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5.1             Introduction 

  Depression   is a common, recurrent, and chronic disorder and as such is 
one of the leading contributors to disability globally [ 1 ]. Persistent and 
severe depression is also strongly linked to suicide which remains a 
leading cause of death for adolescents and young adults in the USA 
[ 2 ]. Despite the disability burden and the intimate links between 
depression and suicide, our current treatments including psychotropic 
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medications, psychotherapy, and  electroconvulsive therapy (ECT) fail 
to elicit adequate response in 20–40 % of cases [ 3 ]. The less than opti-
mal outcomes observed in the state-of-the-art STAR-D clinical effec-
tiveness trial sponsored by the NIMH highlighted these limitations [ 4 ]. 
Although ECT is highly effective as an acute treatment, it has a high 
relapse rate (50 % at 1 year) [ 5 ]. 

 In response to this need for additional treatment options for the 
severely depressed patient, a new  therapeutic fi eld   known as 
“ neuromodulation  ” has gradually emerged. Vagus nerve stimula-
tion (VNS) is an implantable neuromodulation device, which has 
established effi cacy in medication-resistant epilepsy. It was 
approved by the US Food and Drug Administration (FDA) as an 
adjunctive treatment for severe, recurrent unipolar and bipolar 
depression in 2005 and has been investigated as a therapy for 
other disorders including anxiety, migraines, and Alzheimer’s 
disease [ 6 ,  7 ]. 

 The purpose of this chapter is to review the history and develop-
ment of VNS, its effi cacy and safety profi le, and its current role in 
clinical practice as a treatment option for patients who suffer from 
severe depression.  

5.2      History and Evidence   

 VNS was approved for treatment-resistant epilepsy in Europe in 
1994 and in the United States (USA) in 1997 [ 7 ]. Anecdotal clini-
cal observations of mood improvement in epilepsy patients after 
VNS implantation suggested a role for VNS therapy in depression 
and prompted further clinical investigation [ 6 ,  8 ,  9 ]. 

5.2.1      Mood Changes   in Epilepsy Studies 

 An initial pilot prospective study of the effects of VNS on mood in 
epilepsy patients treated either with VNS or antiepileptic drugs 
showed mood improvement in the VNS group at 3 months. This 
improvement was not associated with reduction in seizure fre-
quency [ 8 ]. Similar outcomes were reported by a separate indepen-
dent study in a group of patients with epilepsy and mild depression 
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( n  = 11). After VNS therapy, most patients  with   clinical signifi cant 
depressive symptoms showed decreases in scores according to the 
Montgomery- Asberg Depression Rating Scale (MADRS) at 6 
months. Interestingly, in terms of antiepileptic effect, only 2 out of 
the 11 patients were considered responders [ 9 ]. Those fi ndings 
suggested that VNS has a separate and distinct effect on depressive 
symptoms not related to outcomes on seizures reduction [ 6 ,  8 ,  9 ].  

5.2.2      Open-Label Studies   in TRD 

 At least two pilot studies of VNS in treatment-resistant depression 
(TRD), with no history of epilepsy, have been carried out. The fi rst 
trial included 30 patients with chronic unipolar or bipolar depres-
sion without psychotic features or rapid cycling. Patients had 
failed at least two adequate antidepressant trials and remained on 
their existing antidepressant treatments. A response rate of 40 % 
and a remission rate of 17 % were achieved after 10 weeks of VNS 
stimulation [ 6 ,  10 ]. 

 A second report with a bigger sample (30 subjects from the 
initial sample plus 30 additional subjects all with TRD) showed a 
less robust effect after 10 weeks [ 11 ] with a response rate of 30 % 
on the 28-item  Hamilton Depression Rating Scale (HAM-D)  , 
37 % on the Clinical Global Impression of Improvement Scale 
(CGI-I), and 34 % on the MADRS. Remission (HAM-D score 
≤10) rate was 15 %. Subjects in the second report appeared to have 
a more severe treatment-resistant course as evidenced by an aver-
age of 16 antidepressant treatment failures and about 40 % failure 
to respond to ECT in the current depressive episode [ 11 ]. The 
higher level of treatment resistance may have been responsible for 
the less favorable results in that sample. Nonetheless, under those 
circumstances, a response to VNS of 30–37 % indicated a thera-
peutic signal worthy of study under controlled conditions [ 6 ,  11 ]. 

