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REVIEW ARTICLE

Vagus nerve stimulation for treatment-resistant depression: is this therapy distinct 
from other antidepressant treatments?

Andrei Vlaicua and Mihaela Bustuchina Vlaicub,c
aService of Psychiatry, Hospital Andre Breton, Saint-Dizier, France; bNeurosurgery Department, Hospital Pitie� Salpêtri�ere, Paris, France; cINSERM, 
U955, The Translational Psychiatry Laboratory, Cr�eteil, France

ABSTRACT
Background: The treatment-resistant depression (TRD) is a very disabling disease.
Objective: The aim of this article is to provide an overview of the therapeutic activity of vagus nerve
stimulation (VNS) therapy system in TRD. We summarised the progress made during the last decade in
this area.
Methods: We conducted a non-systematic review on the efficacy and safety of the VNS therapy for this
disease. We analysed the results from acute and long-term studies that utilised this technique. Major elec-
tronic databases were searched.
Results: The patients with TRD may show acute and long-term benefit when treated with this technique.
There are promising results for VNS therapy for these patients. The level of evidence as an acute treat-
ment option is only 3, but as chronic treatment is 2. This therapy should be offered as an added long-
term treatment option for patients with chronic and recurrent difficult to treat depression.
Conclusions: The antidepressant effects of this procedure remain controversial. The clinical trials have
produced mixed results, but VNS therapy for TRD has two distinct features that differentiate it from other
antidepressant treatments: a sustained therapeutic response obtained in highly resistant depressive disor-
ders, a favourable safety profile and guaranteed compliance.
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Introduction

Major depression is now recognised as a highly prevalent, chronic,
recurrent disorder with high rates of morbidity and mortality.
Currently available therapeutic interventions for treatment-resist-
ant depression (TRD), including high-dose antidepressants, switch,
combination, augmentation strategies, psychotherapy, and elec-
troconvulsive therapy (ECT) are less than ideal. In this context, for
many of these patients, neuromodulation therapy with vagus
nerve stimulation (VNS) therapy could be a real alternative.

The first description in the literature about use of VNS therapy
in humans was made in 1990 (for the treatment of drug-resistant
epilepsy) (Penry and Dean 1990). Since June 1994, the VNS ther-
apy system has been approved as adjuvant therapy for drug-
resistant epilepsy in all EU member countries. VNS was approved
in the United States by the Food and Drug Administration (FDA)
for treatment of resistant epilepsy in 1997.

Mood improvements observed in patients treated with VNS for
epilepsy suggested that this therapy might also be beneficial in
depression. In March 2001, Cyberonics was granted the agree-
ment to begin commercial distribution of the VNS therapy system
for the treatment of depression in members of the European
Community (EC), and one month later for Canada. VNS was
approved by the FDA in the United States in 2005 for the adjunct
long-term treatment of chronic or recurrent depression for adult
patients experiencing a major depressive episode who had failed
to respond to four or more adequate antidepressant treatments
(Table 1).

The mechanism of the vagus nerve stimulation
therapy systemTM

The vagus nerve is a cranial mixed nerve composed of 20% effer-
ent fibres and 80% afferent fibres, that transmit nerve impulses
from the periphery to the brain. As in epilepsy, the exact mecha-
nisms of action of VNS are not fully understood. Putative antisei-
zure mechanisms are mediated by altered vagal afferent activities,
and probably include altered activities in the reticular activating
system, the central autonomic network, the limbic system, and
the diffuse noradrenergic projection system. Studies have shown
that activation of the vagus nerve, particularly the afferent fibres,
influences the brain areas involved in depression. Electrical stimu-
lation of the vagus nerve centrally stimulates the nucleus tractus
solitarius (NTS), which sends fibres to connect directly or indirectly
to different regions of the brain.These regions include the dorsal
raphe nucleus (DRN), the locus coeruleus (LC), the amygdala, the
hippocampus, the thalamus and the orbitofrontal cortex. The NTS
can modulate multiple regions of the brain via its neuronal con-
nections to anatomically distributed subcortical and cortical
regions of the brain that are involved in mood regulation. The
stimulation of the NTS beam, which itself projects on LC (noradre-
nergic) and on NR (serotoninergic), results in changes in prefrontal
cortical activity. Norepinephrine (NE) and serotonin (5-HT) levels
of neurons in the LC and of dorsal nucleus of the raphe (NR)
increased with treatment with VNS (Ruffoli et al. 2011). According
to several authors, the modulation of the neuronal pathways asso-
ciated with the regulation of the mood by the NTS seems to con-
stitute an attractive mechanism of action (Nemeroff et al. 2006).
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Changed activity in the orbital and ventromedial prefrontal corti-
ces has also been recorded (Chae et al. 2003; M€uller et al. 2013).
In its mode of action, VNS modulates or fundamentally alters the
concentrations of neurotransmitters (especially 5-HT, NE, GABA
and glutamate) and their metabolites while producing changes in
the functional activity of CNS regions (Hulsey et al. 2019). The
results of human studies of CSF metabolites seem interesting: the
metabolites of NE, 5HT and dopamine (DA) were evaluated before
and after 24 weeks of stimulation by the VNS. Only the increase
of homovanillic acid (HVA), a metabolite of DA has been
observed, suggesting a possible dopaminergic mechanism of VNS
(Grimonprez et al. 2015).

