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Objective: To compare response and remission rates in depressed patients with chronic 

treatment‑resistant depression (TRD) treated with vagus nerve stimulation (VNS) Therapy® 

plus treatment as usual (VNS + TAU) or TAU alone in a meta‑analysis using Bayesian hier‑

archical models.

Data sources and study selection: Six outpatient, multicenter, clinical trials that have evalu‑

ated VNS + TAU or TAU in TRD, including two single‑arm studies of VNS + TAU (n = 60 

and n = 74), a randomized study of VNS + TAU versus TAU (n = 235), a randomized study 

of VNS + TAU comparing different VNS stimulation intensities (n = 331), a nonrandomized 

registry of VNS + TAU versus TAU (n = 636), and a single‑arm study of TAU (n = 124) to 

provide longer‑term, control data for comparison with VNS‑treated patients.

Data extraction: A systematic review of individual patient‑level data based on the intent‑to‑treat 

principle, including all patients who contributed more than one post‑baseline visit. Response 

was based on the Montgomery–Åsberg Depression Rating Scale (MADRS) and the Clinical 

Global Impressions scale’s Improvement subscale (CGI‑I), as these were the two clinician‑rated 

measures common across all or most studies. Remission was based on the MADRS.

Results: Outcomes were compared from baseline up to 96 weeks of treatment with 

VNS + TAU (n = 1035) versus TAU (n = 425). The MADRS response rate for VNS + TAU at 

12, 24, 48, and 96 weeks were 12%, 18%, 28%, and 32% versus 4%, 7%, 12%, and 14% for 

TAU. The MADRS remission rate for VNS + TAU at 12, 24, 48, and 96 weeks were 3%, 5%, 

10%, and 14% versus 1%, 1%, 2%, and 4%, for TAU. Adjunctive VNS Therapy was associ‑

ated with a greater likelihood of response (odds ratio [OR] = 3.19, 95% confidence interval 

[CI]: 2.12, 4.66) and remission (OR = 4.99, CI: 2.93, 7.76), compared with TAU. For patients 

who had responded to VNS + TAU at 24 weeks, sustained response was more likely at 48 weeks 

(OR = 1.98, CI: 1.34, 3.01) and at 96 weeks (OR = 3.42, CI: 1.78, 7.31). Similar results were 

observed for CGI‑I response.

Conclusion: For patients with chronic TRD, VNS + TAU has greater response and remission 

rates that are more likely to persist than TAU.

Keywords: Bayesian meta‑analysis, remission rate, response rate, treatment‑resistant   

depression, vagus nerve stimulation, VNS Therapy

Introduction
Depression is a prevalent, disabling, and often chronic or recurrent psychiatric condi‑

tion affecting about 350 million people worldwide.1 Among the general adult popula‑

tion in the US, the lifetime prevalence of major depressive disorder (MDD) is about 

29.9% and the 12‑month prevalence is about 8.6%.2 MDD imposes significant costs on 

patients, their families, caregivers, employers, and insurance payers, with an estimated 
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direct cost of more than US$80 billion per year to the US 

economy, which includes costs associated with health care, 

suicide mortality, and lost workplace productivity.3,4

While several modalities have shown effectiveness 

in the treatment of a major depressive episode, a recent,  

large‑scale prospective trial evaluating over 3000 subjects 

demonstrated that almost 35% of outpatients with nonpsy‑

chotic MDD do not respond to four or more conventional 

treatment approaches, and are therefore considered to have 

treatment‑resistant depression (TRD).5

VNS Therapy® (Cyberonics, Inc, Houston, TX, USA) 

consists of a small pulse generator surgically implanted 

in the chest that delivers intermittent electrical signals via 

an electrode partially wrapped around the left vagus nerve 

in the mid‑cervical region; the electrical signals are in turn 

processed in the nucleus tractus solitarius and relayed to 

various regions of the brain.6 In 1997, the US Food and 

Drug Administration (FDA) approved VNS Therapy for the 

adjunctive treatment of drug‑resistant epilepsy, and, in 2005, 

it was approved for the adjunctive long‑term treatment of 

chronic or recurrent depression for adult patients experienc‑

ing a major depressive episode who had failed to respond to 

four or more adequate antidepressant treatments.

The positive health economic benefits of VNS Therapy 

for drug‑resistant epilepsy have been well documented 

in the literature.7–11 Cohen and Allen developed a payer‑

perspective formula to estimate the potential reductions in 

health care utilization costs with adjunctive VNS Therapy 

in TRD.12 More recently, Feldman et al conducted an 

analysis of the Medicare claims database, which showed 

positive health outcomes and cost savings for Medicare 

beneficiaries with TRD who are treated with adjunctive 

VNS Therapy.13

A limited amount of postmarketing data is available for 

continued assessment of the effectiveness of VNS Therapy 

in treating patients with TRD. Two recent publications sys‑

tematically reviewed the available literature,14,15 but the pub‑

lications were limited as they did not address patient‑level 

data and also did not include data from Study D‑21 (an 

acute [22‑week] and long‑term [50‑week] study including 

331 patients with TRD receiving open‑label VNS Therapy; 

the data has subsequently been published);16 Study D‑23 

(a long‑term [60‑month], open‑label, observational regis‑

try including data on 335 patients receiving VNS Therapy 

plus treatment as usual [VNS + TAU] and 301 patients 

receiving TAU [Cyberonics Inc, data on file, 2011]); and 

longer‑term data from older studies of VNS Therapy that 

have not been published (Cyberonics Inc, data on file, 2005). 

