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Abstract

Purpose This paper aimed to systematically review the effectiveness of cranial electrostimulation (CES) to improve sleep.
Methods Electronic databases such as MEDLINE, CENTRAL and EMBASE were systematically searched from inception up
to December 2018 to retrieve relevant literature. Randomized controlled trials (RCTs), crossover studies, quasi-experimental
non-randomized controlled trials and pre—post-single-group experimental design investigating the effect of cranial elec-
trostimulation on sleep assessed by either objective or subjective parameters were included in the present systematic review.
Result Twenty-three articles were found to be relevant and were then assessed for their characteristics. Out of the 23 stud-
ies, only 6 were RCTs. All the identified RCTs underwent quality assessment for their methodology using 11-point PEDro
scale. Fifteen out of 23 studies (5 out of 6 RCTs) demonstrated that CES is beneficial to induce and improve sleep in various
populations as assessed by both subjective and objective outcome measures.

Conclusion After critically analyzing the literature, it is concluded that cranial electrostimulation treatment leads to posi-
tive improvements in sleep parameters in various diseased and healthy population; however, further studies are needed to

support the use of CES for sleep problems.

Keywords Sleep - Sleep disturbance - Insomnia - Cranial electrostimulation - CES - Electrosleep

1 Introduction

Sleep is a natural and reversible state of relative inactivity
and reduced responsiveness to external stimuli, accompanied
by a loss of consciousness, occurring at regular intervals
[1]. As stated by pioneering researcher Allan Rechtschaffen,
sleep is likely to support fundamental needs of the organism
[2]. The primary function of sleep is to ensure adequate cor-
tical function when awake [3]. Sleep disorders are a group
of conditions that affect the ability to sleep well on a regular
basis. Whether they are caused by a health problem or by too
much stress, sleep disorders are becoming increasingly com-
mon [4]. In fact, a large proportion of population in modern
era are reported to have sleeping difficulties fairly regularly
[5]. Inadequate sleep leads to a plethora of problems includ-
ing neurocognitive, metabolic, cardiovascular, systemic and
immunological deteriorations [6]. With such high prevalence
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rates as well as well-established associations with various
psychophysiological impairments, it is empirical to embark
upon specific interventions which are lacking as per now, to
manage sleep abnormalities.

Cranial electrical stimulation (CES) is a non-pharmaco-
logical and non-invasive method of applying low-intensity
electrical current to the brain, indirectly [7]. It differs from
other forms of transcranial stimulation including electro-
convulsive therapy (ECT) and trans-magnetic stimulation
[TMS; 8]. The different versions of transcranial electrical
stimulation vary in the placement of electrodes, the intensity
of the current, and the waveform of the current [9]. The use
of CES dates back to 1960s, with a lot of researches being
done during that time to prove its effectiveness in manag-
ing various psychophysiological conditions [10, 11]. But
later, craze of studying CES went down due to the lack of
quality researches backing its use with objective outcome
measures to provide a quantitative evidence supporting the
hypothesis that CES induces relaxation and initiates as well
as maintains sleep [11, 12]. However, there is a revival of
this technique nowadays, due to increasing statistics showing
sleep irregularities which may be attributed to modern day
lifestyle [13, 14].
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CES-induced sleep has been described as ‘a state of con-
sciousness grossly indistinguishable from ordinary sleep,
produced by the direct action of a weak rhythmic current
on the brain of a co-operating subject in a non-distracting
environment’ [7]. It is an FDA-approved intervention for
conditions such as anxiety, depression and insomnia [15].
Despite the fact that CES modulates sleep behaviour, a
limited published literature exists to evaluate its efficacy to
improve sleep in various diseased and healthy populations.
Considering the lacuna in existing literature, the present
study sough to systematically review the evidence and to
give a clear picture regarding the effectiveness of cranial
electrostimulation to improve sleep.

2 Methods
2.1 Search Strategy

We developed a search strategy to identify studies that elu-
cidated the effects of cranial electrotherapy stimulation on
sleep. A systematic search was performed on the electronic
databases MEDLINE (accessed via PubMed), CENTRAL
(Cochrane Library Central Register of Controlled Trials)
and EMBASE starting from the earliest records available till
December 2018. Random Search items used were a combi-
nation of key words ‘cranial electrotherapy stimulation, cra-
nial electrostimulation, electrosleep, sleep, insomnia, sleep
disturbance’. The keywords were combined with Boolean
operators ‘OR’ and ‘AND’ to broaden or narrow the search.
Furthermore, we reviewed reference lists of original and
review articles to search for more studies on the same topic.
Systematic search was carried out from September 2018 to
December 2018.

