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In addition to electroconvulsive therapy (ECT) and repetitive transcranial magnetic
stimulation (rTMS), vagus nerve stimulation (VNS) is one of the approved
neurostimulation tools for treatment of major depression. VNS is particularly used
in therapy-resistant depression (TRD) and exhibits antidepressive and augmentative
effects. In long-term treatment, up to two-thirds of patients respond. This mini-review
provides a comprehensive overview of augmentation pharmacotherapy and
neurostimulation-based treatment strategies, with a special focus on VNS in TRD,
and provides practical clinical advice for how to select TRD patients for add-on
neurostimulation treatment strategies.

Keywords: vagus nerve stimulation, therapy-resistant depression, neurostimulation, clinical practice, affective
disorders

INTRODUCTION

Major depressive disease (MDD) is recognized worldwide as a frequently recurring or chronic
and highly prevalent psychiatric disease (Beaucage et al., 2009; Maske et al., 2015). In addition
to alterations in the typical domains of affective and mood symptoms, MDD is directly associated
with high rates of suicidality and overall mortality as well as a well-established increased risk of
death due to comorbid somatic disorders, such as myocardial infarction and stroke (Lasserre et al.,
2017; Slepecky et al., 2017; Tesio et al., 2017; Vandeleur et al., 2017). Therefore, it has been projected
that MDD will be the second leading cause of disability worldwide by the year 2020 (Michaud et al.,
2001; Effinger and Stewart, 2012; Manetti et al., 2014). In addition to psychotherapeutic strategies,
pharmacotherapy is usually used as a first-line treatment for MDD, yet many patients do not
sufficiently respond to monotherapy with an established medication, such as a selective serotonin
reuptake inhibitor (SSRI) (Fava and Davidson, 1996). Some progress has been made in developing
safe and efficacious antidepressant treatments and novel pharmacotherapy-based treatment
strategies, such as ketamine or selective NMDA receptor subtype 2B (NR2B) antagonists (Serafini
et al,, 2015; Andrade, 2017) with mechanisms other than monoamine neurotransmitter reuptake
inhibition. Ketamine was found to quickly reduce depressive symptoms within hours of a single
administration, thus further demonstrating the important role of glutamate in the development
of depression (Serafini et al,, 2014). However, data on the remission and recurrence rates of
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TRD under ketamine are still lacking. In summary, there
currently seem to be no fundamental emerging innovations
for the long-term treatment of MDD with antidepressant
pharmacotherapy. Supportive, noninvasive add-on strategies,
such as light-based therapy and exercise as well as alternative
strategies, such as acupuncture and yoga, are used alongside
pharmacological treatment strategies; however, their status
within current treatment regimens is yet to be established,
and many strategies are difficult to apply in an outpatient
setting. Although evidence-based psychosocial interventions
(Hunot et al., 2013; Hayes and Hofmann, 2017) are also under
development, unfortunately, up to 50% of all patients with MDD
do not achieve remission with currently available treatments
(Zhou et al.,, 2015; Murphy et al., 2017). This subtype of MDD
is classified as therapy-resistant depression (TRD) (Rush et al.,
2006a,b; Mojtabai, 2017), which is defined by a lack of response or
failure to fully respond or achieve remission after trials of at least
two proven antidepressants with adequate dosing and duration
(Bschor, 2010; Wiles et al., 2014; Holtzmann et al., 2016). At least
one-third of all MDD patients are considered “therapy-resistant”
(Rush etal., 2006a,b) (ongoing controversy discussed). Therefore,
TRD disproportionally accounts for the largest proportion of
the disease, underscoring the importance of innovative add-on
therapy strategies for this particular type of TRD (McCullough,
2003; “Yoga for anxiety...”, 2009; Rizzo et al., 2011; Oldham and
Ciraulo, 2014; Lucas et al., 2017; Sakurai et al., 2017).

