
lable at ScienceDirect

Pediatric Neurology 49 (2013) 163e170
Contents lists avai
Pediatric Neurology

journal homepage: www.elsevier .com/locate/pnu
Original Article

Long-Term Response to High-Dose Diazepam Treatment in Continuous Spikes
and Waves During Sleep

Iván Sánchez Fernández MDa,b, Jurriaan M. Peters MD a, Sookee An BA a, Ann Marie Bergin MDa,
Masanori Takeoka MDa, Alexander Rotenberg MD, PhD a, Sanjeev V. Kothare MDa,c,
James Jim Riviello Jr. MD a,c, Tobias Loddenkemper MDa,*

aDivision of Epilepsy and Clinical Neurophysiology, Department of Neurology, Boston Children’s Hospital, Harvard Medical School, Boston, Massachusetts
bDepartment of Child Neurology, Hospital Sant Joan de Déu, University of Barcelona, Barcelona, Spain
cDivision of Pediatric Neurology, Department of Neurology, New York University Comprehensive Epilepsy Center, New York University Langone Medical
Center, New York University School of Medicine, New York, New York
article information

Article history:
Received 26 March 2013
Accepted 28 April 2013

a

B
t

* Communications should be addressed to: D
ciate Professor of Neurology; Harvard Medica
lepsy and Clinical Neurophysiology; Fegan 9, B
300 Longwood Ave, Boston, MA 02115.

E-mail address: tobias.loddenkemper@childrens.h

0887-8994/$ - see front matter � 2013 Elsevier Inc. A
http://dx.doi.org/10.1016/j.pediatrneurol.2013.04.027
bstract

ACKGROUND: This study evaluated whether the reduction in epileptiform activity after
reatmentwith high-dose diazepam in continuous spikes andwavesduring sleeppersists over
time. PATIENTS: Patients aged1 to21 yearswith continuous spikes andwaves during sleepwho
received high-dose nocturnal diazepam and who had electroencephalogram follow-up were
included. Twenty-nine patients met the inclusion criteria and underwent a total of 48 high-
dose diazepam treatment cycles. RESULTS: An overnight reduction of the spike wave per-
centage of at least 25% (i.e., 75-50%) occurred in 29 cycles (20 patients), and persistedwithin 6
months in 16 of 29 cycles (12 patients), but returned to baseline in three of 29 cycles (three
patients). An overnight reduction of at least 50% (i.e., 75-25%) occurred in 15 cycles (13
patients), and persisted within 6 months in eight of 15 cycles (eight patients), but returned to
baseline in three cycles (three patients). Twenty of 29 cycles that responded in the short term
had persistent response on follow-up. Thirteen cycles of treatment were associated withmild
side effects that did not recur with repeated treatment cycles. CONCLUSIONS: Treatment with
high-dose diazepam reduced epileptiform activity in continuous spikes and waves during
sleep in the short term, and improvement persisted for several months in most cycles.
Short-term response predicted persistence of this effect on subsequent follow-up.

� 2013 Elsevier Inc. All rights reserved.
See related article on page 147.
Introduction

Interictal epileptiform activity can be sleep potentiated
and tends to become more generalized during nonrapid eye
movement sleep.1,2 The most dramatic sleep potentiation of
epileptiform activity is observed during electrical status
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epilepticus in sleep. In electrical status epilepticus in sleep
marked potentiation of epileptiformactivity in the transition
from wakefulness to sleep results in an electroencephalo-
graphic pattern of near-continuous spikes and waves that
occupy a significant proportion of the nonrapid eye move-
ment sleep electroencephalographic tracing.3-5 Frequent and
prolonged interictal epileptiform activity is thought to cause
a disruption of normal cognitive processes.6-9 Patients with
continuous spikes and waves during sleep present with
electrical status epilepticus in sleep patterns on electro-
encephalogram in association with a severe and global
regression onmost aspects of development.4,5 Consequently,
several authors assume that successfully treating the
electrical status epilepticus in sleep patterns on the
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electroencephalogrammay also improve the neurocognitive
prognosis of patients with continuous spikes and waves
during sleep,5,9-17 although this aspect remains to be
proven.6,18 To date, there is a lack of detailed studies char-
acterizing this assumed beneficial effect of reduction of epi-
leptiform activity on cognition. A major limitation when
studying this correlation is the scarce data on the influence of
antiepileptic treatment on epileptiform activity. Short-term
reduction of epileptiform activity following treatment with
high-dose diazepam was described in several series.11,19-21

However, specific studies outlining follow-up of the inter-
ictal epileptiform activity after treatment are not available,
and therefore it is still unclear whether reduction in epi-
leptiform activity persists over time.

