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Summary
Objective: To compare the efficacy and safety of the ketogenic diet (KD) with

standard adrenocorticotropic hormone (ACTH) treatment in infants with West syn-

drome.

Methods: In this parallel‐cohort (PC) randomized controlled trial (RCT), infants

were randomly allocated to KD or high‐dose ACTH. Those who could not be ran-

domized were followed in a PC. Primary end point was electroclinical remission

at day 28. Secondary end points were time to electroclinical remission, relapse

after initial response, seizure freedom at last follow‐up, adverse effects, and devel-

opmental progress.

Results: One hundred one infants were included: 32 in the RCT (16 KD; 16

ACTH) and 69 in the PC (37 KD; 32 ACTH). Electroclinical remission at day 28

was similar between KD and ACTH (RCT: 62% vs 69%; PC: 41% vs 38%; com-

bined cohort: 47% vs 48%; KD vs ACTH, respectively). In the combined cohort,

time to electroclinical remission was similar between both treatments (14 days for

KD, 16 days for ACTH). However, relapse rates were 16% (KD) and 43%

(ACTH, P = 0.09), and seizure freedom at last follow‐up was 40% (KD) and 27%

(ACTH, P = 0.18). Adverse effects needing acute medical intervention occurred

more often with ACTH (30% with KD, 94% with ACTH, P < 0.001). Age‐appro-
priate psychomotor development and adaptive behavior were similar.

Without prior vigabatrin (VGB) treatment, remission at day 28 was 47% (KD) and

80% (ACTH, P = 0.02); relapse rates were 29% (KD) and 56% (ACTH,

P = 0.13). Consequently, seizure freedom at last follow‐up was similar. In infants

with prior VGB, seizure freedom at last follow‐up was 48% (KD) and 21%

(ACTH, P = 0.05).

Significance: The study is underpowered; therefore, its results should be inter-

preted with caution. KD is as effective as ACTH in the long term but is better tol-

erated. Without prior VGB treatment, ACTH remains the first choice to achieve

short‐term remission. However, with prior VGB, KD was at least as effective as

ACTH in the short term and was associated with lower relapse rates in the long

term; therefore, it represents an appropriate second‐line treatment after VGB.
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1 | INTRODUCTION

West syndrome (WS)—characterized by epileptic spasms,
hypsarrhythmia on the electroencephalogram (EEG), and
psychomotor retardation—is the most common infantile
onset epileptic encephalopathy.1

Medical treatment remains unsatisfactory with respect to
seizure control and developmental outcomes. Although
epileptic spasms and hypsarrhythmia resolve with time,
many children develop other forms of drug‐resistant epi-
lepsy syndromes, and severe intellectual disabilities are
shown in about 70%.2

Many treatment regimens have been investigated, most
of them using observational or uncontrolled trials, small
sample sizes, and a wide variation of treatment dosages,
durations, and outcome measures. Furthermore, the investi-
gated drugs have frequently been started long after disease
onset and in combination with or after multiple other
antiepileptic drugs (AEDs).2–4

Currently, only three treatment options showed higher
than class IV evidence and are therefore recommended as
standard therapies: adrenocorticotropic hormone (ACTH),
vigabatrin (VGB), and oral corticosteroids.5–7 However, only
ACTH treatment has class I evidence; therefore, it is the pri-
mary treatment option.2–4,8–11 ACTH has shown responder
rates varying from 42% to 87% and cessation of spasms typi-
cally within the first 14 days.2–4,11–13 However, ACTH is
associated with high relapse rates of up to 66%14,15 and a
high potential for severe side effects including death.3

VGB is recommended as first‐line therapy for WS associ-
ated with tuberous sclerosis, with responder rates of ≥90%
reported in some studies.16 In other patient populations, how-
ever, VGB has been reported to be less effective than ACTH,
although relapse rates seem to be lower and long‐term out-
comes may be similar.3,4 In addition, VGB has been reported
to cause irreversible visual field defects in up to 64% of
infants when used longer than 24 months.17 Guidelines
developed in 20043 and updated in 20124 stated that VGB
“may be useful for the short‐term treatment of [infantile
spasms],” and “ACTH should be considered preferentially
over VGB.” A recent multicenter study showed hormonal
therapy (ACTH or high‐dose prednisolone) in combination
with VGB to be significantly more effective at stopping
infantile spasms than hormonal therapy alone.18

The ketogenic diet (KD) has shown efficacy in a variety
of childhood onset drug‐resistant epilepsy syndromes.