Add-on or augmentation therapy means the combination
of first-line antidepressive pharmacotherapy with a second
treatment approach. In addition to pharmacological add-on
therapy, neurostimulation techniques are increasingly used.
Today, the most promising neurostimulation tools used to treat
TRD are (1) Electroconvulsive therapy (ECT), (2) Transcranial
direct current stimulation (tDCS), (3) Repetitive transcranial
magnetic stimulation (rTMS), (4) Deep brain stimulation (DBS),
(5) Magnetic seizure therapy (MST), (6) Cranial electrotherapy
stimulation (CES), and (7) Vagus nerve stimulation (VNS).
Each has a different application procedure, and there is a large
variation in their effects and the clinical expertise required.

This mini-review provides a comprehensive overview of
neurostimulation-based treatment strategies with a special focus
on VNS in TRD and finally, aims to provide practical clinical
advice for their use when selecting TRD patients for add-on
neurostimulation treatment strategies.

ADJUNCTIVE BIOLOGICAL OPTIONS FOR
TREATING TRD ALONGSIDE
ANTIDEPRESSANT PHARMACOTHERAPY

Augmentation Pharmacotherapy

Lithium

Lithium augmentation is (still) the state-of-the-art treatment in
add-on and augmentative therapy with antidepressants when
facing the challenge of TRD. Solid evidence from both large
open-label and placebo-controlled trials highlights its efficacy in
the treatment of resistant depression (Stage et al., 2007; Young,
2013; Nelson et al., 2014). Its notable effects include regulation

of mood and circadian rhythms, and it also has a positive effect
on suicidality and overall mortality. Lithium augmentation has
significantly better antidepressant effects than the placebo, with
a mean response rate of 41.2% (vs. 14.4%). Nevertheless, the
risk of side effects (e.g., metabolic, cardiovascular, nephrologic)
is significant, and its toxicity, especially when inadequate doses
limit the clinical use of lithium, is notable (Edwards et al., 2013,
2014; Nelson et al., 2014; Hincapie-Castillo and Daniels, 2017).

Atypical Antipsychotics

Atypical antipsychotics comprise the most-studied class of
augmenting agents for SSRIs and serotonin-norepinephrine
reuptake inhibitors (SNRIs) for depression (Kato and Chang,
2013; Fornaro et al., 2016; Bartoli et al., 2017). The FDA
has approved both quetiapine and aripiprazole as well as the
combination of olanzapine with fluoxetine for augmentation.
Other agents include ziprasidone and risperidone, which have
also been shown to be effective in treating MDD/TRD (Gabriel,
2013; Nelson, 2015).

Patients  treated with atypical antipsychotics are
approximately twice as likely to reach remission as patients
treated with the placebo, as highlighted in several studies (De
Fruyt et al., 2012; Spielmans et al., 2013; Wright et al., 2013;
Fornaro et al., 2016). The use of atypical antipsychotics involves
a careful risk-benefit assessment because these agents possess
serious short- and long-term treatment-emergent (potentiated
through combination therapies) side effects (e.g., sedation,
central obesity, metabolic syndrome, and extrapyramidal side
effects) (Shirzadi and Ghaemi, 2006; Fraguas et al, 2008;
Temmingh, 2012; Sykes et al., 2017).

Thyroid Augmentation

Thyroid hormones are an additional established option for
the adjunctive treatment of TRD. Specifically, triiodothyronine
(T3) is preferred for augmenting antidepressants due to its
bioactivity in the CNS. In a meta-analysis of T3 augmentation
(25-50 pg/day) in probands who failed to respond to tricyclics,
Aronson and colleagues found that T3-treated patients were
twice as likely to respond as placebo-treated-patients (Aronson
et al,, 1996). In STAR*D, T3 augmentation resulted in a 24.7%
remission rate compared with a 15.9% remission rate for lithium
augmentation in treatment-resistant patients who failed two
previous antidepressant trials (Nierenberg et al., 2008; Warden
et al., 2009). A disadvantage of T3 medication is its interference
with thyroid metabolism in patients without hypothyroidism.
Thus, treatment should be restricted to a few weeks, making this
option unsuitable as a maintenance treatment (Cadieux, 1998).

