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Application of Brain Stimulation Techniques during
Pregnancy
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A b s t r ac t
Pregnancy is associated with an increased vulnerability to developing psychiatric illnesses that, if left untreated, pose the risk of negative
consequences for the mother and the fetus. At the same time, there is a risk of teratogenicity and other possible interference with fetal
development associated with pharmacotherapy. Taking into account all these factors, brain stimulation techniques are emerging as reasonable
alternatives for the treatment of psychiatric disorders during pregnancy. Here, electroconvulsive therapy (ECT) has the advantage of better
evidence of efficacy and faster response. The adverse effects associated with ECT specifically for mother and fetus during pregnancy can be
mitigated with proper precautions, monitoring, and multidisciplinary care. Repeated transcranial magnetic stimulation (rTMS) is also emerging
to be effective and safe during pregnancy, although the evidence is currently more related to its applicability in depression. This article describes
various aspects of ECT and rTMS with the aim of improving their utility as treatment modalities for psychiatric disorders during pregnancy. The
other brain stimulation modalities are not much explored for psychiatric disorders during pregnancy and hence are described briefly.
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Introduction
Psychosocial stressors along with biochemical and hormonal
changes during pregnancy increase vulnerability to the risk of
relapse or recurrence of mental illness and new onset of psychiatric
disorders. They predispose the mother as well as the fetus to
negative consequences if left untreated. These include poor
antenatal and perinatal care, low-birth weight, preterm birth,
abortion, and other negative pregnancy outcomes.1–3 Depression
is one of the common psychiatric clinical entities with a prevalence
of 12–36% during pregnancy.4 Related illness, bipolar disorder,
also poses a significant risk of relapse in women during and after
pregnancy. It has rapid onset of symptoms and is also associated
with psychotic characteristics. 3,5 Schizophrenia, another “severe
mental illness,” can have exacerbation during this period similar
to bipolar disorder.
Similar to other drugs, psychotropics also increase concerns
about teratogenic effects, including neurodevelopmental effects
and delivery and neonatal complications, and can have pregnancyassociated pharmacodynamic and pharmacokinetic changes. 5,6
Therefore, pharmacotherapy for the treatment of psychiatric
disorders during pregnancy requires careful consideration and
risk-benefit analysis on a case-by-case basis before making a
treatment decision. Modalities under brain stimulation can be valid
treatment alternatives during pregnancy. Although good quality
randomized placebo-controlled trials are not available due to
ethical concerns for many brain stimulation treatments, empirical
evidence is available in the form of case reports, series, reviews,
and meta-reviews to support their use during pregnancy. Here,
we discuss in detail the electroconvulsive therapy (ECT), a wellestablished and effective treatment with reasonable literature on
its utility during pregnancy. This is followed by one of the relatively
novel treatments, repeated transcranial magnetic stimulation
(rTMS). Other brain stimulation techniques, including transcranial
direct current stimulation (tDCS), transcranial alternate current
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stimulation (tACS), vagal nerve stimulation (VNS), and deep brain
stimulation (DBS), have limited evidence of applicability during
pregnancy7 and are described here briefly.

E l e c t r o co n v u l s i v e T h e r a py

in

Pregnancy

Electroconvulsive therapy is one of the most effective treatments
in psychiatry that has stood the test of time. 8 However, it is
significantly an underused treatment modality due to stigma,
concerns about its safety during pregnancy, and lack of access to
the treatment facility.9 It is important for the readers to know that
the American Psychiatric Association and the American College
of Obstetricians and Gynecologists jointly have stated that ECT
should be considered a safe and effective treatment option for
refractory or life-threatening depression during pregnancy.10,11
We would now describe here in detail the indications for ECT,
the associated adverse events in the mother and baby, and the
ways to prevent and manage them during the pregnancy and
postpartum period.
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Indications
Electroconvulsive therapy is a valid treatment modality during
pregnancy for many psychiatric conditions, particularly psychiatric
emergencies, as it provides a fast and effective response and avoids
the potential side effects of pharmacotherapy. These psychiatric
conditions include treatment-resistant mood and psychotic
disorders, severe depression, high risk of suicide, risk of harm to
the baby, catatonia, aggression, psychotic agitation, severe physical
decline, and other life-threatening conditions.10 The duration of
treatment and the response to ECT are similar in pregnant and
postpartum patients as in any other individual.12,13