The aim of this study was to address this gap. This article
presents a consecutive series of patients with continuous
spikes and waves during sleep defined based on electro-
encephalographic assessment of the spike wave percentage
and on regression or stagnation in at least two domains of
development who underwent treatment with high-dose
diazepam and had available long-term follow-up. The spe-
cific objectives were (1) to evaluate whether reduction of
epileptiform activity persists over time and (2) to describe
the reported clinical changes to this treatment.

Patients and Methods

This study was approved by the institutional review board of Boston
Children’s Hospital. This is a case series.

Patients were included during 8 consecutive years. Included patients
were aged 1 to 21 years with the electrical status epilepticus in sleep
pattern on electroencephalogram (�50% of spike waves during nonrapid
eye movement sleep). They had received the high-dose nocturnal dia-
zepam treatment protocol and had epileptiform activity evaluated the
night before and after the initiation of high-dose diazepam treatment.
The patients had at least one follow-up electroencephalogram that
included sleep. Patients were excluded when they had a lack of infor-
mation on the indication for high-dose diazepam treatment, or had
treatment with high-dose diazepam protocol without the electrical
status epilepticus in sleep pattern on electroencephalogram, or had no
regression or stagnation associated with the electrical status epilepticus
in sleep pattern, or had mild regression or stagnation in only one aspect
of development that could not be differentiated from normal fluctua-
tions in the natural course of their disease.

High-dose diazepam treatment protocol

A treatment cycle with the high-dose nocturnal diazepam treatment
protocol consisted of oral administration of 1 mg/kg of diazepam
(maximum of 40 mg) before sleep on the first night, 0.5 mg/kg (max-
imum of 20 mg) before sleep each night during the following month(s),
and subsequent medication weaning to avoid withdrawal symptoms.
The protocol used was based on a previously described rectal diazepam
treatment protocol19 and variants.11,20 Changes in the dose and duration
of administration of diazepamwere made based on the clinical response
and treatment tolerability in each individual patient.

Electroencephalogram analysis

All patients underwent continuous overnight electroencephalo-
graphic monitoring to study the electroencephalogram pattern of elec-
trical status epilepticus in sleep. Scalp electroencephalographic
recordings were placed according to the 10-20 international system.
Electroencephalographic recordings were continuously monitored
throughout the day and night by dedicated electroencephalogram
technologists. For the purposes of this study, a patient was considered to
exhibit electrical status epilepticus in sleep in the electroencephalogram
when the spike percentage during nonrapid eye movement sleep was
50% or more. The epileptiform activity was quantified using the first
minutes of nonrapid eye movement sleep. For the purposes of quanti-
fication, focal and generalized discharges were considered equivalent.
The percentage of epileptiform activity was calculated as the percentage
of 1-second bins with at least one spike wave in them, as in the series by
Aeby et al.22 and reproduced by our group.23 This was evaluated during
the night prior to initiation of high-dose diazepam treatment, during the
night after treatment initiation, and on the follow-up electro-
encephalograms with sleep.

Analysis of clinical data

Demographic and clinical variables were extracted by retrospective
chart review, including age at occurrence of themain clinical events23 and
age at the use of high-dose diazepam treatment. Information was also
collected on the different domains of development such as cognitive,
motor, language or behavioral developmental delay, stagnation, or
regression. Information on other comorbidities was also collected and
included autistic spectrum disorders, attention-deficit/hyperactivity dis-
order, and learning andmemory deficits. The assessment of development
was based on the information recorded by the primary provider in the
clinical charts. The use of concomitant antiepileptic treatments was also
documented. Descriptive statistics were performed where appropriate
and the clinical course was graphically documented for each patient.

We performed descriptive statistical analysis using SPSS 19 (SPSS Inc,
Chicago, IL).

Results

Patients

This retrospective review identified 29 patients meeting
inclusion criteria. All patients presented with the electrical
status epilepticus in sleep pattern on electroencephalogram
and had regression or stagnation in at least two domains of
development, therefore they met continuous spikes and
waves during sleep diagnosis and were treated with the
high-dose diazepam protocol (Fig 1).

Demographic characteristics and clinical features

Overall, 12 (41%) patients had abnormal development
prior to regression or stagnation. Twenty-six (90%) patients
were enrolled in special education at last follow-up. Details
on the demographic data and clinical events are presented
in Table 1, Fig 2, and Supplementary Fig 1.

Treatment with other antiepileptic drugs

The treatment strategies in this patient population are
presented in Fig 2 and Supplementary Fig 1. This overview
demonstrates that polypharmacy is used more frequently
than monotherapy for continuous spikes and waves during
sleep and that treatment with high-dose diazepam fre-
quently results in acute reduction of epileptiform activity
that persists in time in most instances.