Additional Agents Used for Pharmacologic
Augmentation

A number of further drugs of diverse
neuropsychopharmacological classes and properties are used as
augmentation strategies of first-line antidepressive treatment for
TRD. These drugs, which include bupropion, buspirone,
methylphenidate, =~ dopamine  agonists,  anticonvulsants,
mirtazapine, modafinil, and pindolol (Dording, 2000), have
been shown to possibly add to the antidepressive effect of
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first-line antidepressive treatment for TRD when administered
in combination therapy. However, the scientific evidence for
most of these agents is still comparably limited. In a recent meta-
analysis of pharmacological augmentation strategies (Zhou et al.,
2015), bupropion, buspirone, lamotrigine, methylphenidate, and
pindolol all failed to show a superior effect compared to placebo.

Neurostimulation Options
Some promising neurostimulation tools for TRD in addition to
VNS are described below.

ECT and rTMS (which has lower effect sizes) still stand as the
gold standards for treatment with level I evidence (Pagnin et al.,
2004; Minichino et al., 2012; Berlim et al., 2013b). MST and tDCS
seem to be an option, especially when serious side effects occur
during treatment with ECT. For DBS, the data are still limited
due to small study groups, but the available data and experiences
are promising.

Electroconvulsive Therapy (ECT)

ECT is the oldest neurostimulation therapy for treating TRD. It
has been widely used in large-scale clinical studies of depression
and has been found to be more effective than antidepressant
drug use alone. It is also the most common therapeutic option
for severe and recurrent depression when medication and
psychotherapy have been unsuccessful (Kellner et al, 2012;
Berlim et al., 2013b; Kellner, 2014). Based on solid data from
six trials, a meta-analysis concluded that real ECT is significantly
more effective than simulated (sham) ECT (standardized effect
size 0.91, 95% CI —1.27 to —0.54) (The UK ECT Review Group,
2003).

Patients are given general anesthesia and a muscle relaxant
before ECT and are continuously monitored throughout the
procedure. Then, an electric current used to stimulate cerebral
brain regions induces a generalized central seizure. The electrode
placement is relevant to both efficacy and the development of side
effects. The symmetric bitemporal electrode placement, which
covers a large brain volume and induces a high level of seizure
generalization, has high efficacy but produces more side effects
than other placements. Unilateral ECT, in which the electrodes
are placed on the right temple and to the right of the vertex,
lowers the seizure generalization, efficacy and side effects (Calev
etal., 1995; Prudic, 2008; Sidhom and Youssef, 2014; Muller et al.,
2017b).

In clinical practice, the acute ECT treatment phase typically
comprising 3 treatments/week can be followed by a taper phase
with a reduction to 1-2x/week and then to 1x/week for several
weeks. Many patients will then receive further maintenance ECT
with a single treatment every 3-6 weeks. Importantly, there is no
evidence for a need to limit the lifetime number of treatments in
patients who need ongoing treatment (Kellner et al., 2012).

Overall, it can be concluded that ECT is a valid therapy for
the treatment of TRD, including its severe and resistant forms.
After remission, ECT is often replaced with maintenance ECT
(mECT) to prevent relapse. However, good clinical outcomes,
are diminished through high relapse rates of up to 50%”
(Rifkin, 1988; Kho et al., 2003; Charlson et al., 2012; Pinna
et al, 2016). Therefore, there is a 57% relapse rate with

optimized pharmacotherapy and a 65% rate after a successful
ECT series. The relapse rate remains 37% despite optimized
pharmacotherapy and lavish and costly mECT sessions (Kellner
et al., 2006; Eschweiler et al., 2007; Post et al., 2015).