2.2 Eligibility Criteria

Initially, the authors intended to include only randomized
controlled trials (RCTs), however, due to unavailability of
adequate number of RCTs, this review was expanded to
include studies with quasi-experimental non-randomized
controlled designs, pre—post-experimental designs and
crossover study designs to clearly present the picture of
existing literature.

Clinical trials investigating the effect of cranial electro-
therapy stimulation with one or more treatment session on
sleep assessed by either qualitative (clinical observation,
questionnaires, self-report) or quantitative measures [poly-
somnography (PSG), nocturnal electroencephalography
(EEG)] were included for the review. Studies examining the
effect of cranial electrostimulation on other conditions such
as pain, anxiety and depression were excluded. Furthermore,
researches using other forms of neuro-modulation such as
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ECT and TMS were also excluded. No sample size restric-
tion was applied. Studies in language other than English
were excluded from this review.

2.3 Selection of Studies

Out of the total records (486) identified, 344 duplicates
were removed, to retrieve records to be screened. 86 records
underwent the screening process by reading titles and
abstracts by one reviewer (AA). Seventeen articles (6 RCTs)
were found to be relevant based on the pre designed eligibil-
ity criteria and were assessed by two independent reviewers
(AA and EH) for the characteristics of study. All the 6 RCTs
underwent quality assessment for their methodology by two
independent reviewers (AA and EH), (Fig. 1).

2.4 Data Extraction

Data on the characteristics of the trial (author, year of trial
conduction, design and duration), the participants (age and
information on other medical comorbidities), interven-
tion (device used, duration, dosimetry, safety and follow-
up) were extracted by two of the authors (AA and EH). If
the reported data were unclear, the authors of that study
were contacted via email. The two reviewers worked inde-
pendently and any conflicts were resolved through mutual
consensus.

2.5 Measurement of the Treatment Effect

Effect size for the pre-decided outcome measures (quali-
tative-questionnaires as well as quantitative-PSG/nocturnal
EEG) was calculated for the RCT reporting point measures
and variability [13, 14, 19] using Cohen’s d [20].

2.6 Quality Assessment of Included Trials

For assessing the methodological quality of all the retrieved
RCT evidences, the authors used an 11-point PEDro scale
having a set of generic core items for quality assessment
of randomized clinical trials [RCTs, 21]. Trials were inde-
pendently assessed for quality by the two authors (AA and
EH). If there was any disagreement on any criterion, it was
re-assessed by each reviewer independently. Unresolved
disagreements were identified and discussed in a meeting to
reach a final consensus.

Ten out of 11 criteria (criteria regarding the specifica-
tion of eligibility criteria in the paper was not considered
when assigning scores as all the included studies had men-
tioned their inclusions and exclusions) were used for quality
assessment on PEDro and each criterion was rated either
yes (score=1) or no (score =0) to minimize ambiguity in
responses. The total score for the methodological quality



Sleep and Vigilance (2019) 3:101-112

103

Fig. 1 PRISMA flowchart
showing identification and
selection of trials for the sys-
tematic review

Additional records identified through

Records identified through
database searching
(n = 486)
Embase = 393
Pubmed = 74
Central =19

other sources
(n=03)

Identification

Records excluded, with

Records after duplicates removed

reasons

(n = 145) (n=59)

Outcome measures not

Eligibility Screening

Included

of each included study was calculated by summing all the
responses (maximum score = 10). Studies were then classi-
fied as poor (score of <4), fair (score of 4 or 5), good (score
of 6-8) and excellent quality (score of > 8) based on total
scores obtained on PEDro scale [22].

3 Results

Only 6 relevant RCTs were retrieved which are discussed for
their characteristics and quality in Sect. 3.1 and character-
istics of non-RCT design trials are subsequently discussed
in Sect. 3.2.

included in the review
(n=57)
A4

Studies on other forms of
neuromodultion
(n=02)

Records screened
(n = 86)

A 4

Full-text articles assessed Full-text articles excluded,
for eligibility with reasons
(n=27) (n=04)

Outcome measures not
included in the review
Y (n =02)
Studies included in the
review Study design was not
(n=23) appropriate to include in
the review (n = 02)

A 4

Randomized controlled
trial (n = 06)

Pre-post single group
experimental design (n =
08)

Crossover trials (n = 05)

Non-randomized
controlled trials (n = 04)

