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Abstract: Introduction: The perinatal period is an at-risk period for the emergence or decompensa-
tion of psychiatric disorders. Transcranial electrical stimulation (tES) is an effective and safe treatment
for many psychiatric disorders. Given the reluctance to use pharmacological treatments during
pregnancy or breastfeeding, tES may be an interesting treatment to consider. Our study aims to
evaluate the efficacy and safety of tES in the perinatal period through a systematic literature review
followed by three original case reports. Method: Following PRISMA guidelines, a systematic review
of MEDLINE and ScienceDirect was undertaken to identify studies on tES on women during the peri-
natal period. The initial research was conducted until 31 December 2021 and search terms included:
tDCS, transcranial direct current stimulation, tACS, transcranial alternating current stimulation, tRNS,
transcranial random noise stimulation, pregnancy, perinatal, postnatal, and postpartum. Results:
Seven studies reporting on 33 women during the perinatal period met the eligibility criteria. No
serious adverse effects for the mother or child were reported. Data were limited to the use of tES
during pregnancy in patients with schizophrenia or unipolar depression. In addition, we reported
three original case reports illustrating the efficacy and safety of tDCS: in a pregnant woman with
bipolar depression, in a pregnant woman with post-traumatic stress disorder (sham tDCS), and in a
breastfeeding woman with postpartum depression. Conclusions: The results are encouraging, mak-
ing tES a potentially safe and effective treatment in the perinatal period. Larger studies are needed to
confirm these initial results, and any adverse effects on the mother or child should be reported. In
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addition, research perspectives on the medico-economic benefits of tES, and its realization at home,
are to be investigated in the future.

Keywords: transcranial direct current stimulation; transcranial alternating current stimulation;
pregnancy; perinatal period; postpartum period; breastfeeding

1. Introduction

The perinatal period, from pregnancy to one year after delivery, is a period of physical,
biological, emotional, and psycho-social transformation in a woman’s life, imposing a
significant adaptation that exposes her to a higher risk of acute psychiatric disorders [1].
Mood disorders are the most frequent psychiatric disorders in the perinatal period [2,3].
Indeed, depression has an incidence of about 10% during pregnancy and ranges between
5% and 25% in the postnatal period [4]. In women with bipolar disorder, the incidence of
postpartum depressive disorder is estimated at 37%, with an increased risk of postpartum
psychosis [5,6]. The presence of an untreated or poorly treated psychiatric disorder in the
perinatal period is associated with an increased risk of poor pregnancy follow-up [7], associ-
ated with major somatic risks such as high blood pressure with a potential increased risk of
pre-eclampsia [8,9], but also substance use disorder [10], suicidality [11], complications in
fetal development [12], paternal depression [13], attachment disorders [14], and cognitive
or psychiatric disorders during the child’s development [15].

Management of psychiatric disorders during the perinatal period remains a challenge.
Indeed, psychotherapies can be hardly accessible [16], and there is a reluctance from
both physicians and patients to use psychotropic treatments regarding their safety, in
particular their potential impact on fetal development or their potential toxicity for the
child during breastfeeding [17,18]. Therefore, 40 to 76% of pregnant women discontinue
their psychotropic treatments before or during pregnancy [19], and it is estimated that
antidepressants are five times more likely to be stopped in pregnant women [20]. In this
context, it is crucial to develop the therapeutic armamentarium of psychiatric disorders
during the perinatal period with treatments that are effective, safe, and well accepted
by patients. Non-invasive brain neurostimulation (NIBS) techniques are emerging to
treat peripartum psychiatric disorders, such as electroconvulsive therapy [21] or repetitive
transcranial magnetic stimulation [22,23].

tDCS (transcranial direct current stimulation) is a NIBS technique that modulates brain
activity using a weak intensity direct electric current delivered over short periods of time
through two electrodes placed on the scalp: the anode, which facilitates spontaneous neu-
ronal activity, and the cathode, which reduces spontaneous neuronal activity [24]. To date,
there are several types of transcranial electrical stimulation (tES) [25]: tDCS uses a direct
continuous electric current, as described above; transcranial alternating current stimulation
(tACS) uses a sinusoidal alternating electric current [26]; and transcranial random noise
stimulation (tRNS) uses a weak alternating current [27]. tES is increasingly used to treat
a multitude of psychiatric disorders ranging from depression to schizophrenia and post-
traumatic stress disorders (PTSD) [28-30]. In adults (pregnant women excluded) suffering
from unipolar or bipolar depression, a recent meta-analysis based upon 23 randomized
controlled trials (RCT) (1092 patients) demonstrated that tDCS (anodal stimulation of the
left dorsolateral prefrontal cortex (F3), current intensity mostly at 2 mA, on 25 to 35 cm?
sponges, 20 to 30 min of stimulation over 5 to 20 sessions) had superior efficacy to placebo
stimulation with a respective response rate of 33.3% versus 16.56% (OR: 2.28, 1.52 to 3.42),
and a remission rate of 19.12% versus 9.78% (OR: 2.12, 1.42 to 3.16) [31]. Concerning patients
suffering from schizophrenia, another recent meta-analysis based on 16 RCT (326 patients)
demonstrated that adjuvant tDCS (anodal stimulation of the left dorsolateral prefrontal
cortex (F3); cathodal stimulation at the left temporoparietal-parietal junction (T3P3); the
current intensity at 2 mA; on sponges of 25 to 35 cm?; 20 min of stimulation over 5 to
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40 sessions) was more effective than placebo stimulation on positive symptoms (standard
mean difference (SMD): 0.17, 95% CI: 0.001 to 0.33), negative symptoms (SMD: 0.43, 95%
CI: 0.11 to 0.75), and auditory hallucinations (SMD: 0.36, 95% CI: 0.02 to 0.70) [32]. For
PTSD, tDCS was used—adjuvant to medication [33] or in association with virtual reality
exposure [34]—to enhance fear extinction by stimulating the prefrontal cortex. tDCS is
well tolerated, with minor and transient side effects; the most frequent of which are tin-
gling of the scalp, itching, and fatigue [35,36]. The satisfactory tDCS safety, tolerance, and
acceptability was also confirmed in children and adolescents [37].

It must be noted that among all tES techniques, tDCS is the most widely used and has
the advantage of being easy to use (without anesthesia), safe (no serious side effects), and
associated with a low dropout rate [35,38,39] inferior to 10% according to a meta-analysis
based on 200 studies of 1000 patients with a total of 33,200 sessions [36]. tES could therefore
constitute an interesting treatment for pregnant or breastfeeding women. However, data
on the subject are still scarce. This systematic review aims to examine studies that explore
the efficacy and safety of tES in the perinatal period, followed by a description of three case
reports using tDCS during the perinatal period in cases of unipolar and bipolar depression
and PTSD.

2. Methods

This systematic review of the literature was performed according to PRISMA system-
atic review guidelines [40]. Databases included MEDLINE (Pubmed) and ScienceDirect.

2.1. Eligibility Criteria

Studies were eligible if they strictly included humans. We selected studies that assessed
tES—tDCS/tACS/tRNS—for a psychiatric disorder in women during the perinatal period.
The studies also had to be written in English until 31 December 2021. In addition, we
restricted our selection to peer-reviewed articles (excluding poster presentations, oral
communications, letters to the editor, and book chapters). Search terms were selected to
target our population (women during the perinatal period) and our subject of interest
(treatment by tES) by using several keywords: ((«tDCS» OR «transcranial direct current
stimulation» OR «tACS» OR “transcranial alternating current stimulation” OR “transcranial
random noise stimulation” OR «tRNS») AND («pregnancy» OR «perinatal» OR «postnatal»
OR «postpartum»)). The systematic review was not registered on PROSPERO.

2.2. Selection Methods

One reviewer (AL) searched using the terms cited above (in the eligibility criteria)
to identify relevant studies that involved tES in women during peripartum. Titles and
abstracts were screened by AL in order to remove duplicates. They were then assessed
independently by two reviewers (AL and NN). Articles were excluded if both reviewers
decided that an article clearly did not meet the criteria or if articles involved the use of tES
for any reason other than a psychiatric disorder. In case of disagreement, the two reviewers
had to reach a consensus. The same process was applied to the full-text versions of the
remaining articles.

2.3. Data Collection Process

For each case, we collected sociodemographic data, the psychiatric diagnosis moti-
vating tES treatment, the stage of pregnancy at which tES was performed, the type of
stimulation used, the stimulation procedure, as well as efficacy, safety, and tolerance data
concerning the mother and child, including gynecological and obstetrical data. The risk of
bias was not assessed, given the small number of articles involved.