 These initial open-label studies limited the time of exposure to 
VNS to only 10 weeks. This is perhaps a short time to fully evalu-
ate benefi ts of a long-term intervention. Marangell et al. [ 12 ] 
reported longer- term   outcomes in the fi rst cohort ( n  = 30). They 
observed both increases in response rate from 40 to 46 % and 
increase in the remission rate from 17 to 29 % at the end of 12 
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months (9 months after completion of the initial 3 months acute 
phase treatment). Improvements in the level of patient’s function-
ing were also noted. These authors pointed out that patients not 
only tolerated VNS well (91 % continuing to be responders) but 
also continued to improve over time [ 6 ,  12 ].  

5.2.3     Results from the  RCT   of VNS in TRD 

 Rush et al. carried out the fi rst randomized controlled study of 
VNS in patients with treatment-resistant depression [ 13 ]. They 
enrolled 225 patients from 21 different study sites and monitored 
results after 10 weeks of stimulation. Both the active group and the 
sham group were implanted with VNS, but only the active group 
had the device turned on. Patients in the active and sham group had 
equal number of visits, and sham adjustments were made in the 
sham group to preserve the blinding [ 13 ]. 

 Unfortunately, this was a negative trial with a response rate of 
15 % ( n  = 112) on the 24-item HAM-D (primary outcome) and a 
response rate of 10 % in the sham arm ( n  = 110) without reaching 
statistical signifi cance ( p  = 0.238) after 10 weeks. Only a secondary 
measure, the 30-item Inventory of Depression Symptoms 
(IDS-SR-30) indicated some benefi t in the active group with a 
response rate of 17 % versus a response rate of 7 % in the sham 
group and statistical signifi cance ( p  = 0.032). A reassuring fi nding 
was the tolerability of the stimulation;  in   general patients tolerated 
it well and only 1 % of patients withdrew due to side effects [ 6 ,  13 ].  

5.2.4     Longer-Term Outcomes with VNS 
versus  Treatment   as Usual 

 Following the 10-week randomized controlled trial and given the 
clinical suspicion that longer exposure to VNS could lead to better 
therapeutic effects, this cohort was followed in a 12-month natu-
ralistic study [ 14 ], and signifi cant reductions on the HAM-D 24 
were observed over time. This measure decreased by 0.45 points 
per month (SE = 0.5) [ 14 ]. 
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 In light of the abovementioned fi ndings, a standard comparison 
group was sought to better interpret outcomes with VNS. The 
comparison group was a group of depressed patients with chronic 
or treatment-resistant mood disorder. This group ( n  = 124) was 
receiving “treatment as usual” (TAU) including medications, psy-
chotherapy, or other somatic treatments (e.g., light therapy, elec-
troconvulsive therapy, or transcranial magnetic stimulation) and 
was compared to a group of TRD patients who received VNS 
along with treatment as usual (VNS plus TAU,  n  = 205) [ 15 ]. 
Clinical and health cost outcomes were prospectively followed for 
12 months. This nonrandomized trial was conducted at 12 aca-
demic medical centers in the USA. The groups were comparable at 
baseline with highly similar characteristics. However, a few clini-
cal and demographic characteristics differed at baseline including 
a greater proportion of previous  depressive episodes in the TAU 
group, more exposure to ECT in the VNS plus TAU group, and 
slightly more ethnic minorities other than Caucasians in the TAU 
group [ 6 ,  15 ]. In both groups, most patients had a long history of 
illness (25 years), and the majority had a diagnosis of unipolar or 
bipolar depression. About 70 % were in a chronic depressive epi-
sode and had failed an average of 3.5 adequate antidepressant tri-
als in the current episode. Baseline 24-item HAM-D mean scores 
were 28 for the VNS plus TAU group and 27.5 for the TAU group. 

