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Background: Children with pharmacoresistant epilepsy usually receive ketogenic diet (KD)
as an inpatient, which makes it an expensive treatment.

Objective: To compare the effectiveness, safety, and costs of outpatient versus inpatient
initiated KD.

Design: Retrospective observational non-inferiority study.

Patients/setting: Patients (1—18 years of age) who started KD either inpatient or outpatient.
Main outcome measures: Effectiveness was defined as >50% seizure reduction. Safety was
measured by the numbers of emergency visits and complications. Economic impact was
analyzed by calculating total costs of treatment.

Statistical analyses: Non-inferiority of outpatient initiation was tested using 95% confidence
intervals of the differences in effectiveness and safety endpoints between groups with
non-inferiority margins of 10%. Nonparametric bootstrap techniques were used to derive a
95% confidence interval for the mean difference in total costs between the groups.
Results: Hundred and five patients started KD in the period 2001 to 2017: 43 inpatient and 62
outpatient. At three months, the KD was effective in 61% of outpatients versus 63% of
inpatients. The KD was considered safe in 36% of the outpatients, as compared to 29% in
the inpatients. Outpatient initiation was shown to be non-inferior to inpatient initiation in
terms of safety. Total health care costs of outpatient initiation were € 2901, as compared to
€ 8195 of inpatient initiation per patient (mean difference € 5294, 95% CI; -€ 7653 to -€
2935).
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Conclusions: Our study suggests that outpatient KD initiation is no worse than inpatient
initiation in terms of effectiveness and safety, while carrying lower health care costs.
© 2019 European Paediatric Neurology Society. Published by Elsevier Ltd. All rights

reserved.

1. Introduction

The ketogenic diet (KD) is a therapeutic option in children
with pharmacoresistant epilepsy, in children with intolerable
side effects of anti-epileptic drugs (AEDs) and/or some meta-
bolic diseases such as Glucose Transporter Deficiency type I
(GLUT1 DS) and Pyruvate Dehydrogenase Complex Deficiency
(PDHQ). It is a high-fat, low-carbohydrate diet that mimics the
metabolic state of fasting, whilst being in an anabolic state.
The beneficial effects of the KD on seizures were proven in
several observational studies.”* Seven randomized
controlled trials showed that the KD induces a 50% seizure
reduction in 38—72% of patients within three months of diet’

In practice, the children that qualify for KD treatment are
the most severely affected patients. For this reason, and
possibly incentivized by remuneration schemes, the KD is
often initiated during a hospital stay, and patients are usually
closely monitored and receive expert guidance,® especially in
cases of infants and children with severe co-morbidities.”®
Management strategies are typically based on the short-term
side effects during KD initiation, such as hypoglycemia, food
refusal, and gastro-intestinal problems like vomiting and
constipation.

Initiation of the KD in an inpatient setting is costly and
often involves a considerable social and economic burden for
parents and children. Given that resources are limited, the
high costs of inpatient initiation cause barriers for patients to
gain access to the KD.” It would be worthwhile, therefore, to
consider outpatient initiation. However, this is not a general
routine in many centers.”” In fact, in the most recent
consensus statement, 20 out of 25 cooperating centers (80%)
confirm to admit children for diet initiation, although 92% of
them believed that outpatient initiation would be possible.®

Little information is available supporting outpatient KD.
One previous study compared inpatient KD initiation in 54
children to initiation in an outpatient setting.'’ In this study,
only the effect on seizure reduction was evaluated and no
significant difference was found with regard to seizure control
between groups suggesting inpatient initiation was not su-
perior. Another small-scale study, dating back to 2002, docu-
mented that in 14 children who commenced on the KD the
success rate of the KD was not higher in patients admitted to
hospital than in those initiated as outpatients.**

To our knowledge, no studies have yet evaluated the dif-
ference in economic burden between in- and outpatient
initiation of the KD. Several studies focused on the economic
aspects of the KD in children with pharmacoresistant epi-
lepsy.”> > For example, using before-after designs, three
studies found that the KD is associated with a reduction of

health care costs.’* '® However, the economic consequences
of the choice between inpatient and outpatient KD are unex-
plored. This is a significant knowledge gap, given the impor-
tance of accountability and cost-effective health care.