However, both the aforementioned publications identified 

the need for an additional study analyzing the effect of VNS 

in TRD.14,15

To address this call for additional data, we conducted a 

meta‑analysis that systematically evaluated patient‑level data 

from six prospective, outpatient, multicenter, clinical studies 

evaluating treatment with either adjunctive VNS + TAU or 

TAU alone in a TRD patient population. In these studies, 

TAU included any concomitant treatment strategy that the 

patients and their psychiatrists chose to follow, including 

psychotropic medications and nonpharmacologic treat‑

ments (such as psychotherapy, cognitive behavioral therapy, 

bright light therapy, and electroconvulsive therapy [ECT]); 

additionally, the concomitant treatment strategies could be 

adjusted, started, and stopped, as necessary.

Briefly, the six clinical studies included in the meta‑analy‑

sis were two single‑arm studies of VNS + TAU (Studies D‑01 

and D‑03), a randomized trial of VNS + TAU versus TAU 

(Study D‑02), a single arm study of patients who received 

TAU (Study D‑04), a randomized trial of VNS + TAU com‑

paring different VNS stimulation intensities (Study D‑21), 

and a nonrandomized registry of patients who received either 

VNS + TAU or TAU (Study D‑23).

To analyze the eff icacy of VNS Therapy, raw 

scores and response and remission rates for the two 

treatments – VNS + TAU versus TAU – were modeled using 

a Bayesian hierarchical model for repeated measures data. 

Response was assessed across all studies using the 10‑item 

Montgomery–Åsberg Depression Rating Scale (MADRS) 

and the Clinical Global Impressions scale’s Improvement 

subscale (CGI‑I).17,18 Remission was assessed using the 

MADRS.

Methods
Patients
All enrolled patients had nonpsychotic MDD (recurrent or 

single episode) or depressed phase, bipolar I or II disorders, 

and were experiencing a nonpsychotic, major depressive 

episode at the time of study enrollment. Per study protocol 

and guidelines from the institutional ethics committees, 

all patients provided written informed consent prior to 

 enrollment. Per the investigator’s judgment, patients under‑

going VNS implantation had to be generally healthy for the 

surgical procedure (including anesthesia requirements) and 

a VNS Therapy System implant could not be considered to 

pose an unacceptable surgical or medical risk for the patient. 

Patient eligibility criteria for each study are summarized in 

Table S1.
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Description of the clinical studies 
included in the meta‑analysis
Six prospective, outpatient, multicenter, clinical studies with 

patient‑level data were included in the meta‑analysis; no 

further selection criteria were necessary as these essentially 

represent the totality of studies of VNS Therapy in this patient 

population. The studies were sponsored by Cyberonics, Inc, to 

evaluate VNS Therapy in a TRD patient population. Efficacy 

was evaluated in these studies using various assessment tools, 

including the MADRS and CGI‑I. Specifically, the MADRS 

and CGI‑I were secondary outcome measures in Studies 

D‑01, D‑02, D‑03, D‑21, and D‑23; and the CGI‑I (but not 

MADRS) was a secondary outcome measure in Study D‑04. 

Although the MADRS and CGI‑I were secondary outcome 

measures in these studies, they have been utilized as the pri‑

mary outcomes for the meta‑analysis as these were the only 

clinician‑rated assessment tools common to the majority of 

the studies; that is, five of the six studies used the MADRS 

and all six studies used the CGI‑I (Table S2).

Detailed descriptions and the outcomes of Studies D‑01, 

D‑02, D‑03, D‑04, and D‑21 have been previously published 

as cited in the following descriptions of the studies, but results 

from the TRD Registry (D‑23) are not currently published. 

Only Studies D‑02 and D‑21 were randomized trials, and note 

that only TAU studies that were conducted for comparison 

to VNS treatment were included in the meta‑analysis to 

ensure similarity of patient populations. All studies were 

conducted at multiple centers in the US and Canada, except 

for Study D‑03, which was conducted at multiple centers 

in Europe. Following are synopses of the results from the 

various studies:

•	 D‑01 was an open‑label, observational, and lon‑

gitudinal study evaluating VNS + TAU treatment 

over 24 months.19–21 Data from 60 patients receiving 

VNS + TAU were included in the meta‑analysis.

•	 D‑02 was a pivotal, randomized, sham‑controlled study 

evaluating VNS in patients with TRD.22,23 Prior to the 

start of the acute 12‑week phase of the study, 235 patients 

were implanted with the VNS Therapy device: of these, 

119 patients were randomly allocated to have the device 

activated at a specified dose and 116 patients were ran‑

domly allocated to the sham control arm in which the 

implanted device was not activated. After the acute phase 

was completed, the device was activated for these 116 

patients. The acute phase included an initial 2‑week‑

long period following implant when the VNS device 

was not turned on to aid recovery. The 12‑week acute 

phase was followed by a 9‑month open‑label treatment 

phase when VNS devices were activated for the patients 

who were previously in the sham group. Data from 

235 patients receiving VNS + TAU were included in the 

meta‑analysis.