 Subjects in the VNS plus TAU group had a greater reduction in 
the IDS-SR 30 scores (0.40) per month than the TAU group 
[SE = 0.10,  t (1092) = 4.09,  p  < 0.001]. The IDS-SR indicated a 
response rate of 22 % for the VNS plus TAU group versus 15 % for 
the TAU group. The 24-item HAM-D showed a 30 % response rate 
in the VNS plus TAU group versus 13 % response in the TAU 
group. The CGI indicated a 37 % response rate in the VNS  plus 
  TAU group and a 12 % in the TAU group [ 6 ,  15 ]. The durability of 
effect of VNS was also analyzed, demonstrating that more than 
half of the responders (16 of 29) at 3 months continue to respond 
at 12 months in the VNS plus TAU group. On the contrary, only 
one of the seven responders to TAU at 3 months continues to 
respond at 12 months [ 15 ]. Overall these outcomes suggested that 
the use of adjunctive VNS increased the response rate in patients 
with treatment-resistant depression by 2–3-fold which, despite the 

5 Vagus Nerve Stimulation (VNS)



104

low absolute response rates, it implies an adjunctive benefi t worthy 
of clinical consideration in patients with severe illness [ 6 ].  

5.2.5      FDA Approval   of VNS for TRD 

 In 2005 the FDA approved VNS as an adjunctive treatment for 
treatment-resistant depression. The FDA indication is limited to 
adult patients with chronic or recurrent unipolar or bipolar depres-
sion without psychotic features who have failed to respond to at 
least four previous antidepressants. The device should be implanted 
only by surgeons with experience operating within the carotid 
sheath, usually neurosurgeons or vascular surgeons. Patients 
should be followed by psychiatrists trained in programming the 
device and with expertise in treatment-resistant depression [ 6 ,  16 ]. 

 Even though the FDA’s approval of VNS represented another 
therapeutic option for patients with TRD, its approval was contro-
versial, despite the safety, meaningful, and durable results observed 
over the long term. The failure of active VNS to separate from the 
sham control condition in the 12-week randomized control trial 
and the use of a matched control group instead of a randomized 
control group in the long-term data were sources of contention [ 6 ]. 

 A main polemic point was the misunderstanding regarding the 
regulatory standards for approval of medical devices. The FDA’s 
Medical Devices Amendment Act of 1976 defi nes the types of data 
to be used in support of safety and effectiveness for a given medi-
cal device. These include not only randomized controlled trials but 
also observational and epidemiological studies [ 17 ]. In addition, 
while for approval of medications the FDA requires two pivotal 
trials, one positive- controlled multicenter trial represents suffi cient 
effectiveness evidence for medical devices. In the case of VNS, the 
one- year controlled trial of VNS plus TAU vs. TAU alone fulfi lled 
this requirement [ 6 ]. 

 Furthermore, prior to VNS, ECT was the only approved medi-
cal device used in TRD. In accordance with the FDA Modernization 
Act of 1997, treatments that address unmet medical needs, such as 
adequate treatment  of   TRD or antiretroviral agents for HIV infec-
tion, are eligible for fast-track approval. Manufacturers of treat-
ments approved via the fast- track process are required to  conduct 
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adequate follow-up studies to further characterize effi cacy and 
safety [ 17 ]. Such a post-marketing study is currently ongoing for 
VNS in patients with treatment-resistant depression [ 18 ]. 

 The controversy surrounding the FDA approval of VNS has 
impacted the availability and coverage for VNS therapy. In our 
own practice in the treatment-resistant depression clinic at an aca-
demic medical center, most insurance companies refuse coverage 
for VNS. In many cases, the therapy is considered “investiga-
tional” despite of the FDA approval. A cumbersome appeal pro-
cess to the initial denial is necessary in the very limited cases that 
are fi nally approved [ 6 ].   

5.3     VNS Basics 

5.3.1     Vagus Nerve  Anatomy   

 The vagus nerve exits the cranium through the jugular foramen 
and travels in the neck between the jugular vein and the carotid 
artery in the carotid sheath. The vagus nerve provides innervation 
to the larynx, esophagus, trachea, heart, aorta, and gastrointestinal 
organs [ 7 ,  19 ]. The right vagus has an important role on heart rate 
regulation as it innervates the sinoatrial node which is involved in 
the pace maker function of the heart. 