In the present study, we aim to compare the effectiveness,
safety, and economic impact of outpatient and inpatient KD
initiation. Our hypothesis is that initiating the KD in an
outpatient setting will be at least as effective and safe as
inpatient initiation, while offering additional economic
benefits.

2. Methods and materials
2.1. Study setting and initiation protocol

This study was performed in the Erasmus MC-Sophia Chil-
dren's Hospital in Rotterdam, the Netherlands. The KD has
been prescribed here since 2001 to treat pharmacoresistant
epilepsy and metabolic diseases (e.g., Glucose Transporter
Deficiency; GLUT1 DS). Children on KD are treated by a
multidisciplinary team consisting of pediatric neurologists,
pediatric dietitians, pediatricians, pharmacists and an epi-
lepsy nurse.

Inclusion, screening, and treatment is done according to
(inter)national guidelines and is practiced without fluid re-
striction or fasting.®'® Before 2008, patients were routinely
hospitalized (2—10 days) for KD initiation. Because the
increasing number of patients eligible for KD treatment
conflicted with the resources available for hospital admis-
sions, outpatient initiation — including one daycase admission
for baseline measurements and education-was introduced in
2008, in parallel with the introduction of an updated multi-
disciplinary protocol. Starting in 2008, initially patients aged 2
years and older were initiated on KD as outpatient. After the
outpatient protocol proved to be successful, the minimum age
for outpatient initiation was gradually lowered from 2 towards
1 year. After 2008, hospitalization remained indicated for
children with a severe medical condition (e.g. status refractory
epilepticus, respiratory insufficiency) and for those aged
below 1 year. Table 1 illustrates the protocol for outpatient
and inpatient diet initiation.

2.2. Study design and subjects

In this retrospective non inferiority study we included chil-
dren aged 1-18 years with pharmacoresistant epilepsy (i.e.
not responding to at least two AEDs) eligible for KD treatment
between January 1st, 2001 and January 1st, 2017. Infants
younger than 12 months of age were excluded from the study
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Table 1 — Different protocols for inpatient and outpatient Ketogenic Diet initiation®.

Inpatient initiation

Outpatient initiation

Pre-diet consultation
Inclusion criteria

1 consultation at outpatient clinic
- Infants <1 year”

1 consultation at outpatient clinic
- Children >1 year

- Severe medical condition

Initiation method

Admission 2-10 days
Duration of initiation 2—-10 days
Follow-up

Effectiveness evaluation
(goal: > 50% seizure reduction or more)

Step-wise approach:
1-2 days/step

1-2 outpatient consultations/month
(additional visits if necessary)
3 months after initiation

Step-wise approach:

1-week/step

Day-case (1 day)

+/— 28 days

1-2 outpatient consultations/month
(additional visits if necessary)

3 months after initiation

@ Erasmus MC Sophia Children's Hospital protocols; before 2008 inpatient initiation was obligatory for all patients.

® Initially 2 years, gradually lowered towards 1 year of age.

because in our center they still are routinely admitted to the
hospital for KD initiation to prevent the relatively high risk of
hypoglycemia. The patients were divided into two study
groups: one including patients with outpatient-initiated KD,
treated since 2008 (the ‘outpatient group’), and a second one
including patients with inpatient-initiated KD (the ‘inpatient
group’).

From both groups, patients with severe co-morbidities (e.g.
status refractory epilepticus, respiratory insufficiency) were
excluded, leaving only those patients who would have been
eligible for both types of diet initiation, for group comparison
reasons.

This study was reviewed by the Medical Ethics Committee
of the Erasmus MC, which exempted the study from formal
ethical approval (MEC-2018-1705). Anonymous patient data
has been retrospectively analyzed at group level. The privacy
rights of patients were observed and informed consent was
not required.