Response of epileptiform electroencephalogram activity to high-dose
diazepam treatment

The 29 patients underwent a total of 48 cycles of
treatment with high-dose diazepam. Fourteen patients
underwent only one cycle of treatment, 11 patients under-
went two cycles of treatment, and four patients underwent
three cycles of treatment. The need for several treatment
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cycles in some patients derived from relapse over time,
but not because of treatment failure. The median (P25-
P75) duration of the treatment during the acute phase
was 4 weeks (3.25-8 weeks) and the median (P25-P75)
duration of the taper period was 4 weeks (4-8 weeks)
(Supplementary Fig 2). An overnight reduction of at least
25% (i.e., 75-50%) occurred in 29 cycles (20 patients) and
persisted within 6 months in 16 of 29 cycles (12 patients),
while the spike wave percentage returned to baseline in
three of 29 cycles (three patients). Within this 6-month
follow-up period, the median (P25-P75) duration of
follow-up was 13 weeks (6-20 weeks). Follow-up data
within 6 months were not available for 10 cycles. An over-
night reduction of at least 50% (i.e., 75-25%) occurred in 15
cycles (13 patients), persistedwithin 6months in eight of 15
cycles (eight patients), and returned to baseline in three of
15 cycles (three patients). There was no information on the
follow-up within 6 months for four cycles. Individual
patient information on the clinical features, domains of
development, and response to treatment can be found in
Table 2 and Supplementary Table 1.

Relationship between short-term and follow-up
electroencephalographic responses

Of the 29 cycles (20 patients) that responded (at least
25% reduction in epileptiform activity) to treatment in the
first 24 hours, 20 cycles (14 patients) had persistent
response (at least 25% reduction in epileptiform activity as
compared to pretreatment baseline) on follow-up, six cycles
(six patients) did not have persistent responses on follow-
up (returned to baseline), and three cycles (three patients)
did not have follow-up. No response (<25% reduction in
epileptiform activity) to treatment in the first 24 hours
occurred in 19 cycles (17 patients). Of those, 12 cycles (10
patients) did not respond on subsequent follow-up, five
cycles (five patients) responded (at least 25% reduction in
epileptiform activity as compared to pretreatment baseline)
on subsequent follow-up, and two cycles (two patients) did
Figure 1. Flowchart of included and excluded patients in our study,
demonstrating the steps for inclusion and exclusion of patients. Patients
were excluded due to insufficient clinical information, lack of EEG features
meeting diagnostic criteria of electrical status epilepticus in sleep or lack of
regression or developmental stagnation. EEG, electroencephalogram; ESES,
electrical status epilepticus in sleep.
not have follow-up (Table 2). Although the period of
follow-up varied among different patients, there was a
significant correlation between the absolute spike wave
percentage 24 hours after treatment in relationship to the
spike wave percentage at last follow-up (Spearman corre-
lation coefficient of 0.332; P¼ 0.03). However, the reduction
in spike wave percentage after the first 24 hours of treat-
ment (difference in spike wave percentage from baseline to
24 hours after treatment) did not correlate with the spike
wave percentage reduction at last follow-up (difference in
spike percentage from baseline to last follow-up), but there
was a tendency toward a negative correlation that did not
achieve statistical significance (Spearman correlation coef-
ficient of �0.278; P ¼ 0.071).

Modification of the clinical features in response to high-dose
diazepam treatment

Based on clinical assessment, most patients who pre-
sented with an improvement in epileptiform activity also
had a concomitant improvement in developmental features
(Table 2 and Supplementary Table 1).

Adverse events

Side effects occurred in 13 cycles of treatment (13
patients) and included agitation (five cycles), sedation
(three cycles), ataxia (three cycles), hallucinations (two
cycles), and emotional lability (one cycle). In one treatment
cycle, agitation and hallucinations appeared together.
Adverse events were mild in most cases and led to short-
ening or interruption of the protocol in three cycles (6.25%
of the cycles). After an adverse event during one treatment
cycle, seven patients were treated with at least one other
cycle of high-dose diazepam (at the same weight-adjusted
doses as in the initial treatment). During this repeat treat-
ment neither the previously noted side effects nor different
adverse events were seen. Therefore, no adverse events
occurred upon repeated treatment after a first adverse
event (Table 2 and Supplementary Table 1).

Discussion

This series shows that high-dose diazepam treatment
reduces epileptiform activity in the short term for most
patients with continuous spikes and waves during sleep,
and this reduction lasts for several months in a majority of
patients.