 The left vagus innervates the atrioventricular node having less 
infl uence in heart rate. It has been demonstrated that stimulation of 
the left vagus nerve, even at high levels, has no effect on heart rate 
[ 7 ]. Afferent fi bers of the left vagus nerve bifurcate to innervate the 
 nucleus tractus solitarius (NTS)   bilaterally when they reach the 
brainstem. The NTS relays information to other brain regions such 
as the parabrachial nucleus (PBN), the cerebellum, the raphe 
nuclei, the periaqueductal gray matter (PAG), and the locus ceru-
leus, as well as to limbic, paralimbic, and cortical regions. The 
PBN relays information to the hypothalamus, thalamus, amygdala, 
and nucleus of the stria terminalis. Subsequently,  the   thalamus 
relays information to the insular, orbitofrontal, and prefrontal cor-
tices, and other higher brain structures [ 19 ]. Vagal projections to 
the locus ceruleus and raphe nuclei are important because they 
contain noradrenergic and serotonergic projections, respectively, 
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implicated in the mechanism of action of traditional antidepressant 
medications [ 20 ].  

5.3.2     Mechanism of Action in  Depression   

 As in epilepsy, the mechanisms that mediate the benefi cial effects 
of VNS therapy for depression are incompletely understood. 
However, evidence from neuroimaging and other studies suggests 
that VNS therapy adopts a bottom-up approach to modulating the 
neural circuitry of depression by stimulating vagal afferent fi bers 
in the neck that innervates the NTS, and project rostrally to reach 
structures that are associated with the regulation of mood and 
emotions [ 19 ]. Functional magnetic resonance imaging (fMRI) 
studies have also explored VNS’ mechanism of action [ 21 – 23 ]. 
Kosek et al. [ 22 ] used  single-photon emission tomography 
(SPECT)   to study depressed patients ( n  = 15) who received 10 
weeks of VNS stimulation and showed that VNS caused increased 
regional cerebral blood fl ow (rCBF) in the left dorsolateral and 
ventrolateral prefrontal cortex (Brodmann areas 46 and 47) which 
are known to  have   decreased regional cerebral blood fl ow and glu-
cose metabolism in patients with MDD [ 24 ]. These fi ndings seem 
to be in line with the results of studies that assessed the effects of 
other neuromodulation therapies like the  transcranial magnetic 
stimulation (TMS)   and electroconvulsive therapy (ECT) [ 22 ,  25 ]. 
Heterogeneous stimulation parameters, small sample sizes, and 
variable imaging methodologies result in signifi cant limitations in 
order to draw conclusions regarding possible mechanisms of 
action, but hopefully further hypothesis-driven clinical and imag-
ing studies will increase our understanding of the mechanisms of 
action of VNS in depression.  

5.3.3     VNS Device  Surgery   

 The VNS device consists of an implantable generator connected to 
electrodes that deliver low-frequency, chronic, intermittent-pulsed 
electrical signals to the left cervical vagus nerve (Fig.  5.1 ). The 
pulse generator is roughly the size of a pocket watch and is 
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implanted subcutaneously in the anterior chest wall by a surgical 
procedure similar to a cardiac pacemaker implantation. Through a 
separate incision in the neck, the surgeon wraps the bipolar nerve-
stimulating electrodes around the left cervical vagus nerve. 
Subsequently, the electrodes are connected to the implanted gen-
erator by a thin, fl exible wire via a subcutaneous tunneling proce-
dure [ 6 ,  19 ,  26 ,  27 ].