•	 D‑03 was a 2‑year, observational, open‑label, longi‑

tudinal study evaluating VNS + TAU.24,25 Data from 

74 patients receiving VNS + TAU were included in the 

meta‑analysis.

•	 D‑04 was an observational, open‑label, longitudinal 

study of TAU.26,27 For 2 years, the study tracked the 

outcomes of 124 patients who received TAU (included 

in the meta‑analysis). The majority of these patients 

were recruited from the same centers as those partici‑

pating in the D‑02 study. They were chosen to provide 

a longer‑term control group of similarly ill subjects who 

received the usual standard‑of‑care therapies but were not 

implanted with the VNS Therapy device for comparison 

to the VNS + TAU patients in the D‑02 study.

•	 D‑21 was a post‑approval study that evaluated differ‑

ent doses of VNS Therapy.16 During the acute phase 

(22‑weeks long), 331 patients were randomized to 

one of three dosing groups represented by the amount 

of electrical charge delivered to the vagus nerve: low 

dose (0.25 mA, 130 µsec), medium dose (0.5–1.0 mA, 

250 µsec), and high dose (1.25–1.5 mA, 250 µsec). The 

50‑week long‑term phase was designed as an observa‑

tional, open‑label, longitudinal, multicenter study of 

VNS + TAU and included 298 completed patients.16 Data 

from 331 patients receiving VNS + TAU were included 

in the meta‑analysis.

•	 D‑23 is an ongoing, long‑term (60‑month), open‑label, 

observational registry of patients receiving VNS + TAU 

or TAU (ClinicalTrials.gov Identifier: NCT00320372; 

Cyberonics, Inc, data on f ile, 2011). Data from 

335 patients receiving VNS + TAU and 301 patients 

receiving TAU were included in the meta‑analysis. The 

clinicians assessed the patients’ conditions regarding the 

severity of illness using the CGI‑I and MADRS.

Patients and ethics
The respective institutional review boards (IRB) or ethics 

committees (EC) approved the studies. Written informed 

consent was obtained from all enrolled patients using IRB/

EC‑approved informed consent forms.

Efficacy assessment
Multiple depression rating scales were used in each study to 

measure depression symptoms. Depression symptoms were 
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typically assessed at baseline and at weeks 12, 24, 48, 72, 

and 96; however, as mentioned in the “Statistical analyses” 

section, actual visit dates were used in the repeated mea‑

sures analysis. The MADRS and CGI‑I were selected as the 

primary endpoints for the meta‑analysis as these are com‑

monly used and validated scales for measuring depression 

symptomatology, and CGI‑I was assessed in all six studies 

and MADRS in five of the studies.

Outcomes of interest over time were response, remission, 

and sustained response based on the MADRS and CGI‑I and 

the following definitions:

•	 Response using the MADRS: a patient was considered 

to be a responder if their MADRS score at the follow‑up 

visit was at least a 50% reduction from their baseline 

MADRS score.

•	 Response using the CGI‑I: a patient was considered to 

be a responder if their CGI‑I score at the follow‑up was 

1 (“very much improved”) or 2 (“much improved”).

•	 Remission using the MADRS: a patient was considered 

to be in remission if their MADRS score at the follow‑up 

was ,10 points.

Safety assessment
Safety was evaluated based on adverse events (AEs) reported 

for all patients following implantation and at each scheduled 

follow‑up study visit during participation in Studies D‑01, 

D‑02, D‑03, and D‑21. Note that data up to 12 months are 

available from Study D‑21 and no AE reports were collected 

in Studies D‑04 (evaluating a TAU group) and D‑23 (evaluat‑

ing TAU versus VNS + TAU groups).

Statistical analyses
This meta‑analysis is based on individual patient‑level data 

and includes all existing multicenter studies of VNS + TAU 

or TAU in TRD patient populations. Because only one of 

the studies randomized patients to VNS + TAU or TAU 

(ie, the acute phase of the D‑02 study), we used propensity 

scores to control for any potential differences between the 

treatment groups.

Propensity scores were calculated by fitting a logistic 

regression model using SAS PROC GLIMMIX with the 

dependent variable of treatment group (1 = VNS + TAU 

and 0 = TAU). The regression model included the following 

measured baseline variables: age, gender, ethnicity, duration 

from first diagnosis of illness, duration since diagnosis of 

current episode, number of prior medications by Anatomical 

Therapeutic Chemical classifications,28 ECT history (yes or 

no), baseline MADRS and CGI’s Severity subscale (CGI‑S) 

scores, number of previous psychiatric hospitalizations, and 

number of lifetime suicide attempts. The propensity score 

is the fitted probability of the response (VNS + TAU group) 

from the multivariate regression model for each observation 

(patient) in the data set. The fitted probabilities are ranked 

into five categories (quintiles) using SAS PROC RANK (SAS 

Institute Inc, Cary, NC, USA).