Note on the use of terminology

The use of terminology in the literature on electrical
status epilepticus in sleep and continuous spikes and waves
during sleep is heterogeneous.24 For the purposes of this
study, the term electrical status epilepticus in sleep was used
to refer to the electroencephalographic pattern only and the
term continuous spikes and waves during sleep was used to
refer to the clinical syndrome of severe cognitive regression
that occurs with the electroencephalographic pattern.4

A subgroup of patients with developmental regression or
stagnation in at least two different aspects of development
(continuous spikes and waves during sleep) was selected in



Table 1. Demographic characteristics and clinical events in this study population

Sex (n, %) Male: 18 (62%)
Female: 11 (38%)

Age at seizure onset (yr) Mean (SD): 4.4 (2)

Median (P25-P75): 4.5 (3.5-5.2)
Range: 0.07-10.17

Baseline development before regression/stagnation (n, %) Normal: 17 (59%)

Abnormal: 12 (41%)
Age at regression/stagnation (yr) Mean (SD): 5.1 (2)

Median (P25-P75): 4.8 (4.5-5.8)
Range: 1-10.3

Age at recognition of the ESES pattern (yr) Mean (SD): 6 (2)

Median (P25-P75): 5.4 (4.6-6.9)
Range: 3.2-11.8

Age at disappearance of the ESES pattern (data from 14 patients with resolution of the ESES pattern
at last follow-up, 15 patients did not have resolution of the ESES pattern at last follow-up) (yr)

Mean (SD): 10.6 (4.1)

Median (P25-P75): 9.6 (8.2-12.1)
Range: 6.3-22.8

Age at last follow-up (yr) Mean (SD): 13.1 (4.1)

Median (P25-P75): 13.4 (10.7-15.7)
Range: 5.2-22.8

Age at seizure freedom (data from 14 patients with seizure freedom at last follow-up, 15 patients did not
have resolution of seizures at last follow-up) (yr)

Mean (SD): 8.4 (2.2)

Median (P25-P75): 8.6 (6.3-10.4)
Range: 4.8-11.5

Type of education at last follow-up (n, %) Mainstream education: 3 (10%)

Special education: 26 (90%)

Abbreviations:
ESES ¼ Electrical status epilepticus in sleep
P25 ¼ Twenty-fifth percentile
P75 ¼ Seventy-fifth percentile
SD ¼ Standard deviation
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order to have information on the evolution of the devel-
opmental features.

Demographic characteristics and clinical features

Subgroups of this patient population have been already
described in previous studies21,23,25,26 and presented with
similar demographic findings to those in series from other
groups.10,11,27-37 We noticed a delay of around 1 year
between neurocognitive regression or stagnation that
occurred around age 5 years and recognition of the elec-
trical status epilepticus in sleep pattern that clustered
around age 6 years. This difference suggests that patients
with epilepsy who regress should have an electro-
encephalogram with sleep to evaluate for the possibility of
electrical status epilepticus in sleep.

Treatment options in continuous spikes and waves during sleep

Treatment strategies in continuous spikes and waves
during sleep are mostly based on case reports and small
uncontrolled series.13,38 The comparison of therapeutic
strategies used in different studies is challenging because of
heterogeneous patient populations, different drug doses,
frequent polytherapy, variable durations of treatment, dif-
ferent measures of outcome, and naturally occurring fluctu-
ations in severity over time. Therefore, available studies in
the literature do not allow detailed evidence-based com-
parisons among different treatment options. However, this
study provided information on results that can be similar to
those in other series. In a study of 44 patients with
electrical status epilepticus in sleep and different clinical
presentations, corticosteroids normalized the electro-
encephalogram in 48% of patients.39 In a series of 18
patients with electrical status epilepticus in sleep and
different clinical presentations, levetiracetam reduced
the epileptiform activity, although the use of a different
method for quantification prevented direct comparison
with other results.40 Neuropsychological outcomes are gen-
erally more heterogeneously described and, therefore, more
difficult to compare.39,41 One treatment approach that has
been reproduced at several centers includes the use of high-
dose benzodiazepines for treatment of the epileptiform
activity.11,19-21 The short-term decrease in epileptiform
activity following treatment with high-dose benzodiaze-
pines is well documented both qualitatively11,19,20 and
quantitatively.21 However, the response of epileptiform
activity to treatment in these patients has not been followed
up over a longer time period. This series shows that those
patients whose epileptiform activity responds to high-dose
diazepam in the short term have a persistent reduction for
several months.

Modification of clinical features following treatment of the
epileptiform activity

Improvement of interictal epileptiform activity in con-
tinuous spikes and waves during sleep may also be
accompanied by improvement in the clinical features.7,9,42

However, published data are contradictory,6 and the cor-
relation of interictal epileptiform activity with cognitive
features is not always consistent.18,20,22,43 This series