5.4         Managing Patients with VNS in the Office 

5.4.1     VNS  Device Programming   

 Psychiatrists manipulate the VNS device noninvasively by plac-
ing a programming wand over the site of the pulse generator 
implant. The programming wand is connected to a handheld com-
puter with software installed that facilitates the adjustment of 

  Fig. 5.1    The VNS device consists of an implantable  generator   that is con-
nected to electrodes by a  thin  and fl exible wire. It delivers electrical signals to 
the left cervical vagus nerve. Adapted from Higgins ES, George MS. Brain 
stimulation therapies for clinicians. Washington, DC, American Psychiatric 
Publishing, Inc. 2009       
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stimulation parameters. Patients are supplied with a magnet that 
can be held over the generator to temporarily suspend stimulation, 
allowing immediate control over side effects if needed. 
Programmed stimulation resumes when the patient removes the 
magnet [ 6 ,  19 ,  26 ,  27 ]. 

5.4.1.1      Candidates for Therapy   
 VNS is an adjunctive option treatment for patients with unipolar or 
bipolar depression with a treatment-resistant course. Per FDA label, 
patients should have failed to respond to at least four adequate (in 
both duration and dose) trials of antidepressant medications [ 16 ]. 
Ideally but not required, patients should have had a trial of psycho-
therapy before considering adjunctive treatment with VNS [ 6 ]. 

 A failed trial of ECT is not a requisite for VNS eligibility. In 
fact, given the different estimated time of improvement with these 
treatment modalities, it may be appropriate, in some cases, to use 
ECT acutely for severe symptoms followed by VNS as a long-term 
maintenance intervention [ 6 ]. Of note, the VNS device should be 
temporarily shut off while the patient received ECT and then 
restarted immediately after the procedure. Similarly, and due to its 
nonsystemic nature, VNS can be combined safely with antidepres-
sant including MAOIs [ 6 ].  

5.4.1.2     General  Precautions and Contraindications   
 VNS is not approved for major depression with psychotic features 
or schizoaffective disorder. The presence of paranoid delusions 
would make placement of an implanted device not ideal. Unstable 
axis II conditions, such as borderline personality disorder, should 
be considered a relative contraindication because the patient may 
lack suffi cient stability to comply with the demands of a surgical 
intervention, frequent follow-up, and slow trajectory of response. 
VNS has not been studied during pregnancy. However, given that 
it is a nonsystemic treatment, one might assume that it has a very 
limited effect on the fetus [ 6 ]. 

 Both patients and physicians should be aware that MRIs are 
contraindicated. Nonetheless, by using special send- receive coils, 
it is still possible to obtain an MRI of the brain; otherwise, a CT 
scan should be used instead of an MRI [ 6 ]. 
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 If VNS fails to provide clinical improvement,  the   device can be 
switched off and be left in place. Other options include explanta-
tion of the pulse generator; however, it is generally recommended 
that the electrode (attached to vagus nerve) remains in situ because 
of concerns that adhesions around the vagus nerve might increase 
the risk of nerve injury during the removal procedure. If the elec-
trodes remain in situ, the MRI-associated precautions remain in 
effect. Other devices such as cell phones, microwave ovens, or air-
port security systems should not have any adverse effects on func-
tioning of the VNS device [ 6 ].   

5.4.2      Dosing Parameters   

 During the offi ce follow-up visits, the psychiatrist assesses the 
clinical progress, monitors side effects, and performs adjustments 
of the stimulation. Actual adjustment of the stimulation settings 
usually takes about 10 min. The patient holds a programming 
wand over the implanted pulse generator (on the skin or thin layer 
of cloth), and the clinician interrogates the device by means of a 
handheld computer. Four principal settings are adjusted: current 
charge (mA), pulse width (microseconds), frequency (Hz), and 
duty cycle (percentage the device is on/off) [ 6 ]. 

  Current Charge:   Patients are generally started at 0.25 mA, which is 
then gradually increased in 0.25 mA increments while maintaining 
a comfortable tolerance level [ 6 ]. Indication that the maximum 
tolerable level has been reached/exceeded is immediately obvious, 
as the patient will report signifi cant discomfort or cough. Current 
dosing ranges from 0.25 to 3.5 mA [ 6 ]. The median dose in the 
12-month pivotal trial was 1.0 mA [ 15 ].  