Neuroimaging studies have shown evidence that activity in the
thalamus and cortex in depressed patients is altered by VNS ther-
apy (Nahas et al. 2007). VNS can induce synchronisation of orbito-
frontal activity on the EEG and it can induce emergence of frontal
slow waves (Groves and Brown 2005).

The location of vagus nerve activity in the brain has been
observed through studies of regional cerebral metabolism with
positron emission tomography (Conway et al. 2013). Brain imag-
ing studies have demonstrated metabolic changes in the pre-
frontal cortex and in limbic structures relevant to mood
regulation, possibly through the modulation of monoaminergic
neurotransmission. Probably that VNS would exert its antidepres-
sant effects through a rapid increase in monoamine concentra-
tion, which then could improve neuronal plasticity in the
hippocampus (Liu et al. 2017). The acute and chronic stimulation
can induce persistent changes in neurons at this level (Revesz
et al. 2008). It will also be possible to restore corticolimbic net-
works, which are disturbed in depressed patients. The formation
of new synapses could strengthen these networks. In current
treatment of TRD models, dysregulation of several interconnected
structures in the frontal and limbic circuit has been hypothesised
(in which the hippocampus plays a major role) (Perini et al. 2017).
There is a hypothesis of the desynchronisation of neuronal activity
by the modulation of neurotransmitter release, hippocampal plas-
ticity and anti-inflammation action (Aalbers et al. 2011). In the
hippocampal plasticity hypothesis of depression, chronic stress
leads to atrophy and synaptic changes in limbic brain. VNS
increases the expression of neurotrophic and growth factors
brain-derived neurotrophic factor (BDNF) (Furmaga et al. 2012)
and basic fibroblast growth factor (bFGF), (Follesa et al. 2007)
which promote the neuroplasticity. Clinical studies have proven
that therapeutic effects appear after several months of treatment
and the plasticity hypothesis explains its mechanism. Recovery of
networks that dysfunctioned in depressed subjects could provide
an explanation for the therapeutic delay of VNS in the treatment
of depression. In conclusion, the mechanism of action of VNS
remains to be further elucidated (Vonck and Larsen 2018). The
preclinical research reveals VNS induced effects on neurotransmit-
ter expression, in the cerebral blood flow, desyncronisation
changes EEG rhythms, on brain plasticity, the autonomic nervous
system and the inflammatory response (Conway and Xiong 2018)
(Figure 1).

The device and the procedures for the implantation of
the vagus nerve stimulation

The VNS system comprises an implantable pulse generator (IPG),
which is surgically inserted underneath the skin of the chest, con-
nected to a helical bipolar cuff electrode (e.g., VNS therapy,
Cyberonics) with a bipolar stimulation pattern, either with a fixed
nonadaptive stimulation or on-demand adaptive stimulation trig-
gered by the patient. The electrode is placed at the cervical level
wrapped typically around the left cervical branch of vagus nerve.
Intermittent electrical currents are sent from the generator to the
vagus nerve and via the NTS to various regions of the brain. The
electrodes are capable of delivering at low frequency pulses to
the left vagus nerve. The pacemaker is typically activated for
30 seconds ON and five minutes OFF. Communication with the
pulse generator occurs with the help of a tablet programmer and
a wand. In depression, the recommended dosing parameters con-
sist of a current intensity of 1.00–2.00mA, a pulse width of 250 ms
and a pulse frequency of 20Hz. These settings are based on use
in clinical studies and empirical evidence. Optimal treatment
parameters for VNS remain a research question. In an RCT of
open-label VNS (N¼ 331) comparing low (0.25mA current, 130ms
pulse width), medium (0.5–1.0mA, 250ms) or high (1.25–1.5mA,
250ms) electrical outputs, higher electrical charges were corre-
lated with better improvement in depressive symptoms (Aaronson
et al. 2013). More sustained antidepressant responses and less fre-
quent suicide attempts were reported in the medium- and high
stimulation groups than the low-dose group. We note that the
effect is maintained and even increases with time (Cristancho
et al. 2011). Implantation of the VNS Therapy system is similar to
the implant of a pacemaker and it is performed under general
anaesthesia. Left cervical implantation at the vagus nerve is
believed to minimise potential cardiac effects, such as bradycardia
or asystole (mainly mediated by the right vagus nerve). During
the first months of treatment, optimisation of dosing parameters
occurs, therefore, regular visits are required at the beginning of
therapy. In the long-term, yearly check-ups are advised to ensure
the functioning of the device and to adjust parameters if neces-
sary. The stimulation parameters can be adjusted to avoid
undesirable effects. Tolerance often improves with chronic stimu-
lation. Once implanted, the VNS device can remain operational for
a minimum of 7 years (Cyberonics 2015). The delivery of the treat-
ment is automatic. The patient should receive safety information
about the VNS, possible side-effects and risk. Occasionally removal
of the VNS system may be necessary. Since VNS is adjuvant to
antidepressant therapy, it is strongly advised to maintain the dos-
age of all antidepressant drugs at least for the first three months
of stimulation, before attempting to reduce doses or switch medi-
cations. Once the VNS system is adjusted, depending on the
patient’s response and how it tolerates the implant, a schedule of
followup visits will be established. At each patient visit, the pulse
generator must be queried, using the appropriate version of the
VNS system programming software. The treatment with the VNS
system should not cause discomfort or unpleasant side effects. If
the patient has an intolerable side effect, try routinely to reduce
the output current (mA). Additionally, it will be necessary to
explain to patients and caregivers how to apply the magnet to
turn off the pulse generator if an adverse reaction becomes
intolerable.