To compare VNS + TAU versus TAU, we fitted mixed 

effects repeated measures models to account for the stag‑

gered visit schedules. The fixed terms included an intercept 

(or grand mean), treatment effect, and propensity score; no 

treatment‑by‑time interaction was considered due to difficul‑

ties with interpretation and identifiability issues posed by the 

large number of time points. We took a Bayesian approach 

that modeled both studies and subjects as random effects 

by placing a hierarchical model on these terms.29 Week of 

follow‑up was modeled with a normal dynamic linear model 

(NDLM).30 The NDLM accounts for the correlation between 

time points and borrows information across observations 

such that, for observations closer together in time, more 

information is borrowed, and for observations further apart 

in time, less information is borrowed. Noninformative priors 

were assumed for all parameters. For MADRS and CGI‑I 

scores, we modeled the mean score for subjects as a function 

of the time point and treatment groups. For response and 

remission endpoints (either MADRS or CGI‑I), we modeled 

the log‑odds and report the odds ratios associated with the 

treatment groups.

Treatment group was considered as categorical with two 

categories, VNS + TAU and TAU alone. Propensity score 

was included as a categorical variable. Models were fit 

including all subjects and a factor for each propensity score 

and within each subgroup defined by propensity score.

Finally, we compared the proportion of patients who 

were sustained responders between the two treatment 

groups. In these analyses, patients were considered sus‑

tained responders at 48 weeks if they achieved a response 

(ie, a 50% reduction in MADRS score) at both 24 and 

48 weeks. Similarly, patients were considered sustained 

responders at 96 weeks if they achieved a response at both 

24 and 96 weeks. Because studies had follow‑up visits at 

slightly different times, visits within 2 weeks of each other 

were combined for the purposes of this analysis. Sustained 

response was considered for both the MADRS and CGI‑I. 

We present the raw proportion of patients who were sus‑

tained responders and the odds ratio for sustained response 

of VNS + TAU versus TAU along with the corresponding 

95% confidence interval.
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To aid in assessing clinical benefit, we calculated the 

numbers needed to treat (NNT) for VNS + TAU based on a 

comparison of the observed response rates for VNS + TAU 

and TAU.

Incidence for each AE preferred term was computed as 

a proportion of subjects that experienced the event within 

each year. A subject who experienced the same event more 

than once within year 1 or year 2 was counted once for each 

preferred term within each year. An AE that occurred in the 

first year of VNS treatment, but did not resolve until the 

second year, was counted as occurring in both the first and 

second years of treatment.

Analyses were conducted with a self‑written code using 

Intel Fortran compiler v11.0.083 (The Fortran Company, 

Santa Clara, CA, USA) and using R (The R Foundation for 

Statistical Computing, Vienna, Austria). Repeated measures 

models were fit using standard Markov chain Monte Carlo 

Metropolis–Hastings steps.

Results
Characteristics of the patient populations
Intent‑to‑treat classifications were used in the studies with 

randomization, and all observations within 2 years, from all 

patients who were enrolled in one of the six clinical studies.

Table 1 summarizes the baseline characteristics of the 

study patients by treatment group. These studies were per‑

formed over the span of several years, during which time 

the designs evolved to determine the most important char‑

acteristics to assess at baseline. Hence, not every baseline 

clinical characteristic was collected in every one of the six 

studies as indicated in Table 1 (eg, number of hospitaliza‑

tions and number of lifetime suicide attempts were not 

collected in Study D‑01, and the MADRS was not assessed 

in Study D‑04). A total of 1035 patients were treated with 

VNS + TAU and 541 patients with TAU (the TAU group 

includes 425 from D‑04 and D‑23 plus 116 from D‑02). 

Note that the totals for both groups include the 116 patients 

from the D‑02 study: these patients were randomized to the 

sham‑control TAU group for the initial 12‑week acute phase 

(while the VNS devices remained inactive), and, thereafter, 

the patients’ VNS devices were activated and their subsequent 

long‑term phase data were included in the VNS + TAU group, 

with the week 12 MADRS and CGI‑I data considered as 

baseline for VNS + TAU.

Patients in the two treatment groups were similar in 

age (47.8 ± 10.2 years for the VNS + TAU group and 

48.7 ± 10.9 years for the TAU group) and gender distribution 

(66.2% female in VNS + TAU group and 69.7% female in 

TAU group) (Table 1). More non‑Caucasian patients were 

found in the TAU group (9.4%) than in the VNS + TAU 

group (3.5%). The VNS + TAU population had evidence of 

greater chronicity and treatment resistance; specifically, more 

patients who received VNS + TAU had ECT (56.1% versus 

39.5% in the TAU group), more had unsuccessful prior drug 

treatment trials (6.9 ± 2.2 versus 5.9 ± 2.2 in the TAU group), 

and more had lifetime depression‑related hospitalizations 

(3.4 ± 6.0 versus 1.9 ± 4.3 in the TAU group).

The withdrawal rates during the acute and long‑term 

phases were comparable (23.6% for VNS + TAU and 22.2% 

for TAU) (data not shown). The most common reasons 

for withdrawal were: patient withdrew consent (3.4% for 

VNS + TAU and 6.3% for TAU), protocol non‑compliance by 

patient (2.1% for VNS + TAU and 4.9% for TAU), and lack 

of efficacy (2.3% for VNS + TAU and 0% for TAU).