2.3. Treatment

There are different types of KD with different nutritional
composition, like the Classic Diet with long chain triglycerides
(LCT), the KD with medium chain triglycerides (MCT) and a
combined LCT/MCT diet which are equivalent in seizure
reduction.*” Every KD prescribes a ratio of ketone-producing
nutrients (fat) and non-ketone producing nutrients (protein
plus carbohydrates). The most strict diet is the Classic Diet
that mainly consists of a 4.0:1 fat-to-protein/carbohydrate
ratio, but also lower ratio's (e.g. 3.5:1 or 3.0:1) are used. In
our study all types of KD were used to reach adequate ketone
levels (within range 2.5-6.5 mmol/l). The diets were individ-
ualized based on ketosis and tolerance.

2.4. Data collection

We obtained data from medical records and recorded it using
standardized case record forms. Outcome measures were
scored at baseline, i.e. the date of initiation (t0), at 0—1 month
(t1), 1—2 months (t2) and 2—3 months (t3) after diet initiation.
The end of the follow-up period was at 3 months, or, if the
patient was weaned from the KD earlier, at the day when the
KD was stopped. If patients restarted the KD after a first KD

treatment period, only data from the first treatment period
were included.

The following data were collected: gender, date of birth,
etiology of epilepsy (classified as either genetic, structural-
metabolic, or unknown'®), electro-clinical syndrome at base-
line, date of onset of epilepsy, number of AEDs, date of KD
initiation and duration in days, KD type at baseline, route of
feeding at baseline (oral/enteral), number of drop-outs before
end of study period and the reasons for quitting.

2.5. Outcome measures

2.5.1. Effectiveness

To determine effectiveness of the diet, data on seizures (i.e.
frequency, all types) at baseline and after 3 months of KD
treatment were collected by parental report (that is, the par-
ents were asked to indicate the average number of all types of
seizures per week of the past month to the neurologist).
Seizure reduction was categorized into <50% seizure reduc-
tion and >50% seizure reduction from baseline at 3 months.
Effectiveness was defined as the proportion of cases with a
seizure reduction of at least 50%.

2.5.2. Safety

Safety was assessed by examining the number of emergency
department visits and diagnosed complications of the KD.
Three types of complications were distinguished: gastro-
intestinal complications, compliance complications (e.g.
feeding difficulties), and metabolic complications (e.g., un-
stable ketosis or glucose levels). The latter complications were
divided into hyperketosis (blood ketones > 6.5 mmol/l) and
hypoglycemia (blood glucose < 2.5 mmol/l). For the non-
inferiority analysis, a composite endpoint was constructed,
consisting of at least one emergency department visit or any
complication within 3 months.

2.5.3.  Economic impact

To analyze the economic impact of the two treatments, we
calculated total costs of treatment from the date of initiation
of the KD until the end of the follow-up period. All costs of
epilepsy treatment were included, apart from the costs of the
KD itself and medication costs as these were not assumed to
differ significantly between the study groups. First, we
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documented resource use for the following items: length of
stay of hospital admission, daycase admissions, emergency
department visits, outpatient visits, and consultations with
the multidisciplinary KD team (either inpatient, during day-
care admission, during an outpatient visit, by e-mail, or by
telephone). Then, the quantities of each resource used were
multiplied by cost-prices per unit, which were calculated
using economic cost prices or standard prices.” Finally, the
total costs per patient (expressed in Euros €) were calculated.

2.6. Data analysis

First, descriptive statistics were calculated. In case of a nor-
mally distributed variable, the mean and standard deviation
(SD) were shown. In case of a non-normal distributed variable,
the median and inter quartile range (IQR) were shown. Valid
percentages for categorical variables were presented and in
case of normal distribution as mean and SD, otherwise me-
dian and IQR were given. Continuous variables were
compared between the groups using either unpaired t-test
(normally distributed data) or Mann—Whitney U test (non-
normally distributed data). For categorical data, the Pearson's
Chi-square was used and presented with a P value.