3.1 Section 1
3.1.1 Characteristics of Studies
3.1.1.1 Study Design Randomized controlled trial.

3.1.1.2 Participants Six included RCTs consisted of 222
participants with sample sizes ranging from 10 to 60 sub-
jects. A common limitation in all the studies was lack of
information on sample size and power calculation except
one study [14]. The majority of subjects were adults
including both the genders, with one study assessing only
females [14] (Table 1).
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3.1.1.3 Intervention All the studies investigated the
effect of cranial electrostimulation using different com-
mercially available devices like various derivative models
of Alpha-Stim [13, 14, 17], Electroderm-1 [16] and Proto-
typic device HESS 100 [18], however, only some of them
[13, 14, 19] reported if the device was FDA approved or
not. Duration of CES treatment ranged from single ses-
sion to 2 weeks. Duration of each session varied from
15 min to 1 h, frequency was between 0.5 and 8 Hz and
intensity of current ranged from 100 pA to 1.3 mA. One
study did not provide any information about the device
used [17], whereas another study failed to give details
of the frequency and intensity of current utilized during
the experiment [16]. The placement of electrodes varied
between the studies, however, majority of the studies used
clip electrodes and attached them to earlobes [13, 14, 19].
Two of the studies reported on safety of the intervention
[13, 17]; however, only one study took the follow-up of
participants post-intervention [16].

3.1.1.4 Outcome Measures Two studies [14, 16] performed
nocturnal EEG/PSG for assessing various parameters such
as sleep efficiency, sleep-onset latency, latency and dura-
tion of different sleep stages. Two studies [13, 18] used
sleep logs or sleep diary to quantify sleep—wake habits,
total sleep time, number of awakenings in between sleep.
Hozumi and colleagues [18] evaluated wake time EEG to
assess the frequency of alpha and theta rhythms with respect
to background activity in addition to sleep diary and clini-
cal evaluation. Two studies [17, 19] examined self-reported
sleep behaviour along with its quality. All the included stud-
ies used a variety of outcome measures making it difficult to
perform meta-analysis/pooled quantification.

3.1.1.5 Quality of Trials Quality scoring was performed
only for the RCTs included in the review. Average PEDro
score for all the trials was 5/10 (fair quality). Two trials
scored 5/10 [14, 16], one scored 8/10 [13], one scored 7/10
[19], one scored 3/10 [18] and one 2/10 [17]. All the studies
randomly allocated the subjects into groups but only three
maintained a concealed allotment. [13, 14, 19]. Three of
the trials [14, 17, 18] did not blind either of the subject,
the therapist or the assessor, however, two studies followed
the double-blind procedure with one study [13] blinding the
therapist and the assessor whereas the other [16] blinding
the subject and the assessor. One study ([9] carried out triple
blinding for the subjects, the therapist as well as the asses-
sor in their carefully conducted trial. Three out of 6 RCTs
reported very well about the between-group differences
post-intervention with point estimates and measures of vari-
ability [13, 14, 18]. On the other hand, except one [13] no
other study applied intention to treat analysis on drop-outs
(Table 2).

=6

Table 2 Quality scoring of randomized controlled trials (RCTs) using PEDro scale, n

Total score Quality

Point estimate
and variability

reported

Between-group
differences

Intention
to treat

Blinding  Drop-

Blinding
of thera-

pist

Random Concealed Group Blind-

Eligi-

Trial

ing of of asses- outs<15%
sor

similarity at
baseline

alloca- allocation

tion

bility

reported

analysis

subjects

criteria

Poor

No 2/10

Yes No No No No No Yes No No

Yes

Gomez et al.,

1978 [17]
Hozumi et al.,

Fair

3/10

Yes

No No No No Yes

No

Yes No No

Yes

1996 [18]
Weiss et al.,

Good

5/10

No

No Yes No No Yes

Yes

Yes No Yes

Yes

1973 [16]
Lichtbroun et al.,
2001 [19]

Lande et al.,

Good

7/10

No

Yes Yes No No Yes

Yes

Yes Yes Yes

Yes

Excellent

8/10

Yes

Yes Yes No Yes Yes

No

Yes Yes Yes

Yes

2013 [13]

Good

5/10

Yes

No No Yes No Yes

No

Yes Yes No

Yes

Wagenseil et al.,
2018 [14]
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3.1.1.6 Effectof CES InterventiononSleep Majority of the
studies [5 out of 6 RCTs; 13, 16-19] reported an improve-
ment in sleep parameters after CES treatment. However,
only three [14, 16, 18] out six studies included objective
measures out of which, 2 reported in favor of CES [16,
18] to improve sleep and one study [14] demonstrated no
change in sleep parameters after using CES. Some of the
studies [13, 14, 16] reported changes using point estimates
and measures of variability while some did not. Lande
and colleagues [13] found positive improvement in hours
of sleep (0.92) post-CES intervention for 5 days, while
Wagenseil et al. [14] reported non-significant results after
a single session of CES at night. Hozumi and colleagues
[18] demonstrated significant improvement (0.32) in sleep
followed by 2 weeks of CES therapy (Table 1). Most of
the studies confirmed the efficacy of cranial electrostimu-
lation to improve sleep.