The number of patients per propensity score quintile and 

their demographic characteristics are presented in Table S3. 

Basic demographic characteristics were similar. Note the 

marked gradation of disease state severity from propensity 

score quintile 1 to quintile 5. Significant increases across 

quintiles can be seen from number of hospitalizations, sui‑

cidality (prior attempts during lifetime and current episode, 

as well as, the percentage of suicidal patients at baseline), and 

baseline assessments (CGI‑S and MADRS). Note also that 

the percentage of patients with a bipolar diagnosis increases 

with the propensity score quintile.

Repeated measures assessment
Figure 1 shows the model estimated mean MADRS and 

CGI‑I scores, as well as probabilities of response across 

follow‑up for both treatments. The models did not include a 

treatment‑by‑time interaction; thus, these plots show paral‑

lel trends over time for both treatment groups. The offset 

illustrates the better outcomes for patients who received 

VNS + TAU, while outcomes for both groups tended to 

improve. Specifically, the model‑based MADRS response 

rates for VNS + TAU at 12, 24, 48, and 96 weeks were 12%, 

18%, 28%, and 32% versus 4%, 7%, 12%, and 14% for TAU, 

respectively. Similarly, CGI‑I response rates for VNS + TAU 

at 12, 24, 48, and 96 weeks were 14%, 23%, 40%, and 

50% versus 3%, 4%, 10%, and 14% for TAU, respectively. 

Finally, the MADRS remission rates for VNS + TAU at 12, 

24, 48, and 96 weeks were approximately 3%, 5%, 10%, and 

14% versus 1%, 1%, 2%, and 4% for TAU, respectively.

Figures S1 and S2 show MADRS and CGI‑I scores by 

study and treatment group at selected time points. Because 

follow‑up visit schedules varied by study, some visit times 
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Figure 1 Mean score or probability of response across week of follow-up for VNS + TAU (dark line) and TAU alone (light line).
Abbreviations: CgI, Clinical global Impressions scale’s Improvement subscale; MADRS, Montgomery–Åsberg Depression Rating Scale; TAU, treatment as usual; 
VNS, vagus nerve stimulation.

within 2 weeks of each other were combined for the purposes 

of presentation. Graphically, there is a trend toward decreas‑

ing MADRS and CGI‑I score associated with VNS + TAU 

therapy over the course of follow‑up.

Results from the repeated measures models indicate that 

patients who received VNS + TAU experienced a greater 

benefit over 96 weeks of treatment, as measured by both the 

MADRS and CGI‑I, than did patients who received TAU 

alone (Table 2). Compared to patients who received TAU only, 

those who received VNS + TAU had lower MADRS scores 

(mean difference of −3.26 points; 95% confidence interval 

[CI]: − 3.99, −2.54), and the odds of a MADRS response in 

the VNS + TAU group was 3.19 times greater (95% CI: 2.12, 

4.66), and the odds of a MADRS remission was 4.99 times 

greater (95% CI: 2.93, 7.76). Similarly, patients who received 

VNS + TAU had lower CGI‑I score (mean difference of −0.49 

points; 95% CI: −0.59, −0.39) and had seven times the odds 

of CGI‑I response (95% CI: 4.63, 10.83) compared to patients 

who received TAU alone.

Analyses were repeated within subgroups defined by 

propensity score quintiles and similar results were obtained 

(Figure S3).
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Sustained response
Overall, among patients who received TAU, 59 patients 

were considered MADRS responders at 24 weeks and 33 

of these 59 patients (56%) also had a sustained response at 

48 weeks. In the TAU group, 21 patients were also evalu‑

ated for MADRS at 96 weeks, and 10 (48%) had achieved 

a sustained response at 96 weeks (Table 3). Among patients 

who received VNS + TAU, 217 patients achieved MADRS 

response at 24 weeks and 153 of these 217 patients (71%) 

had a sustained response at 48 weeks. Additionally, of the 

104 patients in the VNS + TAU group evaluated at 96 weeks, 

70 (67%) had a sustained MADRS response.

The odds ratio for sustained response for patients who 

had responded to VNS + TAU at 24 weeks versus TAU 

patients was 1.98 (95% CI: 1.34, 3.01) at 48 weeks and was 

3.42 (95% CI: 1.78, 7.31) at 96 weeks. That is, patients treated 

with VNS + TAU who do achieve a response have a greater 

likelihood of sustaining the response over time. A scatter plot 

of the pairwise percent changes from baseline in MADRS 

score at 24, 48, and 96 weeks is presented as Figure 2.

Results were similar for sustained MADRS remission, 

and sustained CGI‑I response. Table 3 shows the number 

and proportion of patients who achieved MADRS response, 

MADRS remission, and CGI‑I response at 48 and 96 

weeks tabulated by response at 24 weeks. The odds ratio 

for VNS + TAU versus TAU alone for sustained MADRS 

remission was 2.73 (95% CI: 1.49, 5.54) at 48 weeks and 

2.64 (95% CI: 1.16, 7.19) at 96 weeks. The odds ratio for 

sustained CGI‑I response was 3.09 (95% CI: 2.09, 4.70) at 

48 weeks and 7.04 (95% CI: 3.39, 17.27) at 96 weeks.