Figure 2. Graphical representation of the clinical and EEG evolution in two
representative patients in our population. Information on patients 1 and 3
is presented in this figure. (The information in the entire patient pop-
ulation can be found in Supplementary Fig 1.) The y axis displays spike
wave percentage on EEG and the x axis displays the timing of clinical
events, including different stages of the condition (as marked by abbrevi-
ations for epilepsy onset [EO], electrical status epilepticus in sleep [ESES],
regression [R], and seizure freedom [SF] on the bottom of each figure),
spike wave percentage as demonstrated by red flags, and antiepileptic
treatment choices and respective duration displayed as horizontal bars on
top of each figure. The different clinical events are displayed as triangles in
the orange timeline. The vertical dotted line represents the time of last
follow-up. Treatment with high-dose diazepam reduces epileptiform
activity even when it is very elevated and this reduction persists for a
period of several months in most cases. B, birth; EO, epilepsy onset;
HDDZP, high-dose diazepam; LEV, levetiracetam; T HDDZP, taper high-dose
diazepam; VPA, valproate; ZNS zonisamide.
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provides long-term follow-up of the epileptiform activity in
patients with continuous spikes and waves during sleep.
Although the retrospective approach did not allow detailed
statistical analysis of clinical improvement, information in
the clinical charts suggested an improvement in their
developmental features that mirrored the improvement in
epileptiform activity.

Relationship between short-term and follow-up responses

Of 29 cycles that responded acutely, 20 (69%) cycles had a
persistent response on follow-up. Of 19 cycles that did not
respond acutely, 12 (63%) did not respond on follow-up.
Therefore, the response to high-dose diazepam during the
first night was suggestive of the response on follow-up
(Table 2 and Supplementary Table 1). Based on these data,
it is reasonable to recommend continuation of treatment in
patients who respond during the first night because their
probability of a relatively prolonged response is high. In
those patients who do not respond during the first night,
continuation of treatment should be based on best clinical
judgment and, even if chances of success are low, a short
trial to assess delayed response may be reasonable if clin-
ically indicated.
Adverse events

In concordance with previous studies, adverse events
were relatively infrequent, mild, and led to discontinua-
tion of the treatment in a minority of individuals.11,19-21

Interestingly, this series confirms and expands on these
findings by showing that in 54% of patients who pre-
sented with an adverse event during the first cycle did
not have this side effect during subsequent diazepam
treatment trials.
Strengths and weaknesses

Data need to be interpreted in the clinical context of the
data acquisition. The decision to exclude patients with mild
regression or stagnation in only one developmental domain
may have led to selection of a subpopulation of patients
with a more severe condition. However, this criterion was
necessary to evaluate the clinical response to treatment and
to exclude patients in whom normal fluctuations of their
baseline condition may be confounded with regression or
stagnation.

The approach in this study is limited in that it relies on
the quantification of epileptiform activity and evaluation of
clinical response as recorded in the clinical records. The
intervals and timeline of follow-up were different for every
patient, which jeopardized comparability. Because of the
heterogeneous intervals of electroencephalogram assess-
ment, the duration of the response cannot be summarized
in a consistent way, but only be described for every indi-
vidual patient.

Ideally, patients treated with high-dose diazepam should
be comparedwith similar patients who did not undergo this
treatment approach. However, the heterogeneity in the
patient population and the natural fluctuations of the dis-
ease make this approach difficult. This study compared the
epileptiform activity before and after treatment in each
patient.

Only a prospective approach with standardized neuro-
psychological evaluation and standardized evaluation of
epileptiform activity before and after treatment will con-
clusively answer the question of whether treatment of
interictal epileptiform activity is associated with improve-
ment in neurocognitive features. However, this retro-
spective series suggests that the evaluation of the response
of epileptiform activity and neurocognitive function to
high-dose benzodiazepine treatment is worth studying
prospectively.



Table 2. Detailed clinical information and response to treatment in the individual patients

Patient
(Cycle)

Age (y) Domains of Development
in Which There Was
Regression or Stagnation
During the Acute Period
of Worsening

Acute
Epileptiform
Activity
Change
(SWP)

First
Follow-Up
(w: SWP)

Second
Follow-Up
(w: SWP)

Third
Follow-Up
(w: SWP)

Clinical and Developmental
Response

Adverse
Events

1 (1) 6.8 A, C, L 50%/0% 5: 0% Improved language No
1 (2) 7.3 50%/40% 3: 0% 31: 90% 55: 90% No clinical change No
1 (3) 8.4 80%/30% 4: 0% 22: 0% 35: 0% No clinical change No
2 (1) 5.5 A, B, C, L* 90%/30% 3: 0% 8: 0% 12: 0% Improved language for 1 week No
2 (2) 7.1 85%/50% 4: 50% 9: 0% 16: 0% Improved language No
3 (1) 7.1 AU, C* 60%/20% 8: 20% Improved behavior and language No
3 (2) 7.7 50%/10% 35: 0% 63: 20% 183: 85% Improved behavior and language No
4 (1) 6.7 C, L 60%/0% 24: 0% Improved language No
4 (2) 7.7 60%/30% 14: 0% 53: 0% 226: 25% No clinical change No
5 (1) 9 AU, B, C 95%/90% 9: 90% Improved cognitive No
5 (2) 10.3 95%/95% 92: 95% Improved cognitive No
6 (1) 3.2 B, C*, L 80%/36% 4: 30% 10: 20% 24: 60% Improved language, and

