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Abstract

Background: Ketogenic diet (KD) therapy is one of the main treatments for drug-resistant epilepsy. However, the KD
therapy has been applied in only a small number of infantile spasm cases. In this large multicenter study, we investi-
gated the efficacy of KD therapy in the treatment of infantile spasms.

Methods: In this retrospective, multicenter cohort study, clinical data from main epilepsy centers were analyzed.
Patients were classified into different groups according to age, type of drug and whether glucocorticoid was used
before initiation of KD.

Results: From October 2014 to March 2020, 481 patients (308 males and 173 females) with infantile spasms were
treated with the KD therapy. The age of the patients ranged from 2 months to 20years, with a mean age of 1year and
10 months. The number of anti-seizure medications (ASMs) used before KD initiation ranged 0-6, with a median of 3.
In different time from initiation(1, 3, 6, and 12 months), the rates of seizure freedom after KD were 6.9, 11.6, 16.0 and
16.8%, respectively ()(2 =27.1772,P <0.0001). There was a significant difference in the rate of seizure freedom between
3months and 1 month (X2 =6.5498, P =0.0105) groups, and 6 months and 3 months ()(2 =3.8478, P =0.0498)
groups, but not between 12 months and 6 months (x> =0.1212, P =0.7278) groups. The rates of effectiveness were
44.7,62.8,49.1 and 32.0% (xz =93.2674, P <0.0001), respectively. The retention rates were 94.0, 82.5, 55.7 and 33.1%
(x> =483.7551, P <0.0001), correspondingly. The rate of effectiveness and the retention rate of KD were significantly
different among the 1, 3, 6 and 12 months. KD treatment was the first choice in 25 patients (5.2%), 55 patients (11.4%)
started KD after the failure of the first ASM, 158 patients (32.8%) started KD after the failure of the second ASM, 157
patients (32.6%) started KD after the failure of the third drug, and 86 patients (17.9%) started KD after the failure of
the fourth and more. The KD effect was not related to the number of ASMs used before KD startup (P >0.05). Two
hundred and eighteen patients (45.3%) failed to respond to corticotropin or glucocorticoid before initiation. There
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was no significant difference in the effectiveness rate at different time points between the group of KD therapy after
glucocorticoid failure and the group after non-hormone failure (> =0.8613, P =0.8348). The rate of adverse events
of KDin 1, 3,6, and 12months after KD initiation were 22.3, 21.7, 16.8 and 6.9%, respectively. The adverse events
mainly occurred during the first 3 months of KD, and the main adverse events were gastrointestinal disturbance and

Conclusions: The efficacy of the KD treatment for infantile spasms was not affected by age, medication, and gluco-
corticoid use before initiation. KD is one of the effective treatments for infantile spasms.

Trial registration: ChiCTR-IIR-16008342. Registered on 22 April, 2016 - Retrospectively registered, https.//www.chictr.
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Background

Infantile spasms (West syndrome) is a clinically com-
mon epilepsy syndrome of multiple causes, with typical
manifestations of spasms, hypsarrhthmia (typical find-
ing on interictal electroencephalogram [EEG]), and psy-
chomotor development delay [1]. Although corticotropin
(ACTH) and vigabatrin are used as the first-line treatment
for infantile spasms, the epileptic spasms of some patients
could not be effectively controlled. In addition, although
ACTH is recommended as the first-line treatment in
many countries, it has a high incidence of side effects and
infantile spasms may relapse in nearly 33—50% of patients,
which limits its generalized use [2-4]. Ketogenic diet
(KD), a dietary model with high fat, low carbohydrate,
and appropriate protein and other nutrients, can not only
control seizures, but also improve EEG, development
and cognition, thus having become an effective non-drug
treatment for drug-resistant infantile spasms [5-7]. KD
has developed rapidly since its introduction in China in
2004 [8], and KD therapy has been gradually carried out
throughout the country. In this study, we set out to evalu-
ate the effect and safety of KD therapy in a large sample
size of infantile spasms in 17 tertiary hospitals in China.