Second, effectiveness and safety of the KD were compared
between the two study groups. Non-inferiority of outpatient
initiation was tested using one-sided 95% confidence intervals
of the differences in the effectiveness and safety endpoints
between the groups. The a priori, non-inferiority margin was
set to an absolute difference of —10%. By the absence of
comparative studies on efficacy of inpatient and outpatient
initiated KD, this margin was chosen on the basis of a con-
servative interpretation of ILAE guidelines, which suggested a
relative non-inferiority margin of 20% for non-inferiority
studies on AEDs.” Assuming that the proportion of patients
in the inpatient group who achieved a >50% seizure reduction
was 54%,”! a non-inferiority margin of 10% for the absolute
difference is equivalent to a relative non-inferiority margin of
18.6%. Non-inferiority of outpatient initiation, compared with
inpatient initiation, was assumed if the lower bound of the
95% confidence interval was greater than the non-inferiority
margin of —10%. No power analysis was performed, since
this study retrospectively included all patients who received
the KD over a 16-year period.

Third, total health care costs were compared between the
two study groups. Since cost data per patient were highly
skewed to the right, we used nonparametric bootstrap tech-
niques (based on 10,000 bootstrap samples) to derive a 95% CI
for the mean difference in total costs between the groups.

A P-value of 0.05 was considered significant. Data were
analyzed using Statistical Package for the Social Sciences
(SPSS Statistics version 23).

3. Results
3.1 Patient and epilepsy characteristics
Of the initial 136 patients with measurable seizures, 31 pa-

tients with a severe medical condition (e.g. status refractory
epilepsy, ICU admittance and respiratory insufficiency),

requiring hospitalization were excluded. Of the remaining 105
patients, 43 (41%) received inpatient initiation and 62 (59%)
had outpatient initiation. Fig. 1 shows a flowchart of the pa-
tient selection.

As outlined in Table 2, the study groups were comparable
in terms of sex, etiology, electro-clinical syndrome and age of
seizure onset. However, patients in the inpatient group star-
ted the KD significantly sooner after seizure onset (median 2.3
(IQR 3.2) versus 4.5 (IQR 5.6) years, p = 0.01) and were signifi-
cantly younger at KD start (median 3.8 (IQR 3.8) versus 6.0 (IQR
5.8), p = 0.001).

There was a significant difference in dietary treatment
between both groups. More inpatients were initiated on a
Classic KD (n = 16 versus n = 10) and more outpatients (n = 42
versus n = 19, p = 0.03) were initiated on the Combined KD.

Outpatients have used fewer different AEDs prior to diet
initiation (median 2.0 (IQR 1.0) versus 3.0 (IQR 2.0), p = 0.046).

Because the outpatient initiation protocol prescribes a
slower initiation of KD, the median diet initiation duration in
the outpatient group was significantly higher (27.5 days, IQR
14) compared to the inpatient group (3 days, (IQR 4.0) p
=<0.001).

3.2. Effectiveness

As shown in Table 3 the effectiveness of the diet in the
outpatient group (61%) was comparable to that in the inpa-
tient group (63%). According to the statistical analysis, the
one-sided confidence interval of the difference between these
proportions was —0.019 + 0.164 (or: —0.183 to 0.145). So, non-
inferiority cannot be assumed, as it cannot be concluded
that outpatient initiation decreases the rate of the effective-
ness endpoint by less than 10 percentage points (0.10). The
dropout rate before 3 months was 12% (inpatient) versus 0%
(outpatient).

Reasons for discontinuation included insufficient effect of
the diet (n = 2), adverse effects (n = 2), and restrictiveness
(n=1).