  Frequency and Pulse Width:   Frequency ranges from 1 to 30 Hz and 
a typical value is 20 Hz. Stimulation frequencies of 50 Hz and 
above can cause major irreversible damage to the vagus nerve [ 7 ]. 
Pulse width ranges from 130 to 1000 μs and a typical value is 
500 μs [ 6 ]. Pulse width of 130 μs is less frequently used because 
they are thought to be subtherapeutic.  
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  Duty Cycle:   It refers to the on- time   relative to off-time of the 
stimulation in seconds, and it is expressed as a percentage. The 
stimulus on-time ranges from 7 to 60 s with a typical value of 30 s. 
The off-time can be set anywhere from 0.2 to 180 min, and a 
typical value is 5 min [ 6 ]. Tables for easy and safe adjustment of 
duty cycle are available and should be provided by the manufacturer. 

 The fi rst dosing visit is done about 2 weeks post surgery to 
allow for healing of the tissue postoperatively. Weekly visits are 
recommended for the fi rst month to closely monitor tolerance and 
mood changes. Initial titrations occur at 0.25 mA increments in 
current so that a target dose of 1.0 mA is achieved after a month. 
Subsequent visits can be conducted every 2 weeks and then spaced 
to once a month if there is sustained clinical improvement. By 3 
months, if the current amplitude is optimal in the range of 1.0–
1.5 mA but the patient has not improved, then the duty cycle can 
be increased. A signifi cant proportion of responders to VNS only 
emerge in the second 6 months of stimulation. A full VNS trial 
may require up to a year [ 6 ].    

5.5     VNS Effectiveness in  Clinical Practice Post  : 
FDA Approval 

 Research data on long-term effi cacy lead to the FDA approval of 
VNS. However, how these research results translate into clinical 
practice was an important question to address. This background 
question led our group to publish the one-year clinical outcomes 
under routine clinical circumstances in our patients ( n  = 15) who 
received VNS implants for depression in the fi rst 18 months after 
the FDA  approval  [ 28 ]. This small investigation included 10 
patients with major depression and 5 patients with bipolar depres-
sion. All patients received VNS implants for severe depression 
with previous nonresponse to a minimum of four antidepressant 
trials. VNS was used as an adjunct to existing medications. Results 
showed a statistically signifi cant decrease in the Beck Depression 
Inventory (BDI) after VNS therapy, from a baseline mean score of 
37.8 (SD = 7.8) (severe depression) to a mean score of 24.69 
(SD = 11.4) (moderate depression) ( p  < 0.01). Response rate and 
remission rates were 28.6 % and 7 %, respectively, according to 
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the BDI. Secondary outcomes such as the HAM-D 24 indicated a 
43 % response rate and a 21.4 % remission rate. We attributed the 
numerically lower rates in the BDI (a self-reported measure) com-
pared to the HDRS to the fact that depressed patients may be less 
aware of their improvement due to their negative perception or 
pessimism as a core feature of their illness [ 28 ]. 

 We also directly compared our one-year clinical response rates to 
those previously reported in effi cacy trials after one year [ 28 ]. We 
observed that according to the HAM-D (the most commonly used 
scale in clinical trials), our patients’ response rate of 43 % fell in 
between a 46 % response rate previously reported by Marangell et al. 
[ 12 ] in an open-label VNS trial and 30 % response rate from the piv-
otal VNS plus treatment as usual (TAU) trial by George et al. [ 15 ]. 

 Interestingly, our VNS cohort had more prior exposure to ECT, 
greater number of lifetime major depressive episodes, and higher 
number of previous suicide attempts and hospitalizations compared 
to that of subjects in the VNS plus TAU study patients [ 15 ]. 
Nevertheless their clinical improvement was signifi cant. We  also 
  compared categorical outcomes on the HDRS—24 items end-point 
scores at one year between our study and the pivotal VNS with 
TAU trial and found no statistically signifi cant differences in out-
comes in between our results and that trial [ 28 ]. Thus, this effec-
tiveness study found comparable results in standard clinical practice 
with VNS as in the research trials even though the cohort of clinic 
patients was a relatively more severe TRD patient population.  