Materials and methods

Study design and patients

This study was a prospectively registered clinical trial car-
ried out in a multicenter cohort. Data were collected by
trained pediatric epileptologists, including 481 patients
with infantile spasms treated with KD therapy. Nutrition-
ists from multiple centers receive uniform training. A
uniform case report form was used in these centers. This
study was approved by the Medical Ethics Committee of
Shenzhen Children’s Hospital, with a Clinical trial regis-
tration No. of ChiCTR-IIR-16008342.

Participant inclusion/exclusion criteria
The inclusion criteria for participants were: (DMeeting
the diagnostic criteria of infantile spasms, having clinical

epileptic spasms, displaying hypsarrhythmia on EEG
and psychomotor retardation; @having not received
KD therapy before. The exclusion criteria included:
(Dratients with severe malnutrition; digestive, cardio-
vascular, respiratory, liver, or urinary system disease; or
congenital immunodeficiency; or genetic metabolic dis-
eases as KD contraindications. The relative contraindica-
tions to KD therapy included propofol concurrent use (a
higher risk for propofol infusion syndrome); poor coop-
eration of patient’s parent or caregiver; identification of
a surgical epileptogenic zone by semiology, video-EEG
monitoring and neuroimaging; inability to maintain ade-
quate nutrition. The absolute KD therapy contraindica-
tions included porphyria; carnitine palmitoyltransferase
(CPT) I or II deficiency; pyruvate carboxylase deficiency;
carnitine translocase deficiency; carnitine deficiency (pri-
mary); and beta-oxidation defects including long-chain
acyl dehydrogenase deficiency, long-chain 3-hydroxya-
cyl-CoA deficiency, medium-chain 3-hydroxyacyl-CoA
deficiency, medium-chain acyl dehydrogenase deficiency,
and short-chain acyl dehydrogenase deficiency. @Active
vomiting, fever or infectious diseases; @ transplanta-
tion, stem cell therapy, or transfusion of allogeneic blood
products within half a year prior to KD initiation, or
hemolytic diseases, etc.

Data collection and statistics

Patient data were collected from 2014 to 2020. Case
report forms included a basic information form, clinical
medical records, a KD initiation observation form, a KD
follow-up form and a form of examination results.

KD therapy

Before diet initiation, detailed health education was
provided to the patients’s guardians and written
informed consent was given by the guardians. Accord-
ing to the clinical standardized guidelines of KD, the
KD therapy was initiated with a ratio of 2:1 in the
inpatient or outpatient department without fasting,
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and the calorie and protein requirements were calcu-
lated according to the recommended level for patients
at a specific age. One third of the recommended total
calories were provided on the first day of the therapy,
and two thirds were provided on the second day, and
full recommended total calories were provided on the
third day. Ketogenic operation was simplified by using
the ketogenic series products from Shenzhen Zeneca
Biotechnology Co., LTD., to assist in the implemen-
tation of KD. Transition speed was adjusted, com-
bined with some home-made meals according to the
patient’s condition to make food palatable. During
KD treatment, daily multivitamins, minerals, vita-
min D and calcium were supplemented, and potas-
sium citrate was used to prevent kidney stones. Vital
signs, urine ketone, blood ketone and blood glucose
were monitored, and seizures, diet and adverse events
were recorded every day. At 2—-4 weeks after initiation,
the proportion of KD was adjusted according to the
level of ketone body, the frequency of seizures and
the dietary tolerability, etc. For patients with frequent
seizures and good tolerance, the proportion was rec-
ommended to increase to 4:1. Within 1 to 3 months
of KD treatment, the original anti-seizure medica-
tion (ASM) regimen remained unchanged, and then
the drugs were adjusted according to the seizure sta-
tus and the doctor’s advice, and only one medication
was adjusted at a time. Clinical dietitians performed
fine regulation and were responsible for long-term
management of patients. The patients were followed
up daily during the initiation of KD, weekly within the
first month of KD, and every 2 to 4weeks thereafter.
In the first, second, third, and every 3 months after-
ward, the patients were followed up in the hospital to
review their height, weight, blood biochemistry, uri-
nary system ultrasound, bone development and EEG.
Patients were followed for 1year or more.

