rare or less than

monthly; monthly; weekly; daily; and death.

Statistical analysis

SPSS version 20 (IBM SPSS Statistics for Windows, Version 20.0. Armonk,
NY: IBM Corp) was used for statistical analysis. Chi-square and Mann-
Whitney test were used for categorical data. Ordinal data were analyzed by
Kendall's tau (1) coefficient for correlation analysis of seizure outcome and

treatment latency (detail in tables).

III. RESULTS

Patient information

Overall 54 patients, 23 patients were treated by oral steroid and 31 by
ketogenic diet (Table 1). Seizure-onset age was 5.8 in average without
difference between two groups (p=0.132). Patients who have non-specific
MRI findings were 22 and were not differently distributed (p=0.188). Average
number of AEDs before oral steroid and ketogenic diet was 2.1 those were

same in two groups. Sex ratio was similar in two groups.



Table 2. MRI findings and underlying etiology

Total Hormone KGD

MRI 54 23 31
Normal 22 (40.7%) 7 (30.4%) 15 (48.4%)
PVL/HIE 14 (25.9%) 7 (30.4%) 7 (22.6%)
MCD/TSC 8 (14.8%) 3 (13.0%) 5 (16.1%)
Diffuse atrophy/dysmyelination ~ 5(9.3%) 2(8.7%) 3 (9.7%)
Others®  5(9.3%) 4(17.4%) 1(3.2%)

Etiology
Undetermined 20 (37.3%) 7 (30.4%) 13 (41.9%)
Perinatal hypoxia 15 (27.8%) 8 (34.8%) 7 (22.6%)
MCD/TSC 8 (14.8%) 3 (13.0%) 5 (16.1%)
Metabolic  5(9.3%) 1(4.3%) 4(12.9%)

PVL, periventricular leukomalacia; HIE, hypoxic ischemic encephalopathy; TSC,
tuberous sclerosis complex; MCD, malformation of cortical development
*Cases include stroke and nonspecific gliosis.

Underlying etiology and MRI findings

Overall 40.7% of patient had reportedly normal MRI when diagnosed (Table
2). Almost one fourth of patients showed periventricular leukomalacia
(PVL)/hypoxic ischemic encephalopathy (HIE). This proportion was similar
in both groups (30.4% in hormone group and 22.6% in diet group). The
second most common findings are similarly cortical malformation in hormone
group (3, 13.0%) and diet group (5, 16.1%). While on the 37.3% of patient it
was not able to find cause of epilepsy, determined causes of epilepsy were
most commonly perinatal asphyxia/prematurity in more than a fourth of

infants, followed by cortical malformation.



Table 3. Seizure response in 3 month follow up

Total Hormone KGD p-value”
Number 54 23 31
Seizure free 34 (63.0%) 16(69.9%) 18(58.1%)  0.784
90% reduction 4(74%)  1(43%)  3(9.7%)
50% reduction 4(74%)  1(43%)  3(9.7%)
Less than 50% 4(74%)  1(43%)  3(9.7%)
No change 6(11.1%) 4 (17.4%) 2 (6.5%)

"Mann-Whitney test

Table 4. EEG response in 3 month follow up

Total Hormone KGD p-value”
Number 54 23 31
Normalized 2 (3.7%) 0 2 (6.5%) 0.224
Mildly abnormal 8(14.8%) 4(17.4%) 4 (12.9%)
Mild-to-moderately abnormal 13 (24.1%) 8 (34.8%)  5(16.1%)
Moderately abnormal 9 (16.7%) 2(8.7%)  7(22.6%)
Hypsarrhythmic 22 (40.7%)  9(39.1%) 13 (41.9%)

"Mann-Whitney test

Treatment response

Almost two thirds of patients became seizure free within 3 months (Table 3).
Totally 70% of patients favorably responded to those treatment; they were
seizure free (34/54) or more than 90% seizures reduced (4/54). However, the
numbers of who responded to the treatment in each group were not
statistically different (p=0.784). The number of who partially responded was 8
(14.8%) in general.

Even though two EEGs were reportedly normalized in KGD group (Table 4),
there was also no difference between groups (p=0.224). Overall half of



patients did not showed EEG improvement in short-term follow up.

In these patients, ten patients were tried both treatment one after another.
Among who tried diet first, three out of four patients became seizure free after
switching and one showed EEG response (mildly abnormal EEG). In other
hands, six patient tried hormone first then switched. Four out of six patients
became seizure free and three of them showed EEG response (mildly and

mild-to-moderately abnormal EEG)

Latency of treatment and response

Spasm-free patients during first 3 months were 15/23 in hormone group and
21/31 in KGD group without significant difference (p=0.939). Among those
patients, interval of spasm-free in 3 months, 3.1 weeks in hormone group and

3.2 weeks in KGD group which was not differ from each other (p=0.657).

Age of seizure onset was similar in groups: 5.9 months in seizure-free group;
and 5.2 months in non-free group (Table 5). However interval from seizure-
onset to treatments of hormone or KGD was 2.1 months in seizure free group
and 5.0 months in non-free group, which was significantly different each
other (p=0.004). In addition, interval from treatment initiation to treatment
response date was significantly shorter (1.2 months) in children who became
seizure free, compared to that of >90% group (5.3 months) and >50% group
(8.9 months).