Three retrospective studies reported KD to also be effective
and safe in WS,19–21 as did one prospective study.22 So
far, this has not been confirmed in a head‐to‐head con-
trolled study. Currently, KD is therefore considered a sec-
ond‐line treatment to be used when standard regimens have
failed.5

The objective of this prospective, single‐center parallel‐
cohort (PC) randomized controlled trial (RCT) was to
assess the efficacy and safety of KD compared with stan-
dard‐of‐care high‐dose ACTH in infants with WS.

Specific objectives were to compare:

• The incidence of electroclinical remission at day 28
• The time to electroclinical remission
• The frequency of relapse
• Sustained seizure freedom at last follow-up visit
• The frequency of serious adverse effects
• Developmental outcomes.

The hypothesis to be investigated was that KD is at
least as effective and potentially better tolerated (safer) than
ACTH.

2 | MATERIALS AND METHODS

2.1 | Study design

This single‐center, prospective PC‐RCT was performed in
the Department of Pediatrics at the Medical University of

Key Points

• No significant differences between KD and
ACTH in infants with West syndrome with
respect to:

• Short-term remission at day 28 in children pre-
treated with VGB (whereas for infants not previ-
ously pretreated with VGB, ACTH remains the
first choice)

• Time to electroclinical remission
• Relapse rates after initial response
• Long-term seizure freedom
• Less severe adverse effects needing medical
intervention with KD
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Vienna (MUW) between June 2008 and April 2017. The
study protocol was approved by the ethics committee of
MUW (No. 542/2007).

Consecutive infants with WS were screened at the study
center. Study inclusion criteria were (1) an ascertained
diagnosis of WS according to the International League
Against Epilepsy,1 based on video‐EEG monitoring; and
(2) written informed consent of legal guardians. Exclusion
criteria were (1) contraindications for either ACTH or
KD23 and (2) previous treatment with KD and/or steroids.
Concealed random allocation to either KD or ACTH was
performed using a Web‐based certified program of the
Institute for Clinical Biometry of MUW (Randomizer
1.8.1).

Patients who fulfilled the inclusion criteria, but who
could not be randomized for various reasons (see Results),
were included in the PC and were treated with either KD
or ACTH based on the individual's medical condition, pres-
ence of contraindications, and parents’ preference, follow-
ing our standard of care.

Infants included in the PC who were referred to our
clinic >3 months after epilepsy onset, and without having
previously received standard medication (steroids or VGB),
were assigned to ACTH as first‐line treatment. Treatment
protocols and outcome assessments were the same for the
PC and the RCT.24,25

KD was introduced according to the Johns Hopkins proto-
col without fasting and fluid restriction26 at a 1:1 fat:nonfat
ratio and individually increased to a 3:1 ratio (ratio was lim-
ited when beta‐hydroxybutyrate levels reached >5 mmol L–

1). The amount of protein was calculated as required for
age.27 An interdisciplinary team including a pediatric epilep-
tologist, a dietician, and a pediatric epilepsy nurse imple-
mented the diet on an inpatient basis and performed all
follow‐up visits according to individual needs.26 For safety,
blood glucose and beta‐hydroxybutyrate levels were mea-
sured three times per day (during the1st week). At home,
urine ketone bodies were measured daily, and food diaries
including recipes and data on adverse effects were kept.

High‐dose synthetic ACTH was introduced with the
dosage recommended by the US consensus report5:
150 IU/m2 given in 2 divided doses daily for 2 weeks, then
tapered gradually (total treatment duration = 28 days).
Blood pressure was measured a minimum of six times per
day; laboratory tests (including inflammation parameters,
blood count, electrolytes, and renal and liver function
parameters) were performed a minimum of three times per
week.

At the baseline visit, all patients underwent complete
medical and metabolic workup including neuroimaging.13

Follow‐up visits were mandatory once per week during
the first month, at 3 months, and at 12 months. A final
visit was scheduled at 24 months. At baseline and each

follow‐up visit, 24‐hour video‐EEGs were performed to
detect spasms and/or hypsarrhythmia, and seizure diaries
were collected. Hypsarrhythmia was defined according to
the original description published by Gibbs and Gibbs28

including variants.29 Video‐EEGs were assessed indepen-
dently by two board‐certified epileptologists (M.F., G.G.)
masked to treatment allocation and outcome. In cases of
disagreement, consensus was obtained by joint reevalua-
tion. Interrater reliability was calculated prior to the study
outcome. There was 100% interrater agreement for pres-
ence/absence of hypsarrhythmia. For focal discharges, there
was 94% agreement (Cohen kappa = 0.87).