2.4. Case Reports

After the systematic literature review, we described three clinical cases, including data
on tDCS efficacy (with clinical data and psychometric scale scores (Montgomery—Asberg
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Depression Rating Scale, [MADRS; [41]], Beck Depression Inventory-13 item [BDI-13;[42]],
PTSD Checklist-5, [PCL-5; [43]], Clinical Administered PTSD Score [CAPS-5; [44]], EroQol-
5D [ED-5Q); [45]], and the Montreal Cognitive Assessment score [MoCA; [46]]), tolerance
(with adverse effects reported by patients) and safety for the mother and child (with data
on pregnancy and delivery course, Apgar scores, term of birth, and birth weight of the
child if applicable). We described the use of tDCS during the first-trimester pregnancy in a
patient with bipolar depression (included in a research protocol [47]) and in a patient with
post-traumatic stress disorder (included in an RCT, Clinical Trial n°NCT02900053). The
third clinical case concerns the use of tDCS in postpartum depression in a nursing woman
with tDCS parameters commonly used in the literature and described in the introduction

(see [31]).

2.5. Statistical Analysis

Given the small number of studies available on the subject and their heterogeneity,
only a descriptive analysis was performed to describe the results.

2.6. Ethics

All patients described in the case reports have given written consent for the use of
their data.

3. Results

The initial search on PubMed and ScienceDirect was conducted until 31 December
2021 and provided 52 potentially eligible studies. No duplicates were found, and no
article was excluded after assessing its title and abstract. After a full-text review of the
52 remaining reports, 45 were excluded: 20 studies had a different population, 17 reports
did not assess tES, 4 studies were not written in English, and 4 did not present outcomes
(clinical data on the efficacy or safety of tES in ante/postpartum women). As a result of
the selection criteria, seven papers were selected (see Figure 1). In addition, three local
case reports (described below) were added. Finally, seven papers were selected for the
systematic review.

3.1. Characteristics of the Studies

The results of our review are summarized in Table 1. All the studies concerned the use
of tES during the gestation period in two indications: unipolar depression and schizophrenia.
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Records identified through
database searches
(n =50)

Additional records identified
through bibliographic references
(n=2)

Identification

Screening

Eligibility

Included

Records after duplicates removed

(n=0)

y

Records screened

A 4

(n=52)

A 4

Full-text articles assessed

Records excluded
(n=0)

for eligibility
(n=52)

A 4

Papers included in
qualitative synthesis
(n=7)

y

Papers included in
guantitative synthesis
(meta-analysis)
(n=7)

Full-text articles excluded
(n=45)

- Intervention without tES
117

- Sample did not include
ante/postpartum
women : 20

- Outcome (no clinical
data on the efficacy or
safety of tES in
ante/postpartum
women): 4

- Not in English : 4

Figure 1. Adapted PRISMA flow diagram. tES: transcranial electric stimulation.
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Table 1. Efficacy and tolerance of transcranial electric stimulation (tES) studies during perinatal period.

Term of .
Disease
. #Pati- Pregnancy Type of tES Sponge Stimulation Tolerance and Obstetrical and
Studies ents (Years) (Gestational Treat;eéi by (tES Device) Size Parameters Results Adverse Effects Fetal Data
Weeks)
2mA,
2 x 20 . Lo
min/day, 3 h Progressive reduction in Repeat sonography
48] tDCS between ’two AHRS score from 29/42 to showed healthy fetus
Case 1 18 Schizophrenia (pharmacother- Not dailv sessions 22/42 (-24%) after No adverse effect (22 weeks) without any
p apy adjuvant) stated y ’ treatment, then 2/42 occurred. abnormalities,
report . over 5 days 939
TCT device . (-93%) after one month pregnancy was
(fade-in/fade-
follow-up. uneventful.
out not
stated)
Minor adverse
effect reported
One month after the end (3/10 sessions)
tDCS 2 mA 20 s fade- of treatment, HAM-D during the
[49] Recurrent (monotherapy) in/ f’a de-out reduced from 18 to 5 fade-in phase: No information about
Case 1 6 depressive Neuroconn DC 25 cm? 30 min/da ’ (-72%) and HAM-A transient, mild fetal or
report disorder Stimulator Plus Y, reduced from 32 to 6 burning obstetrical data.
. over 10 days o . .
device (-81%) and patient was sensations and
in remission. fleeting
experience of
phosphenes
Changes in clinical scale
scores at baseline, 2 weeks
and 5 weeks follow-up
were respectively: 18/49,
12/49 (-33%), 10/49 s .
2maA, (~44%) for PANSS f\etfil e’l‘a‘l‘t‘;“at“’: e
tDCS 2 %20 positive; 22/49, 23/49 © fol?olelz-uaS?SuS“‘ 4
(monotherapy) min/day, 3 h (+5%), 24/49 (+9%) for tation }I week)
[50] Eldith Not betweentwo  PANSS negative; 39/112, No adverse revgejjez ;’O achalfees o
Case 1 32 Schizophrenia DC-Stimulator daily sessions, 27/112 (-31%), 33 /112 chang
stated o effect occurred. abnormalities. The
report (NeuroConn, over 10 days (-15%) for PANSS general .
. . N e spontaneous delivery
Ilmenau, (fade-in/fade-  (i.e., 15% reduction in total of the healthy child
Germany) out not PANSS score); 27/42,0/42 rred i};h t
stated) (~100%), 0/42 (~100%) for oceurred viraou

AHRS; 12/27,8/27
(-33%), 7/27 (-41%) for
CDSS; 45/100, 60/100
(+33), 71/100 (+57%)
for GAF.

any complications.
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Table 1. Cont.

Term of

Studies #Pati-  Age Pregnancy Tzzistz:ls; Type of tES Stimulation Results Tolerance and Obstetrical and
ents (Years) (Gestational tES y (tES Device) Parameters Adverse Effects Fetal Data
Weeks)
tDCS was well
tolerated, no
2 mA, Mean HAMD-21 total adverse effect
2 x 30 score reduced from occurred. Mean
min/day, 247 + 107 to 15.7 + 3.7 baseline TMT-A
over 10 days (_é 6%) a f;cer two.week.s was 25.0 £ 6.4
(interval then ; 0+ 7.1 after four’ and changed to
. tDCS between two ) o 23.3 £ 9.7 (-6.8%) . .
[51] 23,28 Major . . weeks (-72%). Mean . No information about
. (monotherapy) daily sessions . ) . in week 2, and to
Open 3 19 to 31 depressive (device not not stated) baseline BDI-13 declined 18.5 + 4.9 (-26%) fetal or
label trial disorder from 35.3 + 12.5 to . ’ ? obstetrical data.
stated) +1x30 12.0 + 1.73 at week 2 in week 4. Mean
min/day over o ) baseline TMT-B
10 days (-66 /oo), then to 11.0 + 2.8 was 81.0 & 56.9
(fade-in/fade- (_69;2ei:tv;§ﬁfe§édone and sank to 69.3
out not p act +42.4 (-14%) in
stated) remussion week 2, and to
40.5 +12.0
(-50%) in week 4.
Gamma-tACS
was well
The scores at baseline, tolj;Tteiixiv;th
after 9 stimulations and hosy henes
then at 2 weeks follow-up p durl)‘in
were respectively 19 to 11 stimulatioi and
2 mA (-42%) then 10 (—47%) for no further side
20 mir; HAMD-21; 24 to 12 (-50%) offects. The
Gamma-tACS 40 Hz ’ then 9 (-63%) for BDI; 26, scores at Easeline
[52] Recurrent (monotherapy) 48,000 c clIeS 9 17 (-35%) then 15 (—42%) after ! No complications
Case 1 6 depressive NeuroConn ! ycles, for PANAS negative . . reported at
b sessions & 9 stimulations p
report disorder DC-Stimulator Offset at 1 mA affected scores; 15, 22 and then at 27 gestational weeks.
Plus without ramp- (+47%) then 30 (+100%) at 2 woeks
. PANAS positive affected
in/ramp-out scores After 3 months, the follow—.u pwere
. . L respectively 25s
patient was in remission to 195 (~24%)
witha HAMD-21 scoreof ~, * “7 0 ( 40‘;/)
0, o
3 (-84%) and a BDI score for TMT-A; and

of 7 (-71%).

82s to 50s (-40%)
then 35s (-57%)
for TMT-B.
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Table 1. Cont.