Outcome

The outcome measures were seizure frequency and
adverse events during KD. Seizures recorded by guard-
ians during 4 weeks prior to KD treatment were used as
the baseline, and the effect and retention at 1, 3, 6, and
12 months after the initiation of KD were recorded.

The effect was determined as seizure-free (100% reduc-
tion in seizure frequency, for at least 1 month), effective
(equal or more than 50% reduction in seizure frequency),
and ineffective (less than 50% reduction in seizure fre-
quency). The rate of seizure freedom refers to the per-
centage of seizure-free patients in total patients enrolled;
the effectiveness rate refers to the percentage of patients
with an equal or more than 50% seizure reduction in total
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patients enrolled; the ineffectiveness rate refers to the
percentage of patients with a<50% seizure reduction in
total patients enrolled.

Data analysis

Data analysis was performed using the SPSS 23.0 soft-
ware. The rank sum test (Kruskal-Wallis H) was used
to evaluate the difference of retention rate, anti-seizure
effects and adverse events of KD therapy among different
hospitals. The Chi-square test was used to analyze data
on the reduction of seizures, the effectiveness rate, and
retention rate reported at different time points among
the groups.

Results

Demographic features

A total of 481 patients (308 males and 173 females) were
included in the study, with a KD initiation age of 2 months
to 20years old (median age, 1year and 3 months). The
baseline frequency of epilepsy was 0.1 to 130 times/day,
with a median of 6 times/day. The number of ASMs at
KD initiation was 0—6, with a median of 3. The dura-
tion of continuous KD ranged 1 month to 5years, with a
median duration of 6 months. At the last follow-up, KD
was still maintained in 31 patients, the longest duration
was 4years and 4months, and the median duration was
2years.

Effect and retention rate

The improvement of seizures in patients with infantile
spasms treated with KD is shown in Table 1. At 1, 3, 6
and 12months after KD initiation, the rates of seizure
freedom were 6.9%, 11.6%, 16.0% and 16.8%, respec-
tively (y*=27.1772, P<0.0001), with a significant dif-
ference between 3months and 1month (y*>=6.5498,
P=0.0105), and between 6months and 3months
(x>*=3.8478, P=0.0498), but not between 12months
and 6months (y*=0.1212, P=0.7278). The results sug-
gest that it is necessary to adhere to the KD therapy
for 3-6months, and that if seizure reduction was less
than 50% at 6 months, then the seizure reduction was
largely unlikely to significantly increase at 12 months.

Table 1 Effectiveness and retention rate of KD in 481 patients
with infantile spasms at 1, 3, 6 and 12 months of follow-up

Effect/time points 1month  3months 6months 12months
Seizure-free n (%) 33(6.9) 56 (11.6) 77 (16.0) 81(16.8)
Effective(seizure 215(44.7) 302(62.8) 236(49.1) 154(32.0)
reduction >50%)

n (%)

Retentionrate n (%) 452 (94.0) 397(82.5) 268(55.7) 159(33.1)
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The rates of effectiveness at 1, 3, 6 and 12 months after
KD initiation were 44.7%, 62.8%, 49.1% and 32.0%,
respectively (y*>=93.2674, P<0.0001), and the retention
rates were 94.0%, 82.5%, 55.7% and 33.1%, respectively
(Y*=483.7551, P<0.0001). Both the rate of effectiveness
and the retention rate were significantly different among
the time points of 1, 3, 6 and 12 months. The rate of effec-
tiveness increased at 3months compared to 1month,
and then decreased gradually at 6 and 12months. The
retention rate decreased at 3, 6 and 12months. There
was no significant difference in the rate of effectiveness
of KD therapy among different hospitals at 3 months of
KD (H=19.085, P>0.05).