Table 2 Summary of repeated measures analysis

Model-estimated treatment effect CGI-I MADRS

Estimate 95% CI Estimate 95% CI

Average difference in scores: VNS + TAU vs TAU −0.49 −0.59 to −0.39 −3.26 −3.99 to −2.54
Odds ratio of response: VNS + TAU vs TAU 7.00 4.63 to 10.83 3.19 2.12 to 4.66

Odds ratio of remission: VNS + TAU vs TAU N/A N/A 4.99 2.93 to 7.76

Abbreviations: CGI-I, Clinical Global Impressions-Improvement; CI, confidence interval; MADRS, Montgomery–Åsberg Depression Rating Scale; TAU, treatment as usual; 
VNS, vagus nerve stimulation; NA, not applicable.

Table 3 Sustained response and remission rates (in bold) at week 48 and 96 by response or remission status at week 24

Status at 24 weeks for VAS + TAU Status at 24 weeks for TAU

Non response Response Non response Response

MADRS response
48 weeks
 Non response 410 (75%) 64 (29%) 197 (83%) 26 (44%)
 Response 137 (25%) 153 (71%) 39 (17%) 33 (56%)
96 weeks
 Non response 146 (70%) 34 (33%) 95 (86%) 11 (52%)
 Response 64 (30%) 70 (67%) 15 (14%) 10 (48%)
CGI-I response
48 weeks
 Non response 378 (69%) 47 (19%) 223 (86%) 23 (43%)
 Response 173 (31%) 204 (81%) 36 (14%) 31 (57%)
96 weeks
 Non response 140 (64%) 30 (25%) 91 (72%) 14 (67%)
 Response 78 (36%) 90 (75%) 34 (27%) 7 (33%)

Non remission Remission Non remission Remission

MADRS Remission
48 weeks
 Non remission 564 (86%) 37 (33%) 249 (92%) 14 (56%)
 Remission 89 (14%) 74 (67%) 21 (8%) 11 (44%)
96 weeks
 Non remission 208 (81%) 21 (37%) 110 (92%) 5 (45%)
 Remission 49 (19%) 36 (63%) 10 (8%) 6 (55%)

Note: Bold font highlights numbers (and percentages) of patients with response or remission at week 24 who sustained response or remission at weeks 48 and 96.
Abbreviations: CGI-I, Clinical Global Impressions-Improvement; MADRS, Montgomery–Åsberg Depression Rating Scale; TAU, treatment as usual; VNS, vagus nerve 
stimulation.
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Figure 2 Scatter plot of pairwise percent changes in MADRS from baseline over time. (A and B) Change from 24 to 48 weeks; (C and D) change from 24 to 96 weeks; 
(E and F) change from 48 to 96 weeks. 
Note: Red, TAU; black, VNS + TAU. Patients falling into the −50 to −100 quadrant at 48 and 96 weeks are considered sustained responders.
Abbreviations: MADRS, Montgomery–Åsberg Depression Rating Scale; TAU, treatment as usual; VNS, vagus nerve stimulation.

NNT
To provide a sense of the magnitude of the effects of 

VNS + TAU, we examined the NNT for VNS using observed 

response rates (Table 4).31 After 12 weeks of treatment, 

the NNT for VNS + TAU was calculated to be 8 (95% 

CI: 6, 12), and the NNT decreased over time to 7 (95% 

CI: 5, 12), 6 (95% CI: 4, 9), and 4 (95% CI: 3, 6) at 24, 48, 

and 96 weeks, respectively.

From the acute phase, randomized, controlled trials com‑

paring ECT to tricyclic antidepressant (TCA), the NNT was 

5 (95% CI: 2, 2676) and the NNT for ECT to monoamine oxi‑

dase inhibitors (MAOI) was 3 (95% CI: 2, 3).32 NNTs based 

on seven nonrandomized studies of ECT versus antidepres‑

sants (TCAs, MAOIs, selective serotonin reuptake inhibi‑

tors [SSRIs], and lithium + TCA) were considered better 

comparators with the present meta‑analysis of VNS + TAU, 

and the NNT from nonrandomized trials comparing ECT to 

antidepressants was 4 (95% CI: 3 to 9).32

From a randomized, double‑blind, controlled trial com‑

paring patients who had received open‑label ECT and were 

subsequently randomized to receive continuation treatment 

for 24 weeks with placebo, nortriptyline, or nortriptyline/

lithium; the NNT for ECT + nortriptyline versus placebo 

was 4 (95% CI: 2, 83) and the NNT for ECT + nortriptyline/

lithium versus placebo was 2 (95% CI: 1 to 4).33

Safety assessment
AEs were only collected in Studies D‑01, D‑02, D‑03, and 

D‑21, and, therefore, no comparative AE data are available 

on the TAU population. As VNS is an adjunctive treatment, 

the VNS Therapy patients were also receiving other antide‑

pressant treatments during study participation.
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Overall, VNS was well tolerated. The withdrawal rates dur‑

ing the combined acute and long‑term phases were comparable 

between the treatment groups (23.6% for VNS + TAU versus 

22.2% for TAU). The most commonly cited reasons for with‑

drawal were: patient withdrew consent (3.4% for VNS + TAU 

versus 6.3% for TAU), protocol noncompliance (2.1% for 

VNS + TAU versus 4.9% for TAU), and lack of efficacy 

(2.3% for VNS + TAU versus 0% for TAU). Unspecified 

reasons (or other) accounted for withdrawal of 15.8% from the 

VNS + TAU group versus 11.0% from the TAU group.