Term of .
Studies #Pati-  Age Pregnancy Tg;st‘::lsg Type of tES Anode Cathode Sponge Stimulation Results Tolerance and Obstetrical and
ents (Years) (Gestational tES y (tES Device) Position Position Size Parameters Adverse Effects Fetal Data
Weeks)
Maternal heart rate,
blood pressure and fetal
monitoring were all
within normal limits in
both groups. No
abnormalities noted on
continuous fetal
monitoring for women
At baseline, the total > 24 weeks. No serious
MADRS score was pregnancy
23.5/60 (SD: 5.15) in the complications reported
tDCS group, and 26.8/60 . in either group. Mean
(SD: 7.48) in the The only side gestational age at birth
effects reported .
sham-group. After, more than 3 times WS 39.0 week & 14 in
treatment, and using in either grou tDCS, and 38.9 week +
analysis of covariance, the was « bu Zgz in p» 1.1 in sham-control.
2 mA (or estimated marginal mean © « tinelin »g ¢ Mean birth weight was
26 to sham), MADRS score was t(})le elec%ro dge si?e 7.01Ibs 4+ 0.54 and 7.1 Ibs
43 DCS 1x30 11.8/60 (SE: 2.66) in the There was n * £ 1.2intDCS and sham
(average 21 Major min/day, tDCS group, and 15.4/60 ere was no groups respectively.
[53] 20 . . . (monotherapy) 5 i : between-group o
RCT age: (median depressive . F3 F4 35 cm 15 days over (SE: 2.51) in the sham - . There was 1 child in
(10:10) : Magstim ~ _ difference in .
32.3 value) disorder device 3 weeks group (F=0.97, p = 0.34). reported adverse each group with an
+ (fade-in/fade- After treatment, the F; ffects. Two Apgar score less than 8
4.15) out not remission rate (MADRS ithdr ) Is in at 1 min after birth and
stated) score < 10) in the active evavch r;lzva fsor a no infants with an
and sham groups was group, Apgar score less than 8
retention rate of
37.5% and 22% 88% and the at 5 min after birth. One
respectively, increased to tDCSos’atis faction infant in the tDCS group
75% in the active group at rate was 87.5% had a spontaneous
4 and 12 weeks e preterm birth (36 weeks
postpartum versus 22% and 5 days gestation)
and 25% in the with no known further
sham group. sequelae. There were no
other neonatal

complications. There
were no differences
between groups on any
of the infant
developmental-
behavioural
outcome indicators.
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Term of

Studies #Pati- Age Pregnancy Tg;st‘::lsg Type of tES Anode Cathode Sponge Stimulation Results Tolerance and Obstetrical and
ents (Years) (Gestational tES y (tES Device) Position Position Size Parameters Adverse Effects Fetal Data
Weeks)
The tDCS was
well tolerated
inphase 10 - man 340000
HAMD-21 total score . )
Patients reported
decreased from the followin
22,50 + 7.56 to 13.67 + . 5
2mA, 15 s fade- o transient adverse
. 3.93 (-39%) after .
in/fade-out, K effects in
two weeks: two patients A, .
2 x 30 . association with
. were responders defined .
min/day, o . £ th tDCS: mild
10 days by a 50% reduction of the headache
4 HAMD-21 total score. hosoh ’ Irregularities of fetal
abc Cc;?;ﬁi;;edd Mean BDI-13 total score Fee(l)isrf) S?ietsc’ki?ld and maternal health
tDCS (psy- y ou decreased from 26 + 13.90 The n%ean scoreg were not detected
chotherapy sroup to 11.17 &£ 5.46 (-57%) during prenatal and
. psychotherapy . for CRQ s
[54] adjuvant) . . after two weeks: two . neonatal periods in
Open 23 to Recurrent Eldith-DC- sessions twice a patients were responders questions 1, 2 and regularly performed
per 6 12to 33 depressive . F3 F4 35 cm? week for 90 . .7 3were198,14.6 .
label pilot 43 : stimulator ; and one patient was in check-ups in
. disorder min each .. . and 1.5, R
trial (NeuroCare- (phase 1) remission defined by a respectively, The accordance with the
Group, Munich, p HAMD-21 total score < 7. P Y obstetricians,
(interval . o TMT-A/B scores . -
Germany) CGI improved by 28.57%. - including fetal heart
between two S . did not change
. . Significant improvement . rate measurement.
daily sessions during the phase
of the WHOQOL :
not stated) " . " 1. For patients
Psychological health
+1x30 . who have
. sub-score. For patients
min/day over completed
who have completed
10 days (n = 4) phases 1 +2
phases 1 +2 (n =4), no -
(phase 2) R . (n=4), only
significant reduction was TMT-A showed
found in HAMD-21 and sienificant
BDI-13 sum scores after grutic
the phase 2 reduction
’ (baseline: 25.79 +
4.91; after phase

2:19.33 £ 3.20).
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Term of .
Studies #Pati-  Age Pregnancy Tg;st‘::lsg Type of tES Anode Cathode Sponge Stimulation Results Tolerance and Obstetrical and
ents (Years) (Gestational tES y (tES Device) Position  Position Size Parameters Adverse Effects Fetal Data
Weeks)
Reduction in MADRS
scores from 32/60 to {DCS was well
15/60 (=53%) four days tolerated without
after the end of treatment, severe adverse
then 18/60 (—43%) and
2mA, 155 fade-  13/60 (-59%) at 2 months cffect. The The pregnancy went
. . patient reported well with an induced
in/fade-out, and 6 months respectively. hesia of th lab ks and
Bipolar tDCS 1 x 30 min/day, Improvement in BDI-13 paresthesia of the abor at 40 weeks an
Current P (pharmacotherapy 5 ! scalp during the 5 days. The baby was
1 28 3to5 type 2 . F3 F4 25 cm 5 days per scores from 21/39 to :
report #1 - adjuvant) o tDCS sessions born healthy (Apgar
depression . . week, over 3 12/39 (—43%) four days :
Soterix device . and asthenia after score 10/10 at one
consecutives after the end of treatment, - . . L
o the sessions. minute, birth weight:
weeks then 12/39 (—43%) and MoCA scores 3,500 kg)
11/39 (-48%) at2months 0~ 250 U
and 6 months respectively. 25 1/330 to 26/30
Improved quality of life after treatment
(EroQol-5D scores from ’
40/100 to 50/100 (+25%)).
The tDCS was
well tolerated The preenancy went
Sham (placebo) with no major lT P:}g\ a ;y d el d
tDCS during Sham adverse effect, “;ceesa‘;\:an ?:l:fiviru aet
the reading of a . . One month after tDCS the patient y
. stimulation, .. R 39 weeks and 2 days of
traumatic treatment, reduction in reported minor
. 30 s fade- . amenorrhea for
script in/fade-out CAPS-5 scores from 23/80 and transient disabline fibromvaleia
Current (pharmacotherapy 2 sessions, da, to 17/80 (-26%), PCL-5 adverse effects ain. Bi rgth ofa h}e,altgh
1 34 3 PTSD adjuvant) F3 Fp2 20 cm? Y from 50/80 to 35/80 during tDCs P Pirth ota frea ty
report #2 . . over 5 o . child with a birth
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Table 1. Cont.
Term of Disease
Studies #Pati-  Age Pregnancy Treated b Type of tES Anode Cathode Sponge Stimulation Results Tolerance and Obstetrical and
ents  (Years) (Gestational tES y (tES Device) Position  Position Size Parameters Adverse Effects Fetal Data
Weeks)
2 mA, 15 s fade- The side effects
tDCS .
in/fade-out, reported were
(pharmacotherapy 1 x 30 min/da minor and
Breastfeeding adjuvant) 5 davs per Y7 Reduction of MADRS transient
Current woman Recurrent Starstim device weekyO\f;r 3 score from 36/60 to 25/60 included m/il d
1 28 during the depressive (Neuro- F3 F4 25 cm? e (-30%) after tDCS : Not applicable
report #3 : . consecutives . fatigue,
postpartum disorder Electrics, treatment with a relapse :
. weeks, then 4 . paresthesias of
period Barcelona, of depression at 1 month.
. weekly the scalp, and a
Spain) NIC .
software maintenance headache of
tDCS sessions low intensity.
Scores are expressed as absolute numbers or mean =+ standard deviation. % indicates the evolution of the clinical scale scores in comparison with the baseline. AHRS: Auditory

Hallucination Rating Scale; BDI: Beck Depression Inventory; CAPS-5: Clinical-Administered PTSD Scale for DSM-5; CDSS: Calgary Depression Scale for Schizophrenia; CGI: Clinical
Global Impression; CRQ: Comfort Rating Questionnaire; EroQuol-5D: European Quality of Life 5 dimensions; GAF: Global Assessment Functioning; HAMD: Hamilton Rating Scale for
Depression; HAM-A /B: Hamilton Depression Rating Scale; Hz: Hertz; mA: milliampere; min: minute; MoCA: Montreal Cognitive Assessment; PANAS: Positive And Negative Affect
Schedule; PANSS: Positive And Negative Syndrome Scale; PCL-5: PTSD Checklist for DSM-5; PTSD: Post-Traumatic Stress Disorder; s: second; SD: Standard Deviation; SE: Standard
Error; tACS: transcranial Alternating Current Stimulation; tDCS: transcranial Direct Current Stimulation; tES: transcranial Electric Stimulation; TMT-A: Trail Making Test parts A; TMT-B:

Trail Making Test parts B; WHOQOL: WHO Quality of Life-BRE.



