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Abstract
Infantile Epileptic Spasms Syndrome (IESS) is an epileptic encephalopathy in 
childhood that affects infants under the age of two years. When spasm series 
occur, prognosis for cognitive outcome is poor in the majority of cases. The 
encephalopathy in IESS includes delayed maturation of normal sleep phenom-
ena in the EEG, such as sleep spindles. Children with intellectual disabilities 
often have abnormal sleep, and children with sleep problems have difficul-
ties learning at school. We examined whether there is evidence of prognostic 
value of detection of sleep spindles in the EEG of children with IESS on their 
future cognitive development. A systematic literature search yielded five stud-
ies touching this question. They were evaluated by two scorers independently. 
The lack of normal sleep patterns including lack of sleep spindles was used as 
a biomarker of poor cognitive outcome. Positive (PPV) and Negative (NPV) 
prognostic values were calculated. A summary of all five studies indicates a 
PPV of 82% and an NPV of 45%. Given the small amount of data, the retrospec-
tive quality of most studies, and the differences in the outcome parameters 
reported, it is prudent to say that currently available data do not allow us to 
conclude whether spindles have a specific and independent role in the cogni-
tive prognosis of affected children. Since sleep spindles are needed for memory 
consolidation and demonstrate the active role of sleep for learning and mem-
ory, the hypothesis remains that their absence in the EEG may indicate an 
increased risk of cognitive delay, but more supporting data are needed to reach 
such a firm conclusion.

K E Y W O R D S

cognitive development, epileptic spasms, prognosis, sleep spindles

www.wileyonlinelibrary.com/journal/epd2
mailto:
https://orcid.org/0000-0002-4962-248X
http://creativecommons.org/licenses/by-nc/4.0/
mailto:jaana.lahdetie@utu.fi
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fepd2.20192&domain=pdf&date_stamp=2024-01-18


2  |      LÄHDETIE et al.

1   |   INTRODUCTION

1.1  |  Infantile epileptic spasms syndrome  
and cognitive outcome

Epilepsy in infancy can be detrimental to the rapidly 
growing brain of the baby.1 One of the best known epi-
leptic encephalopathies is West syndrome, now renamed 
as Infantile Epileptic Spasms Syndrome (IESS) by The 
International League Against Epilepsy.2 This peculiar 
encephalopathy can result from structural, genetic, met-
abolic, immunologic or unknown comorbid disorders. 
There is a sensitive period of brain maturation, so IESS 
starts most often between 3 and 8 months of age. Normal 
development prior to IESS onset, short lag time to treat-
ment, and prompt response to treatment by resolution 
of spasms are good prognostic indicators for seizure out-
come.3 Symptomatic etiology, pre-existing developmental 
delay, ongoing spasms, persistent hypsarrhythmia, persis-
tent seizures of any kind and evolution to Lennox–Gastaut 
syndrome predict poor outcome.3

Infantile epileptic spasms and spasm series are easiest 
visualized after awakening. The common mechanisms re-
main enigmatic, even though imaging and genetics have 
increased the knowledge of associated, possibly causally 
important, disorders and syndromes. Focal dysgenesis 
of cortical tissue, migration disorders, hypoxic–ischemic 
brain damage and stroke, Down syndrome, tuberous scle-
rosis complex, mutation of ARX and CDKL5 genes, and 
channelopathies are just some examples of more than 200 
etiologies that exist for IESS. Patients with structural brain 
damage and IESS are often intellectually severely handi-
capped and show increased mortality.3–5

The risks of IESS on cognitive development exist in all 
etiology groups. Patients without known etiology, previ-
ously called “cryptogenic”,6 represent usually 20%–30% 
of all IESS patients in hospital material. It is important 
to consider the proportion of this group when comparing 
studies on IESS outcome because of the substantially bet-
ter cognitive and seizure outcome than in IESS overall.3 
Still many children in this subcategory suffer from learn-
ing problems and poor developmental outcome. What 
destroys the possibilities of normal brain maturation and 
cognitive development in about 85% of IESS patients and 
yields intellectual disability?