Thorough pediatric, nutritional, and neurological exami-
nations were also performed at each visit. The Touwen
Infant Neurological Examination was used for infants and
children aged <18 months30,31 and the Hempel neurologi-
cal examination was used for children aged ≥18 months,32

classifying results into three categories of dysfunction (age‐
appropriate psychomotor development, mild dysfunction,
severe dysfunction).30–32 Furthermore, the Vineland Adap-
tive Behavior Scales II33 were carried out by a board‐certi-
fied neuropsychologist (B.P.), masked to treatment
allocation and outcome.

Adverse effects were evaluated using parental question-
naires. Laboratory findings and clinical pediatric data were
collected at each follow‐up visit; abdominal and cardiac
ultrasounds were performed twice per year.23

Primary study end point was the incidence of electro-
clinical remission (cessation of spasms plus resolution of
hypsarrhythmia) at day 28.13 Resolution of hypsarrhythmia
was defined as an EEG either completely normalized or
presenting with only focal epileptiform discharges.34

Secondary end points were time to electroclinical remis-
sion in days, frequency of relapse after initial response
until last follow‐up, frequency of long‐term remission at
last follow‐up visit to the initial treatment allocation
(“long‐term seizure freedom”), adverse effects, and devel-
opmental outcomes at last follow‐up visit (psychomotor
development, adaptive behavior level).

2.2 | Data analysis

2.2.1 | Sample size estimation

Estimates for outcome frequencies with KD and ACTH
treatment, based on the existing literature when the study
was planned in 2007, were quite vague. For the primary
end point (electroclinical remission at 28 days), we
assumed a frequency of 50% for ACTH. To detect an abso-
lute difference of 20% between treatment arms (significance
level = 0.05, power = 0.80) would have required 182
study patients in total. A noninferiority analysis was not
considered for even higher sample size requirements.
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Data were analyzed using the IBM Statistical Package
for Social Science (SPSS Statistics version 22). The signifi-
cance level was set at P ≤ 0.05. For descriptive statistics,
absolute numbers and percentages, and median, minimum,
and maximum values were used. For comparisons between
groups, odds ratios or absolute risk differences (when there
were subgroups with 0% or 100% frequency) with 95%
confidence intervals, and difference in medians with 95%
confidence intervals, with corresponding P values, were
calculated as appropriate. Odds ratios were adjusted for
imbalances between treatment groups for relevant covari-
ables using logistic regression. Neurological outcome was
adjusted for baseline status.

For this intention‐to‐treat analysis, infants not respond-
ing to the initial treatment to which they had been allocated
(KD or ACTH) were counted as nonresponders throughout
the study. Response to successive treatments was not
accounted for in this analysis.

3 | RESULTS

Figure 1 shows the study design. From June 2008 to April
2017, 130 infants with WS were screened at the study cen-
ter; 29 of them did not fulfil the inclusion criteria. A total
of 101 infants were enrolled; 32 were included in the RCT
and 69 in the PC.

Reasons for noninclusion in the overall study and rea-
sons for noninclusion in the RCT are listed in the legend
of Figure 1. For the PC, reasons for assigning patients to
KD or ACTH, respectively, are also listed in the legend of
Figure 1.

Table 1 shows patients′ characteristics at baseline, sepa-
rately for the RCT and the PC and for the two treatment
groups. Significant differences between the RCT and PC
were observed with respect to disease duration prior to
enrollment in the study (ie, trial lag; median = 30 vs
230 days, P < 0.001), the percentage of infants with

FIGURE 1 *Not enrolled in the study (n = 29). Reasons for noninclusion were: not meeting inclusion criteria (n = 2), tuberous sclerosis
treated with vigabatrin and seizure‐free (n = 7), treated with antiepileptic drug and seizure‐free within the enrollment period (n = 11), and no
consent (n = 9). **Concurrent parallel cohort (n = 69). Reasons for noninclusion in the randomized controlled trial (RCT) were as follows: for
assigned to adrenocorticotropic hormone (ACTH), time to trial treatment from epilepsy onset > 3 months (n = 10), lack of initial compliance to
the ketogenic diet (KD) for food preparation (n = 6), no consent to KD (n = 3), feeding difficulties (n = 11), and KD not available (n = 2); for
assigned to KD, evaluation of candidacy for epilepsy surgery and no ACTH possible for not distorting neuroimaging (n = 15), infection (n = 9),
no consent to ACTH (n = 4), presumed glucosetransporter‐1 deficiency (n = 3), poor general condition and ventilation (n = 2), ACTH not
available (n = 2), genetic hypopotassemia (n = 1), and immunosuppression (n = 1)
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concomitant VGB use (25% vs 62%, P < 0.001), the per-
centage of infants who were drug‐naive (44% vs 0%,
P < 0.001), the overall number of previously used AEDs
(median 1, range 0‐5 vs median 2, range 1‐10, P = 0.02),
and the percentage of infants with age‐appropriate psy-
chomotor development (31% vs 12%, P < 0.001).