Contraindications

A history of left or bilateral cervical vagotomy is a major contra-
indication. In patients stimulated with VNS, whole body MRI

Table 1. History of VNS therapyVR .

1988 First patient implanted (epilepsy)
1988–2005 E-01–E-05 (epilepsy studies; 439 patients)
1994 CE-Mark approval epilepsy
1997 FDA approval epilepsy
2000 Pilot study depression (early observation mood improvement)
2000–2009 D-01, D-02 and D-03 (depression studies)
2001 CE-Mark Approval Depression (Europe and Canada)
2005 FDA approval depression



cannot be performed. The realisation of a cerebral MRI remains
possible but requires specific equipment and procedures.
Ultrasound therapies should not be used, but ultrasound is
accepted. Metal detectors, microwave ovens, mobile phones and
other electrical or electronic devices do not affect the VNS. The
VNS system can affect the operation of other implanted devices –
such as pacemakers and defibrillators. This technique is compat-
ible with the use of psychotropic drugs and with ECT.

Safety and tolerance

Surgical complications are rare but may include some infection
risks as well as pain at the site of incision. Asystole during
implantation is a very rare complication (1/1000 implants) but
clearly represents a serious adverse event. However, no deaths
were reported, and patients were able to safely use the VNS after
the operation. Adverse events related to stimulation include:
hoarseness of the voice (most common, but of low severity), feel-
ing dyspnoea, paresthaesia, increased cough, laryngeal spasm and
nausea/vomiting. In general, these manifestations appear only
during stimulation, and they seem to be related to the intensity
of the output current. Their effects diminish over time (Mehta
et al. 2018).

Patient selection

Patient selection is an important step. First, the diagnosis of TRD
should be confirmed: the course of the disease prior to the intro-
duction of this device should clearly indicate that the long-term
antidepressant treatment was well prescribed, that the subject
was treated adequately with several treatments and has a signifi-
cant disability due to his illness. This involves ensuring that the
patient adheres to the treatment, that he has been given an
adequate dose and of sufficient duration for each stage of the
treatment, but that this has failed.

What are the conclusions of the studies with vagus
nerve stimulation?