1.2  |  Sleep and sleep spindles

The lack of normal sleep phenomena may offer a clue 
about the mechanisms causing permanent damage to cog-
nition. Slow-wave sleep (SWS) has long been known to 

preferentially consolidate declarative memories, whereas 
rapid eye movement (REM) sleep primarily supports pro-
cedural memories.7 Consolidation of memories during 
sleep is an active process. Abnormalities in sleep may be 
associated with poor cognitive development of a child 
with epilepsy.8,9

Sleep spindles are an EEG event characterizing stage 
2 sleep. They increase in number after learning and are 
correlated with intellectual performance. They play a role 
in hippocampal-neocortical dialogue necessary for mem-
ory consolidation.10 In the maturing brain of the healthy 
infant, spindles start to be observed between 6 weeks and 
3 months age.11 Spindles originate in the thalamus and 
involve an interaction of the GABAergic neurons of the 
nucleus reticularis, the pacemaker, to widespread thalam-
ocortical projections so that they function in a synchro-
nized manner. Spindles occur preferentially in networks 
that have potentiated synapses.12 In general, they oscillate 
at frequencies of 10–15 Hz and last 0.5–3 s.

Two types of spindles exist: fast spindles (13–15 Hz) 
with centroparietal prevalence, and slow spindles (10–
13 Hz) with frontal predominance. The latter appear only 
around 1 year of age. In contrast, the fast spindles exist in 
typically developing infants from 4 months to 1 year, inter-
estingly concomitantly with the sensitive period for IESS. 
During the first 6 months, spindles are mostly asymmetric 
and unilateral. Around 1 year of age bilateral synchrony of 
spindles increases.11 Spindle activity has been suggested 
to have important links to cortical development and to 
serve as a maturation indicator13,14 but a consensus on the 
role of specific spindle types is still lacking.8

1.3  |  Intellectual disability and sleep

Intellectual disability, usually defined by an Intelligence 
Quotient (IQ) less than 70, is linked with shorter dura-
tion of sleep.15 A meta-analysis shows that people with 
intellectual disability sleep, on average, 18 min less per 
day than people without intellectual disability.15 Also, 

Key points

•	 The systematic literature review resulted in five 
relevant papers.

•	 Lack of sleep spindles had a positive prognostic 
value of 82% for poor cognitive outcome.

•	 Currently available data are scarce and more 
data are needed to reach a conclusion of the 
prognostic significance of sleep spindles.
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the quality of sleep is worse in individuals with intellec-
tual disability. Children with intellectual disability fre-
quently have no sleep spindles in EEG, and compared 
to those who do have sleep spindles, they tend to have 
a lower Developmental Quotient (DQ).16,17 In Shibagaki 
and Kiyono's study there was a significant decrease in DQ 
in children with short spindles or no spindles compared 
to those with many long spindles.17 A positive correlation 
between IQ scores and the number of sleep spindles was 
reported by Fogel and Smith.10

1.4  |  Rationale for the present study

Different scoring systems18–21 have been suggested as tools 
in the treatment of IESS in order to decide about type and 
duration of treatment or to predict seizure outcome or de-
velopment.22 Their use has, however, not become a wide-
spread clinical guideline. The absence of normal sleep 
phenomena has been known to correlate with outcome. 
In 2008 Guzzetta et al.23 speculated that lack of sleep spin-
dles may be a stronger marker of basal abnormal electro-
graphic activity than hypsarrhythmia itself.

In this systematic literature review we asked whether 
there is evidence in the literature that sleep spindles or 
deep sleep markers including sleep spindles could serve 
as biomarkers of good cognitive outcome in IESS and, vice 
versa, whether lack of sleep spindles might be a biomarker 
for poor cognitive outcome.