behavior
No

6 (2) 4.8 60%/10% 10: 0% 13: 0% 33: 0% Improved language Ataxia
6 (3) 6.3 80%/50% 3: 0% 76: 0% 161: 0% Improved language No
7 (1) 7.9 B*, C, L 80%/40% 19: 80% 26: 80% 29: 0% Improved cognitive Agitation and

hallucinations
8 (1) 4.2 AU, L 85%/40% 160: 30% Improved language No
8 (2) 6.8 90%/35% No follow-up Improved language No
9 (1) 9.8 C*, L, M 85%/20% 20: 0% 46:60% 100: 60% Improved language No

10 (1) 9.2 B, C 80%/40% 10: 30% No clinical change Sedation
10 (2) 9.5 50%/20% No follow-up No clinical change No
10 (3) 10.1 90%/90% 29: 50% No clinical change No
11 (1) 10 B, C 50%/20% 155: 50% Worsening of behavior and

cognitive
Agitation

11 (2) 12.9 100%/100% No follow-up No response No
12 (1) 8.4 B, L 60%/60% 11: 95% 15: 90% 27: 90% Improved cognitive Sedation
12 (2) 10.1 100%/100% 12: 100% 176: 20% 250: 95% Improved language No
13 (1) 6.3 AU, B, C 70%/60% 14: 60% 42: 33% 115: 22% Improved language No

14 (1) 5.3 B, C, L 88%/28% 5: 91% 18: 95% 25: 86% Improved language No
15 (1) 5.8 B, C 99%/94% 14: 85% 17: 100% No clinical change No
16 (1) 8 B, C*, L 65%/27% 35: 25% 56:0% 106: 20% No clinical change Hallucinations
17 (1) 11.8 B, C, L 85%/80% 11: 80% 35: 50% 66: 60% Improved cognitive Sedation
18 (1) 4.6 B, C, L 95%/90% 21: 85% 66: 86% 84:4% Improved cognitive No
19 (1) 4.9 C, L, M 82%/24% 4: 0% 26: 0% 64: 65% Improved cognitive and language Ataxia
19 (2) 8.1 95%/90% 5 : 90% 28: 80% 54: 76% No clinical change No
20 (1) 5.9 AU, B, C*, L* 70%/25% 7: 75% Improved language and behavior No
20 (2) 6.2 50%/45% 4 : 60% 44 : 20% 162: 0% Improved language and behavior No
21 (1) 5.2 B, C*, L 100%/50% 67: 90% 84: 70% 186: 85% Improved cognitive Agitation
22 (1) 6.6 AU, B, C, L 80%/40% 6: 35% Improved cognitive, and language No
23 (1) 8.1 B, C, L 75%/5% 4: 0% Improved cognitive Emotional

lability
23 (2) 8.4 70%/20% No follow-up No clinical change No
23 (3) 8.7 85%/85% No follow-up No clinical change No
24 (1) 6.1 AU, B, L 85%/85% 8: 60% 202: 20% 222: 70% Improved cognitive No
25 (1) 5.3 B, C, L 85%/85% 13: 90% No clinical change Agitation
25 (2) 6 90%/20% 14: 30% 20: 40% 57: 90% No clinical change No
26 (1) 6.8 B, C*, L 50%/50% 32: 45% 36: 45% 85: 80% No clinical change Ataxia
27 (1) 10.6 C, M 95%/95% 56: 0% 69: 0% 166: 0% No clinical change No
28 (1) 5.5 B, C, L* 90%/20% 6: 0% Improved language, and behavior No
28 (2) 5.9 80%/80% 11: 0% Improved language, and behavior No
29 (1) 4.4 B, C, L 90%/10% 75: 80% 87: 50% 292: 75% Improved cognitive Agitation

Abbreviations:
A ¼ Attention
Age ¼ Age at the diazepam cycle in years
AU ¼ Autistic features
B ¼ Behavioral
C ¼ Cognitive
L ¼ Language
SWP ¼ Spike wave percentage
W ¼ Weeks
Epileptiform activity change: Percentage of epileptiform activity found during the night before diazepam and during the night after treatment. First follow-up: Weeks after
initiation of treatment and percentage of epileptiform activity. Second follow-up: Weeks after initiation of treatment and percentage of epileptiform activity. Third follow-up:
Weeks after initiation of treatment and percentage of epileptiform activity.