J. Clin. Med. 2022, 11, 4048

12 of 19

Regarding depression, we found two cases reporting stimulation of the dorsolateral
prefrontal cortex in women during the first trimester of pregnancy. In monotherapy,
tDCS [49] and gamma-tACS [52] showed improvement in depression symptoms, with
minor adverse effects during stimulation sessions—and with an improvement in cognitive
scores with gamma-tACS. No negative consequences on pregnancy were reported. Our
review of the literature also uncovered two open label trials. The study by Palm et al. [51]
performed tDCS monotherapy in three pregnant women, ranging from the second to the
third trimester. The treatment was effective with a reduction in depression scores. tDCS
was well tolerated with an improvement in trail making test scores (executive functions).
The second open-label trial included six pregnant women, ranging from the first to the
second trimester of pregnancy [54]. tDCS treatment was adjunctive to psychotherapy,
resulting in an improvement in depression symptoms at the two-week follow-up (phase 1).
Adding additional tDCS sessions (phase 2) did not result in a significant reduction in
depression scores. tDCS was well tolerated except for minor adverse effects, and cognitive
scale scores were stable after phase 1 and improved after phase 2. No abnormalities were
detected in the prenatal or neonatal period in any patient. Finally, we found a randomized
controlled trial (RCT) [53] using tDCS monotherapy in 20 pregnant women (1:1), between
the second and third trimester of pregnancy. Both groups improved in depression scores
without superiority of tDCS over placebo. However, the remission rate was much higher
in the tDCS group. tDCS was well tolerated, with only minor side effects reported during
the sessions. The satisfaction rate was good, estimated at 87.5%, with a retention rate of
88%. Maternal and fetal monitoring showed no abnormalities. Only one woman delivered
prematurely, and one child had an Apgar score < 8 at 1 min and normalized at 5 min.
There were no between groups difference on any of the infant developmental-behavioural
outcome indicators.

Regarding schizophrenia, there were two cases reporting the use of tDCS to reduce
auditory verbal hallucinations (AVH). Both studies were inspired by the original study of
Brunelin et al. [55], seeking to reduce the left temporo—parietal junction hyperactivity (T3-P3
cathodal stimulation) associated with AVH. Whether used alone [50] or as an add-on [48]
therapy, tDCS was effective in reducing AVH. tDCS was well tolerated, with no adverse
effects, and with no negative consequences on pregnancy.

3.2. Case Reports

Case report #1—tDCS in a pregnant woman with type 2 bipolar depression: Here,
we present a 28-year-old female monitored for type 2 bipolar disorder. She had presented a
first depressive episode at the age of 18 and had been hospitalized after a suicide attempt.
She then suffered several depressive relapses. Several antidepressants were administered
with no notable efficacy. A type 2 bipolar disorder diagnosis was finally made, as there
were hypomanic periods between recurrent depressive episodes. Lithium treatment did not
show any efficacy and was discontinued after a few months. The actual episode consisted
of a moderate depressive relapse. Initially, treatment with lamotrigine 100 mg per day was
prescribed, which was partially effective considering that the patient refused to increase
the dosage. In view of the worsening depressive symptoms after a few months, the patient
was offered adjunctive treatment by tDCS (see the following research protocol [47]). Before
tDCS, the Montgomery—Asberg Depression Rating Scale (MADRS) score was 32/60 [41],
the Beck Depression Inventory-13 item (BDI-13) score was 21/39 [42], the EroQol-5D (ED-
5Q) score was 40/100 [45], and the Montreal Cognitive Assessment (MoCA) score was
25/30 [46]. The tDCS protocol (Soterix® device) performed included 15 sessions of 30 min
over three weeks, that is one session per day with a current intensity of 2 mA (15 s fade-in
and fade-out) delivered on 25 cm? sponges, with anode placement on F3 and cathode on F4
(right and left dorsolateral prefrontal cortex, respectively). The patient reported some minor
general side effects, such as fatigue and paresthesia. No mood swings were noted. Four
days after the end of the tDCS treatment, i.e., one month after its beginning, the MADRS
score was 15/60, BDI-13 score was 12/39, EQ-5D score was 50/100, and MoCA score was
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26/30. The patient reported being pregnant a few days after the 1-month assessment. The
tDCS treatment, therefore, took place between the first and third week of pregnancy. At two
months and six months follow-up, MADRS and BDI-13 scores were, respectively, 18/60
and 12/39, and 13/60 and 11/39. The pregnancy went well with no complication reported.
Labor was induced at 40 weeks and 5 days, a healthy baby was born (Apgar score 10/10 at
one minute, birth weight 3.500 kg). One month later, the patient reported a stable mood,
and there were no health issues regarding her child.

Case report #2—Sham tDCS in a pregnant woman with PTSD: We present a 34-year-
old female referred by the victimology service for PTSD treatment by neuromodulation. The
patient’s other notable medical history included severe fibromyalgia—treated with long-
term analgesics—and hospitalizations in psychiatry wards for major depressive episodes
with suicide attempts. At the time of her evaluation, the patient was receiving a treatment
consisting of venlafaxine 75 mg per day, described as effective on her last depressive
episode. The patient reported experiencing a traumatic event in 2019 when her nephew
allegedly died suddenly at home of cardiac disease during a family event. Being a former
caregiver, she allegedly performed cardiopulmonary resuscitation until the arrival of the
fire department. A few days after this traumatic event, the first post-traumatic symptoms
emerged before the full PTSD appeared two months later. We diagnosed chronic and
non-dissociative PTSD. The Clinical Administered PTSD Score (CAPS-5) was 23/80 [44],
the PTSD Checklist-5 (PCL-5) score was 50/80 [43], and the BDI-13 score was 12/39. The
patient had no effective contraception as she just had her intra-uterine device removed
due to intolerance. Considering that the patient did not express any pregnancy wish and
considering that she was in search of a non-pharmaceutical treatment for her PTSD (no
financial resources to pay for psychotherapy), we agreed on her request for tDCS (see
Randomized Controlled Trial protocol on Clinical Trial n°NCT02900053). We proposed
an adjunctive tDCS (or sham) treatment (Starstim® device, NeuroElectrics, NIC software
version 1.4) —while reading a traumatic script—according to the following parameters: a
bi-encephalic set-up with the cathode placed on Fp2 and the anode placed on F3, the current
intensity at 2 mA (30 s fade-in and fade-out with electrical stimulation at 2 mA between)
or sham stimulation (only 30 s fade-in and fade-out) delivered on 20 cm? sponges, 20 min
of stimulation, two sessions per day (30 min between two sessions) over 5 consecutive
days with an interval of 20 min between two stimulations, i.e., a total of 10 tDCS sessions.
Before the first tDCS session, a negative pregnancy test had been performed. Sessions
were well tolerated, with no serious adverse events. The patient reported some minor
and transient adverse effects during sessions, such as tingling, difficulty concentrating,
fatigue, scalp pain, itching, burning, and redness. One month after tDCS treatment, the
patient reported a slight clinical improvement confirmed by psychometric scales with the
following scores: CAPS-5 = 17/80, PCL-5 = 35/80 and BDI-13 = 8/39. At this one-month
visit, the patient informed us that she was pregnant and that the first ultrasound dated the
pregnancy to the weekend before the first tDCS session. Therefore, tDCS took place during
the first week of pregnancy. As soon as the patient learned she was pregnant, she stopped
all medication on her own so as not to take any risks regarding her pregnancy. The patient’s
pregnancy progressed seamlessly with a standard gynecological and obstetrical follow-up.
At the end of the pregnancy, and in the absence of analgesic treatment, the increasing and
disabling pain of fibromyalgia motivated a delivery by cesarean scheduled at 39 weeks and
2 days of amenorrhea. The cesarean section went very well, without any complications,
and the patient delivered a healthy baby boy with a birth weight of 3.120 kg for a height of
52 cm. Apgar scores were 10/10 at one and five minutes, and arterial cord pH was 7.31.
One week after delivery, the child was healthy, and the mother was in remission. Indeed,
post-traumatic symptoms gradually improved throughout the pregnancy. The patient was
very satisfied with tDCS. At the end of the study, the unblinding revealed that the patient
had received a sham (or placebo) stimulation.

Case report #3—tDCS in a postpartum nursing woman: Finally, we present a
28-year-old woman living with her husband and two children aged 19 months and 3 months.
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She had received brief psychological treatment in early childhood following her parents’
separation and had presented a first depressive episode at the age of 15 after a relationship
break-up. Since then, the patient has described chronic depressive symptoms of variable
intensity. She had sought medical attention before the birth of her second child, at four
months of pregnancy, because of an intensification of depressive symptoms associated with
suicidal thoughts. Treatment with sertraline 200 mg per day had then allowed a partial
improvement in her condition. Given the persistence of depressive symptoms that had
slightly worsened during the postpartum period, and given that breastfeeding prevented
the multiplication of drug treatments, tDCS was finally offered at three months postpartum.
tDCS protocol (Starstim® device, NeuroElectrics, NIC software) included 15 sessions of
30 min over three weeks, i.e., one session per day with a current intensity of 2 mA (15 s
fade-in and fade-out) delivered on sponges of 25 cm? with the placement of the anode on
F3 and the cathode on F4, followed by four maintenance tDCS sessions once a week. We
observed a partial response to treatment after the tDCS course (MADRS scores range from
36/60 before tDCS treatment to 25/60 after tDCS treatment). The patient reported an im-
provement in mood and a decrease in attentional problems. The side effects reported were
minor and transient and included mild fatigue, paresthesia of the scalp, and a transient
low-intensity headache. She continued to breastfeed during treatment. One month later,
when she was able to return to work, the patient reported a depressive relapse.