Age and effect

A majority (87.8%) of the patients were aged 03years.
There was no significant difference in the retention rate
at 3, 6 and 12months of KD (KD3, KD6, KD12) among
different age groups [age group included:0-1,1-3,3-6,6-1
0,10-20years] (KD3, y*=1.452; KD6, y*=1.123; KD12,
x>=0.803; all P>0.05). There was also no significant dif-
ference in the rate of effectiveness at KD1, KD3, KD6
and KD12 among different age groups [age group inclu
ded:0-1,1-3,3-6,6-10,10-20 years] (KD1, y*=1.549; KD3,
X =1.576; KD6, y*=3.173; KD12, y*=0.771; all P> 0.05).

Concurrent medications

In the newly diagnosed infantile spasms, KD treatment
was preferred in 25 patients (5.2%), and 55 patients
(11.4%) started KD after the failure of the first ASM, 158
patients (32.8%) started KD after the failure of the second

Table 2 The efficiency of KD in patients with infantile spasms
with prior use of different ASMs

NoASMs 1drug 2drugs 3drugs >4drugs
n(%) 25(5.2) 55(114) 158(32.8) 157(326) 86(17.9)
1 month(a) 14 (56.0) 26(47.3) 68(43.0) 65(414) 33(384)
3months(a) 12(480) 23(41.8) 85(53.8) 89(56.7) 41(47.7)
6months(@  10(40.0) 19(345) 65(41.1) 65(414) 27(314)
12months(a) 7 (28.0) 12(21.8) 46(29.1) 43274 14(163)

Note:ASMs anti-seizure medications; a: The response rate in the population with
maintenance or reduced ASMs and more than 50% seizure reduction. Data are
provided as n (%)
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ASM, 157 patients (32.6%) started KD after the failure
of the third ASM, and 86 patients (17.9%) started KD
after the failure of the fourthASM and more (Table 2).
The number of patients with decreased ASMs was
higher than those with increased ASMs (data unshown,
P<0.05). At the same KD time point, the KD effect was
not related to the number of ASMs used before KD ini-
tiation (P>0.05). In 218 patients (45.3%) who failed to
respond to ACTH or glucocorticoid treatment (referred
to as hormone failure hereinafter) before KD initiation,
the rates of effectiveness of KD at 1, 3, 6 and 12 months
were 48.2%, 64.2%, 50.0% and 35.3%, respectively
(Table 3). These rates were close to those in the whole
sample, and similarly, the rate of effectiveness increased
at 3months compared to 1month, and then decreased
gradually (y*=36.6057, P<0.0001). There was no signifi-
cant difference in the effectiveness rate of KD therapy at
different time points after hormone failure, compared
with the overall effectiveness rate and the effectiveness
rate of patients without hormone treatment ()(2=0.3O47,
P=0.9591; y*=0.8613, P=0.8348).

Adverse events and withdrawal

Adverse events during KD mainly occurred in the first
3 months. The common adverse events were gastroin-
testinal disturbances (nausea, vomiting, abdominal pain,
diarrhea, etc.) and constipation. Other adverse events
included fever, cold, fatigue or mental retardation, cough,
anorexia, pneumonia, symptomatic hypoglycemia,
enteritis, allergy, high triglyceride or cholesterol, kidney
stones, low bone mineral density and hypoproteinemia
(Table 4). The overall incidence was different among dif-
ferent time points (y*=15.382, P<0.05). The incidence of
gastrointestinal disturbances was significantly different
among different time points (y*=16.613, P<0.05). The
incidence of gastrointestinal disturbances was 9.1% in the
first month of KD, and significantly decreased at 6 and
12months (y*=8.706, P<0.05; x>*=9.888, P<0.05). The
incidence of anorexia increased at 3 months compared
to 1month (x*=10.585; P<0.05). Hypoproteinemia
mainly occurred at 3 months of KD, and there was signifi-
cant difference among different time points (y*=8.770;
P<0.05). There was no significant difference in the inci-
dence of other adverse events among different time
points (P> 0.05).