* The domains of development that are marked with an asterisk did not clearly regressed but stagnated, that is, did not progress as expected per age.
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Conclusion

This series shows that treatment with high-dose dia-
zepam for continuous spikes and waves during sleep
reduces epileptiform activity in the short term. This
reduction persists for several months in most patients, and
the presence of acute response correlates with persistence
of this effect on subsequent follow-up. This series also
suggests safety with mild adverse events that led to dis-
continuation in a minority of patients and did not recur
with repeated high-dose diazepam administration cycles.
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Supplementary Figure 1. Graphical representation of the clinical, and EEG evolution of this patient population. Every figure visualizes care in each included
patient. The y axis displays spike wave percentage on EEG and the x axis displays the timing of clinical events, including different stages of the condition (as
marked by abbreviations for epilepsy onset [EO], electrical status epilepticus in sleep [ESES], regression [R], and seizure freedom [SF] on the bottom of each
figure), spike wave percentage as demonstrated by red flags, and antiepileptic treatment choices and respective duration displayed as horizontal bars on top
of each figure. The different clinical events are displayed as triangles in the orange timeline. The vertical dotted line represents the time of last follow-up.
ACTH, adrenocorticotropic hormone; B, birth; CBZ, carbamazepine; CNZ, clonazepam; EEG, electroencephalogram; ETX, ethosuximide; GBP, gabapentin;
HDDZP, high-dose diazepam; IVIG, intravenous immunoglobulin; KD, ketogenic diet; LEV, levetiracetam; LTG, lamotrigine; LES, lesionectomy; MST, multiple
subpial transections; OXC, oxcarbazepine; PB, phenobarbital; PHT, phenytoin; PRD, prednisone; STM, sulthiame; T HDDZP, taper high-dose diazepam; TPM,
topiramate; VPA, valproate, VNS, vagal nerve stimulator; ZNS, zonisamide.
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Supplementary Figure 2. Histogram with the duration of the treatment.
(A) Duration of the acute phase of the treatment. (B) Duration of the taper
phase of the treatment. (C) Duration of the acute (green) plus the taper
(blue) phases of the treatment. Both the acute phase and the taper phase
clustered around 1 month of duration. x axis, treatment cycle; y axis,
duration of the treatment (in weeks).
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Supplementary Table 1. Detailed clinical information and response to treatment in the individual patients

Patient
(Cycle)*

Age
(y)

Domains of Development
In Which There Was
Regression or Stagnation
During the Acute Period
of Worsening

High
Dose
(w)

Taper
Period
(w)

Acute
Epileptiform
Activity
Change
(SWP)

First
Follow-Up
(w: SWP)

Second
Follow-Up
(w: SWP)

Third
Follow-Up
(w: SWP)

Clinical and
Developmental
Response

Adverse
Events

1 (1) 6.8 A, C, L 4 9 50%/0% 5: 0% Improved language No
1 (2) 7.3 2 16 50%/40% 3: 0% 31: 90% 55: 90% No clinical change No
1 (3) 8.4 3 16 80%/30% 4: 0% 22: 0% 35: 0% No clinical change No
2 (1) 5.5 A, B, C, Ly 3 7 90%/30% 3: 0% 8: 0% 12: 0% Improved language

for 1 week
No

2 (2) 7.1 20 24 85%/50% 4: 50% 9: 0% 16: 0% Improved language No
3 (1) 7.1 AU, Cy,* 8 8 60%/20% 8: 20% Improved behavior

and language
No

3 (2) 7.7 12 48 50%/10% 35: 0% 63: 20% 183: 85% Improved behavior
and language

No

4 (1) 6.7 C, L 4 4 60%/0% 24: 0% Improved language No
4 (2) 7.7 8 5 60%/30% 14: 0% 53: 0% 226: 25% No clinical change No
5 (1) 9 AU, B, C 8 4 95%/90% 9: 90% Improved cognitive No
5 (2) 10.3 8 4 95%/95% 92: 95% Improved cognitive No
6 (1) 3.2 B, Cy,*, L 6 4 80%/36% 4: 30% 10: 20% 24: 60% Improved language,

and behavior
No

6 (2) 4.8 4 4 60%/10% 10: 0% 13: 0% 33: 0% Improved language Ataxia
6 (3) 6.3 3 24 80%/50% 3: 0% 76: 0% 161: 0% Improved language No
7 (1) 7.9 By, C, L 0 0 80%/40% 19: 80% 26: 80% 29: 0% Improved cognitive Agitation and

hallucinations
8 (1) 4.2 AU, L 4 4 85%/40% 160: 30% Improved language No
8 (2) 6.8 4 4 90%/35% No follow-up Improved language No
9 (1) 9.8 Cy, L, M 4 8 85%/20% 20: 0% 46:60% 100: 60% Improved language No