The number (and percentage) of patients reporting an AE 

during the first and second years on VNS Therapy is provided 

in Table S4. The table lists AEs that were reported in $10% 

of total patients in the first year following implantation. Note 

that each patient is counted only once per AE within each year 

even though some patients may have reported multiple occur‑

rences of the same event. As expected, the most common AEs 

were voice alteration, dyspnea, pain, cough increased, and 

incision pain (Table S4). These events are similar to what has 

been previously reported in the literature.16,19–25 Notably, there 

is a trend towards diminishing AEs over the 2 years of treat‑

ment with VNS; and such a trend is consistent with previous 

findings from VNS studies in patients with epilepsy.34

Discussion
Bayesian hierarchical modeling was used to compare scores 

(using the MADRS and CGI‑I), response rates (using the 

MADRS and CGI‑I), and remission rates (using the MADRS) 

following treatment with VNS + TAU versus TAU in a 

chronic TRD population. Outcomes were compared over time 

(up to 96 weeks of treatment) in a sample of over 1000 patients 

in the VNS + TAU group and over 400 patients in the TAU 

group from six prospective clinical studies evaluating 

VNS + TAU or TAU. This Bayesian meta‑analysis found a 

consistent superiority of VNS + TAU over TAU.

Compared with outpatients evaluated in the Sequenced 

Treatment Alternatives to Relieve Depression (STAR*D) 

study who had not responded to three to four treatment 

steps,5 patients in this meta‑analysis were more likely to be 

 Caucasian and to have had a longer length of illness, a higher 

suicide attempt rate, and more previous depression treat‑

ments, including ECT. Thus, the chronic treatment resistant 

nature of the VNS + TAU patients is indisputable. Neverthe‑

less, the odds of treatment response in VNS + TAU patients 

were three times that for patients who received TAU alone, 

and the odds of remission in VNS + TAU patients were almost 

five times as likely as that for TAU patients (Table 2).

As this meta‑analysis included all company‑sponsored 

completed and ongoing multicenter VNS Therapy stud‑

ies, there is no additional published literature examin‑

ing VNS + TAU versus TAU against which to compare 

these findings directly. However, the response rates in the 

VNS + TAU patients are comparable in magnitude to those 

obtained with ECT, which is known to be superior to phar‑

macotherapy in treating patients with severe or difficult to 

treat depression.35 Meta‑analyses of ECT trials in MDD have 

shown similar superiority of response, which was approxi‑

mately three times greater than with simulated ECT (odds 

ratio: 2.83; CI: 1.30, 6.17), and approximately four times 

greater for ECT in comparison to antidepressants (TCAs, 

MAOIs, SSRIs, and lithium + TCA), in a clinical setting 

(odds ratio: 3.72; CI: 2.60, 5.32).32

To provide additional clinical context for these find‑

ings, we compared the NNT over time for VNS versus ECT 

(Table 4). NNTs from acute phase trials comparing ECT to 

various anti‑depressants were as follows: 5 for ECT versus 

TCA, and 3 for ECT versus MAOI. For VNS + TAU, the 

NNT decreases over time from 12 to 96 weeks (NNT of 8, 

7, 6, and 4 at 12, 24, 48, and 96 weeks, respectively). Thus, 

longer‑term VNS + TAU treatment appears to have a similar 

magnitude of effectiveness as short‑term ECT.

We acknowledge that ECT is an effective acute episodic 

treatment option and that VNS Therapy is not an acute 

therapy but a potential longer‑term approach with sustained 

treatment delivery. VNS is not meant to replace ECT, and 

Table 4 Numbers needed to treat for benefit for ECT (versus 
controls) and for VNS +	TAU (versus TAU)

Number 
needed  
to treat  
(for benefit)

95%  
confidence  
interval

Acute studies
RCT (ECT vs TCA control)31 5 2 to 2676
RCT (ECT vs MAOI control)31 3 2 to 3
Non‑RCT (ECT vs ADa control)31 4 3 to 9
At 12 weeks, VNS + TAU vs TAU 8 6 to 12
Week 24 NNTs from 24-week long studies
ECT + nortriptyline vs placebo control32 4 2 to 83

ECT + nortriptyline/lithium  
vs placebo control32

2 1 to 4

VNS + TAU vs TAU 7 5 to 12
Week 48 and 96 NNTs from 48 and 96-week long studies
At 48 weeks, VNS + TAU vs TAU 6 4 to 9