In the RCT, there were some imbalances between the
two treatment arms with respect to gender and etiology,
probably resulting from the small sample size without sta-
tistical significance (Table 1). In the PC, there was a signif-
icant imbalance observed between the two treatment arms
with respect to prior and concomitant VGB use (KD 51%
vs ACTH 75%, P = 0.043).

During the first 28 days of study treatment, infants were
under close follow‐up, and therefore no dropouts occurred
(Figure 1). Numbers of patients in follow‐up at various
time points are shown in Figure 1. In the RCT, dropout
rates were 19% at 12 months (13% for KD, 25% for
ACTH) and 25% at 24 months (25% for KD, 25% for
ACTH). In the PC, dropout rates were 19% at 12 months
(16% for KD, 22% for ACTH) and 39% at 24 months
(38% for KD, 40% for ACTH). In the RCT, the duration of
follow‐up was median 3.6 years (range = 2.0 months to
8.7 years) for KD and 4.2 years (range = 1.4 months to
8.7 years) for ACTH. In the PC, the duration of follow‐up
was median 2.5 years (range = 5.4 months to 8.6 years)
for KD and median 2.7 years (range = 1.9 months to
10.7 years) for ACTH.

3.1 | Study outcomes

3.1.1 | Comparison between KD and ACTH

Table 2 shows the primary and secondary end points,
comparing KD versus ACTH, separately for the RCT

and the PC. To adjust for imbalances between treatment
groups, all odds ratios were adjusted for gender, time
from epilepsy onset to trial treatment start, and concomi-
tant VGB use.

Because the RCT and the PC evidently represented dif-
ferent subsets of the population spectrum, and comparisons
between treatments were valid in both cohorts (after adjust-
ments), we also performed an analysis in the combined
cohorts for better overall representativeness. Table 3 shows
primary and secondary end points comparing treatment
groups in the combined cohorts of the RCT and PC, simi-
larly adjusted for gender, time from epilepsy onset to trial
treatment start, and concomitant VGB use.

3.1.2 | Primary end point: Electroclinical
remission at day 28

The overall proportion of patients achieving electroclinical
remission at day 28 was similar between KD and ACTH
(RCT, 62% vs 69%; PC, 41% vs 38%; Table 2) as well as
in the combined cohort (47% vs 48%, respectively; Table 3).

3.1.3 | Secondary end points

Time to electroclinical remission was similar between KD
and ACTH in the RCT and the PC (Table 2) and in the
combined cohort (Table 3).

The frequency of relapse, although similar between
treatment arms in the RCT, was significantly lower for KD
in the PC (KD, 0%; ACTH, 50%; P < 0.001; Table 2) and
was 16% for KD versus 43% for ACTH in the combined
cohort (P = 0.09; Table 3). However, dropout rates were
higher in the PC, which may have induced some bias.
Long‐term seizure freedom at last follow‐up was 34%

TABLE 1 Baseline patient characteristics

Cohort
RCT PC

Treatment allocation KD, n = 16 ACTH, n = 16 KD, n = 37 ACTH, n = 32

Femalea 10 (63%) 6 (38%) 32 (62%) 21 (66%)

Etiology knowna 7 (44%) 11 (69%) 27 (73%) 21 (66%)

Age at epilepsy onset, mob 4.9 (0‐12) 5.0 (0.2‐27) 3.0 (0‐22) 3.3 (0‐15)

Time from epilepsy onset to trial treatment, db 22 (7‐212) 44 (0‐256) 219 (15‐1085) 237 (62‐504)

Drug‐naive at study inclusiona 8 (50%) 7 (44%) 2 (5%) 1 (3%)

Number of AEDs before trialb 0.5 (0‐3) 1 (0‐5) 2 (0‐10) 2 (0‐7)