Risks to the Mother
Most adverse events occur in a similar way during pregnancy and
the postpartum period as they occurred at other times. However,
in the available literature, specific negative outcomes and adverse
events for this period are reported as enlisted in various systematic
reviews.13–15 However, it is important to note that the cause-andeffect relationship is not established for most of these events.
Certain complications occurred several weeks after the last ECT
session, while some other complications occurred in relation
to comorbid medical conditions, such as pneumonia, hypoxia,
hypertension, and sickle cell anemia.16
The most common adverse events reported were premature
contractions and premature labor, which occurred more frequently
during the second and third trimesters. Being aware of these
complications helped to detect and manage them effectively without
serious consequences for the fetus or the neonate. Vaginal bleeding
was observed more frequently in the first trimester and was primarily
self-limiting without association with spontaneous abortion.15–17

Risks to the Fetus
The most common direct risks to the fetus that were reported are
cardiac arrhythmias, bradycardia during the tonic phase, irregular
cardiac rhythm postictally, and reduced cardiac variability. No
association was confirmed between ECT and any congenital
anomaly.14,16

Anesthesia-related Issues
Anesthetic agents used for ECT have rapid induction and fast
recovery properties and, hence, are devoid of significant teratogenic
effects. Only the usual agents, such as propofol, thiopental, and
methohexital, are used. However, these agents easily cross the
placental barrier and can cause a slowing of the fetal heart rate
and temporary sedation.18,19 These risks can be minimized by
administering lower doses and monitoring the fetal heart rate
throughout the procedure.
In modified ECT, a muscle relaxant is given to minimize the
motor component of convulsions. Succinylcholine, the most
commonly used muscle relaxant, crosses the placenta but attains
negligible levels in the fetal circulation. It is also not associated
with significant teratogenic effects. Patients with risk of malignant
hyperthermia can be given a nondepolarizing agent, such as
rocuronium and atracurium.20
Due to the reduced tone of the gastroesophageal sphincter,
there is a risk of aspiration in pregnant patients. Precautions, such
as stopping anticholinergic agents 24 hours before the session and
maintaining strict fasting instructions (8 hours for solid foods and
2 hours for liquids), should be followed. In addition, a prophylactic
antireflux agent can be given, such as a proton-pump inhibitor and
sodium citrate, before the procedure.17,21
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Hypotension can occur in the third trimester when the patient
is in the supine position as the gravid uterus exerts pressure on the
inferior vena cava. Therefore, pregnant patients should be placed
in the left lateral decubitus position during the procedure.12,15
Additional precautionary measures should be taken to reduce the
risk of premature labor and uterine contractions. It can become
precipitated as a result of long hours of fasting and dehydration.
Nonglucose-containing IV fluids can be started before and after
ECT.10,12,17

Fetal Monitoring
A common recommendation is to monitor fetal cardiac activity
before and after ECT using fetal Doppler.12,14 It is recommended that
if the fetal heart rate is reduced, consider giving oxygen and ensure
that the left lateral decubitus removes the gravid uterus laterally.
Some experts also recommend a higher level of monitoring by
using external fetal monitoring for several hours before and after
ECT and a nonstress test using a tocometer before and after the
procedure. This is particularly recommended in cases of high-risk
pregnancy and late stages of gestation.21,22