After studying the literature, it seems important to describe the
studies that led to the development of VNS therapy for TRD (Rush
and Siefert 2009). In the open pivotal feasibility study (D-01), of
the 59 subjects with evaluable data, 31% were responders at the
end of the short-term study, 10 weeks after implantation (Rush
et al. 2000). The response is the primary measure of effectiveness,
which is defined as at least 50% improvement in the score on the
HDRS-28 scale. Other measurements of depressive symptoms (CGI,
MADRS, BDI, IDS-SR) and quality of life (MOS-36) corroborated the
scores obtained on the HDRS28 scale. Sackheim et al. concluded
that the mean response time to treatment was 48.1 days
(Sackeim et al. 2001). Nahas et al. conducted a two-year outcome
study for the same population (Nahas et al. 2005). The results
indicate that remission rates were 15% at 3 months, 27% at
12 months and 22% after 2 years. Response rates were 31%, 44%
and 42%, respectively, at 3, 12 and 24 months. The authors con-
cluded that treatment with VNS may show a long-term benefit.
The clinical advantage over time is defined as extraordinary
(�75% improvement for the HDRS-24 scale), very significant (50%
to <75%), significant (25% to <50%), minimal (% to <25%) or
aggravated (<0%). It is interesting to note that at 2 years the
response was maintained. The pivotal study (D-02) (N¼ 235
implanted, N¼ 222 evaluable) consisted of two phases: a short-
term phase, and a second long-term phase of collecting data on
safety and effectiveness of treatment (Rush et al. 2005a, 2005b).
The short-term phase is a multicenter, doubleblind, randomised,
controlled study with a parallel group not receiving treatment
over 12 weeks (after implantation). All patients had an implanted
with VNS. After two weeks, the device was activated in half of the
patients. Patients were evaluated 10 weeks later. The two groups
were then compared. Drug treatment was expected to remain sta-
ble throughout the short-term phase, both for the treatment
group and for the control group. During the 2 weeks following
the activation of VNS, the parameters were adjusted according to
the tolerance of the subject, and remained stable during the
remainder of the short-term phase. The 24-point Hamilton

Figure 1. VNS therapy works via several pathways.



Depression Scale (HDRS-24) was the primary endpoint of the piv-
otal study (D-02). For the analysis of the short-term phase, the
response rates on the HDRS-24 scale of the treatment and control
group were compared. Secondary efficacy analyses included intra-
and inter-group comparisons with self-reported depressive symp-
tom tests: IDS-SR, CGI, MADRS and MOS SF-36. The response was
prospectively defined as a �50% increase in the IDS-SR, HDRS-24
and MADRS scores compared to initial values, and as a significant
or very significant improvement in CGI. Remission (full response)
was prospectively defined as a score �9 on the HDRS-24 scale, a
score �10 for the MADRS scale or a score �14 for the IDS-SR test.
After 10 weeks, the response was 15% (active group) and 10%
(placebo group). This difference was not statistically different. The
authors concluded that VNS has not demonstrated short-term effi-
cacy in the treatment of depression. Reasons for the failure of the
acute phase could have been: (1) an underpowering of the study;
(2) a very resistant population; (3) a too-short time period for VNS
therapy to demonstrate superiority; (4) underdosing of the active
treatment arm. All subjects in the pivotal study (D-02) (N¼ 205
subjects) at the end of the short-term phase were able to under-
take the long-term extension phase, active treatment with the
VNS system. The results showed a response rate of 27% and a
remission rate of 15.8%. The improvement in depression observed
among subjects in the long-term phase of the pivotal study (D-
02) was corroborated by an improvement in the quality of life
measured by the MOS SF-36 (Rush et al. 2005a, 2005b). This study
was biased by the absence of a comparison group, the concomi-
tant use of antidepressants, and the fact that treatments were
adjusted during the study period for both the VNS and for antide-
pressants. The efficacy results of the D-03 study, which evaluated
the efficacy and safety of VNS in 74 patients with TRD, showed
that 53% of responders were responders (Schlaepfer et al. 2008).
The results of this 2-year open-label study suggest a good clinical
response and a relatively benign adverse event profile. However,
the absence of a control group limits the validity of the results of
this study. Long-term, comparative, observational, non-rando-
mised long-term study D-04 represents a control group of sub-
jects suffering from TRD and who have received usual drug
treatments and for which the VNS device has not been implanted
during the first 12 months (Bajbouj et al. 2010). During this time,
a comparison was made between the two groups: 205 patients
with VNS and usual treatment (TAU), which also included ECT,
and 124 patients who received only TAU. The first group
(VNSþ TAU) showed a 27% improvement on the HDRS-24 scale,
compared with the 13% improvement for the nonVNS group.
Thus, primary and secondary analyses showed that adjuvant treat-
ment with VNS resulted in statistically significant improvement in
depressive symptoms after one year of treatment.

Most adverse effects of feasibility study D-01 and pivot study
D-02 are minor or moderate. In study D-01, no interruption was
associated with adverse events attributed to the VNS or implant-
ation. In the pivotal study D-02, after one year, 3% (8/235) of sub-
jects discontinued treatment due to an adverse event. Adverse
events considered to be related to implantation occurred in less
than 5% of subjects during the short-term phase of pivot study
D-02. Adverse events associated with stimulation had an inci-
dence �5% in the pivotal study (D-02) and an incidence <5% in
the long-term phase of the same study. After the first 3 months
of stimulation, the incidence of adverse effects related to stimula-
tion did not exceed 1.3%. Of the 295 subjects on which the
device was implanted, both feasibility study D-01 and pivot study
D-02, 92% of subjects continued treatment with the VNS system
at 12 months and 82% at 24 months. Recent systematic reviews

and meta-analyses of open-label studies have suggested that the
antidepressant effects of VNS may accrue over time. By analysing
participants in pivotal trials D-02 (N¼ 235), Nierenberg et al.
showed that short-term and long-term results (24 months) for
VNS treatment were similar for patients with unipolar depressive
symptoms (33%) and those with bipolar depression (38%)
(Nierenberg et al. 2008).