Table 3 Effect of KD in 218 patients with infantile spasms after ACTH or glucocoticoid failure

1month 3 months 6 months 12months
Retention Effectiveness Retention Effectiveness Retention Effectiveness Retention Effectiveness
210(96.3) 105 (48.2) 186 (85.3) 140 (64.2) 122 (56.0) 109 (50.0) 78 (35.8) 77 (35.3)

Data are provided as n (%)
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Table 4 Adverse events in patients with infantile spasms at different time points of follow-up

Adverse events, n (%) 1month 3 months 6months 12months
Gastrointestinal disdurbance*® 41(9.1) 24 (6.0) 8 (3.0) 2(1.3)
Constipation 22 (4.9) 3(333 7(26) 3(1.9)
Fever 10 (2.2) (2.3) 1(04) 1(06)
Cold 6 (0.66) 2(0.5) 3(1.1) 0

Lack of energy or mental health 5(1.1) 0 0 0

Cough 3(0.7) 4(1.0) 0 0

Anorexia * 4(0.9) 10 (2.5) 13 (4.9) 4(2.5)
Pneumonia 4(0.9) 9(2.3) 6(22) 0
Symptomatic hypoglycemia 1(0.2) 3(0.8) 1(0.4) 0

Enteritis 1(0.2) 0 0 0

Allergy 1(0.2) 1(0.3) 0 0

High triglycerides 2 (04) 4(1.0) 2(0.8) 0

or cholesterol

Kidney stones 0 0 1(0.6)

Low bone mineral density 1(0.2) 1(0.3) 2(08) 0
Hypoproteinemia* 0 (1.5) 2(0.8) 0
Continuation of KD (n) 452 397 268 159

Total (%) 101/452 (22.3) 86/397 (21.7) 45/268 (16.8) 11/159 (6.9)

Table 5 Causes of KD withdrawal in 481 infantile spasm patients
within 12 months

Reasons of withdrawal n (%) Reasons of withdrawal n (%)
Ineffectiveness 96 (20.0) Death 8(1.7)
Loss of follow-up 47 (9.8) Fever 7(1.5)
Poor compliance 35(7.3) Recurrence of epilepsy 7 (1.5)
Adding drug therapy 14 (2.9) Surgery 7(1.5)
Change hospitals for treat- 6 (1.2) Bronchitis 2(04)
ment

Effective attack control 11(2.3) Cold 2(04)
Anorexia 22 (4.6) Allergy 1(0.2)
Gastrointestinal disdur- 21 (44) Constipation 1(0.2)
bance

Pneumonia 16 (3.3) Kidney stones 1(0.2)
Hypoimmunity 9(1.9) Others 9(1.8)
Total (%) 322 (66.9)

All patients on the KD therapy were followed up.
Among them, 159 patients maintained KD for more than
1 year, and 322 patients maintained KD for less than
lyear. Among the 159 patients, 117 had maintained KD
for 2 years, 34 had maintained KD for 3 years, and seven
had maintained KD for 4 years or more.

The reasons for KD withdrawal within 1 year included
poor effect (96 patients, 20.0%), lost to follow-up (47
patients, 9.8%), poor compliance or parents’ failure to
cooperate (35 patients, 7.3%), and scheduled treatment
plan for effective control of seizures (11 patients, 2.3%).

The main adverse event that caused KD withdrawal
was gastrointestinal disturbances in 21 patients (4.4%)
(Table 5).

The causes of death of eight patients were heart failure
(one patient), status epilepticus (two patients), increased
seizure and the family gave up rescue (one patient), high
fever and infection (two patients), virus infection (one
patient), and sudden illness and death on the way to the
hospital after 1 month of seizure control, without definite
diagnosis (one patient). There was no direct causal rela-
tionship with KD therapy.

Discussion
In this multicenter study, we evaluated KD in the treat-
ment of infantile spasms. KD treatment was the first
choice for new diagnosis patients, accounting for 5.2%.
The proportion of patients who started KD after treat-
ment failure of the first, second, third, and fourth ASMs
or more were 11.4%, 32.8%, 32.6% and 17.9%, respectively.
The rates of seizure freedom at 1, 3, 6 and 12 months were
6.9%, 11.6%, 16.0% and 16.8%, respectively, with no sig-
nificant difference between 6 months and 12 months. The
rates of effectiveness were 44.7%, 62.8%, 49.1% and 32.0%,
respectively. The retention rates at these time points were
94.0%, 82.5%, 55.7% and 33.1%, correspondingly. There
was no correlation between the effectiveness rate and
the number of ASMs used before ketogenic treatment,
whether being hormone failure or not.