2   |   MATERIALS AND METHODS

2.1  |  Systematic review protocol

A systematic literature search was conducted in 
May–June 2023 using EMBASE, PubMed (Medline), 
ScienceDirect and PsychlNFO (EBSCOhost) databases 
with search phrases infantile spasm* or West syndrome, 
sleep or sleep spindle*, and intellectual or cogniti* 
without limits for years nor language of publication 
(Figure  1). Searches yielded 501 results. Two authors 
(JL and MMR) checked the lists independently based on 
titles and abstracts. Duplicates were removed. Research 
papers with data about spindles in EEG in SWS and 
cognitive outcome were included irrespective of the 
etiology of infantile epileptic spasms. Studies on the 
Hypsarrhythmia Index22 or related constructed EEG-
based measures, which contained “the absence of nor-
mal sleep phenomena such as spindles” were included. 
If spindles were not mentioned, the study was excluded. 
We excluded animal experiments, conference abstracts, 
single case reports, papers reporting patients whose 
epileptic spasms started after 1 year of age or who were 
having ESES, CSWS, status epilepticus, Lennox–Gastaut 
syndrome, Dravet syndrome or concerned neonates. To 
be included in this review, papers had to contain original 
data on the following three aspects (1) infantile epileptic 
spasms, (2) sleep EEG and spindles, and (3) cognitive or 
general developmental outcome. EEG registrations had 

F I G U R E  1   PRISMA Chart of the 
systematic literature review process.

EMBASE
342

PubMed
82

Science Direct
71

PsychINFO 
6

the inclusion criteria with relevant data.

P together.

Literature search on EMBASE, PubMed, 
ScienceDirect and PsychINFO.

Primary screening. Titles, abstracts, and if 
needed, the text. Two scorers independently.

Secondary screening. Thorough reading. Two 
scorers independently. Exclusion criteria used.

501

82

17

5

Data Scoring

 19506945, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/epd2.20192 by U

niversity of T
urku, W

iley O
nline L

ibrary on [25/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



4  |      LÄHDETIE et al.

to include sleep EEG. We were interested in EEG results 
recorded at the end of treatment, preferably in N2 stage 
and SWS, and therefore, we used the data of the last EEG 
performed on the patient, if available. We chose the out-
come measures which were explicit and had DQ, IQ or 
related data on developmental and cognitive outcome. 
The methods to analyze cognitive development as well 
as the follow-up ages when the outcome was measured 
were variable. We included studies with a minimum of 
6 months follow-up time after primary treatment.

A data extraction protocol was created, and the data 
were extracted and compared from the selected papers in-
dependently by two authors (JL and MMR). The Joanna 
Briggs Institute recommendation24 (2014) was used for 
assigning a level of evidence for the selected publications 
according to the methodological quality. We judged the 
degree of evidence, giving 1–5 points, 1 being the best evi-
dence and 5 the weakest.

The results are presented as the number of cases and 
percentages. Positive (PPV) and negative prognostic val-
ues (NPV), and sensitivity and specificity were calculated 
(Figure 2). Associations between spindles in sleep and the 
patient's cognitive development were tested with cross-
tabulation using a chi-squared-test (SPSS Statistics 26.0; 
IBM, Armonk, NY, USA). P-values under 0.05 were con-
sidered statistically significant.

3   |   RESULTS

The literature screening by two researchers ended up 
with five published studies that covered the three re-
quired aspects: IESS, sleep spindles and cognitive out-
come20,22,23,25,26 (Figure 1). The contents of the papers in 
order of publication year, their details and PPV of the lack 
of sleep spindles for the risk of poor cognitive outcome are 
listed in Table 1 and Appendix S1.

The five studies report results of 162 IESS patients, 
16–49 IESS patients per study. All but one23 were retro-
spective reports on hospital-based material. Of the pa-
tients 43% (69 of 162), were assigned to the unknown 
etiology group, earlier called “cryptogenic”. PPV, that is, 
the proportion of cognitively affected persons among all 
those lacking spindles) in their EEG (the biomarker is 
the lack of spindles), was 82%, and NPV, that is, the pro-
portion of cognitively normal persons among those who 
have spindles in their sleep EEG, was 45% (p = .00048). 
Sensitivity, that is, the proportion of cognitively disabled 
persons lacking spindles, was 60%, and specificity, that is, 
the proportion of cognitively normal persons having spin-
dles in their sleep, EEG was 74%. It can be interpreted that 
having spindles does not serve as a reliable biomarker of 
normal cognitive development, whereas lacking spindles 
may indicate the possibility of cognitive deterioration and 

F I G U R E  2   Principle of counting sensitivity, specificity, and positive (PPV) and negative prognostic value (NPV)s. (Adapted from 
Trevethan R. Sensitivity, specificity and predictive values: foundations, pliabilities and pitfalls in research and practice. Front Public 
Health 2017, 5:307. doi: 10.3389/fpubh.2017.00307). Sensitivity = [a/(a + c)] × 100. Specificity = [d/(b + d)] × 100. Positive prognostic value 
(PPV) = [a/(a + b)] × 100. Negative prognostic value (NPV) = [d/(c + d)] × 100.