Vigabatrin before trial starta 4 (25%) 4 (25%) 19 (51%) 24 (75%)

Psychomotor development age‐appropriate at baselinea 4 (25%) 6 (38%) 7 (19%) 1 (3%)

Data are displayed separately for patients in the RCT and PC, and by treatment groups (KD and ACTH), respectively.
ACTH, adrenocorticotropic hormone; AED, antiepileptic drug; KD, ketogenic diet; PC, parallel cohort; RCT, randomized controlled trial.
an (%).
bMedian (minimum‐maximum).
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overall. Long‐term seizure freedom was similar between
both treatment groups in the RCT but more than twofold
for KD compared with ACTH in the PC (P = 0.08;
Table 2). In the combined cohort, long‐term seizure free-
dom was similar between both treatments as well.

3.1.4 | Safety

The frequency of adverse effects was not different for KD
and for ACTH in the RCT and in the PC (Table 2) as well
as in the combined cohort (Table 3). However, medical
interventions to treat adverse effects were required signifi-
cantly less often during KD (30%, intravenous fluids,
antibiotics, feeding via nasogastric tube) than during ACTH
(94%, antihypertensive medication, intravenous potassium,
antibiotics; P < 0.001; Table 4). During ACTH treatment,
one child died of cardiomyopathy.

3.1.5 | Developmental outcomes

The proportion of patients showing age‐appropriate psy-
chomotor development at last follow‐up was 23% for KD
versus 15% for ACTH (P = 0.38; Table 3). Adaptive
behavior at last observation did not differ between
treatment groups. In the subset of children who were

seizure‐free at last observation, developmental outcomes
were similar for KD and ACTH (age‐appropriate psy-
chomotor development in 52% vs 46% and age‐appropriate
adaptive behavior in 36% vs 29% in the KD group vs the
ACTH group, respectively).

3.1.6 | Subgroup analysis of infants without
and with VGB pretreatment

In infants without prior VGB treatment, electroclinical
remission at day 28 was observed significantly less fre-
quently with KD compared with ACTH (KD, 47%; ACTH,
80%; P = 0.02; Table 5). However, relapse rates after ini-
tial responses were 26% for KD versus 56% for ACTH
(P = 0.13). Consequently, long‐term seizure freedom at last
observation was similar for both treatments. Age‐appropri-
ate psychomotor development at last follow‐up was 30%
for KD versus 15% for ACTH (P = 0.30). Adaptive levels
were similar for both treatment groups.

In children with prior VGB treatment, electroclinical
remission at day 28 was observed in 48% for KD versus
25% for ACTH (P = 0.09), and relapse rates were 0% for
KD versus 14% for ACTH (P = 0.28). Consequently, long‐
term seizure freedom was significantly more frequent for
KD (48% for KD, 21% for ACTH, P = 0.05). Psychomotor

TABLE 2 Primary and secondary end points, comparing KD versus ACTH, separately for RCT and PC

Cohort
RCT PC

Treatment allocation KD, n = 16 ACTH, n = 16 OR (95% CI)a P KD, n = 37 ACTH, n = 32 OR (95% CI)a P

Primary end point

Electroclinical
remission at day 28b

10/16 [62%] 11/16 [69%] 0.8 (0.2‐4) 0.81 15/37 [41%] 12/32 [38%] 0.8 (0.3‐2) 0.67

Secondary end points

Time to electroclinical
remission, dc

13.5 [4‐48] 10 [4‐35] 3.5 (−5 to 13)d 0.36 15 [1‐93] 21 [8‐55] −6.0 (−11 to 3)d 0.43

Relapse, until last
follow‐upb

4/10 [40%] 4/11 [36%] 0.8 (0.1‐6) 0.86 0/15 [0%] 6/12 [50%] −50% (−75 to −18)e 0.001

Seizure‐free, last
follow‐upb

6/16 [38%] 7/16 [44%] 0.9 (0.2‐4) 0.92 15/37 [41%] 6/32 [19%] 2.7 (0.9‐9) 0.08

Adverse effectsb 14/16 [88%] 16/16 [100%] −12% (−36 to 9)e 0.13 28/37 [76%] 29/32 [91%] 0.5 (0.1‐2) 0.32

Psychomotor
development
age‐appropriate, last
follow‐upb

4/16 [25%] 5/16 [31%] 1.4 (0.1‐21) 0.79 8/37 [22%] 2/32 [6%] 3.6 (0.5‐28) 0.22

Adaptive level
age‐appropriate,
last follow‐upb

3/10 [30%] 6/11 [55%] 0.04 (0.01‐3.4) 0.16 8/14 [57%] 2/6 [33%] 1.2 (0.2‐16) 0.88

ACTH, adrenocorticotropic hormone; CI, confidence interval; KD, ketogenic diet; OR, odds ratio; PC, parallel cohort; RCT, randomized controlled trial.
aAdjusted for gender, time from epilepsy onset to trial treatment, and concomitant vigabatrin use; neurological outcome was adjusted for baseline status.
bn/N [%].
cMedian [minimum‐maximum].
dDifference in medians (95% CI).
eRisk difference (95% CI).
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development and adaptive levels were similar for both
treatments.