3.3. Safety

Fig. 2 shows data on safety. Gastro intestinal complaints were
seen in both groups at all three time moments: showing a
decline in the inpatient group but being constant in the
outpatient group. In the first month, hyperketosis or hypo-
glycemia was found in five patients in the inpatient group and
one patient in the outpatient group. In the second month of
KD, hypoglycemia (n = 2) and hyperketosis (n = 2) were found
only in the outpatient group. They were either caused by an
intercurrentillness (n = 2) or hyperkinetic movement disorder
(n = 2). After dietary adjustments (e.g. correcting with apple
juice, increasing calories) hypoglycemia did not reoccur and
hospitalization was not needed in these cases. In the third
month of KD hyperketosis was found in one patient in both
outpatient and inpatient group due to intercurrent illness in
which hospitalization was not needed. Compliance compli-
cations were increasingly seen at three months in the outpa-
tient group (13% versus 0%, p = 0.02). Taken together, the
mean number of all complications in the outpatient group was
0.3 (SD 0.6) during all time moments, whereas the number of
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N=136

Children 1-18 years with epilepsy not responding to at least

two AEDs, who started KD between 2001-2016

n=31
Excluded: children with severe

A 4

A\ 4

co-morbidities

N=105

Children 1-18 years eligible for both types of KD initiation

A 4

n=43
Children 1-18 years
receiving

Inpatient KD initiation

n=62
Children 1-18 years
receiving

Outpatient KD initiation

Fig. 1 — Flowchart of patient inclusion.

complications in the inpatient group declined from 0.6 (SD 0.8)
attl to 0.1 (SD 0.3) at t3.

There was only a small difference between the study
groups in the mean number of emergency visits during all
study periods (0.4 (SD 0.6) inpatient versus (0.3 (SD 0.7)
outpatient).

Based on the composite safety endpoint, the KD was
considered safe in 36% (n = 22) of the patients in the outpa-
tient group, as compared to 29% (n = 11) in the inpatient
group. Statistical analysis revealed that the confidence inter-
val of the difference between these proportions was
0.071 + 0.158 (or: —0.087 to 0.229). So, outpatient initiation was
non-inferior to inpatient initiation in terms of safety, as it did
not decrease the rate of the composite endpoint by more than
10 percentage points.

3.4. Economic evaluation

As a consequence of the initiation protocol described before,
inpatients were hospitalized for more days during the first
month in comparison to the outpatient initiated patients
(mean, 8.4 (median 8.0) versus 0.4) (Table 4). They also
received more inpatient consultations by the multidisci-
plinary KD team in comparison to the outpatients (mean, 10.6
versus 0.5, in the first month). On the other hand, the number

of day-case admissions in the first month was highest in the
patients in the outpatient group (mean, 1.0 versus 0.0), as was
the number of consultations by the KD team during day-case
admissions (mean, 2.1 versus 0.1).

Patients from the outpatient group incurred fewer costs
regarding hospital days and consultations by the interdisci-
plinary team, whereas costs of day-case admissions were
higher in this group (Table 4).

Overall, total health care costs were € 2901 in the outpa-
tient group, as compared to € 8195 in the inpatient group,
resulting in a mean difference of € 5294 (95% confidence in-
terval, -€ 7653 to -€ 2935; p < 0.001).

4, Discussion

Initiation of the KD in an inpatient setting is expensive and
often involves a considerable social and economic burden for
parents and children. Although almost all expert centers (92%)
believe that outpatient initiation would be possible, the ma-
jority of them (20/25, 80%) does not routinely practice this.®
The results of our study show that effectiveness and safety
of the KD after outpatient initiation were similar to inpatient
initiation, although the statistical analysis could only confirm
non-inferiority regarding safety which might be caused by the
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Table 2 — Patient characteristics (N = 105).

Inpatients Outpatients P
value

Number of patients 43 (41%)
Gender (male) 26 (60%)
Age at start KD in years (Median, 3.8 (3.8)

62 (59%)
36 (58%)  0.81
6.0(5.8  0.001

sample size of our study. Importantly, based on our results,
the choice for outpatient KD instead of inpatient KD may be
expected to result in a statistically significant reduction of
health care costs (€5294 for every patient).