SENSITIVITY         SPECIFICITY 
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of intellectual disability. Since the result is based on only 
five low-evidence studies (Table 1), the total outcome of 
this literature review is not conclusive.

3.1  |  Summaries of the main 
characteristics of selected articles

1.	 The first study published by Dulac et  al. (1986)25 is 
a retrospective analysis of “benign” infantile spasms, 
a subgroup of West syndrome. The initial number 
of IESS patients was 100, but the results concern 
32 cases here called “cryptogenetic”. Patients were 
randomized to treatment with hydrocortisone for ei-
ther 1 or 3 months followed by valproate. Etiological 
investigations included computerized tomography (CT) 
of the skull with contrast compound. EEG was re-
corded several times, first at eight and 30 days after 
treatment initiation, and later at control visits up to 
an average age of 4 years. Each time among other 
observations, sleep spindles were identified and their 
symmetry analyzed. Neuropsychological testing was 
carried out by standardized methods including the 
Wechsler Scale Test reinforced by items from a few 
other tests. Twenty-one patients had a favorable de-
velopment, whereas ten had an unfavorable develop-
ment, and one patient was not reached for follow-up. 
Ten children in the favorable group showed normal 
intelligence (IQ 71–128, mean 102). Only one had 
IQ under 90. Among ten unfavorable patients, one 
could not be examined, three of nine showed spindles 
in the Rolandic area. The developmental quotient at 
2–5 years of age showed six cases of IQ less than 40 
and four others with DQ 55–67. Two of the four had 
mainly speech and language disability, and two oth-
ers had deficits in visual perception and visuomotor 
functions.

2.	 Kramer et al.22 analyzed retrospectively the records of 
53 IESS patients to estimate the severity of their disor-
der. The absence of normal sleep patterns was included 
as an element in a score created for prognostic pur-
poses and consisting of electrophysiological abnormali-
ties, typical patterns and variants. Absence of normal 
sleep activity was equal to absence of sleep spindles or 
unequivocal K complexes in the sleep EEG. The other 
points came from asymmetry, hypsarrhythmia, burst-
suppression or synchronization of the EEG. A favorable 
outcome was associated with a lower score. Absence of 
normal sleep activity was seen in 69% of the records. 
Higher hypsarrhythmia scores correlated with higher 
outcome scores (worse prognosis) on longer than 
1 year follow-up. The cognitive outcome was evaluated 

12–64 months after treatment, mean 33 ± 14 months, 
by a modified Denver Developmental Scale. Of 49 pa-
tients, 36 had poor developmental outcome and 13 had 
good outcome. The range was from normal develop-
ment (three patients) to profound delay (in five cases). 
Patients with “cryptogenic” IESS tended to do better 
on follow-up than patients with symptomatic IESS, 
but the difference was not statistically significant.22 
Without showing individual data, the authors state that 
they “did not find any correlation between the presence 
of sleep spindles and outcome”. The hypsarrhythmia 
severity score, instead, had a significant positive cor-
relation to poor outcome, albeit with a wide scatter. 
Calculated on the bases of data presented in their ar-
ticle, “absence of normal sleep patterns” had a PPV of 
74% (Table 1) for poor outcome.