10 (1) 9.2 B, C 4 4 80%/40% 10: 30% No clinical change Sedation
10 (2) 9.5 4 4 50%/20% No follow-up No clinical change No
10 (3) 10.1 4 4 90%/90% 29: 50% No clinical change No
11 (1) 10 B, C 1 0 50%/20% 155: 50% Worsening of behavior

and cognitive
Agitation

11 (2) 12.9 1 0 100%/100% No follow-up No response No
12 (1) 8.4 B, L 12 8 60%/60% 11: 95% 15: 90% 27: 90% Improved cognitive Sedation
12 (2) 10.1 16 8 100%/100% 12: 100% 176: 20% 250: 95% Improved language No
13 (1) 6.3 AU, B, C 4 12 70%/60% 14: 60% 42: 33% 115: 22% Improved language No
14 (1) 5.3 B, C, L 12 8 88%/28% 5: 91% 18: 95% 25: 86% Improved language No
15 (1) 5.8 B, C 4 4 99%/94% 14: 85% 17: 100% No clinical change No
16 (1) 8 B, Cy, L 0 0 65%/27% 35: 25% 56:0% 106: 20% No clinical change Hallucinations
17 (1) 11.8 B, C, L 8 8 85%/80% 11: 80% 35: 50% 66: 60% Improved cognitive Sedation
18 (1) 4.6 B, C, L 8 8 95%/90% 21: 85% 66: 86% 84:4% Improved cognitive No
19 (1) 4.9 C, L, M 8 16 82%/24% 4: 0% 26: 0% 64: 65% Improved cognitive

and language
Ataxia

19 (2) 8.1 6 4 95%/90% 5 : 90% 28: 80% 54: 76% No clinical change No
20 (1) 5.9 AU, B, Cy, Ly 5 4 70%/25% 7: 75% Improved language

and behavior
No

20 (2) 6.2 4 4 50%/45% 4 : 60% 44 : 20% 162: 0% Improved language
and behavior

No

21 (1) 5.2 B, Cy, L 6 8 100%/50% 67: 90% 84: 70% 186: 85% Improved cognitive Agitation
22 (1) 6.6 AU, B, C, L 6 4 80%/40% 6: 35% Improved cognitive,

and language
No

23 (1) 8.1 B, C, L 4 4 75%/5% 4: 0% Improved cognitive Emotional
lability

23 (2) 8.4 3 4 70%/20% No follow-up No clinical change No
23 (3) 8.7 3 4 85%/85% No follow-up No clinical change No
24 (1) 6.1 AU, B, L 16 4 85%/85% 8: 60% 202: 20% 222: 70% Improved cognitive No
25 (1) 5.3 B, C, L 3 4 85%/85% 13: 90% No clinical change Agitation
25 (2) 6 4 4 90%/20% 14: 30% 20: 40% 57: 90% No clinical change No

(continued on next page)
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Supplementary Table 1 (continued )

Patient
(Cycle)*

Age
(y)

Domains of Development
In Which There Was
Regression or Stagnation
During the Acute Period
of Worsening

High
Dose
(w)

Taper
Period
(w)

Acute
Epileptiform
Activity
Change
(SWP)

First
Follow-Up
(w: SWP)

Second
Follow-Up
(w: SWP)

Third
Follow-Up
(w: SWP)

Clinical and
Developmental
Response

Adverse
Events

26 (1) 6.8 B, Cy, L 8 4 50%/50% 32: 45% 36: 45% 85: 80% No clinical change Ataxia
27 (1) 10.6 C, M 5 4 95%/95% 56: 0% 69: 0% 166: 0% No clinical change No
28 (1) 5.5 B, C, Ly 8 4 90%/20% 6: 0% Improved language,

and behavior
No

28 (2) 5.9 8 4 80%/80% 11: 0% Improved language,
and behavior

No

29 (1) 4.4 B, C, L 1 8 90%/10% 75: 80% 87: 50% 292: 75% Improved cognitive Agitation

Abbreviations:
A ¼ Attention
Age ¼ Age at the diazepam cycle in years
AU ¼ Autistic features
B ¼ Behavioral
C ¼ Cognitive
L ¼ Language
SWP ¼ Spike wave percentage
W ¼ Weeks
High dose: Duration of the high-dose treatment with diazepam in weeks (0 means not continued after the first 1-2 nights). Taper: Duration of the taper of treatment with
diazepam in weeks (0 means not continued after the high-dose phase). Epileptiform activity change: Percentage of epileptiform activity found during the night before
diazepam and during the night after treatment. First follow-up: Weeks after initiation of treatment and percentage of epileptiform activity. Second follow-up: Weeks after
initiation of treatment and percentage of epileptiform activity. Third follow-up: Weeks after initiation of treatment and percentage of epileptiform activity.

* The cycles of treatment that did not respond acutely to treatment (<25% reduction in epileptiform activity during the first 24 hours) are displayed in red.
y The domains of development that did not clearly regress but stagnated, that is, did not progress as expected per age.
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