Daban et al. (2008) evaluated the safety and efficacy of VNS
stimulation in TRD through a systematic review between January
2000 and September 2007. Of the 48 references found, only 18
studies (N¼ 1251) met the required quality criteria. Only one
randomised double-blind study was available and therefore a
meta-analysis was not possible. In the majority of preliminary
open-label studies selected for examination, VNS was associated
with a significant reduction in depressive symptoms (based on
the primary endpoint, HDRS) in the short and long term.
Unfortunately, the only double-blind study gave inconclusive
results. In general, VNS is reported as a safe and feasible proced-
ure, despite its invasiveness. The authors concluded that VNS
appears to be an interesting new approach for the treatment of
TRD. However, despite promising results reported primarily in
open-label studies, further clinical trials are needed to confirm its
efficacy in TRD. Martin and Mart�ın-S�anchez (2012) conducted a
systematic review and meta-analysis to determine the efficacy of
VNS for the treatment of TRD. Fourteen studies met the inclusion
criteria and were selected for analysis. The meta-analysis of the
efficacy of uncontrolled studies showed a significant reduction in
scores on the HDRS scale, and the percentage of responders was
31.8%. However, as already mentioned, the randomised controlled
trial (RCT) for a sample of 235 patients with depression reported
no statistically significant difference between the active and the
placebo groups. To investigate the cause of this heterogeneity
between studies, a meta-regression was performed. Eighty-four
percent of this variation can be explained by the initial severity of
depression. The authors indicated that the available data are
insufficient to conclude whether or not the VNS is effective in the
treatment of depression. Furthermore, it cannot be excluded that
the positive results observed in the uncontrolled studies could
have been mainly due to a placebo effect.

Berry et al. conducted a meta-analysis to compare response
and remission rates in patients with TRD and treated with VNS in
addition to the usual treatment (VNSþ TAU), or TAU (Berry et al.
2013). The six clinical studies included in the meta-analysis were
two single-arm studies of VNSþ TAU, a randomised trial of
VNSþ TAU versus TAU, a single arm study of TAU patients, a
randomised VNSþ TAU comparing different intensities of VNS
stimulation, and a non-randomised registry of patients who
received either VNSþ TAU or TAU. Evaluation of the response was
measured on the MADRS and CGI-I scales. The results were com-
pared with baseline with 96 weeks of treatment with VNSþ TAU
(n¼ 1035) versus TAU (n¼ 425). The response rate for VNSþ TAU
at 12, 24, 48 and 96 weeks was 12%, 18%, 28% and 32%, respect-
ively, compared with 4%, 7%, 12% and 14%, respectively, the
TAU. The rate of remission on the MADRS for VNSþ TAU at 12,
24, 48 and 96 weeks was 3%, 5%, 10% and 14% – against 1%,
1%, 2% and 4% for TAU. The adjuvant VNS was associated with a
higher probability of response and remission compared to TAU.
Similar results were observed for the CGI-I response. The authors
concluded that for patients with chronic TRD, VNSþ TAU has
response and remission rates that are more likely to persist over
time in comparison with the TAU group. The most commonly
reported adverse effects after 1 year of VNS for TRD are voice
alteration (69.3%), dyspnoea (30.1%), pain (28.4%), and increased



cough (26.4%). Voice alteration and increased cough are often dir-
ect effects of VNS being actively delivered and can immediately
improve by turning the stimulation off. A lower all-cause mortality
rate, including suicide, has been observed in patients with TRD
treated with adjunctive VNS compared to TAU (Olin et al. 2012).
There is promising evidence for the use of VNS for depression in
a 12-month (Aaronson et al. 2013; Christmas et al. 2013; Feldman
et al. 2013; M€uller et al. 2013).