Procedural Considerations
Another safety procedure is to record the maternal echocardiogram
and arterial oxygen saturation throughout the procedure. If
uterine contractions are suspected, tocodynamometry can be
used. Although hyperventilation is routinely practiced before ECT,
it is avoided in pregnant patients. It is recommended to practice
preoxygenation, but hyperventilation runs a risk of causing fetal
hypoxia, as respiratory alkalosis affects oxygen release to the fetal
hemoglobin.12,15,17
Although there is no difference in general anesthesia
techniques used in pregnant patients, inhalational agents may
be preferred due to the added advantage of causing tocolysis.19
The biphasic hemodynamic response, i.e., parasympathetic
overdrive during the tonic phase followed by sympathetic surge
during the clonic phase of ECT, should be carefully monitored.
Maternal bradycardia can be managed by administering
glycopyrrolate 2 mg intravenously, as atropine has a risk of
causing fetal distress by crossing the placenta and leading to
fetal tachycardia.14,19,20

Postprocedure Care
After the ECT, a thorough assessment is required. If uterine
contractions last more than 5 minutes, then they must be
suppressed by giving tocolytic agents, such as beta-adrenergic
agents (e.g., ritodrine).14 Patients should be monitored for
symptoms, such as abdominal pain and vaginal bleeding.
Abdominal pain can be treated with IV 4 mg of magnesium sulfate
diluted in 100 mL of saline. In case of vaginal bleeding, bed rest
withholding additional ECT sessions until the cause of bleeding
is identified and dealt with accordingly by liaising with the
obstetrician.14 Symptoms of nausea and vomiting can be managed
with ondansetron, metoclopramide, or prochlorperazine. Post-ECT
headache can be treated according to routine management by
giving nonsteroidal anti-inflammatory drugs (NSAIDS), such as
acetaminophen or paracetamol.17
It is advised to closely monitor symptoms, such as cough, fever,
and breathing difficulty, and to assess for aspiration pneumonia
in such cases. Furthermore, if fetal movements are found to be
reduced, it is recommended to consult the obstetrician at the
earliest.
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Multidisciplinary Care
Giving ECT to a pregnant patient is a collaborative decision.
Liaison with the obstetrician is an essential step, as it is important
to evaluate the patient for risk factors for spontaneous abortion,
preterm labor, abruption, and uteroplacental insufficiency before
starting ECTs.10,17 Pelvic exam to assess vaginal bleeding and vaginal
dilatation, fetal assessment by performing nonstress tests, and
ultrasound are some other important considerations.12,17 In high-risk
cases for preterm labor, it is essential to keep the caesarean section
tray ready. In such cases, ECT can be administered in the labor room
itself.12,17 Liaison with the neonatologist is also as important, and
both specialists should be aware of the timing of the procedure in
order to respond to any possible complications.

rTMS i n

Pregnancy

Due to its noninvasive nature and minimal adverse effects, rTMS
has a potential option to be used in this special population. We
would begin with evidence of the efficacy of rTMS in pregnancy in
depression and then in other psychiatric disorders.

Efficacy of rTMS in Prenatal Depression
The United States Food and Drug Administration has approved
the use of TMS for patients with major depression, obsessive
compulsive disorder (OCD) and migraine in the adult population.
Recommendations are not available for the use of TMS in pregnancy.
Recently, efforts have been made to generate evidence in the
field of neuromodulation during pregnancy, including rTMS.
Depression appears to be the most commonly studied entity with
controlled and open-label study designs. A randomized controlled
trial that compared active 1 Hz rTMS with right dorsolateral
prefrontal cortex (DLPFC) with sham stimulation in 22 women
with major depressive disorder in their second or third trimesters
of pregnancy. Subjects received 20 sessions of a single train of
900 pulses per session at a 100% motor threshold. They reported a
response rate of 81.82% for the active coil and 45.45% for the sham
coil (p = 0.088).23
Uncontrolled or open-label studies also report a clinical
response ranging from 41.4 to 71.4% in peripartum depression.24 An
uncontrolled study examined 30 pregnant patients with depression
who received rTMS on the left prefrontal cortex at 100% of the motor
threshold, 25 Hz stimulation, a total of 1,000 magnetic pulses, and
18 sessions in 3 weeks. At the end of 3 weeks, 41.4% of the patients
showed a significant improvement with a reduction of more than
50% in the Hamilton depression rating (HAMD) score.25 There are
anecdotal reports of pregnant women in their third trimester,
suffering from major depression, who responded with intermittent
theta-burst stimulation.26,27