3.	 The only prospective study is by Guzzetta et al.21 Twenty-
one infants were followed for 2 years. Abnormalities of 
sleep organization were measured by the presence or 
absence of sleep spindles, hypsarrhythmia, and other 
EEG abnormalities. Neurosensory effects of IESS were 
analyzed by special methods, a battery of visual func-
tion tests or auditory brainstem responses. Patients 
were treated with vigabatrin or ACTH or both. In ad-
dition to thorough clinical examination, developmen-
tal measurements such as the Hammersmith Infant 
Neurological Examination (HINE) and Griffiths Mental 
Scale were used at an evaluation 24 months after treat-
ment initiation. After etiological work-up, four patients 
had “cryptogenic” IESS. Seven children including the 
four “cryptogenic” cases, two with tuberous sclerosis, 
and one with early vascular brain injury showed nor-
mal development and the 14 others abnormal develop-
ment. In EEG, sleep abnormalities, equivalent here to 
lack of sleep spindles, yielded lower scores of cognitive 
tests and neurological examination.23 The time span of 
the follow-up was considered too short to assess later 
cognitive deficits.

4.	 Altunel et al.20 used in their retrospective study the 
Hypsarrhythmia Paroxysm Index22 and sleep spin-
dles to study 16 IESS patients treated with ACTH and 
to prevent relapses with small doses of ACTH when 
necessary. Cognitive development was measured at 
the median age of 5 years. Sleep spindles were pre-
sent in patients considered to have “cryptogenic” 
IESS. No spindles were seen before or after treatment 
in those patients with a lag-time to treatment over 
1 year or that were cognitively severely deteriorated. 
In three patients, spindles disappeared, and in two, 
they reappeared during treatment. The cognitive de-
velopment of those two was affected less than that 
of patients in the severe group.20 Long persistence of 
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hypsarrhythmia was thought to block the generation 
of sleep spindles. The PPV in this study is 100%, and 
the authors state that “if sleep spindles are not ob-
served despite the disappearance of hypsarrhythmia, 
one can expect a poor developmental outcome”. They 
suggest evaluating sleep spindles concurrently with 
hypsarrhythmia.

5.	 The prognostic value of sleep spindles as a biomarker 
of developmental outcome in IESS was studied by 
Spenner et al.26 The patients having had IESS or their 
parents were interviewed, and data were extracted 
from medical records of 44 children. The Functional 
Independence Measure (FIM) scale, which contains 
a subtest on cognition, was applied. They reanalyzed, 
on average, 11 sleep EEGs per person. Of 44 patients, 
11 never developed sleep spindles. Eight patients 
showed sleep spindles from IESS onset throughout 
the follow-up. In 25 patients, anticonvulsive treat-
ment normalized the sleep architecture and sleep 
spindles. Among them there was no correlation to 
cognitive outcome. In the group of 13 patients with 
“cryptogenic” IESS, 11 developed sleep spindles 
within the primary follow-up of 90 days. This is in 
accordance with the fact that recurrence of sleep 
spindles at follow-up was more common in patients 
having a good or intermediate cognitive outcome 
than in those with poor outcome, as well as with 
the findings of Lee et al.,27 who studied just seizure 
outcome in “cryptogenic” cases relative to the recur-
rence of sleep spindles.

4   |   DISCUSSION

Poor cognitive outcome is common in patients with 
IESS. New options for treatment are lacking. The main 
aim should be to reduce intellectual disability caused by 
IESS.

A biomarker related to the outcome of IESS has 
been searched for during the last 30 years among spe-
cial EEG features, such as hypsarrhythmia and its vari-
ations, slope of slow waves, high-frequency oscillations, 
etc. This systematic review, which tried to show that 
absence of sleep spindles after treatment might have 
predictive value for poor cognitive outcome, resulted in 
only five research articles fulfilling the search criteria, 
and not yielding sufficient data to prove the hypothe-
sis. Poor cognitive outcome may naturally be expected 
regardless of the derangements of sleep spindles in, for 
example, developmental epileptic encephalopathies 
with genetic etiology, such as Down syndrome or Miller-
Dieker syndrome.

There were several methodological aspects in the pa-
pers retrieved from the literature that made it difficult to 
compare the results of the different studies, in particular 
because of the retrospective design in 4/5 studies, such 
as small cohort size in some studies, heterogeneity of 
the population investigated, heterogeneity of the assess-
ment of sleep spindles and heterogeneity of the cognitive 
assessments.