3.1.1.7 Effect of CES Intervention on Sleep in Heathy
and Diseased Population Five out of 6 RCTs [13, 16-19]
were done on diseased population. Two studies included
patients with insomnia [13, 16], one study included partici-
pants with sleep disturbance associated with drug withdrawal
[17]. Hozumi et al. [18] conducted the study on dementia
patients having irregular sleep—wake behaviour [18], while
Lichtbroun et al. [19] included patients with fibromyalgia
and assessed their sleep quality pre- and post-CES interven-
tion. Only one study worked with normal population with-
out any sleep dysfunction [14]. All of the RCTs conducted
on the clinical population revealed improvement after CES
[13, 16—-19]; however, the result of the studies on healthy
individuals [14] showed no change post-CES intervention.

3.2 Section2
3.2.1 Characteristics of Studies

3.2.1.1 Study Design Eight trials [9, 10, 12, 23-25, 27, 32]
out of 17 consisted of pre—post-single-group experimental
design without control group. Five trials [28-30, 34, 35]
followed a crossover design and 4 studies [26, 31, 33, 36]
were non-randomized controlled trial (quasi-experimental
design). None of the trials stated reason for non-randomiz-
ing participants into groups (Table 3).

3.2.1.2 Participants A total of 338 participants were
included in these 17 studies. Sample size ranged from 8§ to
40, though there was no information on sample size calcula-
tion and power analysis. Majority of the participants were
middle-aged adults. Only one of the study [28] exclusively
included male participants, while rest of the studies worked
with both genders.
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3.2.1.3 Interventions All the studies investigated the effect
of cranial electrostimulation using different devices such as
Electrosone-50 [24, 25, 28-30, 32], Somlec-3 [27], Dormed
[33], Neurotone 101 [12, 31, 34, 35] and Diastym [36]. Two
of the studies [10, 11] used self-made devices while two did
not mention about the device [23, 26]. No study mentioned
if the device they used were FDA approved or not. Duration
of CES treatment ranged from single session to 1 month.
Duration each session varied from 5 min to 2.30 h, fre-
quency was between 20 and 350 Hz and intensity of current
ranged from 0.02 to 12 mA. Location of electrodes varied in
all the studies, however, majority used electrodes on orbits
and mastoids [11, 24-26, 29, 30, 32, 36], others placed them
over forehead and occiput [12, 23, 31, 35]. Twelve of the
studies reported on safety of the intervention and found no
ill effects [9, 10, 23-28, 31, 32, 34] while 5 studies took the
follow-up of participants post-intervention [10, 12, 25, 30,
32, 35].

3.2.1.4 Outcome Measures The commonest outcome
measure was questionnaires/self-rating scale used by 10
studies [24-26, 29, 31-36] to quantify changes in sleep
parameters. Two studies relied only upon clinical obser-
vations for sleep outcomes such as eyelid movement, limb
movement, and snoring [10, 12] while one study utilized
clinical observations along with EEG recordings [9]. One
study [30] utilized both night time EEG and questionnaire
while three studies exclusively used nocturnal EEG [23, 27,
28] to quantify sleep parameters. All the included studies
used a variety of outcome measures, making it difficult to
perform a pooled analysis.

3.2.1.5 Effectof CESonSleep Ten studies [9, 23-26, 28, 29,
31, 34, 36] found significant positive improvement in sleep
after CES treatment and 4 studies reported no change [27,
30, 33, 35]. Three studies found variable results [10, 12, 32]
with some of the patients showing improvement while some
showing no change. Regarding the use of objective variables
to quantify differences between pre- and post-CES, a very
few studies [11, 23,27, 28, 30] incorporated objective meas-
urements, out of which three [11, 23, 28] reported improve-
ment in sleep post-CES administration whereas, two studies
[27, 30] reported no change.