Evidence in Psychiatric Conditions Other than
Depression
There is a case report of TMS treatment of tokophobia (fear of
pregnancy and childbirth) being treated with TMS. The patient
received intermittent theta-burst stimulation (600, 3-pulse bursts
at 5 Hz, in 2 seconds train and 8 seconds intertrain interval, at 90%
of resting motor threshold) over left DLPFC and continuous thetaburst stimulation (600, 3-pulse bursts at 5 Hz, in 2 seconds train
at 90% of resting motor threshold) over right DLPFC. She needed
20 sessions until 28 weeks of gestation and tolerated them well.28
There is a report of managing chronic akathisia in a pregnant
lady with a single session of 1 Hz rTMS on the right M1, at 90%

of resting motor threshold (RMT) using a figure-of-eight coil in
her 20 weeks of gestation. She had a history of major depressive
disorder that achieved remission after a 6-week course of rTMS,
experienced worsening of fluoxetine-associated akathisia with
pregnancy.29 Furthermore, there is a report of pregnant women
with psychogenic nonepileptic seizures (PNES) who had been
treated with theta-burst stimulation30 and reports of treatmentrefractory migraine with aura in three pregnant women who had
been treated with single-pulse TMS in the second trimester.31
Subsequently, the three patients gave birth without
complications to healthy children and continued to treat in the
postpartum period.

Safety, Tolerability, and Teratogenicity
Maternal safety was confirmed in all published efficacy trials, case
series, and case reports. Most of the patients received rTMS in the
second and third trimesters. The reported adverse effects do not
differ significantly from the sham stimulations. Late preterm births
were reported in three cases; however, they may not be directly
linked to rTMS.23 Supine hypotension syndrome characterized by
dizziness and low blood pressure occurring 3–10 minutes of lying
down, during the rTMS session has been reported in two pregnant
women. However, repositioning the patient with a wedge placed
under the right lower back resolved the symptom.32 Theta-burst
stimulation has the potential to overcome this problem as it can
be completed in a shorter time per session.27
Direct stimulation of the lumbar spine should be avoided
in pregnant women according to the recommendations of the
consensus conference on safety guidelines on TMS held in 2008
in Italy.33 The target site of rTMS in psychiatric disorders should be
transcranial, which is less likely to cause any effect on the fetus as
the magnetic field attenuates rapidly with distance.33
Er yılmaz et al. examined the impact of rTMS on the
neurodevelopment of children of 18 mothers who received this
treatment in the left prefrontal cortex for 18 days during their
second or third trimesters. The study had a control group consisting
of children of 26 mothers who had a history of untreated depression
during their pregnancy. In addition to perinatal and pregnancyrelated outcomes, early developmental characteristics of the
children were evaluated using the Ankara Developmental Screening
Inventory. It was concluded that exposure to rTMS during pregnancy
is not associated with poorer cognitive or motor development
outcomes in children up to 18–62 months.34
The most recent review by Pridmore et al. summarized 10 reports
over 20 years, including one controlled trial, and had a total of 67
births. Stimulation was applied in all trimesters, at low and high
frequency, both as bilateral stimulation or as intermittent thetaburst stimulation. Mother or fetus did not experience any serious
event in any of the reports. Randomized controlled studies with a
larger sample size can improve confidence in the use of rTMS during
pregnancy.35
Yanamadala et al. estimated the maximum peak values of the
electric field in the fetal area for every fetal tissue separately for a
TMS intensity of one standard motor threshold (SMT) unit using
a customized full body finite element model (FEM) of pregnant
woman. It was calculated that, when the closest distance between
the center of the coil and the uterus is greater than or equal to
60 cm, i.e., 2 ft, the maximum peak electric field in the fetal volume
including placenta, uterus, and amniotic fluid is expected to be
less than or equal to 100 mV/m. This value is significantly lower
than the recommended safe limit of 800 mV/m. 36 The findings of
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this study illustrate the underlying mechanism of fetal safety of
TMS in pregnancy.