To some extent, the results of our study confirm those of
Vaisleib et al.,'° who also found that the effectiveness of the
KD after outpatient initiation was rather close to inpatient

IQR) e ee - . .
.Q ) 7 . initiation. The overall effectiveness rate found in our study

Etiology of epilepsy: 0.47 . . o
i 6 (14%) 7 (11%) (62%, irrespective of the mode of initiation) was comparable
Structural/metabolic: 13 (30%) 26 (42%) with results in earlier studies, which were in range of
Unknown: 24 (56%) 29 (47%) 38—85%.

Electro clinical syndrome: 0.08 Regarding safety, we observed that during the first month
Non-syn@romm 21 (49%) 41 (66%) after KD initiation, inpatients more frequently experienced
Syndromic 22 (51%) 21 (34%) astro-intestinal complications. Vaisleib et al.'® also found a

Age seizure onset in months 9.1(23.00 7.8(22.8) 097 § p f ) ¢ ) o ..
(Median, IQR) trer.ld towards a g‘r.eater. reguency o- adverse. e .ects in in-

Number AED's at start (Median, 3.0 (2.0) 2.0 (1.0) 0.046 patients. They ascribe this difference in complications to the
IQR) more compromised medical status of patients who required

Able to change AED's during 3 0.02 inpatient initiation. In our study, this is less likely to be the
months KD (number, %) cause, as the patients in compromised medical condition and
Yes 1E{E0) 7 (1) the vulnerable group of infants younger than 12 months were
No 30 (70) 5> (89) excluded from both groups (Fig. 1), although some bias cannot

Time from seizure onsettoKDin 2.3 (3.2) 4.5 (5.6) 0.01 g p & . g .
years (Median IQR, range) (0.22-9.4) (0.35-13.1) be ruled out. An alternative explanation could be a difference

Duration of initiation in days 3.0 (4) 27.5 (14) <0.001 in tolerability between the types of diet, which differed be-
(Median, IQR) tween the study groups. However, the RCT of Neal et al.”?

Type of diet at start: (number, %) 0.03 showed no difference concerning the incidence of side ef-
Classic LCT 16 (37) 10(16) fects between either Classic KD or KD with MCT. Studies on
Ketogenic diet MCT 8 (19) 10(16) tolerability of combined diets are lacking. It is more likely that
Combined diets 19 (44) 42 (68) : e - . .

W . . the duration of KD initiation might have contributed to the
ay of feeding at start: (number, 0.32 . o . . o .

% higher incidence of gastro-intestinal complications in our
Oral 28 (65) 46 (74) inpatient group, which was much shorter than in the outpa-
(partially) tube feeding 15 (35) 16 (26) tient group (median of 3 days versus 27.5 days).

Table 3 — Effectiveness of Ketogenic Diet after 3 months.

Seizure reduction (%) Inpatients n = 43 Outpatients n = 62

24 (63%) 38 (61%)
5 (12%) 0 (0%)

>50% seizure reduction
Diet ended before t3

In our study, compliance complications were seen in both
patient groups. Surprisingly, at three months significantly
more patients from the outpatient group reported compliance
complications (in terms of food refusal and compromised
daily intake) caused by behavior problems (such as non-
acceptance, anger, sadness) although it did not result in diet
termination. The higher rate of compliance complications

% of patients with complication

Gastro-intestinal t1

Gastro-intestinal t2

Gastro-intestinal {3 r—

; Compliance t]
=]
.g Compliance t2
E] Compliance t3
£ P ] Outpatient
S Hyperketosis t1 . .
. B [npatient

.§ Hyperketosis t2 P
g Hyperketosis {3 m—

Hypoglycemia t]  i—

Hypoglycemia t2

Hypoglycemia t3

0 5 10 15 20 25 30 35
Percentage
Legenda: KD= Ketogenic Diet, tI = 0-1 month after KD initiation; t2 = 1-2 months after KD initiation; t3 = 2-3 months after KD initiation.