Aaronson et al. (2013) in a multicenter, double-blind study
compared the safety and efficacy of different levels of adjuvant
therapy stimulation by VNS for TRD. The 331 patients were rando-
mised to one of three dose groups: low (0.25mA, 130 ms pulse
width), mean (0.5–1mA, 250 ms) or high (1.25–1.5mA, 250 ms). A
highly resistant population (>97% of subjects failed to respond to
�6 previous antidepressant treatments) was studied. Responses
and side effects were evaluated for 22 weeks (end of acute phase),
and thereafter the stimulation current could be increased if neces-
sary. The evaluations then continued until week 50 (end of the
long-term phase). During the acute phase, all groups showed stat-
istically significant improvement on the primary efficacy endpoint
(change in IDS-C score). The reported rates of serious adverse psy-
chiatric events have included suicide or attempted suicide (4.6%)
and treatment-emergent hypomania or mania (2.7%). In the long-
term phase, the mean change in the IDS-C score showed continu-
ous improvement. Post hoc analysis demonstrated a statistically
significant correlation between the total daily load and the
decrease in depressive symptoms; the acute phase analysis dem-
onstrated significantly greater durability of response at medium
and high doses than at low doses. The authors concluded that
patients receiving adjuvant therapy with VNS showed a significant
improvement at the end of the study compared to the initial val-
ues, the effect being lasting over 1 year. However, the absence of
a control group is a bias for this study.

Smaller studies also showed high levels of remittance of TRD
over longer periods (>5 years). In the case control retrospective
study published by M€uller et al., a group of 20 patients with TRD
was treated with low-strength/high-frequency VNS (�1.5mA,
20Hz) and highstrength/low-frequency (>1.5mA, 15Hz) VNS.
Significant decrease in the HAMD was observed in patients who
were treated with the low-strength/high-frequency stimulation
parameters. The scores of the patients treated with high-strength/
low-frequency combination did not change. Sixty-percent of our
patients had low-strength/high-frequency stimulation with fre-
quency 30Hz and 0.65 ± 0.35mA during the follow up period. The
frequency was the first parameter to be increased when the
patient demonstrated HAMD deterioration (M€uller et al. 2017). In a
recent study, the authors had compared the durations of response
achieved with VNSþ TAU vs. treatment as usual (TAU). VNS ther-
apy added to TAU in severe TRD leads to rapid onset and higher
likelihood and a greater durability of the response as compared to
TAU alone. In the VNSþ TAU arm, 62.5% of participants had a first
response over 5 years compared with 39.9% in TAU. The time to
first response was significantly shorter for VNSþ TAU than for TAU.
This is the first study to look at the long-term durability of benefit
up to 5 years, defined here as response based on 50% reduction
in baseline MADRS score to declare the onset of response and a

threshold of retaining at least a 40% reduction compared to base-
line to retain the response (Kumar et al. 2019).

The TRD registry investigated whether adjunctive VNS with
TAU in depression has superior long-term outcomes compared
with TAU only: a 5 year, prospective, open-label, nonrandomised,
observational registry study was conducted at 61U.S. sites and
included 795 patients with TRD (Aaronson et al. 2017). This regis-
try represents the longest and largest naturalistic study of efficacy
outcomes in TRD. The adjunctive VNS group had better clinical
outcomes than the treatment-as-usual group, including a signifi-
cantly higher 5-year cumulative response rate (67.6% compared
with 40.9%) and a significantly higher remission rate (cumulative
first-time remitters, 43.3% compared with 25.7%).

Recently, Aaronson et al. provided a large set of data showing
improved outcomes for adjunctive VNS observed in both ECT res-
ponders 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 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. A simi-
lar significant response differential was observed among ECT non-
responders (59.6% compared with 34.1%) (Aaronson et al. 2017).

Discussion

We have previously observed that in the part dedicated to the
description of the trials performed with the VNS under the TRD, all
studies examined (D-01, D02, D03, D04, D21 and D23) were for the
most part observational and without placebo control (Table 2).

In a recent study, Bottomley et al. provided an up-to-date sys-
tematic literature reviews (SLRs) and meta-analysis of all studies of
adjunctive VNS in TRD, including recent much longer-term experi-
ence of VNS (Bottomley et al. 2020). Of 22 identified studies, there
were two RCT (Rush et al. 2005a, 2005b; Aaronson et al. 2013), 16
single-arm and four non-randomised comparative studies. The
only RCT (N¼ 235) reported no statistically significant differences
between the active and placebo groups (Rush et al. 2005a, 2005b).
This study revealed modest benefit per the primary measure.
Response rates with a secondary outcome, the IDSSR, were noted
to demonstrate a statistically significant benefit for VNS. The
authors considered that the lack of definitive evidence of short-
term efficacy in this chronically ill population could be due to
either the study being too short in its follow up or underpowered.

There are authors who consider that the effectiveness of VNS
therapy for TRD remains modest. For example, in a meta-analysis,
Martin and Mart�ın-S�anchez (2012) stated that there is insufficient
evidence to conclude that VNS is effective in treating TRD. They
suggest that its positive effects could be influenced by the pla-
cebo effect, spontaneous remission, or simply by observing these
patients (Hawthorne’s effect). However, in their analysis, these
authors mix epilepsy studies and depression studies. Strong evi-
dence of a possible antidepressant effect should be based

Table 2. Depression: overview clinical pivotal studies.