Magnetic Seizure Therapy (MST)

MST is a non-invasive convulsive neurostimulation therapy that
induces an electric field in the brain and elicits a generalized
tonic-clonic seizure. MST is being investigated as an alternative
to ECT for use under general anesthesia with assisted ventilation
and continuous electroencephalographic (EEG) monitoring.
MST has the potential for fewer side effects, such as cognitive
dysfunction, than ECT (Lisanby et al., 2003; Allan and Ebmeier,
2011), but optimal stimulation parameters for MST are still
being investigated. Most studies have used a coil placed at
the vertex with a frequency of stimulation of 100 Hz, a pulse
width of 0.2-0.4ms, and a stimulation duration of 10s (Kito,
2017). There are no large-scale studies comparing MST to sham
stimulation and no large-scale controlled studies of relapse
following maintenance MST (mMST) with regard to prevention
strategies, so the therapy is still in the experimental stage (Allan
and Ebmeier, 2011).

Transcranial Direct Current Stimulation
(tDCS)

In tDCS, cortical areas are stimulated non-invasively via
a low-intensity direct current. Stimulation via sponge-based
rectangular pads lasts for 10-20 min and modulates the neuronal
excitability in target cerebral regions (Tschirdewahn et al., 2015;
Palm et al, 2016b). The stimulation is focused on the left
dorsolateral prefrontal cortex region (DLPFC) to minimize hypo-
activity of the left DLPFC, which is a main target region in
depression (Berlim et al., 2013a; Dell’Osso and Altamura, 2014;
Meron et al, 2015). This therapy has almost no side effects
and is well tolerated among all treatment groups. Stimulation
of cortical regions may result in changes in membrane resting
potentials and modify synaptic transmission in the DLPFC,
which ultimately results in a significant, but only moderate,
reduction of depression (Liebetanz et al., 2006; Palm et al., 2016a).

Repetitive Transcranial Magnetic
Stimulation (rTMS)

Clinically used since the mid-80s, rTMS delivers external
magnetic pulses to the cortex. These pulses induce an electrical
potential in the brain tissue that depolarizes target neurons
(Bulteau et al., 2017; McClintock et al., 2018). Stimulation can
be high frequency (1 Hz) or low frequency (<1Hz), and rTMS
can also be used in the form of maintenance rTMS (mrTMS)
(Rachid, 2018). Low-frequency rTMS inhibits certain cortical
regions, whereas high-frequency rTMS activates the stimulated
regions (Baeken et al.,, 2009; Bakker et al., 2015). It has been
used to reduce depression, even in patients with medication-
resistant major depression, with very few side effects and up
to a 60% response rate, but has only a small antidepressant
effect during follow-up after short and acute treatment in the
absence of active maintenance treatment (Dell’osso et al., 2011;
Kedzior et al., 2015). Similarly, rTMS response rates are poor
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in patients for whom ECT has failed (Kedzior et al, 2017).
These findings indicate that rTMS should be considered prior
to pursuing ECT or as an add-on strategy and that patients
who have not responded to ECT are unlikely to respond to
rTMS treatment sessions alone (McClintock et al., 2018). The
side effects of rTMS are mild and of short duration. Therefore,
rTMS is a therapy that can be used for common depression
treatment and is beneficial when combined with other standard
treatments, such as pharmacotherapy and/or psychotherapy and
other neurostimulation options (Perera et al.,, 2016). In recent
years, there has also been growing evidence that, in addition
to improvement of mood, rTMS might have a positive effect
on cognitive functioning, which is often significantly reduced in
patients with major depression. Aspects of cognitive performance
reported to improve under rTMS include verbal memory,
executive functioning, visuospatial ability, and recognition of
facial expressions (Demirtas-Tatlidede et al., 2013). This may be
an important advantage of rTMS, since cognitive impairment in
MDD is insufficiently targeted by many other treatment options.