3.2.1.6 Effect of CES Intervention on Sleep in Heathy
and Diseased Population Majority of the studies were
performed on diseased population [10, 12, 23-26, 29-36].
Eleven trials [10, 23-26, 29, 31-35] included patients show-
ing symptoms of sleep dysfunction as a result of various
psychiatric conditions such as anxiety, neurosis and depres-
sion. Only one study included patients with chronic primary
insomnia [30], one study worked with hemiplegic patients
[10] while Phillip et al. [36] dealt with patients showing
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insomnia like symptoms as a result of drug abstinence.
5 Three studies [9, 27, 28] worked with healthy volunteers,
E Qé = § o however, Magora et al. [9] in addition to healthy individu-
=y g% §§ % als involved 2 patients with Park.inson’s disease and one
AR o with dystonia making his population heterogeneous. Most
% % ; 2d o studies on the diseased individuals demonstrated that CES
"1z : ameliorates sleep dysfunction [23-26, 29, 31, 34, 36], while
?‘é £ some trials revealed inconclusive results [10, 12, 32] with
2 Qg; % most showing no change [30, 33, 35] post-CES. Th('% resu'lts
g g g of the studies on healthy individuals were 1nconclus.1ve with
‘1 2 studies showing improvement in sleep [9, 28] with CES
Eg54E ) % i .o while one [27] demonstrating no such effect.
8253 S£ZZ25 g
= E3 5o ™
é” % %; _§ i g% é% % 4 Discussion
Z2lc%83 8E888 |3
|- ’ E This is the first systematic review proviQing comprehe.n-
& g & g .52 @ sive information on the .ﬁnd.ings, characteristics and quality
% éﬁ g2 % g ﬁ g g ‘L'u) of clinical trials investigating the effec.t of CES on sleep
R g Sé S E L:" in various diseased and healthy populations. Although the
; g § '; %3 g E S a§> ;;% heterogeneity in the participants and the outcome measures
S|167° SAER 2 restricted direct pooled analysis, the result derived from the
2 i existing evidence suggests engagllng. in CES trea?ment ma'y
% ; k> have beneficial effect on sleep as indicated by various quali-
%ﬂ o E T é tative and quantitative methods.
=] = — 9 >
g3 EIE :
g2 = S 4.1 Effect of CES on Sleep
S|z g &
2 2.,z v g % Sleep disturbance is common in modern societ~y. It.often
§ 2 g é N 8 . S E‘*i i % remains overlooked but can lead to severe 'deterloratlog of
g é § “?ﬁ S _“.% T é %’% S E E % our physiological systems. Lack of restorative sleep during
5|83 %i 28 n z 2 § %2'] Al night is associated with decreased amounts of REM and s.low
«% § “g =0 % g U § ERER I A 2 wave activity [37] which in turn leads to excessive day—.tlme
ol ¢ - = T sleepiness due to micro-sleep during day [38]. These micro-
= = E sleep phases contribute to slowing of cognlltlve prolces.ses
SE : during the day, which in turn hampers the daily functioning
ED b5 —§ E % of poor sleepers [39]. Inadequate sleep is also considereld ;tlo
sl 52 S deteriorate complete physiology of human beings includ-
? g : § i ing the cardiorespiratory, neurological, and immunological
71 ° § 5 systems [40]. Considering all these consequence of sleep
= G S = o i E'; disturbance, finding g safe an.d effective interventi.on to man-
” E % EE £ 3 age sleep problems is a major challenge for ermary care
g § ; ‘% £ ;i ° 5 clinicians. CES seems to be an easy, safe.and time efficient
E; £z "é g § 2 g 5 intervention to improve sleep and relaxation. In the pr‘es.ent
AEE p~d 2RSS ; review, most of the studies on healthy as well as on clinical
" '% population demonstrated positive change aftejr CES therapy
=9 2 E [9, 13, 16-19, 23-26, 28, 29, 31, 34, 36], while some of the
= So P § studies showed no change [14, 27, 30, 33, 35]. A handful
§ E g E § of studies also demonstrated variable results [10, 12, 32.]
é = é = ; —_ ° with some subjects showing improvement and some not. It is
g\ § K E £ % shown previously that sleep abnormalities can be managed,
° H S and early management leads to better results [41]. Therefore,
% E = % it becomes important to identify the problem, and implement
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CES, a safe, user friendly and effective method to reverse
sleep abnormalities.

4.2 Underlying Mechanism

Although, the underlying mechanism of how CES improves
sleep is not clear, several theories can be used in an attempt
to explain the empirical findings and clinical effectiveness
of CES.