4. Discussion

The aims of our review were to identify available studies about tES during pregnancy
and the postpartum period in order to investigate its efficacy and safety during the perinatal
period. To our knowledge, several reviews have addressed this topic [56-58], but the
present research has the advantage of including a larger number of studies independently of
diagnosis and type of tES used. Thus, we highlighted the complete absence of available data
on the use of tES in postpartum disorders and during breastfeeding, including postpartum
depression. Evaluation of the effectiveness of neurostimulation techniques during the
postpartum period seems to be particularly interesting. Indeed, some authors working on
electroconvulsive therapy (ECT) seem to suggest a particular efficacy of neuromodulation
during this period [59-61]. In this regard, other authors emphasized that the menstrual
cycle, especially estrogens, has effects on cortical excitability [62], but to our knowledge,
there is no study that addresses pregnancy’s effect on it.

Currently, the available data are sparse and limited to the use of tDCS or tACS in
schizophrenia and unipolar depression during pregnancy. Our paper describes
three different original case reports, including one case of tDCS treatment of bipolar de-
pression, one of PTSD with sham (or placebo) tDCS, both during pregnancy, but also
one case of tDCS usage in postpartum depression in a nursing woman. Presenting a sham
(or placebo) tDCS case report may raise questions. In most studies, as in our case report,
sham tDCS consists in emitting an electric field for a few seconds in order to imitate the
physical sensations of active tDCS. There is now more and more evidence that repeated tES
of a few seconds duration does have biological effects (for review and opinion, see [63]).
It seemed legitimate to us to describe an original case report of sham tDCS stimulation
in a pregnant woman to provide additional data on the safety and acceptability of tDCS
in this specific population and to invite researchers to investigate the effects of placebo
tDCS in their studies better. The results of our literature review, and of our three case
reports, including obstetrical and fetal data, provide positive arguments for the use of tES
in the perinatal period. Data suggest that tES allows, among other things, a reduction in
depressive symptoms and AVH in schizophrenia. We did not find any paper on the use
of tRNS in perinatal psychiatric disorders. This is not very surprising, considering this
technique is very recent and still not widely used in clinical practice [26]. Beyond case
reports or open-label trials, one of the gold-standard methods to rigorously evaluate the
efficacy of a treatment is the randomized controlled trial [64], as in Vigod et al.’s study [53],
which assessed the efficacy of tDCS versus placebo in 20 pregnant women. This study did
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not show the superiority of tDCS in reducing depression scales, but the rate of remission
in the postpartum period was higher in the tDCS group than in the placebo group. These
results are encouraging and should incite researchers to carry out other RCT on the subject,
especially as the interpretation of Vigod et al.’s results is limited by the low power of the
study, with a number of subjects that is probably too small to evaluate the effectiveness of
tDCS [65].

Regarding safety, not all authors proposed the same monitoring of obstetrical and fetal
parameters, but the available data report no consequences on pregnancy and birth, and all
studies report good tolerance of tES, with minor and transient adverse effects well known
for tDCS [36,39]. This good tolerance of tDCS is also found in Vigod et al.’s RCT [53], which
proposed the most complete monitoring for mother and child and found a retention rate of
88%, similar to the rate found in the general population [35,38,39], making tES an effective
treatment with few dropouts, including in pregnant women. Although little data are
available at this time concerning the use of tES during pregnancy, it would be very unlikely
that those treatments would have any adverse effects on a pregnant woman, embryo, or
fetus. First, no serious general adverse effects have been demonstrated in several thousands
of non-pregnant patients using tDCS or tACS [66]. Second, Shenoy’s team [48] emphasized
that tDCS does not cause any significant changes in autonomic functions, ventilation rates,
or core body temperature in healthy volunteers [67]. In addition, several authors point out
that transcutaneous electrical nerve stimulation (TENS), with a strength of 100 mA, has
been used safely in pregnancy for decades as pain relief during labor [49,68]. Compared to
tES techniques, repetitive transcranial magnetic stimulation (rTMS) has been more widely
studied in the perinatal period [57,58,69-71]. Kurzeck et al. [56] emphasized that follow-up
examinations of children exposed to rTMS during pregnancy revealed no delay in cognitive
or motor development [26]. They, therefore, suggested that electric field modeling could
help predict current distribution during tDCS, as is already available for rTMS [24]. This
electric field modeling has been estimated for ECT: Kibret et al. [72] discovered that the
electric field used during ECT (which is far wider/larger than the electric field used in
tES) reaching the fetal brain was most likely below the ICNIRP (International Commission
for Non-Ionizing Radiation Protection) basic restrictions. These findings should really
challenge clinicians and researchers about the use of tES as a treatment for psychiatric
disorders during the perinatal period, especially considering that the current intensity is
much lower than ECT or TENS. In the future, larger studies are therefore needed in order
to assess the efficacy and safety of tES during the perinatal period, enrich available safety
data, and specify the role/position of neurostimulation in the therapeutic algorithm of
perinatal psychiatric disorders.

Regarding perspectives, studies about the experience of these women treated by tES
are needed to evaluate the feasibility, acceptance, and perceptions of tES more precisely.
Vigod et al. [53] reported patients’ views of treatment and identified global satisfaction and
a good acceptance of neurostimulation for patients who refused medication. In order to
complete these few data about women's perceptions, qualitative studies could explore the
experience of women treated by neurostimulation during the perinatal period and specify
their motivations and eventual reluctance. In addition, efficacy data are limited to the
effects of tES on psychiatric disorders and quality of life. Future studies could also include
assessments of the effect of tES on pregnancy follow-up; on physical health, including long-
term follow-up with assessments of neuro-cognitive development of children; or on the risk
of postpartum depression when antepartum depression has been treated with tES. Finally,
tES has the advantage of being potentially administered at home [73], considering that it is
a portable machine with a lower cost than rTMS [74]. Home-based interventions seem to
be particularly promising during the perinatal period, as women can encounter difficulties
in following a treatment requiring daily trips to the hospital during their pregnancy or
whilst having infants in their care. The realization of tDCS sessions at home, beyond the
practical aspects, would give an active role to the patient in her care (self-determination
or empowerment), joining the concept promoting of the subject’s freedom as a lever of
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the recovery process [75]. Thus, after rigorous monitoring of women and fetuses during
tDCS sessions in their study and considering the safety of this treatment, [53] suggested
that monitoring maternal blood pressure, heart rate, and fetal heart rate around the time of
treatment in a clinic or at-home setting was reasonable. When considering the low cost of
tDCS, this treatment could also be very interesting from a medical-economic point of view
and medico-economic research on the subject would be welcome.

Limitations

Although our review strived to be systematic, it obviously has some limits. First, the
number of included studies is low. Second, these studies’” designs were heterogeneous and
mainly consisted of case reports. We included one RCT, but the sample size was small
and most likely involved in the lack of significant results. Third, we included studies that
had very disparate pregnancy terms. Finally, we must consider the publication bias where
the failures of tES, or the case of an adverse effect on the mother or child, would not have
been published.

5. Conclusions

tES appears to be a safe and effective treatment for a number of psychiatric disorders
during the perinatal period. Larger studies are needed to confirm these initial results,
including during the postnatal period and using tACS or tRNS. All cases involving tES
during the perinatal period—successful or unsuccessful, and with or without adverse
effects on mother or child—should be reported to tES manufacturers: such feedback from
the field can inform updated recommendations. Practitioners should also contribute to
medical device safety surveillance efforts. In addition, research perspectives on the medico-
economic benefits of tES, and its realization in patients’ homes, are to be investigated in
the future.

Author Contributions: Conceptualization, A.L.,, N.N., C.B,, A.S. and M.R.; methodology, A.L., N.N.,
C.B., AS. and M.R;; validation, A.L., N.N., M.D,, S.B., A.S. and M.R.; formal analysis, A.L. and
N.N.; investigation, A.L., N.N., A.S. and M.R,; resources, A.S. and M.R.; data curation, A.L., N.N.
and C.B.; writing—original draft preparation, A.L., N.N., and M.D.; writing—review and editing,
S.B., O.B, N\W, ED.,, G.A,ET-C,, O.G.,, WE.-H., AS. and M.R; supervision, A.S. and M.R.; project
administration, W.E.-H., A.S. and M.R. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare they have no conflict of interes.

References

1.