Deep Brain Stimulation (DBS)

DBS is an invasive neurosurgical procedure for TRD. The
targeted approach involves stereotaxic placement of unilateral
and/or bilateral electrodes in predefined brain regions. These
electrodes are then connected to an implanted neurostimulator.
Although the mode of action remains unclear, it is hypothesized
that chronic, high-frequency stimulation (130-185 Hz) reduces
cerebral neural transmission by inactivating voltage-dependent
ion channels and clinically restores the activity of specific
neuronal circuits involved in TRD (“Deep brain stimulation...”,
2010; Cusin and Dougherty, 2012; Berlim et al., 2014). The
targeted regions include the inferior thalamic peduncle, nucleus
accumbens, lateral habenula, ventral striatum and subgenual
cingulate cortex. Depending on the regions of interest, DBS
is supposed to have antidepressant, strong antianhedonic, and
antianxiety effects in TRD patients. It results in improvements
related to social functioning, physical health and mood and
anhedonic symptoms within TRD (Buhmann et al.,, 2017). No
significant adverse effects of DBS (when implanted) have been
recorded, thus highlighting DBS as promising in serious and
chronic TRD. However, at this time only few clinical data sets
with small sample sizes are available because the procedure is
complex and requires direct brain surgery (Schlaepfer and Lieb,
2005; Kennedy et al., 2011; Jiménez et al., 2013; Lozano and
Lipsman, 2013).

Cranial Electrotherapy Stimulation (CES)

In pulsed CES, low-amplitude electric currents (<1 mA) are
broadly applied to the brain via scalp electrodes. CES has been
approved for the treatment of anxiety, depression, and insomnia
by the FDA (Gilula and Barach, 2004; Gunther and Phillips, 2010;
Kavirajan et al., 2014). CES may affect the reticular activating
system, the limbic system, and the hypothalamus (Kirsch and
Nichols, 2013). How CES exerts its antidepressant effect is
not fully understood. A recent study showed that CES could
deactivate cortical brain activity and alter connectivity in the
default-mode network (Kavirajan et al.,, 2014). Clinically, CES

also seems to decrease comorbid depression in anxiety disorders
(Feusner et al., 2012; Kirsch et al., 2014). However, a Cochrane
library review indicates that methodologically rigorous studies
of the antidepressant effects of CES in the treatment of acute
depression are still lacking (Kavirajan et al.,, 2014). How CES
modulates underlying neuroplasticity or signaling pathways also
needs clarification.

Vagus Nerve Stimulation (VNS)

After decades of animal experimentation and application and
after significant reductions in the frequency and severity of
seizures were observed in response to stimulation of the vagus
nerve, VNS was first applied in a human case of refractory
epilepsy in 1988 (Rutecki, 1990; Uthman et al, 1990). VNS
was then commercially approved for treatment of resistant
epilepsy in 1997 (McLachlan, 1997; DeGiorgio et al, 2000;
Henry, 2002). After showing its remarkable antidepressive
clinical mode of action in a spin-off study and other controlled
studies of TRD, it received approval for TRD in Europe and
Canada in 2001-2005 (Sackeim et al., 2001; Topfer and Hailey,
2001; Marangell et al., 2002; Kosel and Schlaepfer, 2003). The
therapy was then approved by the FDA for chronic depression
and TRD in patients aged 18 years or older who do not
respond to other antidepressant treatments (Nahas et al., 2006).
Over 100,000 patients/year (both neurological and psychiatric
indications) are treated worldwide (Cusin and Dougherty,
2012).

Surgical implantation is achieved by means of minor surgery,
mainly neurosurgical, or otolaryngologic (Ng et al., 2010; Elliott
et al., 2011).VNS requires an implantable pulse generator, which
is surgically inserted under the skin of the chest and connected
to an electrode placed in one of the vagus fibers in the neck.
The repeatedly stimulated vagus nerve sends impulses from the
periphery, where the electrode is placed, to the brain. Electrical
stimulation of the vagus nerve centrally stimulates the nucleus
tractus solitarius, which in turn is able to modulate multiple
regions of the brain via its neuronal connections to anatomically
distributed cortical and subcortical regions of the brain, the
raphe nuclei and locus coeruleus, especially the limbic system.
The right vagus nerve is not used because of the risk of
potential severe bradycardia or arrhythmias. The left vagus nerve,
whose fibers point to the central region, is used in VNS, which
mainly stimulates the afferent fibers that communicate with the
target regions to achieve improvement in mood. Therefore, this
location is responsible for one of the main clinical effects of VNS.