3.1.7 | Comparison between RCT and PC

To assess the comparability between the RCT and PC pop-
ulations, we assessed the overall frequency of outcomes
between the two cohorts. The overall proportion of patients
achieving electroclinical remission at day 28 was signifi-
cantly different between the RCT and the PC (66% for
RCT, 39% for PC, P = 0.013). Time to electroclinical
remission was not different between the RCT and the PC.
The proportion of relapse after initial response until last
follow‐up visit was 22% in the RCT versus 38% in the PC
(P = 0.23). These differences may (in part) be due to the
higher dropout rate in the PC. The percentage of infants
with long‐term seizure freedom was 41% in the RCT com-
pared to 30% in the PC (P = 0.31).

The frequency of adverse effects was 94% in the RCT
compared to 83% in the PC (P = 0.132).

The percentage of patients showing age‐appropriate psy-
chomotor development at last observation was 28% in the
RCT and 15% in the PC (P = 0.10), consistent with the
baseline differences. Adaptive behavior at last observation
did not differ between the RCT and the PC.

4 | DISCUSSION

To our best knowledge, this is the first head‐to‐head com-
parison of KD versus standard‐of‐care high‐dose ACTH for
the treatment of infants with WS.

TABLE 3 Primary and secondary end points, comparing KD versus ACTH in the combined cohorts

Combined cohorts

Treatment allocation KD, n = 53 ACTH, n = 48 OR (95% CI)a P

Primary end point

Electroclinical remission at day 28b 25/53 [47%] 23/48 [48%] 0.8 (0.4‐ 2) 0.68

Secondary end points

Time to electroclinical remission, dc 14 [1‐93] 16 [4‐55] −2 (−8 to 6)d 0.87

Relapse, until last follow‐upb 4/25 [16%] 10/23 [43%] 0.3 (0.1‐1) 0.09

Seizure‐free, last follow‐upb 21/53 [40%] 13/48 [27%] 1.8 (0.8‐4) 0.18

Adverse effectsb 42/53 [79%] 45/48 [94%] 0.3 (0.1‐1) 0.10

Age‐appropriate psychomotor development, last follow‐upb 12/53 [23%] 7/48 [15%] 1.9 (0.5‐8) 0.38

Age‐appropriate adaptive level, last follow‐upb 11/24 [46%] 8/17 [47%] 0.5 (0.2‐3) 0.45

ACTH, adrenocorticotropic hormone; CI, confidence interval; KD, ketogenic diet; OR, odds ratio.
aAdjusted for gender, time from epilepsy onset to trial treatment, and concomitant vigabatrin use; neurological outcome was adjusted for baseline status.
bn/N [%].
cMedian [minimum‐maximum].
dDifference in medians (95% CI).