Acceptability
One of the main tenets in the practice of evidence-based medicine
is the values and acceptability of the patient. Although the available
literature to date has been supportive of the use of rTMS during
pregnancy, lack of awareness combined with fear of risk to the
fetus can pose a significant challenge in the acceptability of rTMS
as an option for the treatment of psychiatrist disorders during the
peripartum. In a survey conducted on 1,500 pregnant women in an
outpatient unit, 25% of the participants had depression and TMS
was considered an unacceptable treatment option by virtually all
women. However, an informational video was shown to all pregnant
women about TMS that later improved the acceptability of rTMS as
a treatment option.37

O t h e r B r ai n S t i m u l at i o n T e c h n i q u e s
( td c s , tTac s , v n s , d b s )
The tDCS has the potential to become a third treatment option for
depression during pregnancy. To date, based on available evidence,
tDCS is considered a safe, easy-to-handle, and portable brain
stimulation technique and has been used to treat depression for
more than a decade in numerous clinical trials, yet there is currently
an insufficient level of evidence for tDCS during pregnancy.
The result of the first pilot RCT published in 2019 examined the
efficacy, tolerability, and safety of tDCS treatment in depressed
pregnant women and showed particular promise up to 4 weeks
of postpartum. 38 In another recent open-label study with six
pregnant women, tDCS was well tolerated without any major fetal
or maternal adverse events associated with tDCS. The improvement
in depression was also significant.39 The current portability of tDCS
warrants further trials, as it could potentially be accessed by many
more patients. Future studies should pay careful attention to the
state of the brain during stimulation.
The tACS could be a potential treatment option for antenatal
depression. There is only one published case report that examines
the efficacy and the safety of this technique in a depressed pregnant
woman,40 and proper pilot studies are needed to advance this
modality. VNS was long ago approved for long-term adjunctive
treatment of chronic or recurrent depression, but in a singlepublished case report, VNS therapy provided effective adjunctive
treatment for the patient’s depression during pregnancy and
delivery; VNS was safe for the patient and her child.7 Earlier, an
observational study on VNS use in 25 women with epilepsy did not
find any evidence of teratogenicity or possible impact on uterus
through vagus nerve.41 DBS is also researched insufficiently in
pregnant women. In psychiatric disorders, it is used in treatment
refractory OCD and Tourette syndrome (TS). A retrospective
case series of 11 women treated with DBS for OCD, TS, dystonia,
or Parkinson’s disease reported uneventful pregnancies except
spontaneous early abortion of one fetus in a twin pregnancy.42

C o n c lu s i o n s

and

Future Directions

With the existing literature, brain stimulation treatments in the form
of ECT and rTMS appear to cover the limitations associated with
psychotropic during pregnancy. The efficacy of ECT for the regular
population holds good for pregnant women as well. Recent reviews
and the meta-review support the rarity of teratogenic or other
60

medical adverse effects on the fetus or pregnant woman. But this
definitely requires specific precautions, monitoring, and additional
steps according to the trimester to be followed along with close
liaison with an obstetrician. The support from an obstetrician would
also be a good strategy in rTMS, although it is generally much safer.
Evidence for the use of rTMS during pregnancy is less available than
that of ECT. However, rTMS, particularly theta-burst stimulation,
has high potential in depression, as well as other psychiatric
conditions, such as OCD and resistant auditory hallucinations. Its
noninvasive nature and the absence of an anesthetic procedure
enhance the possibility of use during pregnancy. Similarly, tDCS
and tACS have scope to be utilized during pregnancy but needs
research at a greater level. Invasive brain stimulation treatments,
VNS and DBS may be helpful in treatment of refractory cases and
good RCTs can increase confidence. To conclude, brain stimulation
treatments, particularly ECT and rTMS, are underutilized to their
potential in this population due to fear of adverse effects and lack
of awareness about their utility, respectively. The conduct of largescale prospective multicentric studies would be able to provide
evidence of effectiveness, safety, and tolerability during pregnancy.
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