The rate of seizure freedom of KD treatment for
1 month was 6.9%, which was lower than that reported
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by Pires et al. (35.0%) [9] and reported by Cao Dezhi
et al. (85.7%) [10]. However, our results also showed that
nearly half of the patients with infantile spasms benefited
from KD within 1 month. Compared with patients with
intractable epilepsy, the effect of KD on infantile spasms
occurred within 2-4weeks after initiation [6, 10]. There-
fore, the seizure freedom rate at 1 month might be one
of the indicators to evaluate whether KD is carried out
reasonably in infantile spasms. Our data showed that the
seizure freedom rate was increased at 3 and 6 months,
with no significant difference between 12 and 6 months,
suggesting that it is meaningful to maintain KD therapy
for at least 3 months, and for patients who did not show
KD efficacy, it is essential to extend the duration up to
6 months. For patients who still did not show response
to KD at 6 months, KD therapy could be stopped. Rand-
omized controlled trials have shown that 11/46 patients
had seizure freedom effect at 4weeks with KD therapy
[11], and the low diet ratio initiated in this study might
be related to the low rate of seizure freedom at 1 month.
Increasing the diet proportion to 3:1 or 4:1, such as the
classic KD, might improve the seizure freedom rate and
the effectiveness rate [12].

The effectiveness rate of KD in the treatment of infantile
spasms at 3 months of KD was 62.8%, which was similar to
previous reports [5, 6, 13, 14]. The effectiveness rate was
higher than that in children with epilepsy at 3months of
KD reported in a prospective study in 2013 (37.1%) [15],
but our seizure freedom rate (11.6%) was lower than the
reported 21.7%. The study published by Li et al. [16] in
2013 showed that the effectiveness rate in 16 patients
with infantile spasms after 3 months of KD treatment was
81% (13/16); Zhou et al. [17] reported a seizure freedom
rate of 37.5% in children with late-onset epileptic spasms
after 3months of KD. The reasons for the low rate of sei-
zure freedom in this study may be related to the KD pro-
tocol, patient compliance, infantile spasms severity, etc.
At 6 and 12months of KD, the effectiveness rates of KD in
the treatment of infantile spasms were 49.1% and 32.0%,
respectively. In addition, the effective treatment of KD may
improve the compliance of patients. Most of the patients
who maintained KD till 12months showed KD effective-
ness. There was no significant difference in the effective-
ness rate among the 17 hospitals included in this study
(P>0.05). The results represent the current situation of
KD development, suggesting high levels of standardization
and uniformity of KD treatment in various institutions.

In this study, 83.3% of patients started KD after use
of two or more ASMs, suggesting that KD is still used
mainly in the treatment of refractory epilepsy in the par-
ticipating hospitals. In addition, 11.4% of children used
KD after failure of one kind of ASM treatment, and 5.2%
used KD directly after new diagnosis. Although there
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was no significant difference in the effectiveness rate of
patients with different numbers of ASMs (P>0.05), KD
improved cognition and behavior in these patients. Early
KD may benefit brain function. After the failure of ACTH
or glucocorticoid treatment, 45.3% of patients switched
to KD treatment, and the effectiveness rate of KD for
3 months was 62.4%. This rate was similar to the 4-month
effectiveness rate (54.1%) of KD in refractory infantile
spasms, which was initiated by 10 centers after failure of
ACTH or glucocorticoid treatment, as reported by Zhang
et al. [18]. Therefore, we believe that KD may improve the
condition after the failure of ACTH or glucocorticoid
treatment, and Zhang et al. [18] also proposed that the
effect of KD treatment is better than that of further oral
ASMs. Meanwhile, it has been reported that the efficacy
of KD in patients with newly diagnosed infantile spasms
was not worse than that of ACTH, and the side effects
were less. Therefore, some authors suggested KD as the
first-line treatment for infantile spasms [9, 18, 19], indi-
cating the value of early use of KD in patients with infan-
tile spasms, or even taking KD as the first-line treatment.