TABLE 4 Frequencies of adverse effects during KD and ACTH
treatment

KD adverse effects,
n = 53 n %

ACTH adverse effects,
n = 48 n %

Adverse effects
overall

42 79 Adverse effects overall 45 94

Needing acute
intervention

16 30 Needing acute
intervention

45 94

Triglycerides high 16 30 Hypertonia 41 85

Obstipation 14 26 Potassium (intravenous) 19 40

Ketones >
5 mmol L–1

13 25 Cushing syndrome 17 35

Solid food refusal 9 17 Cardiac hypertrophy 16 33

Liquids (intravenous) 7 13 Leukocytosis 16 33

Infections 6 11 Infections 14 29

Diarrhea 6 11 Hyperexcitability 12 25

High cholesterol 5 9 Acne 12 25

Growth deficit 5 9 Weight gain 11 23

Cholecystolithiasis 5 9 Drowsiness 8 17

Tiredness at start 3 6 Edema 8 17

Hypoglycemia 3 6

Carnitine deficiency 3 6

Weight loss 3 6

Refusal of KD liquids 3 6

Weight gain 1 2

ACTH, adrenocorticotropic hormone; KD, ketogenic diet.
Bold values indicate overall adverse effects for KD and ACTH respectively (n
and %)
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Results of our single‐center prospective PC‐RCT trial
showed similar overall efficacy for both treatments but bet-
ter tolerability for KD. In the subgroup analysis of infants
without prior VGB treatment, ACTH was more effective in
the short term, but due to higher relapse rates for ACTH,
there was no difference with respect to long‐term remis-
sion. In infants pretreated with VGB, KD was at least as
effective as ACTH. However, due to the small sample size
of the RCT and the study overall, it is underpowered, par-
ticularly for a noninferiority analysis; therefore, the results
should be interpreted with caution.

Given the lack of controlled data so far, treatment of
patients with WS is still empirical.8 Evidence from controlled
trials is therefore urgently needed. The gold standard is an RCT
study design using an active comparator if there is an accepted
standard of care. However, it is challenging to perform an RCT
in this setting of severely ill infants. In our study, only one‐third
of the patient population could be enrolled in the RCT. There-
fore, the patients in the RCT represent a selected subset of the
overall population who had (1) an earlier start of study treat-
ment, (2) less use of concomitant AEDs (in particular VGB),
and (3) a better neurological status at baseline.

For comparisons between various treatment arms, the
RCT provides the highest internal validity. However,
because of the small sample size in this study, there were
some imbalances between arms with respect to covariables,
which we addressed by adjustment. Because of the small
sample size, the RCT also had limited power.

An approach to maximizing the representativeness of an
RCT is the PC‐RCT design where patients who cannot be
randomized are included in an observational PC. In the PC,
patients are assigned to treatments as per standard of care
and clinical circumstances but otherwise followed using the
same protocol as in the RCT. Consequently, the data are
representative of “real‐life” clinical care.24,25 The patients
in our PC represent a complementary subset with a gener-
ally poorer previous condition and consequently with (1)
longer disease duration prior to study entry, (2) more con-
comitant use of AEDs, and (3) a worse neurological status
at baseline, which is also reflected by the overall worse
outcome in the PC. For comparison between study treat-
ment arms, the PC has a higher potential for bias and con-
founding, which we addressed by adjustment for relevant
risk factors.

For a comprehensive analysis, representative of the total
population of infants with WS, we finally compared KD and
ACTH in a combined analysis of RCT and PC. Again, internal
validity was improved by adjustment for relevant covariables.
This combined analysis has the highest power due to the lar-
ger sample size and has the best external validity. The only
potential limitations to the representativeness are that this was
a single‐center study at a tertiary epilepsy center with a poten-
tial selection bias toward severely affected patients.

Overall, the study showed that KD is equally effective
compared with high‐dose ACTH for the treatment of WS.
To formally prove this would require a noninferiority

TABLE 5 Primary and secondary end points, comparing KD versus ACTH, separately for subgroups without and with pretreatment with
vigabatrin

Cohort
No pretreatment with vigabatrin Pretreatment with vigabatrin

Treatment allocation KD, n = 30
ACTH,
n = 20 OR (95% CI)a P KD, n = 23

ACTH,
n = 28 OR (95% CI)a P

Primary end point

Electroclinical remission at day
28b

14/30 [47%] 16/20 [80%] 0.2 (0.06‐0.8) 0.02 11/23 [48%] 7/28 [25%] 2.8 (0.8‐9.0) 0.09

Secondary end points

Time to electroclinical
remission, dc

15 [6‐36] 13 [4‐35] −2 (−12 to 10)d 0.56 13 [1‐93] 21 [9‐55] 8.0 (−9 to 18)d 0.71

Relapse, until last follow‐upb 4/14 [29%] 9/16 [56%] 0.3 (0.1‐1.4) 0.13 0/11 [0%] 1/7 [14%] −14 (−51 to 14) 0.28

Seizure‐free, last follow‐upb 10/30 [33%] 7/20 [35%] 0.9 (0.3‐3.1) 0.90 11/23 [48%] 6/28 [21%] 3.4 (1.0‐11.4) 0.05

Adverse effectsb 22/30 [73%] 19/20 [95%] 0.1 (0.5‐12.9) 0.30 20/23 [87%] 26/28 [93%] 0.5 (0.1‐3.4) 0.50

Psychomotor development
age‐appropriate, last follow‐upb

9/30 [30%] 3/20 [15%] 2.4 (0.5‐12.9) 0.30 3/23 [13%] 4/28 [14%] 0.9 (0.2‐4.5) 0.90