Table 5. Latency and seizure outcome

Seizure Non seizure free
p-value
free  >90%  >50%  <50% Nochange
Seizure onset age .
5.9 52 0.991

(median, month old)
Seizure onset-to-
treatment 2.1 5.0 0.004"
(median, month)

Treatment-to-seizure p=0.01 5t
free 1.2 53 8.9 - - (tau-b
(median, month) =0.916)

"Mann-Whitney test, 'Kendall’s tau (t) coefficient

Long term outcome

Median follow up age was 3.1 and ranged from 0.6 to 7.9 year-old which was
similar between groups (p=0.263). The number of AEDs which were
prescribed at the final visit was 1.0 in both of two groups (p=0.237). Who had
eventually evolved into Lennox-Gastaut syndrome (LGS) were: 17/54 patients
overall; 6/23 patients in hormone group; and 11/31 in KGD group which were
not statistically different in those groups (p=0.560). Overall 31 patients were
remaining seizure free and six patients had rare seizures only with illness
(Table 6). There were twelve patients who reported daily seizures at the last
visit. One patient who had hormone treatment and one ketogenic diet expired

of aspiration pneumonia.



Table 6. Long term outcome

Total Group 1 Group2 p-value’
Seizure free 31 (57.4%) 16(69.6%) 15 (48.4%) 0.123
Rare than monthly* 6 (11.1%) 2 (8.7%) 4 (13.0%)
Monthly 1 (1.9%) 1 (4.3%) 0
Weekly 2 (3.7%) 1 (4.3%) 1 (3.2%)
Daily 12 (22.2%) 2(8.7%) 10(32.3%)
Death 2 (3.7%) 1 (4.3%) 1 (3.2%)

"Mann-Witney test

*Cases include who only experience rare seizure with febrile illness

IV. DISCUSSION

The main finding of this study was that patients who treated earlier with
hormone treatment or ketogenic diet showed better outcome after AED fail.
Regardless which treatment was used, if the patient started hormone or diet
earlier, those were more likely achieve seizure freedom. In addition, early

responders were more likely to achieve better seizure control.

When an AED is tried first, there is a time needed to conclude efficacy.
Failing of more AEDs are more delayed chance to try hormone or diet therapy.
These findings are totally consistent with current knowledge that more failing

initial AEDs suggest less possibility to be seizure free'"'*.

Currently ACTH is accepted as one of the first line treatment for infantile
spasm in the U.S.”, while oral steroid is the one of that in the U.K.". Because
the cost of ACTH treatment may be higher than $70,000 in the U.S.", this is

clearly a barrier for ACTH to become more widely usable"”.
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Furthermore, ACTH is not easily applicable in Korean clinical setting. Instead,
other forms of steroid agents including oral prednisolone have been widely
used as a substitution of ACTH formula. Because of this limitation, oral
steroid and ketogenic diet are commonly considered as an early treatment

option®.

Patients who were treated differently did not respond differently during short
follow-up period. The ratios of seizure response (free, >90%, etc.) was similar
in two groups. More than 60% of patients were clinically seizure free.
However, most common finding of EEG response to the treatment was
unfortunately persistent hypsarrhythmia in 22 (40.7%) patients. Six (11.1%)
patients who had persistent hypsarrhythmia eventually had seizure recurred

shortest in two month after treatment stop.

Patients who respond well to the AEDs would not be treated by hormone or
ketogenic diet. Therefore, individuals in present study may be biased patient
who would have be more difficult to be treated by the first or second line

AEDs. In literature, 20~65% of patient with infantile spasm evolve to LGS'*"

which is variable according to underlying cause. Hormone treatment and/or
ketogenic diet are known to possibly modify disease progress from infantile
spasm evolution to LGS'®. There were almost 30% of patients evolved into
LGS and almost 60% of patients stayed seizure free in the present study. Even
with these difficulties, these findings imply overall good outcome”" in both

groups of oral steroid and ketogenic diet.

Overall ten patients tried both treatments. Six patients tried oral steroid first,
and four patients tried diet first. Among them, three patients were failed to
treatments, one to hormone, and one to diet. Four out of six (66.7%) patients
became seizure free after switching to KGD, and three out of four (75%) after

to hormone.

11



Besides, there were two patients of prematurity and cortical malformation,
who were already clinically seizure free after AED with persistent
hypsarrhythmia. They were on diet therapy, because the patients’ cognition
did not improve. It is well known benefits that ketogenic diet can give a

benefit in behavior and cognition®"

. After ketogenic diet, two patients
showed mild-to-moderately abnormal EEGs with clinical improvement of

cognition per care-giver’s reports.

Overall 22 patients in hormone group and 16 in KGD were tolerable to those
treatments. In hormone group, four patients underwent in-patient treatment:
One for pneumonia; one for sepsis and stopped steroid; and two for
vomiting/diarrhea. There was one patient diagnosed as Cushing syndrome
who became seizure free. In KGD group, 21 patients were given in-patient
treatment: four for respiratory infection and two stopped diet therapy; eleven
for vomiting/diarrhea and two of them stopped KGD; four for decreased oral
intake; one for persistent acidosis and stopped KGD; and one for transient

blood tinged stool.

In summary, seizure freedom seems to be more easily achievable when those
treatments were tried earlier after AED failure. In addition, early responders
could have better seizure outcome. Treatment efficacy between hormone and
ketogenic diet for infantile spasm did not show statistically significant
difference. By these results, application of ketogenic diet for patients with
infantile spasm could be recommended as early treatment option in addition to

oral steroid in the current guideline".
V. CONCLUSION

Ketogenic diet should be considered as early treatment option with a first line
AED failure.
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