Munk-Olsen, T.; Maegbaek, M.L.; Johannsen, B.M.; Liu, X.; Howard, L.M.; di Florio, A.; Bergink, V.; Meltzer-Brody, S. Perinatal
psychiatric episodes: A population-based study on treatment incidence and prevalence. Transl. Psychiatry 2016, 6, €919. [CrossRef]
[PubMed]

Dagher, R.K.; Bruckheim, H.E.; Colpe, L.J.; Edwards, E.; White, D.B. Perinatal Depression: Challenges and Opportunities. J.
Women's Health 2021, 30, 154-159. [CrossRef] [PubMed]

Paschetta, E.; Berrisford, G.; Coccia, F.; Whitmore, ]J.; Wood, A.G.; Pretlove, S.; Ismail KM, K. Perinatal psychiatric disorders: An
overview. Am. J. Obstet. Gynecol. 2014, 210, 501-509.e6. [CrossRef] [PubMed]

Woody, C.A.; Ferrari, A.].; Siskind, D.J.; Whiteford, H.A.; Harris, M.G. A systematic review and meta-regression of the prevalence
and incidence of perinatal depression. J. Affect. Disord. 2017, 219, 86-92. [CrossRef] [PubMed]

Perry, A.; Gordon-Smith, K.; Di Florio, A.; Craddock, N.; Jones, L.; Jones, I. Mood episodes in pregnancy and risk of postpartum
recurrence in bipolar disorder: The Bipolar Disorder Research Network Pregnancy Study. J. Affect. Disord. 2021, 294, 714-722.
[CrossRef]


http://doi.org/10.1038/tp.2016.190
http://www.ncbi.nlm.nih.gov/pubmed/27754485
http://doi.org/10.1089/jwh.2020.8862
http://www.ncbi.nlm.nih.gov/pubmed/33156730
http://doi.org/10.1016/j.ajog.2013.10.009
http://www.ncbi.nlm.nih.gov/pubmed/24113256
http://doi.org/10.1016/j.jad.2017.05.003
http://www.ncbi.nlm.nih.gov/pubmed/28531848
http://doi.org/10.1016/j.jad.2021.07.067

J. Clin. Med. 2022, 11, 4048 17 of 19

10.

11.
12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

Wesseloo, R.; Kamperman, A.M.; Munk-Olsen, T.; Pop, V.J.M.; Kushner, S.A_; Bergink, V. Risk of Postpartum Relapse in Bipolar
Disorder and Postpartum Psychosis: A Systematic Review and Meta-Analysis. AJP 2016, 173, 117-127. [CrossRef]

Chan, J.; Natekar, A.; Einarson, A.; Koren, G. Risks of untreated depression in pregnancy. Can. Fam. Physician 2014, 60, 242-243.
Thombre, M.K.; Talge, N.M.; Holzman, C. Association Between Pre-Pregnancy Depression/Anxiety Symptoms and Hypertensive
Disorders of Pregnancy. ]. Women’s Health 2015, 24, 228-236. [CrossRef]

Hare, D.L.; Toukhsati, S.R.; Johansson, P.; Jaarsma, T. Depression and cardiovascular disease: A clinical review. Eur. Heart ]. 2014,
35, 365-372. [CrossRef]

Rodriguez, ].].; Smith, V.C. Epidemiology of perinatal substance use: Exploring trends in maternal substance use. Semin. Fetal
Neonatal Med. 2019, 24, 86—89. [CrossRef]

Guillard, V.; Gressier, E. Suicidality during perinatal period. Presse Med. 2017, 46, 565-571. [CrossRef] [PubMed]

Hermon, N.; Wainstock, T.; Sheiner, E.; Golan, A.; Walfisch, A. Impact of maternal depression on perinatal outcomes in hospitalized
women—A prospective study. Arch. Womens Ment. Health 2019, 22, 85-91. [CrossRef] [PubMed]

Gentile, S.; Fusco, M.L. Untreated perinatal paternal depression: Effects on offspring. Psychiatry Res. 2017, 252, 325-332. [CrossRef]
Barnes, J.; Theule, J. Maternal depression and infant attachment security: A meta-analysis. Infant Mental. Health J. 2019,
40, 817-834. [CrossRef]

Gentile, S. Untreated depression during pregnancy: Short- and long-term effects in offspring. Syst. Rev. Neurosci. 2017,
342, 154-166. [CrossRef]

Millett, L.; Taylor, B.L.; Howard, L.M.; Bick, D.; Stanley, N.; Johnson, S. Experiences of Improving Access to Psychological Therapy
Services for Perinatal Mental Health Difficulties: A Qualitative Study of Women'’s and Therapists” Views. Behav. Cogn. Psychother.
2018, 46, 421-436. [CrossRef]

Dubovicky, M.; Belovicova, K.; Csatlosova, K.; Bogi, E. Risks of using SSRI/SNRI antidepressants during pregnancy and lactation.
Interdiscip Toxicol. 2017, 10, 30-34. [CrossRef]

Lupattelli, A.; Spigset, O.; Bjornsdéttir, I.; Hameen-Anttila, K.; Mardby, A.-C.; Panchaud, A.; Juraski, R.G.; Rudolf, G,;
Odalovic, M.; Drozd, M.; et al. Patterns and Factors Associated with Low Adherence to Psychotropic Medications During
Pregnancy—A Cross-Sectional, Multinational Web-Based Study. Depress. Anxiety 2015, 32, 426—436. [CrossRef]

Petersen, I.; McCrea, R.L.; Sammon, C.]J.; Osbon, D.P,; Evans, S.J.; Cowen, PJ.; Freemantle, N.; Nazareth, I. Risks and benefits of
psychotropic medication in pregnancy: Cohort studies based on UK electronic primary care health records. Health Technol. Assess.
2016, 20, 1-176. [CrossRef]

Petersen, I.; Gilbert, R.E.; Evans, S.J.W.; Man, S.-L.; Nazareth, I. Pregnancy as a Major Determinant for Discontinuation of
Antidepressants: An Analysis of Data From The Health Improvement Network. J. Clin. Psychiatry 2011, 72, 15209. [CrossRef]
Rose, S.; Dotters-Katz, S.K.; Kuller, J.A. Electroconvulsive Therapy in Pregnancy: Safety, Best Practices, and Barriers to Care.
Obstet. Gynecol. Surv. 2020, 75, 199-203. [CrossRef] [PubMed]

Hebel, T.; Schecklmann, M.; Langguth, B. Transcranial magnetic stimulation in the treatment of depression during pregnancy: A
review. Arch. Womens Ment. Health 2020, 23, 469-478. [CrossRef] [PubMed]

Peng, L.; Fu, C.; Xiong, F; Zhang, Q.; Liang, Z.; Chen, L.; He, C.; Wei, Q. Effects of repetitive transcranial magnetic stimulation
on depression symptoms and cognitive function in treating patients with postpartum depression: A systematic review and
meta-analysis of randomized controlled trials. Psychiatry Res. 2020, 290, 113124. [CrossRef] [PubMed]

Yamada, Y.; Sumiyoshi, T. Neurobiological Mechanisms of Transcranial Direct Current Stimulation for Psychiatric Disorders;
Neurophysiological, Chemical, and Anatomical Considerations. Front. Hum. Neurosci. 2021, 15, 631836. [CrossRef]

Lefaucheur, J.P. Méthodologies tDCS/tACS/tRNS. Neurophysiol. Clin. 2019, 43, 182. [CrossRef]

Elyamany, O.; Leicht, G.; Herrmann, C.S.; Mulert, C. Transcranial alternating current stimulation (tACS): From basic mechanisms
towards first applications in psychiatry. Eur. Arch. Psychiatry Clin. Neurosci. 2021, 271, 135-156. [CrossRef]

Moret, B.; Donato, R.; Nucci, M.; Cona, G.; Campana, G. Transcranial random noise stimulation (tRNS): A wide range of
frequencies is needed for increasing cortical excitability. Sci Rep. 2019, 9, 15150. [CrossRef]

Herrera-Melendez, A.-L.; Bajbouj, M.; Aust, S. Application of Transcranial Direct Current Stimulation in Psychiatry. NPS 2020,
79, 372-383. [CrossRef]

Kuo, M.-E; Chen, P-S.; Nitsche, M. A. The application of tDCS for the treatment of psychiatric diseases. Int. Rev. Psychiatry 2017,
29, 146-167. [CrossRef]

Kuo, M.-F;; Paulus, W.; Nitsche, M.A. Therapeutic effects of non-invasive brain stimulation with direct currents (tDCS) in
neuropsychiatric diseases. Neuroimage 2014, 85, 948-960. [CrossRef]

Razza, L.B.; Palumbo, P.; Moffa, A.H.; Carvalho, A.E; Solmi, M.; Loo, C.K.; Brunoni, A.R. A systematic review and meta-analysis
on the effects of transcranial direct current stimulation in depressive episodes. Depress. Anxiety 2020, 37, 594—-608. [CrossRef]
[PubMed]

Cheng, PW.C.; Louie, L.L.C.; Wong, Y.L.; Wong, SM.C.; Leung, W.Y.; Nitsche, M.A.; Chan, W.C. The effects of transcranial direct
current stimulation (tDCS) on clinical symptoms in schizophrenia: A systematic review and meta-analysis. Asian J. Psychiatry
2020, 53, 102392. [CrossRef]