Fig. 2 — Safety after 1, 2 and 3 months Ketogenic Diet.
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Table 4 — Resource use and costs of treatment.

Inpatients Outpatients
tl(n=43) t2(n=42) t3(n=38) Total tl(n=62) t2(n=62) t3(n==62) Total
(n = 38) (n = 62)
Resource use
Hospital days (ward) 8.4 (4.7) 1.3 (4.1) 0.5 (1.5) 9.8 (6.6) 0.4 (1.2) 0.8 (3.0) 1.2 (5.6) 2.4 (7.4)
Day-care admissions 0.0 (0.2) 0.1 (0.4) 0.1 (0.3) 0.3 (0.8) 1.0 (0.0) 0.0 (0.2) 0.0 (0.1) 1.0 (0.3)
Emergency department visits 0.1 (0.4) 0.1 (0.4) 0.1 (0.3) 0.4 (0.6) 0.1 (0.2) 0.1 (0.3) 0.1 (0.4) 0.3 (0.7)
Outpatient visits 0.5 (0.8) 0.6 (0.7) 07(08)  1.8(13) 0.4 (0.7) 04(0.6)  0.6(10) 1.4 (1.6)
Consultations by the multidisciplinary team:
Inpatient 10.6 (5.9) 0.8 (3.0) 0.8 (2.1) 11.6 (6.8) 0.5 (1.9) 1.0 (3.7) 0.9 (4.9) 2.4 (8.2)
During day-case admission 0.1 (0.4) 0.1 (0.4) 0.1 (0.4) 0.3 (0.7) 2.1(0.2) 0.0 (0.3) 0.0 (0.0) 2.1 (0.3)
During outpatient visit 0.6 (2.3) 0.9 (1.1) 0.7 (1.0) 2.2 (3.6) 0.5 (0.9) 0.5 (0.7) 0.7 (1.2) 1.6 (1.9)
By e-mail 0.6 (0.8) 0.9 (1.2) 0.4 (0.8) 2.0 (2.0) 0.8 (1.0) 1.2 (1.1) 0.8 (0.9) 2.8 (2.2)
By telephone 3.3(2.2) 2.0 (1.9) 1.6 (1.4) 7.1 (3.9) 3.4 (1.7) 2.5 (1.6) 1.8 (1.7) 7.8 (3.3)
Costs

Hospital days € 6104 (3397) € 947 (2983)

Day-case admissions € 28 (127) €71 (235) € 47 (163)
Emergency department visits € 25 (62) € 25 (62) € 14 (48)
Outpatient visits € 16 (27) € 22 (26) € 24 (27)
Consultations by the €586 (292) €124 (167) €101 (117)

multidisciplinary team
Total costs

€ 383 (1107) € 7116 (4776) € 282 (907)

€ 552 (2162) € 850 (4043) € 1711 (5355)

€157 (452) €595 (0) €19 (106) € 10 (76) € 624 (169)
€66 (104) €11 (43) €17 (61) €20 (65) € 49 (120)
€ 62 (44) € 14 (25) €14(22) €21(37) € 49 (55)
€789 (376) €222 (101) €118 (203) €111 (237) <€ 451 (433)

€ 6765 (3631) € 1188 (3087) € 569 (1193) € 8195 (5067) € 1127 (1042) € 720 (2395) € 1002 (4233) € 2901 (5840)

Data expressed as mean (standard deviation). KD=Ketogenic Diet, t1 = 0—1 month after KD initiation; t2 = 1-2 months after KD initiation;

t3 = 2—3 months after KD initiation.

may be related to autism spectrum disorders (ASD) and
associated behavior problems, which seemed to be more
common in the outpatient group. In the literature, it has been
shown that ASD are a co-morbidity in many epilepsy syn-
dromes and that it is difficult for patients with ASD to adhere
to the diet.”**