The brain functions electrochemically and, therefore, can
be easily modulated by interventions using electric currents
[15]. CES intervention, a type of energy medicine, stim-
ulates the cortex using low level of AC currents. Several
electromagnetic tomography and functional magnetic reso-
nance imaging studies suggests that CES travels to all the
cortical and sub-cortical structures including the thalamus
[42]. Insomnia, and other sleep-related disorders, is thought
to be exacerbated by excessive cortical activation [43]. A
recent functional magnetic resonance imaging study showed
that CES causes cortical brain deactivation in the midline
frontal and parietal regions of the brain after treatment, thus
facilitating sleep [44]. CES applications have been shown to
modulate neurotransmitters and hormone production via the
hypothalamic—pituitary axis [45]. Increase in the levels of
melatonin, serotonin, norepinephrine and p-endorphin along
with reductions in the concentration of cortisol may result
in the alleviation of fatigue, drowsiness and sleep-related
dysfunction [46]. CES treatments also significantly alters
EEG activity such increasing alpha (8—12 Hz) relative power
and decreasing relative power in the delta (0—4 Hz) and beta
(12-30 Hz) frequencies [47]. Increased alpha is associated
with improved relaxation, whereas decreased delta and beta
correlates with reduction in anxiety and stress [48, 49]. Alto-
gether, changes in neurochemicals, deactivation of certain
cortical areas and modulation of brain rhythms may produce
relaxation and facilitate sleep function. However, clinical
trials included in the present review did not investigate these
mechanisms associated with improvement of sleep post-
CES. Therefore, studies in future should investigate these
possible underlying mechanisms to support their findings.

Most studies included in this review showed positive
improvements in sleep; however, there were many impor-
tant methodological limitations in included clinical trials.
There were only 6 RCTs with an average quality of fair [13,
14, 16-19]. Majority of the studies were either pre—post-
experimental design without control group [9, 10, 12, 23-25,
27, 32] or quasi-experimental non-randomized controlled
trials [26, 31, 33, 36]. Researches without control group
are poorer designs, since they cannot control or trace the
changes with time and can act as an important confounder to
vary study results. Most of the studies lacked randomization
while some of them did not blind the participants, therapists
or assessors. Since blinding is an important component of

@ Springer

clinical trials, these trials suffered from low scores on qual-
ity scoring. Despite these limitations, majority of the studies
demonstrated improvement in sleep with CES. Therefore, it
may be concluded that if CES is incorporated in the manage-
ment of sleep problems, it may induce relaxation and lead to
improvement in sleep, however, the results of this literature
review should be interpreted with caution due to the pres-
ence of several limitations of the studies being reviewed.

4.3 Strength and Limitations

To date, this is the only systematic review which exclusively
investigated the effect of CES on sleep. Due to availability
of only 6 RCTs, this review provided information on studies
with other designs also, however, randomization and control
are extremely important components of clinical trials and
they adequately control the effect of confounders on depend-
ent variable. The authors included and discussed non-RCT
trials to elucidate methodological limitations and flaws in
existing clinical trials.

4.4 Implications and Future Recommendations

This systematic review indicates that there are several
existing evidences pointing towards the efficacy of CES
to improve sleep. However, due to paucity of RCTs, the
strength of this evidence is fairly low. Inclusion of more
objective outcome measures of sleep such as polysomnog-
raphy which is a gold standard measure to quantify sleep
may provide us with more high-level evidence regarding
the efficacy of this treatment. In addition, more studies are
required with optimal controls and randomization proce-
dures to provide conclusive evidence for the same.

Acknowledgements The authors would like to thank Ms. Pooja Bhati,
Ph.D. scholar, Centre for Physiotherapy and Rehabilitation Sciences,
Jamia Millia Islamia, New Delhi, India for providing insight and exper-
tise in paper writing.

Funding This work was supported by the Department of Science and
Technology (DST), Government of India, under Cognitive Science
Research Initiative (CSRI), Sanction no. DST/CSR1/2017/209

Compliance with Ethical Standards

Conflict of Interest The authors declare no conflict of interest.

References

1. Rasch B, Born J. About sleep’s role in memory. Physiol Rev.
2013;93(2):681-766.

2. Rechtschaffen A. Current perspectives on the function of sleep.
Perspect Biol Med. 1998;41(3):359-90.



Sleep and Vigilance (2019) 3:101-112

m

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Horne JA. Human sleep, sleep loss and behaviour: implications
for the prefrontal cortex and psychiatric disorder. Br J Psychia-
try. 1993;162(3):413-9.

Bixler E. Sleep and society: an epidemiological perspective.
Sleep Med. 2009;1(10):S3-6.

Ohayon MM. Epidemiological overview of sleep disorders in
the general population. Sleep Med Res. 2011;2(1):1-9.
Sweileh WM, Ali 1A, Sawalha AF, Abu-Taha AS, Sa’ed HZ,
Al-Jabi SW. Sleep habits and sleep problems among Palestinian
students. Child Adolesc Psychiatry Ment Health. 2011;5(1):25.
Guleyupoglu B. A comprehensive view of electrosleep: the his-
tory, finite element models and future directions. CUNY Aca-
demic Works; 2014.

Cho SY, So WY, Roh HT. Effects of aerobic exercise train-
ing and cranial electrotherapy stimulation on the stress-
related hormone, the neurotrophic factor, and mood states in
obese middle-aged women: a pilot clinical trial. Salud Ment.
2016;39(5):249-56.