D-01 (efficacy and safety)
Acute (3 months)

D-03 (efficacy and safety)
Acute and long-term (24 months)

D-02 (efficacy and safety)
Acute and long-term (24 months)

D-21 (dosing)
Acute and long-term (12 months)

D-02 vs. D-04 (efficacy and safety) VNS vs. VNSþ TAU
Acute and long-term (12 months)

D-23 (efficacy; safety; mortality; suicidality; anxious) TAU vs. TAUþ VNS
Long-term (60 months)



exclusively on long-term clinical trials with a control group, but in
reality, this objective appears to be problematic, as there are sig-
nificant barriers, both, technical and ethical. It is important to
highlight the special nature of the population of patients enrolled
in the VSN therapy studies, which is distinguished by the chron-
icity of their depressive disorder (the average length of the dis-
ease may be more than 25 years, and of the current episode
nearly 7 years). It is important to note that there is a real drug
resistance, with an important therapeutic escape (>50% of
patients who have failed on average more than 7 antidepressant
treatments and ECT). It was also necessary to count the total
number of hospitalisations, and especially the number of
attempted suicides. These patients have always been excluded
from most clinical trials with antidepressant treatments (except
for DBS studies). If we take into account all of these clinical fea-
tures, it will be difficult to say that a placebo effect, spontaneous
remission or Hawthorne’s effect may explain even modest
improvements in these patients. As with conventional antidepres-
sant treatments, the efficacy of VNS on depression appears to be
proportional to the severity of the initial chart, thus explaining
the variations in efficacy observed throughout the studies. The
second RCT (Aaronson et al. 2013) compared three active adjunct-
ive VNS treatment groups. The patients were randomised to three
different levels of VNS dose stimulation. All three groups showed
statistically significant improvement in the primary endpoint. A
post hoc analysis suggested higher doses may result in better
and more sustained responses.

Since its introduction in 2000, numerous studies have been
published and SLRs. Seven SLRs have reported that adjunctive
VNS therapy (namely VNS therapy plus TAU is associated with
patient benefit in TRD, and that such benefit is sustained
(Bottomley et al. 2020). There are the similarities and differences
across the seven SLRs:

a. Three focussed solely on TRD (Daban et al. 2008; Berry et al.
2013; Lv et al. 2019). Lv et al. searched for RCTs in TRD, and
identified two RCTs: one was VNS therapy (Rush et al. 2005a,
2005b); the second study described auricular transcutaneous
VNS as opposed to VNS therapy.

b. Two SLRs included other conditions: TRD/drug-resistant epi-
lepsy (Martin and Mart�ın-S�anchez 2012) and experiences in
any psychiatric condition (Cimpianu et al. 2017);

c. One SLR (Milev et al. 2016) was a clinical guideline in adults
with TRD based on the meta-analyses of therapeutic neuro-
modulation (McGirr and Berlim 2018).

This comprehensive study of all VNS data, offers a summary of
the best available evidence, suggesting that adjunctive VNS over
a 2-year period, make a true benefit for TRD patients.

The neuromodulation of VNS gained a special interest in
recent years. In order to improve the response to antidepressant
treatment, add-on augmentation has been developed. In addition
to pharmacological add-on therapy, neurostimulation techniques
are increasingly used. Concerning the combining of VNS with

existing treatments, VNS is a promising add-on treatment for TRD
(Cimpianu et al. 2017). One of the distinct advantages of VNS is
that it can be combined with safely with a wide range of medica-
tions and with all existing treatments for depression.

Aaronson et al. published the report of the longest and largest
treatment trial of VNS use in TRD. The investigators suggested
that patients with a history of positive ECT response did especially
well over time with VNSþ TAU. Thys study demonstrated that
VNS combined with any treatment available to psychiatrists
(including ECT) was superior to standard treatment without VNS,
achieving greater cumulative response (50% reduction in depres-
sive symptoms) and remission rates and lowering overall suicide
rates. These results show that VNS is a feasible adjunctive tool for
ECT responders. These two neuromodulation modalities of treat-
ment should be viewed as complementary. The VNS device can
be temporarily shut off to permit ECT to be administered and
then restarted immediately post ECT. VNS has many scientific evi-
dence for efficacy. One important point in response-rates of VNS
is the latency between implantation and clinical response, so, its
therapeutic benefit is clearly slower than ECT. On the contrary, its
efficacy increase with time and the longer-term results of VNS are
encouraging. VNS conferring the advantage of a very well toler-
ated longterm treatment. For maintenance in long term treat-
ment, it is better even than the maintenance ECT, and also less
invasive (M€uller et al. 2018). Both devices provide additional
options for the large number of patients. In recent years, a grow-
ing interest in cognitive dysfunction in depression has emerged.
VNS seems a very promising adjunctive therapy for TRD patients
with cognitive impairment. Unlike ECT, it does not cause adverse
cognitive effects. Desbeaumes et al. suggested that chronic VNS
produces sustained clinical and cognitive improvements in TRD
patients, with some mental functions improving as soon as
1 month after the initiation of the VNS therapy (Desbeaumes
et al. 2018).