This study found that the effectiveness rate and
the retention rate of KD were similar in different age
groups, which was consistent with previous studies
[14, 20, 21]. The 2018 international guidelines recom-
mend that infants under 2years are the ideal age group
for KD [7]. Among our infantile spasms patients, 35.6%
were infants under lyear and the minimum age was
2months, suggesting that KD is safe in children over
2 months. The young children in this study were from 17
centers respectively, which revealed that each epilepsy
center had accumulated experience in developing KD
for infants and children of all ages. The retention rate is
an important measure in evaluating the success of KD.
In this study, the retention rates of KD at 1, 3, 6 and
12 months after initiation were 94.0%, 82.5%, 55.7% and
33.1%, respectively. The retention rates of each period
were similar to or slightly higher than those reported in
relevant literature [14, 16, 22—24]. Based on this report
involving 17 epilepsy centers, although there was no
overall difference in the efficiency and retention rate
among centers (P>0.05), in reality, the concept of KD
management, the degree of family cooperation and the
freedom of patients’ choice of medical treatment can
all affect the retention rate. The retention rate further
decreased from 3 months of KD, which may be related
to the fact that the effect of KD was usually evaluated
at 3—6 months. It is often more difficult to adhere to KD
when the patient’s family believe that it is ineffective or
the effect does not meet the expectation. In the with-
drawal analysis, 20.0% of withdrawal were due to poor
seizure improvement, which was similar to the previ-
ously reported results [6]; 17.1% of patients stopped KD
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due to family loss of follow-up and poor compliance /
poor parental cooperation, which may be related to the
difficulty in understanding KD by the elderly of some
families or the difficulty of young parents in KD imple-
mentation. At the same time, 4.1% of patients received
add-on of new ASMs or hospital transferring treatment,
which not only reflected the flexibility of medical care,
but also indicated that the effect of short-term KD might
not meet the expectations of their families. Therefore,
how to improve the effectiveness of KD individually, do
a good job in the whole process of management, make
evaluation of KD quantifiable, and simplify the opera-
tion are key issues that should receive more attention
and be solved at present, because the KD retention rate
is an important prognostic factor for maintenance of the
curative effect [6].

In our study, adverse events occurred in some patients,
but most of them were transient and tolerable, which
were improved by conservative treatment or dietary
adjustment. The incidence of hypoproteinemia, kid-
ney stones, high triglycerides or cholesterol was low,
and throughout the KD period, the incidence of adverse
events was also low (<2.0%). Good diet management
and a reasonable scheme can reduce the occurrence of
adverse events and increase the safety. Seizure control
effect, expectation and dietary compliance play a key
role in the continuation of KD. During KD, 8 patients
died from different causes. Although the deaths were not
directly caused by KD, careful observation is still needed
during diet therapy to reduce complications and ensure a
timely and appropriate treatment at its occurrence.

As a multicenter retrospective multicenter cohort study,
the data might not be completely accurate. The long-term
retention rate and the effectiveness rate, although similar to
those reported in a prospective controlled study, were low
in this study. In the future, multi-center large-sample clini-
cal trials should be designed to study the related factors of
retention rate and effectiveness, and further improve them.

Conclusions

In this study, we analyzed the effect and safety of KD
treatment in 481 patients with infantile spasms from
multicenter registered trial between 2014 to 2020. Most
of the patients had drug-resistant epilepsy. At 1, 3, 6 and
12months of KD, the seizure freedom rates were 6.9%,
11.6%, 16.0% and 16.8% respectively, and the retention
rates were 94.0%, 82.5%, 55.7% and 33.1%, correspond-
ingly. In summary, KD is effective in the treatment of
infantile spasms with mild and acceptable side effects,
and thus is suitable for clinical application. The anti-sei-
zure effect and cognition improvement of KD therapy
need to be further studied.
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