Smith RB. Cranial electrotherapy stimulation. Neural Stimul.
1985;2:129-50.

Forster S, Post BS, Benton JG. Preliminary observations on
electrosleep. Arch Phys Med Rehabil. 1963;44:481-9.

. Magora F, Beller A, Aladjemoff L, Tannenbaum J. Observa-

tions on electrically induced sleep in man. BJA Br J Anaesth.
1965;37(7):480-91.

Ryan JJ, Souheaver GT. The role of sleep in electrosleep therapy
for anxiety. Dis Nerv Syst. 1977;38:515-7.

Lande RG, Gragnani C. Efficacy of cranial electric stimulation
for the treatment of insomnia: a randomized pilot study. Com-
plement Ther Med. 2013;21(1):8-13.

Wagenseil B, Garcia C, Suvorov AV, Fietze 1, Penzel T. The
effect of cranial electrotherapy stimulation on sleep in healthy
women. Physiol Meas. 2018;39(11):114007.

Kirsch DL, Nichols F. Cranial electrotherapy stimulation for
treatment of anxiety, depression, and insomnia. Psychiatr Clin.
2013;36(1):169-76.

Weiss MF. The treatment of insomnia through the use of elec-
trosleep: an EEG study. J Nerv Ment Dis. 1973;157(2):108-20.
Gomez E, Mikhail AR. Treatment of methadone withdrawal
with cerebral electrotherapy (electrosleep). Br J Psychiatry.
1979;134(1):111-3.

Hozumi S, Hori H, Okawa M, Hishikawa Y, Sato K. Favorable
effect of transcranial electrostimulation on behavior disorders
in elderly patients with dementia: a double-blind study. Int J
Neurosci. 1996;88(1-2):1.

Lichtbroun AS, Raicer MM, Smith RB. The treatment of fibro-
myalgia with cranial electrotherapy stimulation. JCR J Clin
Rheumatol. 2001;7(2):72-8.

Lakens D. Calculating and reporting effect sizes to facilitate
cumulative science: a practical primer for #-tests and ANOVAs.
Front Psychol. 2013;26(4):863.

Verhagen AP, de Vet HC, de Bie RA, Kessels AG, Boers M,
Bouter LM, Knipschild PG. The Delphi list: a criteria list for
quality assessment of randomized clinical trials for conduct-
ing systematic reviews developed by Delphi consensus. J Clin
Epidemiol. 1998;51(12):1235-41.

Hariohm K, Prakash V, Saravankumar J. Quantity and quality of
randomized controlled trials published by Indian physiothera-
pists. Perspect Clin Res. 2015;6(2):91.

Magora F, Beller A, Assael MI, Askenazi A. Some aspects of
electrical sleep and its therapeutic value. In: Wageneder FM,
St. Schuy, editors. Electrotherapeutic sleep and electroanaesthe-
sia, vol. 136., International congress seriesBethesda: Excerpta
Medica Foundation; 1967.

Rosenthal SH, Wulfsohn NL. Electrosleep—a clinical trial. Am
J Psychiatry. 1970;127(4):533-4.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Rosenthal SH, Wulfsohn NL. Electrosleep: a preliminary com-
munication. J] Nerv Ment Dis. 1970;151(2):146-51.

Rosenthal SH. Electrosleep: a double-blind clinical study. Biol
Psychiatry. 1972;4(2):179-85.

Empson JA. Does electrosleep induce natural sleep? Electroen-
cephalogr Clin Neurophysiol. 1973;35(6):663—4.

Itil T, Gannon P, Akpinar S, Hsu W. Quantitative EEG analy-
sis of electrosleep using analog frequency analyzer and digital
computer methods. Dis Nerv Syst. 1972;33(6):376.

Feighner JP, Brown SL, Olivier JE. Electrosleep therapy: a con-
trolled double blind study. J Nerv Ment Dis. 1973;157(2):121-8.
Frankel BL, Buchbinder R, Snyder F. Ineffectiveness of elec-
trosleep in chronic primary insomnia. Arch Gen Psychiatry.
1973;29(4):563-8.

Hearst ED, Cloninger CR, Crews EL, Cadoret RJ. Electros-
leep therapy: a double-blind trial. Arch Gen Psychiatry.
1974;30(4):463-6.

Flemenbaum A. Cerebral electrotherapy (electrosleep): an
open-clinical study with a six month follow-up. Psychosomat-
ics. 1974;15(1):20-4.

Levitt EA, James NM, Flavell P. A clinical trial of electrosleep
therapy with a psychiatric inpatient sample. Aust N Z J Psychia-
try. 1975;9(4):287-90.