The PPV of the absence of sleep spindles being 82%, 
however, suggests that further studies on this question 
are warranted. If confirmed by larger studies, sleep 
spindles or their absence might serve as biomarkers 
and may become a tool in the clinic for physicians dis-
cussing the prognosis with parents of an infant with 
IESS.

There are several possible sources of bias. In general, 
the data are scarce. The five studies selected20,22,23,25,26 
were conducted at different temporal occasions, originally 
targeting variable clinical aspects of IESS, concerning 
sick children without controls, using different EEG fol-
low-up protocols, and diverse tests of cognitive develop-
ment (Table  1). In the present study, the risk of bias in 
the literature search was avoided by two readers working 
independently. Individual data were also inferred inde-
pendently from the text of the publication. The effect mea-
sures used were PPV and NPV. They are epidemiological 
tools especially of screening methods in health care,28 ap-
plied to prognostic purposes.

Sleep is important for memory consolidation and 
learning. In IESS, abnormal sleep plays an important role 
as a mediator of brain dysfunction. Similarly, abnormal 
sleep may mediate deleterious effects on cognitive devel-
opment by Lennox–Gastaut syndrome, prolonged status 
epilepticus, FIRES and ESES or CSWS in older children.29 
Different aspects of epilepsy, sleep, and learning have 
been elucidated by a great number of published studies. 
Some that we think are in line with the present results are 
summarized in Appendix S2.

Sleep spindles are a vital part of the brain functions 
that constitute the basis of human cognitive abilities.10 
In the future, it will be interesting to broaden the anal-
ysis of spindles to their location, frequency distribution, 
duration, and spindle groups. The technology applied by 
Auno et al.30 is an example of how these and other pa-
rameters of brain connectivity can be added to the panel 
of outcome measures. Automated systems based on arti-
ficial intelligence may help in reducing inter- and intra-
rater variation and increasing the amount of data per 
patient in sleep spindle detection.31,32 Due to the rarity 
of IESS, there should be international collaboration for a 
prospective study on this subject as suggested by Spenner 
et al.26
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5   |   SUMMARY

We asked the simple question of whether in IESS the pres-
ence of sleep spindles – which is representative of normal 
sleep patterns – is a feasible prognostic marker for later 
favorable cognitive development, and whether their ab-
sence is an appropriate marker of poor cognitive develop-
ment. Given the small amount of data, the retrospective 
quality of most studies, and the differences in many of the 
outcome parameters reported, it is prudent to say that cur-
rently available data do not allow us to conclude whether 
spindles have a specific and independent role in the cogni-
tive prognosis of these children.

To definitively determine the role that spindles play, it 
would be necessary to have:

1.	 An etiologically well-defined group of infants with 
IESS, and a group of matched typically developing 
children.

2.	 Methodologically well-described sleep EEG registra-
tions with SWS after IESS treatment.

3.	 A more detailed spindle analysis, possibly by auto-
matic systems, may eventually give more information. 
Spindle duration, density (spindles per time unit) and 
total number of spindles per sleep period can be ana-
lyzed.33 Data on slower and faster spindles, spindles 
relative to their oscillation frequencies, and spindle 
groups could be gathered and analyzed30 with im-
proved accuracy.31,32

4.	 A longer follow-up time to retrieve more data of cogni-
tive outcome and intellectual disability before 16 years 
of age.

5.	 Standardized methods for cognitive testing are 
needed since the Wechsler Scales or Bayley Scales 
are difficult or impossible to use in severely disabled 
children.
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Test yourself

1.	 Slow-wave sleep (deep sleep) is
A.	 needed for memory consolidation
B.	 needed mainly for declarative memory
C.	 needed mainly for procedural memory

2.	 Sleep spindles have a frequency distribution of about
A.	 5–10 Hz
B.	 10–15 Hz
C.	 15–25 Hz

3.	 The cognitive outcome in IESS according to this systematic review
A.	 is generally poor if etiology is unknown
B.	 is generally poor (positive prognostic value >80%) if sleep spindles are absent
C.	 is generally good (negative prognostic value >80%) if sleep spindles are present

Answers may be found in the Supporting information.
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