Not surprisingly, length of hospital stay was longer in the
inpatient initiated group than in the outpatient group, who
had only one day-case admission. The fact that the patients in
the inpatient group were admitted for a median period of 8
days (exceeding the median 3 days of KD initiation which can
be explained by, among other things, difficulties in managing
the child's epilepsy) contributed to the higher costs in this
group. Patients from the inpatient group required more con-
sultations by the KD team during the first month of the KD
treatment. One explanation could be the era in which the
inpatient KD was initiated; this was in the start-up period of
the multidisciplinary team. Another explanation could be
that, while parents from both groups received all the neces-
sary information and education regarding the KD during a
short period of time (either during one day-case admission or
during hospital admission), the inpatients' parents were
allowed less time to develop the skills of preparing and
calculating the diet (during hospitalization that took a median
of 8 days) than the outpatients' parents (during a median
period for KD initiation of 27.5 days). This may have resulted
in the need for extra support by the team when they started
applying this strict and complex diet at home.

The economic analysis was restricted to health care costs.
However, outpatient KD initiation may also have an impact on
other costs, such as costs of productivity losses. For instance,
it may reduce the number of absence days from work of par-
ents and reduce transportation costs from home to hospital
and vice versa. However, outpatient treatment possibly also

requires a substantial time investment (and absence from
work) from parents. Furthermore, outpatient initiation may
prevent the inconvenience and stress caused by hospital
admission in both patients, parents and siblings, contributing
to patients' and parents' satisfaction and quality of family life.
This would be a fruitful avenue for future research.

One of the strengths of our study is the strictly protocolled
manner of KD initiation, which resulted in uniform treatment
regimens and a well-maintained database. Moreover, our
study is the first to describe the cost difference between
inpatient and outpatient initiation and includes a larger pa-
tient cohort than the study of Vaisleib et al.™®

Our study also has some limitations that need to be
addressed. First, the retrospective design of our study pre-
cludes drawing a strict cause-and-effect relationship, which
would require a prospective RCT. There might be a period
effect, in that the administration of more effective AEDs and
the introduction of the evidence-based protocol in 2008 may
lead to better seizure control. However, this probably did not
result in systematic bias, because in both groups, seizure
frequency in each patient was compared to its own baseline.
Furthermore, to avoid selection bias, we tried to construct
comparable groups by excluding from the earliest group those
patients who would not have been eligible for outpatient
initiation would it have been available at the time. The inpa-
tient group included some children (between 1 and 2 years of
age) commenced on the KD after 2007. We feel, however, that
this did not bias our results, since these patients were still
initiated on an inpatient basis was not because they were
more severely affected but was related to the gradual imple-
mentation of outpatient initiation. The study groups were
indeed comparable in certain important respects (sex, etiol-
ogy, electro-clinical syndrome, age of seizure onset, and way
of feeding). Yet, differences in other patient characteristics
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(i-e., age and number of AEDs at start of the KD, time between
epilepsy onset and start of the KD, and type of KD) did exist,
which might mean that either one of the study groups
included patients with less complex epilepsy. It is unknown
whether the groups were similar in terms of the amount of
seizures at baseline, because the amount of seizures was
classified by the neurologist based on parent reports and not
on exact numbers. Finally, our results represent a rather small
sample from one center, so they may be limited in their
generalizability.

5. Conclusions

Although firm conclusions from this study may not be reached,
these results suggest that outpatient initiation of the KD is
non-inferior to inpatient initiation in terms of safety. Albeit
non-inferiority of outpatient initiation in terms of effective-
ness could not be statistically confirmed, effectiveness rates
were found to be similar. Moreover, outpatient initiation
seems to reduce health care costs, mainly due to a reduction in
the cost of hospital admissions. This could be especially
helpful to promote access to the KD in low-resource countries.
We conclude that a multidisciplinary approach of outpatient
initiation of the KD is a realistic and safe option in patients over
one year of age whose medical condition allows outpatient
initiation. This finding supports the opinion of the majority of
expert centers that outpatient initiation is possible.® Our study
might also help to stimulate management decisions to make
the KD more widely available for children in the future.
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