Results from a non-randomised registry of VNSþ TAU vs. TAU
(n¼ 636) suggest that adjunctive VNS demonstrated significant
advantages in the mood domain, and in multiple other functional
domains measured on the Q-LES-Q-SF, with significant compara-
tive benefit evident from 3 months and sustained through 5 years
on VNSþ TAU (Conway et al. 2018) (Table 3). A long-term (a 6-
year follow-up) naturalistic study demonstrated that the thera-
peutic effect of VNS on TRD goes beyond clinical symptoms to
improve the daily quality of life of those affected (Trottier-Duclos
et al. 2018). The benefit of VNS for TRD accrues over time, based
upon prospective observational studies that followed patients for
up to one or more years. An ongoing clinical trial, a study to
assess effectiveness and efficiency of VNS therapy in patients with
difficult to treat depression (RESTORE-LIFE) is in progress. The pri-
mary objective of this study is to assess short, mid and long-term
clinical outcomes in patients with TRD treated with VNS as
adjunctive therapy (a minimum of 500 patients and up to 80 sites,
5 years) (ClinicalTrials.gov database).

The tolerance and safety of the VNS systems has been well
established (Cristancho et al. 2011; Ben-Menachem et al. 2015).
This was reflected in patient’s adherence to treatment: in the piv-
otal study, the continuation rate of one-year VNS therapy was
high – 90%, and at two years more than 80% of patients have
the device in place. We have seen that in all studies, hypomanic
symptoms were very rare, short-lived and responded to a tempor-
ary reduction in the intensity of VNS. In trials conducted to date,
it appears that VNS therapy does not appear to exacerbate
depressive symptoms or specifically induce suicidal tendencies.

Table 3. D-23 VNS registry.

VNS therapy superior to TAU over 5-year period
VNS therapy patients experienced statistically significant benefits compared to

TAU patients for 13/15 clinical outcomes and 2 of 4 quality of life/
health outcomes

Physician-rated and self-rated symptomatology response rates, times to
response, duration of response, and quality of life consistently favoured the
VNS therapy compared to TAU



Conclusions

After studying the literature, we conclude that VNS therapy for
TRD has two distinct features that differentiate it from other anti-
depressant treatments: as sustained efficacy (response and remis-
sion) obtained in highly resistant depressive disorders, and a
favourable safety profile. This therapy has no negative effects on
cognition. In general, studies often have limitations such as lack of
control group, small sample size, concomitant drug therapy, lack
of statistical power analysis, and short-term follow-up. The VNS still
requires further studies on optimal stimulation parameters (Yuan
and Silberstein 2016). Despite its advantages, VNS remains an inva-
sive technique and it requires multidisciplinary teams involving
psychiatrists and neurosurgeons. VNS is recommended as a third-
line acute treatment with level 3 evidence for efficacy (Milev et al.
2016). However, the level of evidence as chronic treatment is 2.
The analysis of the results of VNS for TRD and especially the com-
parison between the different techniques of neuromodulation is
difficult, sometimes impossible. Most patients with VNS are on
antidepressant medications, so adverse effects are for the com-
bined treatment. VNS appears to be a very safe form of treatment.
In addition to the antidepressive mode of action, a remarkable
finding is that VNS seems to have a specific lower all-cause mortal-
ity rate and an anti-suicidal effect (Aaronson et al. 2013, 2017;
Berry et al. 2013). The tolerability of VNS appears to improve over
time with diminishing rates of adverse events reported by patients
during their long-term treatment with VNS. Of course, the sus-
tained efficacy is a very important element and the results with
VNS appear encouraging (Ben-Menachem et al. 2015).

VNS exhibits antidepressive and augmentative effects and this
therapy appears to be an important new addition to the thera-
peutic arsenal of the clinician treating patients with TRD. The aug-
mentation effects of combining neurostimulation techniques
(alternative and/or add-on strategies) are very interesting (e.g.,
ECT followed by VNS). There are promising results if we apply this
new strategy and it should be strongly recommended (M€uller
et al. 2018). In situations where treatment adherence may be an
issue, VNS can be considered a good therapeutic choice for
patients with chronic depression. The standard guidelines contrib-
ute to facilitate and guide the treatment decision and choice for
the clinicians. However, they cannot take into account the overall
complexities involved in the care of each individual patient.
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