Adaptive level age‐appropriate,
last follow‐upb

8/14 [57%] 5/8 [63%] 0.8 (0.1‐4.8) 0.81 3/10 [30%] 3/9 [33%] 0.9 (0.1‐5.9) 0.88

ACTH, adrenocorticotropic hormone; CI, confidence interval; KD, ketogenic diet; OR, odds ratio.
aPsychomotor development adjusted for baseline status.
bn/N [%].
cMedian [minimum‐maximum].
dDifference in medians (95% CI).
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analysis, which is, however, impossible with the small
sample size, even in the combined cohort. Our conclusions
of similar effectiveness are, therefore, based on a descrip-
tive comparison between the two treatment arms, which
clearly has limited power. Hence, our conclusion must be
considered preliminary and would require formal proof by
a large‐scale, multicenter RCT.

The overall remission rate (34%) observed in our trial is
comparable to earlier retrospective studies (up to
50%).22,35–41 In previous studies, however, evaluation peri-
ods were often short (eg, 1‐2 months after treatment initia-
tion) and the effects on EEG (ie, hypsarrhythmia) were not
reported, although electroclinical remission is thought to be
essential for favorable developmental outcomes.36,42–44 In
our study, response was therefore defined as electroclinical
remission (seizure freedom plus resolution of hypsarrhyth-
mia in the EEG).

The incidence of electroclinical remission at day 28 in
this study (KD, 47%; ACTH, 48%) is comparable to previ-
ous studies (ranging from 42% to 60% for steroids9,45 and
from 14% to 65% for KD19–21,36,40) and was not different
between KD and ACTH in the RCT, PC, or combined
cohort. Similarly, time to electroclinical remission did not
show significant differences between the two treatment
groups. This result is in contrast to the results obtained
from a retrospective chart review of infants with new onset
WS (later included in Hong et al22) comparing 13 patients
treated with KD and 20 treated with ACTH. The authors
reported equal efficacy, but a significantly shorter time to
electroclinical response when using ACTH.21,22

The overall relapse rates after initial response for KD
(16%) and ACTH (44%) in our trial were comparable to
reports from previous studies (KD, 16%‐19%; ACTH,
41%‐60%).2,15,46 Although not different between the two
treatment arms in the RCT, the frequency of relapses was
significantly lower for KD in the PC. However, dropout
rates were higher in the PC, which may have induced some
selection bias. In the combined cohort, the incidence of
relapses remained lower in infants treated with KD. In line
with this, the proportion of children who showed seizure
freedom in the long term was largely similar between KD
and ACTH.

In our study, KD was well tolerated and showed fewer
(79% in KD, 94% in ACTH) and less severe adverse
effects than ACTH (needing acute intervention: 30% in
KD, 94% in ACTH). This result is in line with previous
retrospective studies (ranging from 30% to 56% for KD22

and from 20% to 93% for ACTH21,45). Long‐term psy-
chomotor development and adaptive behavior were not dif-
ferent between KD and ACTH treatment arms.

Finally, 18% of the infants included in our study were
drug‐naive. This result is comparable to some other studies
(17%).19–22 However, most previous studies reported on

children pretreated with steroids or VGB.19,22,40 Only one
study included newly diagnosed drug‐naive patients.21 To
the best of our knowledge, our study is also the first to
prospectively report on the initial treatment with KD of
infants not pretreated with steroids. In infants not pretreated
with VGB, ACTH was significantly more effective in
achieving short‐term remission at day 28. However, relapse
rates were higher for ACTH, and hence long‐term seizure
freedom was similar for both treatments. In infants pretreated
with VGB, KD was more effective than ACTH regarding
short‐term and long‐term seizure freedom. Infants with prior
VBG treatment had a longer duration of prior epilepsy, indi-
cating epilepsy that was difficult to treat. As KD is highly
effective in pharmacoresistant epilepsy,26 we suppose that
this is also the case in infantile spasms when pretreated with
VGB.35,40

In conclusion, in infants without prior VGB treatment,
ACTH remains the treatment of choice to achieve short‐
term remission. In infants with prior VGB, KD is at least
as effective as ACTH for short‐term remission. Overall,
KD is at least as effective as ACTH in the long term, but
associated with less frequent and less severe adverse
effects. Because our study is underpowered, these data
have to be interpreted with caution and would need to be
confirmed by a large‐scale, multicenter RCT.
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