In its mode of action, VNS modulates the concentrations of
neurotransmitters (especially serotonin, norepinephrine, GABA
and glutamate) and their metabolites while producing changes
in the functional activity of CNS regions, which makes the
mode of action of VNS similar to that of most antidepressants.
Neuroimaging studies have shown evidence that activity in
the thalamus and cortex in depressed patients is altered by
VNS therapy. Changed activity in the orbital and ventromedial
prefrontal cortices has also been recorded (Chae et al., 2003;
Muller et al., 2013b). The most frequent acute complications
of VNS implantation include temporary salivation, coughing,
paralysis of the vocal cords, lower facial weakness, rarely
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TABLE 1 | Neurostimulation options for treatment of TRD.

Technique Main stimulation Mode of action Evidence Pro Con
target region
ECT Cerebral cortex Small currents and Strong First line therapy for patients Relapse rates, effort,
generalized seizure who failed in cognitive side effects
induction pharmacotherapy, rapid
antidepressive effects,
long-lasting clinical
experiences
tDCS Cerebral cortex Anode and cathode sending Weak-moderate Non-invasive, rapid effects Less clinical experience
constant low current
(0.5-2 mA) directly to the
brain
rTMS Cerebral cortex Magnetic pulses to Strong Non-invasive, approved Relapse rates, effort, small
depolarize cerebral neurons effect sizes
DBS Nucleus accumbens, High-frequency stimulation Moderate, experimental Probably highly effective Implantation procedure
lateral habenula, ventral (130-185 Hz); reduction of
striatum, inferior neuronal transmission by
thalamic nucleus, inactivating
peduncle, subgenual voltage-dependent ion
cingulate channels; modulation of
neuronal circuits
MST Cerebral cortex Based on ECT, probably Weak-moderate Less side effects than ECT No broad evidence
effects increased glucose
metabolism
CES Probably affects limbic Electrical currents (<1 mA) Weak-moderate Non-invasive, supposed No broad evidence
system, reticular antidepressive mode of
activating system, action, FDA-approved
hypothalamus
VNS Left peripheral vagus (Long-term) modulation of Moderate-strong Anti-suicidal effects and Latency in antidepressive

nerve

neurotransmitters

rates of remittance,
combination option with
nearly all other treatment
options, FDA-approved

efficacy

[ Diagnosis of severe or therapy-resistant depr J [ Failure/ partial or nonresponse to at least two medications J
rTMS mECT, mTMS
[ Considering patients for ECT 4—»[ Side effects ]4—»[ MST ]
[ Non- or partial response J [ Remittance \
[ Considering patients f}r VNS ] [ Partial response ]4—»[ rTMS ]

Considering DBS

[ Considering alternatives like tDCS, CES J

FIGURE 1 | Clinical pathways when choosing neurostimulation techniques.

bradycardia, and, very rarely, asystole; all side effects are generally

fully reversible (Elliott et al., 2011; Schneider et al., 2015).

In a nutshell, there is growing and promising evidence for
the use of VNS for depression in a 12-month trial. In a recent