Ahmadizadeh, M.].; Rezaei, M.; Fitzgerald, P.B. Transcranial direct current stimulation (tDCS) for post-traumatic stress disorder
(PTSD): A randomized, double-blinded, controlled trial. Brain Res. Bulletin. 2019, 153, 273-278. [CrossRef] [PubMed]


http://doi.org/10.1176/appi.ajp.2015.15010124
http://doi.org/10.1089/jwh.2014.4902
http://doi.org/10.1093/eurheartj/eht462
http://doi.org/10.1016/j.siny.2019.01.006
http://doi.org/10.1016/j.lpm.2017.05.018
http://www.ncbi.nlm.nih.gov/pubmed/28583743
http://doi.org/10.1007/s00737-018-0883-5
http://www.ncbi.nlm.nih.gov/pubmed/29968130
http://doi.org/10.1016/j.psychres.2017.02.064
http://doi.org/10.1002/imhj.21812
http://doi.org/10.1016/j.neuroscience.2015.09.001
http://doi.org/10.1017/S1352465817000650
http://doi.org/10.1515/intox-2017-0004
http://doi.org/10.1002/da.22352
http://doi.org/10.3310/hta20230
http://doi.org/10.4088/JCP.10m06090blu
http://doi.org/10.1097/OGX.0000000000000763
http://www.ncbi.nlm.nih.gov/pubmed/32232498
http://doi.org/10.1007/s00737-019-01004-z
http://www.ncbi.nlm.nih.gov/pubmed/31701316
http://doi.org/10.1016/j.psychres.2020.113124
http://www.ncbi.nlm.nih.gov/pubmed/32521378
http://doi.org/10.3389/fnhum.2021.631838
http://doi.org/10.1016/j.neucli.2019.05.002
http://doi.org/10.1007/s00406-020-01209-9
http://doi.org/10.1038/s41598-019-51553-7
http://doi.org/10.1159/000501227
http://doi.org/10.1080/09540261.2017.1286299
http://doi.org/10.1016/j.neuroimage.2013.05.117
http://doi.org/10.1002/da.23004
http://www.ncbi.nlm.nih.gov/pubmed/32101631
http://doi.org/10.1016/j.ajp.2020.102392
http://doi.org/10.1016/j.brainresbull.2019.09.011
http://www.ncbi.nlm.nih.gov/pubmed/31560945

J. Clin. Med. 2022, 11, 4048 18 of 19

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Van’t Wout, M.; Shea, M.T; Larson, V.C.; Greenberg, B.D.; Philip, N.S. Combined transcranial direct current stimulation with
virtual reality exposure for posttraumatic stress disorder: Feasibility and pilot results. Brain Stimul. 2019, 12, 41-43. [CrossRef]
[PubMed]

Aparicio, L.V.M.; Guarienti, F.; Razza, L.B.; Carvalho, A.F.; Fregni, F.; Brunoni, A.R. A Systematic Review on the Acceptability
and Tolerability of Transcranial Direct Current Stimulation Treatment in Neuropsychiatry Trials. Brain Stimul. 2016, 9, 671-681.
[CrossRef]

Bikson, M.; Grossman, P.; Thomas, C.; Zannou, A.L.; Jiang, J.; Adnan, T.; Mourdoukoutas, A.P.; Kronberg, G.; Truong, D.;
Boggio, P.; et al. Safety of Transcranial Direct Current Stimulation: Evidence Based Update 2016. Brain Stimul. 2016, 9, 641-661.
[CrossRef]

Buchanan, D.M.; Bogdanowicz, T.; Khanna, N.; Lockman-Dufour, G.; Robaey, P.; D’Angiulli, A. Systematic Review on the Safety
and Tolerability of Transcranial Direct Current Stimulation in Children and Adolescents. Brain Sci. 2021, 11, 212. [CrossRef]
Moffa, A.H.; Brunoni, A.R.; Fregni, F; Palm, U.; Padberg, F.; Blumberger, D.M.; Daskalakis, Z.J.; Bennabi, D.; Haffen, E,;
Alonzo, A.; et al. Safety and acceptability of transcranial direct current stimulation for the acute treatment of major depressive
episodes: Analysis of individual patient data. J. Affect. Disord. 2017, 221, 1-5. [CrossRef]

Nikolin, S.; Huggins, C.; Martin, D.; Alonzo, A.; Loo, C.K. Safety of repeated sessions of transcranial direct current stimulation: A
systematic review. Brain Stimul. 2018, 11, 278-288. [CrossRef]

Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; Prisma Group. Preferred reporting items for systematic reviews and meta-
analyses: The PRISMA statement. Ann. Intern. Med. 2009, 151, 264-269. [CrossRef]

Montgomery, S.A.; Asberg, M. A new depression scale designed to be sensitive to change. Br. |. Psychiatry 1979, 134, 382-389.
[CrossRef] [PubMed]

Beck, A.T.; Beamesderfer, A. Assessment of Depression: The Depression Inventory; Psychological measurements in psychopharmacol-
ogy; Karger Publishers: Basel, Switzerland, 1974; Volume 7, pp. 151-169.

Ashbaugh, A.R.; Houle-Johnson, S.; Herbert, C.; El-Hage, W.; Brunet, A. Psychometric Validation of the English and French
Versions of the Posttraumatic Stress Disorder Checklist for DSM-5 (PCL-5). PLoS ONE 2016, 11, €0161645. [CrossRef] [PubMed]
Weathers, EW.,; Blake, D.D.; Schnurr, P.P.; Kaloupek, D.G.; Marx, B.P.; Keane, T.M.; The clinician-administered PTSD scale
for DSM-5 (CAPS-5). Interview Available from the National Center for PTSD at Www Ptsd va Gov 2013. Available online:
https:/ /www.ptsd.va.gov (accessed on 14 October 2019).

Chevalier, J.; de Pouvourville, G. Valuing EQ-5D using time trade-off in France. Eur. J. Health Econ. 2013, 14, 57-66. [CrossRef]
[PubMed]

Nasreddine, Z.S.; Phillips, N.A.; Bédirian, V.; Charbonneau, S.; Whitehead, V.; Collin, I.; Cummings, J.L.; Chertkow, H. The
Montreal Cognitive Assessment, MoCA: A brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 2005,
53, 695-699. [CrossRef] [PubMed]

Sauvaget, A.; Lagalice, L.; Schirr-Bonnans, S.; Volteau, C.; Péré, M.; Dert, C.; Rivalland, A ; Tessier, F; Lepage, A.; Tostivint, A. Cost-
utility analysis of transcranial direct current stimulation (tDCS) in non-treatment-resistant depression: The DISCO randomised
controlled study protocol. BM] Open 2020, 10, e033376. [CrossRef]

Shenoy, S.; Bose, A.; Chhabra, H.; Dinakaran, D.; Agarwal, S.M.; Shivakumar, V.; Narayanaswamy, J.C.; Sivakumar, P.T,;
Venkatasubramanian, G. Transcranial Direct Current Stimulation (tDCS) for Auditory Verbal Hallucinations in Schizophrenia
During Pregnancy: A Case Report. Brain Stimul. Basic Transl. Clin. Res. Neuromodul. 2015, 8, 163-164. [CrossRef]

Sreeraj, V.S.; Bose, A.; Shanbhag, V.; Narayanaswamy, J.C.; Venkatasubramanian, G.; Benegal, V. Monotherapy With tDCS for
Treatment of Depressive Episode During Pregnancy: A Case Report. Brain Stimul. Basic Transl. Clin. Res. Neuromodul. 2016,
9, 457-458. [CrossRef]

Strube, W.; Kirsch, B.; Padberg, F.; Hasan, A.; Palm, U. Transcranial Direct Current Stimulation as Monotherapy for the Treatment
of Auditory Hallucinations During Pregnancy: A Case Report. |. Clin. Psychopharmacol. 2016, 36, 534-535. [CrossRef]

Palm, U,; Kirsch, B.; Leitner, D.; Padberg, F. Transcranial direct current stimulation (tDCS) for the treatment of depression during
pregnancy: A pilot study. Clin. Neurophysiol. 2017, 128, e17—e18. [CrossRef]

Wilkening, A.; Kurzeck, A.; Dechantsreiter, E.; Padberg, F.; Palm, U. Transcranial alternating current stimulation for the treatment
of major depression during pregnancy. Psychiatry Res. 2019, 279, 399-400. [CrossRef]

Vigod, S.N.; Murphy, K.E.; Dennis, C.-L.; Oberlander, T.F,; Ray, ].G.; Daskalakis, Z.].; Blumberger, D.M. Transcranial direct current
stimulation (tDCS) for depression in pregnancy: A pilot randomized controlled trial. Brain Stimul. 2019, 12, 1475-1483. [CrossRef]
[PubMed]

Kurzeck, A K.; Dechantsreiter, E.; Wilkening, A.; Kumpf, U.; Nenov-Matt, T.; Padberg, F.; Palm, U. Transcranial Direct Current
Stimulation (tDCS) for Depression during Pregnancy: Results from an Open-Label Pilot Study. Brain Sci. 2021, 11, 947. [CrossRef]
[PubMed]

Brunelin, J.; Mondino, M.; Gassab, L.; Haesebaert, F.; Gaha, L.; Suaud-Chagny, M.-F.; Saoud, M.; Mechri, A.; Poulet, E.
Examining transcranial direct-current stimulation (tDCS) as a treatment for hallucinations in schizophrenia. Am. J. Psychiatry
2012, 169, 719-724. [CrossRef] [PubMed]