Moore JA, Mellor CS, Standage KF, Strong H. A double-blind
study of electrosleep for anxiety and insomnia. Biol Psychiatry.
1975;10(1):59-63.

Von Richthofen CL, Mellor CS. Electrosleep therapy: a con-
trolled study of its effects in anxiety neurosis. Can J Psychiatry.
1980;25(3):213-9.

Philip P, Demotes-Mainard J, Bourgeois M, Vincent JD. Effi-
ciency of transcranial electrostimulation on anxiety and insom-
nia symptoms during a washout period in depressed patients a
double-blind study. Biol Psychiatry. 1991;29(5):451-6.
Orzet-Gryglewska J. Consequences of sleep deprivation. Int J
Occup Med Environ Health. 2010;23(1):95-114.

Hemmeter U, Bischof R, Hatzinger M, Seifritz E, Holsboer-
Trachsler E. Microsleep during partial sleep deprivation in
depression. Biol Psychiatry. 1998;43(11):829-39.

O’Brien LM. The neurocognitive effects of sleep disruption in
children and adolescents. Sleep Med Clin. 2011;6(1):109-16.
Van Cauter E, Spiegel K, Tasali E, Leproult R. Metabolic con-
sequences of sleep and sleep loss. Sleep Med. 2008;1(9):S23-8.
Morin CM. Insomnia: psychological assessment and manage-
ment. New York: Guilford Press; 1993.

Ferdjallah M, Bostick FX, Barr RE. Potential and current den-
sity distributions of cranial electrotherapy stimulation (CES)
in a four-concentric-spheres model. IEEE Trans Biomed Eng.
1996;43(9):939-43.

Bonnet MH, Arand DL. Hyperarousal and insomnia: state of the
science. Sleep Med Rev. 2010;14(1):9-15.

Feusner JD, Madsen S, Moody TD, Bohon C, Hembacher E,
Bookheimer SY, Bystritsky A. Effects of cranial electrother-
apy stimulation on resting state brain activity. Brain Behav.
2012;2(3):211-20.

Liss S, Liss B. Physiological and therapeutic effects of
high frequency electrical pulses. Integr Physiol Behav Sci.
1996;31(2):88-95.

Shealy CN, Cady RK, Culver-Veehoff D, Cox R, Liss S.
Cerebrospinal fluid and plasma neurochemicals: response
to cranial electrical stimulation. J Neurol Orthop Med Surg.
1998;18(2):94-7.

Zaghi S, Acar M, Hultgren B, Boggio PS, Fregni F. Noninvasive
brain stimulation with low-intensity electrical currents: putative
mechanisms of action for direct and alternating current stimula-
tion. Neuroscientist. 2010;16(3):285-307.

@ Springer



112

Sleep and Vigilance (2019) 3:101-112

48. Kennerly R. QEEG analysis of cranial electrotherapy: a pilot
study. J Neurother. 2004;8:112.

49. Schroeder MJ, Barr RE. Quantitative analysis of the electroen-
cephalogram during cranial electrotherapy stimulation. Clin Neu-
rophysiol. 2001;112(11):2075-83.

@ Springer

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Impact of Cranial Electrostimulation on Sleep: A Systematic Review
	Abstract
	Purpose 
	Methods 
	Result 
	Conclusion 

	1 Introduction
	2 Methods
	2.1 Search Strategy
	2.2 Eligibility Criteria
	2.3 Selection of Studies
	2.4 Data Extraction
	2.5 Measurement of the Treatment Effect
	2.6 Quality Assessment of Included Trials

	3 Results
	3.1 Section 1
	3.1.1 Characteristics of Studies
	3.1.1.1 Study Design 
	3.1.1.2 Participants 
	3.1.1.3 Intervention 
	3.1.1.4 Outcome Measures 
	3.1.1.5 Quality of Trials 
	3.1.1.6 Effect of CES Intervention on Sleep 
	3.1.1.7 Effect of CES Intervention on Sleep in Heathy and Diseased Population 


	3.2 Section 2
	3.2.1 Characteristics of Studies
	3.2.1.1 Study Design 
	3.2.1.2 Participants 
	3.2.1.3 Interventions 
	3.2.1.4 Outcome Measures 
	3.2.1.5 Effect of CES on Sleep 
	3.2.1.6 Effect of CES Intervention on Sleep in Heathy and Diseased Population 



	4 Discussion
	4.1 Effect of CES on Sleep
	4.2 Underlying Mechanism
	4.3 Strength and Limitations
	4.4 Implications and Future Recommendations

	Acknowledgements 
	References