double-blind trial with 331 TRD patients, adjunct VNS at low

(0.25mA, 130 Is pulse width), medium (0.5-1.0 mA, 250 Is), and

high (1.25-1.5mA, 250 ls) currents was effective over 1 year
(Aaronson et al., 2013; Feldman et al., 2013; Muller et al., 2013a).
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Smaller studies also showed high levels of remittance of TRD
over longer periods (>5y) (Muller et al., 2013a, 2017a). Recently,
Aaronson et al. provided a large set of data showing improved
outcomes for adjunctive VNS observed in both ECT responders
and non-responders. Within the D-23 VNS registry (489 in the
VNS arm and 276 in the treatment-as-usual arm), cumulative
remission, based on an MADRS total score, demonstrated that
over time, patients in the VNS arm were significantly more likely
to experience remission than those in the treatment-as-usual arm
(43.3 and 25.7%, respectively), demonstrating significant efficacy.
The MADRS is a popular scale because of its high inter-rater
reliability and high sensitivity to detect changes in treatment
effects. Due to these features, the MADRS has been widely used in
mood disorder studies. Higher scores indicate greater symptom
severity. As demonstrated in previous studies, the scale has good
parallel form reliability. The 5-year cumulative response rate
for patients in the VNS arm who had previously responded to
ECT was 71.3% compared with 56.9% for the ECT responders
in the treatment-as usual arm. For ECT non-responders in the
VNS arm, the response rate was 59.6%, compared with 34.1%
(95% for ECT non-responders in the treatment-as usual arm).
These results show that VNS is promising, particularly, but not
only, as a feasible adjunctive tool for ECT responders (Aaronson
et al., 2017). In addition to the antidepressive mode of action, a
remarkable finding is that VNS seems to have a specific lower
all-cause mortality rate and an anti-suicidal effect (Aaronson
et al., 2013, 2017; Berry et al., 2013). Therefore, the longer-term
results of VNS are encouraging, and VNS can be considered for
patients with chronic depression, particularly in situations where
treatment resistance may be an issue. A limitation of the available
studies on VNS stimulation cited above is the lack of a control
group receiving sham stimulation. Sham stimulation is used as a
placebo treatment in neurostimulation trials, i.e., specific sham
coils, which mimic the feeling of the real stimulation procedure,
are used in randomized controlled rTMS trials. Sham stimulation
in VNS treatment is much more problematic on an ethical level
not only because surgery is required but also because a long
period of >6 months of sham stimulation would be required
due to the delayed entry of treatment effects under VNS. This
seems unethical in light of the seriousness of MDD, including
the possible risk of suicide (Aaronson et al, 2013). Thus, the
possibility cannot be excluded that a placebo effect influenced the
results of the studies cited above. Nonetheless, due to the solid
magnitude of effects and the addition of a control group receiving
other antidepressive treatment to the large D-23 registry trial
(Aaronson et al., 2017), it seems unlikely that the observed effects
were due to the placebo effect alone.
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CONCLUSION

Selection of Patients for Adjunctive

Neurostimulation

The harm of chronic and TRD highlights the need for
evidence-based adjunctive treatment options. ECT and others,
especially/in addition to rTMS, are primarily delivered for
seriously ill depressed probands. Alternative and/or add-
on strategies, such as DBS or VNS, should be strongly
recommended to patients (Table 1, Figurel) as promising
adjunctive options to ECT (the gold standard), especially when
treatment resistance occurs. Additionally, the combination of
rTMS and ECT is promising, and when side effects of ECT
occur, MST is a possible alternative. Only ECT and rTMS
have level 1 evidence for regular treatment; VNS is also
approved for the indication group for which r-TMS and CES are
FDA-approved.

Compared to other neurostimulation techniques, VNS
has the advantages of more solid scientific evidence for
efficacy compared to MST, tDCS and CES and, after initial
implantation, a comparably small burden of time and
effort for maintenance treatment compared to ECT and
rTMS. Compared to maintenance ECT, VNS is also less
invasive in the long term. However, a disadvantage of VNS
is the delay of effects after implantation, with substantial
treatment effects often only occurring after 3-12 months of
treatment.

For MST, tDCS, and CES as adjunctive treatments alone, there
is not yet sufficient evidence to recommend them in the first line,
but as add-on strategies, they probably should be considered.

In summary, it seems that a special future focus should be
placed on therapy based on powerful (especially when combined)
augmentative neurostimulation options. Particularly because
of the promising results from neurostimulation combination
strategies (e.g., ECT followed by VNS and ECT/r-TMS), the
expected augmentation effects of combining neurostimulation
techniques should be strictly further evaluated in future
controlled clinical studies.
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