Kurzeck, A.; Kirsch, B.; Weidinger, E.; Padberg, F.; Palm, U. Transcranial Direct Current Stimulation (tDCS) for Depression during
Pregnancy: Scientific Evidence and What Is Being Said in the Media—A Systematic Review. Brain Sci. 2018, 8, 155. [CrossRef]


http://doi.org/10.1016/j.brs.2018.09.011
http://www.ncbi.nlm.nih.gov/pubmed/30266416
http://doi.org/10.1016/j.brs.2016.05.004
http://doi.org/10.1016/j.brs.2016.06.004
http://doi.org/10.3390/brainsci11020212
http://doi.org/10.1016/j.jad.2017.06.021
http://doi.org/10.1016/j.brs.2017.10.020
http://doi.org/10.7326/0003-4819-151-4-200908180-00135
http://doi.org/10.1192/bjp.134.4.382
http://www.ncbi.nlm.nih.gov/pubmed/444788
http://doi.org/10.1371/journal.pone.0161645
http://www.ncbi.nlm.nih.gov/pubmed/27723815
https://www.ptsd.va.gov
http://doi.org/10.1007/s10198-011-0351-x
http://www.ncbi.nlm.nih.gov/pubmed/21935715
http://doi.org/10.1111/j.1532-5415.2005.53221.x
http://www.ncbi.nlm.nih.gov/pubmed/15817019
http://doi.org/10.1136/bmjopen-2019-033376
http://doi.org/10.1016/j.brs.2014.10.013
http://doi.org/10.1016/j.brs.2016.03.007
http://doi.org/10.1097/JCP.0000000000000554
http://doi.org/10.1016/j.clinph.2016.10.146
http://doi.org/10.1016/j.psychres.2019.06.009
http://doi.org/10.1016/j.brs.2019.06.019
http://www.ncbi.nlm.nih.gov/pubmed/31257092
http://doi.org/10.3390/brainsci11070947
http://www.ncbi.nlm.nih.gov/pubmed/34356180
http://doi.org/10.1176/appi.ajp.2012.11071091
http://www.ncbi.nlm.nih.gov/pubmed/22581236
http://doi.org/10.3390/brainsci8080155

J. Clin. Med. 2022, 11, 4048 19 of 19

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Konstantinou, G.N.; Vigod, S.N.; Mehta, S.; Daskalakis, Z.].; Blumberger, D.M. A systematic review of non-invasive neurostimula-
tion for the treatment of depression during pregnancy. J. Affect. Disord. 2020, 272, 259-268. [CrossRef]

Pacheco, F; Guiomar, R.; Brunoni, A.R.; Buhagiar, R.; Evagorou, O.; Roca-Lecumberri, A.; Poleszczyk, A.; Lambregtse-van
den Berg, M.; Caparros-Gonzalez, R.A.; Fonseca, A.; et al. Efficacy of non-invasive brain stimulation in decreasing depression
symptoms during the peripartum period: A systematic review. J. Psychiatr. Res. 2021, 140, 443-460. [CrossRef]

Haxton, C.; Kelly, S.; Young, D.; Cantwell, R. The Efficacy of Electroconvulsive Therapy in a Perinatal Population: A Comparative
Pilot Study. J. ECT 2016, 32, 113-115. [CrossRef]

Rundgren, S.; Brus, O.; Bave, U.; Landén, M.; Lundberg, J.; Nordanskog, P.; Nordenskjold, A. Improvement of postpartum
depression and psychosis after electroconvulsive therapy: A population-based study with a matched comparison group. J. Affect.
Disord. 2018, 235, 258-264. [CrossRef]

Ronngqyvist, I; Brus, O.; Hammar, A.; Landén, M.; Lundberg, J.; Nordanskog, P.; Nordenskjold, A. Rehospitalization of Postpartum
Depression and Psychosis After Electroconvulsive Therapy: A Population-Based Study With a Matched Control Group. J. ECT
2019, 35, 264-271. [CrossRef]

Rudroff, T.; Workman, C.D.; Fietsam, A.C.; Kamholz, J. Response Variability in Transcranial Direct Current Stimulation: Why Sex
Matters. Front. Psychiatry 2020, 11, 585. [CrossRef]

Fonteneau, C.; Mondino, M.; Arns, M.; Baeken, C.; Bikson, M.; Brunoni, A.R.; Burke, M.].; Neuvonen, T.; Padberg, E.; Pascual-
Leone, A.; et al. Sham tDCS: A hidden source of variability? Reflections for further blinded, controlled trials. Brain Stimul. 2019,
12, 668-673. [CrossRef] [PubMed]

Bhide, A.; Shah, PS.; Acharya, G. A simplified guide to randomized controlled trials. Acta Obs. Gynecol. Scand. 2018, 97, 380-387.
[CrossRef] [PubMed]

Bjekic, J.; Zivanovic, M.; Filipovi¢, S. Transcranial Direct Current Stimulation (tDCS) for Memory Enhancement. J. Vis. Exp. 2021,
175, €62681. [CrossRef]

Matsumoto, H.; Ugawa, Y. Adverse events of tDCS and tACS: A review. Clin. Neurophysiol. Pract. 2017, 2, 19-25. [CrossRef]
[PubMed]

Raimundo, R.]J.S.; Uribe, C.E.; Brasil-Neto, J.P. Lack of clinically detectable acute changes on autonomic or thermoregulatory
functions in healthy subjects after transcranial direct current stimulation (tDCS). Brain Stimul. 2012, 5, 196-200. [CrossRef]
[PubMed]

Dowswell, T.; Bedwell, C.; Lavender, T.; Neilson, J.P. Transcutaneous electrical nerve stimulation (TENS) for pain management in
labour. Cochrane Database Syst. Rev. 2009, CD007214. [CrossRef] [PubMed]

Lee, H].; Kim, S.M.; Kwon, ].Y. Repetitive transcranial magnetic stimulation treatment for peripartum depression: Systematic
review & meta-analysis. BMC Pregnancy Childbirth 2021, 21, 118. [CrossRef]

Kim, D.R; Snell, ].L.; Ewing, G.C.; O'Reardon, ]J. Neuromodulation and antenatal depression: A review. Neuropsychiatr. Dis. Treat.
2015, 11, 975-982. [CrossRef]

Pridmore, S.; Turnier-Shea, Y.; Rybak, M.; Pridmore, W. Transcranial Magnetic Stimulation (TMS) during pregnancy: A fetal risk
factor. Australas Psychiatry 2021, 29, 226-229. [CrossRef]

Kibret, B.; Premaratne, M.; Sullivan, C.; Thomson, R.H.; Fitzgerald, P.B. Electroconvulsive therapy (ECT) during pregnancy:
Quantifying and assessing the electric field strength inside the foetal brain. Sci. Rep. 2018, 8, 4128. [CrossRef]

Alonzo, A.; Fong, J.; Ball, N.; Martin, D.; Chand, N.; Loo, C. Pilot trial of home-administered transcranial direct current stimulation
for the treatment of depression. J. Affect. Disord. 2019, 252, 475-483. [CrossRef] [PubMed]

Sauvaget, A.; Tostivint, A.; Etcheverrigaray, F.; Pichot, A.; Dert, C.; Schirr-Bonnais, S.; Clouet, J.; Sellal, O.; Mauduit, N.; Leux, C.;
et al. Hospital production cost of transcranial direct current stimulation (tDCS) in the treatment of depression. Neurophysiol. Clin.
Clin. Neurophysiol. 2019, 49, 11-18. [CrossRef] [PubMed]

Martin, B. Empowerment and freedom in psychiatry. Perspect. Psy. 2017, 56, 211-216. [CrossRef]


http://doi.org/10.1016/j.jad.2020.03.151
http://doi.org/10.1016/j.jpsychires.2021.06.005
http://doi.org/10.1097/YCT.0000000000000278
http://doi.org/10.1016/j.jad.2018.04.043
http://doi.org/10.1097/YCT.0000000000000578
http://doi.org/10.3389/fpsyt.2020.00585
http://doi.org/10.1016/j.brs.2018.12.977
http://www.ncbi.nlm.nih.gov/pubmed/30639235
http://doi.org/10.1111/aogs.13309
http://www.ncbi.nlm.nih.gov/pubmed/29377058
http://doi.org/10.3791/62681
http://doi.org/10.1016/j.cnp.2016.12.003
http://www.ncbi.nlm.nih.gov/pubmed/30214966
http://doi.org/10.1016/j.brs.2011.03.009
http://www.ncbi.nlm.nih.gov/pubmed/22037121
http://doi.org/10.1002/14651858.CD007214.pub2
http://www.ncbi.nlm.nih.gov/pubmed/19370680
http://doi.org/10.1186/s12884-021-03600-3
http://doi.org/10.2147/NDT.S80480
http://doi.org/10.1177/1039856221992636
http://doi.org/10.1038/s41598-018-22528-x
http://doi.org/10.1016/j.jad.2019.04.041
http://www.ncbi.nlm.nih.gov/pubmed/31005790
http://doi.org/10.1016/j.neucli.2018.11.001
http://www.ncbi.nlm.nih.gov/pubmed/30502122
http://doi.org/10.1051/ppsy/201756211

	Introduction 
	Methods 
	Eligibility Criteria 
	Selection Methods 
	Data Collection Process 
	Case Reports 
	Statistical Analysis 
	Ethics 

	Results 
	Characteristics of the Studies 
	Case Reports 

	Discussion 
	Conclusions 
	References