5.6     Safety and Tolerability 

5.6.1      Surgery Complications   

 Pain and wound infection are the most common surgical complica-
tions. Wound infection occurred in about 3–6 % of patients in 
the clinical trials and although generally were managed with anti-
biotics, removal of the device has been required in rare  occasions. 
Transient left vocal cord paresis has been reported. Most worri-
some but rare asystole has occurred in the operating room during 
lead testing in 1 per 1000 implants. No deaths have been reported 
due to surgical implantation [ 6 ,  29 ].  
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5.6.2      Side Effects   Related to Stimulation 

 Side effects related to the stimulation are the most common. 
Patients experience them only while the stimulation is on. They 
are generally mild and related to the intensity of the output current 
with hoarseness, dyspnea, and cough being the most commonly 
reported. Side effects tend to decrease over time, although hoarse-
ness persists in about 27–54 % cases [ 6 ,  15 ,  29 ].  

5.6.3      Psychiatric Adverse Events   

 Treatment emergent hypomania (1.2 %) and mania (1.2 %) have 
been reported with VNS. They have occurred mostly in bipolar 
patients, and in most cases VNS has been continued safely after 
resolution of symptoms [ 6 ,  14 ]. 

 Another important outcome for any antidepressant treatment is 
the risk of suicidal ideation and suicidal behavior. For VNS ther-
apy, the pivotal trial adjunctive VNS vs. TAU defi ned treatment 
emergent suicidality as a two-point increase on the suicide item of 
the HAM-D 24. The rate of treatment emergent suicidality was 
3 % for the VNS group (5/181) and 2 % (2/184) for the TAU 
group. The difference was not statistically signifi cant; therefore, 
there is no suggestion that VNS would specifi cally exacerbate sui-
cidality [ 6 ,  30 ]. 

 The risk of suicidal behavior was summarized in the executive 
summary and discussion of the VNS therapy indication for depres-
sion presented to the FDA. This summary estimated the rate of 
suicide attempts in the combined VNS studies in TRD ( n  = 345) to 
be 3.5 % per patient year. A patient year was defi ned as one subject 
receiving VNS therapy for 12 months [ 30 ]. This rate is very simi-
lar to that described by Khan et al. [ 31 ], who reported a 3.4 % 
suicide attempt rate in a review of 45 studies of major depression 
comprising 7 standard antidepressant medications (fl uoxetine, ser-
traline, paroxetine, nefazodone, mirtazapine, bupropion, and ven-
lafaxine) in nearly 20,000 patients. Likewise, the rate for completed 
suicides for the combined VNS studies was 0.4 % patients per 
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year, which is also comparable to a 0.7 % suicide rate reported by 
Khan et al. on antidepressants [ 31 ]. These data suggest that VNS 
does not possess an increase in suicidal risks superior to that of 
antidepressants [ 6 ,  30 ]. 

 Finally, no cognitive side effects have been reported with VNS, 
but to the contrary, a trend toward improvement in cognitive func-
tions was reported by Sackeim et al. [ 6 ,  32 ].  

5.6.4      Adherence to Treatment   

 Rush et al. reported a 90 % continuation rate of VNS therapy after 
a year. Side effects were responsible for a 3 % discontinuation rate. 
The remaining patients discontinued to lack of effi cacy [ 14 ]. This 
rate decreased at 2 years with an adherence of 80 % to treatment as 
reported by Nahas et al. [ 33 ]. The expected battery life for this 
device is 5–10 years, after which surgical replacement of the bat-
tery can be pursued.   

5.7     Summary 

 Well established data supports VNS’s effi cacy and safety in 
TRD. Nevertheless, it is not devoid of limitations including the 
fact that the randomized controlled trial over 12 weeks was a nega-
tive study. However, results from a controlled post-marketing 
study as suggested by the FDA (results expected in 2012) may 
help clarify VNS’ role in depression and will likely determine its 
future as a neuromodulation treatment option in  TRD   [ 18 ]. 

 In the interim unfortunately, there is very limited access to VNS 
for patients, despite FDA approval. The recent decision by Centers 
for Medicare and Medicaid Services (CMS) on behalf of Medicare 
to not cover the costs of VNS implants in TRD has been a major 
deterrent to the coverage of VNS by all insurance companies, as a 
reasonable therapeutic option even in the most refractory cases of 
depression.     
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