At 96 weeks, VNS + TAU vs TAU 4 3 to 6

Note: aAntidepressants included tricyclic antidepressants, monoamine oxidase 
inhibitors, selective serotonin reuptake inhibitors, and lithium.
Abbreviations: AD, antidepressants; ECT, electroconvulsive therapy; MAOI, 
monoamine oxidase inhibitors; RCT, randomized clinical trial; TAU, treatment as 
usual; TCA, tricyclic antidepressant; VNS, vagus nerve stimulation.
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there are published reports indicating that both treatments 

can be used concomitantly.36–38

Patients diagnosed with the more difficult to treat bipolar 

depression have similar effect sizes39 to those seen for VNS 

Therapy treated.16 However, the effectiveness of ECT in 

patients who have not responded to pharmacotherapy is lower 

(odds ratio: 0.52; CI: 0.39, 0.69);40 than for those without 

prior pharmacotherapy failure. Overall, patients included in 

this meta‑analysis had a mean of about six treatment failures 

prior to study entry (5.9 ± 2.2 for the TAU group and 6.9 ± 2.2 

for the VNS + TAU group; Table 1) – which makes them 

at least as treatment‑resistant as those completing the fourth 

treatment step in the STAR*D study.

If ECT is acutely effective, then sustaining that benefit – 

whether response or remission – over time remains a  challenge. 

In one study, 53% of ECT patients who achieved remission 

relapsed within 12 months, with 94% of those relapses 

occurring during the first 6 months after a course of ECT.41 

The rate of relapse was significantly greater, at 68% in 

patients who were considered resistant to pharmacotherapy. 

Continued pharmacotherapy after remitting with ECT treat‑

ment can reduce relapse rates; 39% after 6 months with a 

combination of nortriptyline and lithium treatment, but the 

rate is still high.33 VNS + TAU treated patients respond‑

ing at 24 weeks are 2–4 times more likely to maintain that 

response at 48 weeks over TAU (Table 3). This is consistent 

with previous studies that show over 60% of the VNS treated 

patients who responded at either 3 or 12 months maintained 

that response for up to 24 months.42 Although response takes 

longer to attain with VNS Therapy, it is more likely to be 

sustained than with ECT treatment where the response is 

more immediate, but less sustainable.

One of the strengths of this meta‑analysis is that it 

involved the largest database of interventional studies of 

patients with TRD over a long time period of 2 years, which 

is important in a chronic disease state like TRD. Further, it 

represents a culmination of all available multicenter studies 

with VNS in this patient population, the consistent use of 

commonly used and validated scales for measuring depres‑

sion symptomatology, and an analysis performed at the 

individual patient data level rather than using summary data, 

as is the case with most meta‑analysis studies. The primary 

limitation of the meta‑analysis involves the individual study 

designs; namely, that the TAU group data is limited to two 

trials for the CGI‑I scale (ie, Studies D‑04 and D‑23) and one 

trial for the MADRS scale (Study D‑23); in addition, the non‑

randomized D‑23 study and the randomized, sham‑controlled 

acute phase of the D‑02 study represent the only concurrent 

head‑to‑head comparisons of VNS + TAU and TAU. We also 

note that patients included in this study were out‑patients with 

an overall moderately severe to severe disease state but not 

very severe symptoms (Table 1). The medications that the 

patients were receiving prior to VNS achieved some stability 

and modest benefit but had not produced a remission, and 

the patients continued to have a clinically meaningful level 

of symptom severity and poor function. Thus, the patients 

were candidates for a different treatment approach. Finally, 

the issue of blinding the investigators and patients to VNS. 

Therapy is difficult for a treatment that has benign – but 

well characterized and observable – side effects. Discus‑

sions between the field of psychiatry and the FDA have been 

undertaken regarding these multifaceted questions of study 

design and blinding for devices in the treatment of depres‑

sion, with limited success.43

Conclusion
This meta‑analysis reveals a substantial and sustained 

difference in both response and remission rates between 

VNS + TAU and TAU treatment in patients suffering from 

a treatment‑resistant major depressive episode.
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Table S1 Various outcome measures utilized in the six clinical studies included in the meta-analysis

Inclusion criteria
•  Adult male and female patients with a diagnosis of a major depressive episode (unipolar or bipolar disorder) according to DSM-IV Diagnosis Criteria.
•  Age requirements: 18 to 70 years of age in D‑01; 18 to 80 years of age in D‑02, D‑03, and D‑04; and .18 years of age in D‑21 and D‑23.
•  Patient has a history of chronic ($2 years) or recurrent (at least 4 episodes for D‑01, D‑02, D‑03, and D‑04; at least 2 episodes for D‑21 and 

D‑23) major depression.
•  An inadequate response to antidepressant treatments from at least 2 different treatment categories. Inadequate response was defined as follows:

	 ○  D‑01, D‑02, D‑03, and D‑04 only: antidepressant resistance rating $ 3 for at least 2 treatments.

	 ○  D‑21 and D‑23 only: resistant to $4‑adequate antidepressant treatments.
•  Patient is able to comply with all testing and visit requirements per protocol.
•  D‑02, D‑03, and D‑04 only: a score $ 20 on the 24‑Item Hamilton Rating Scale for Depression (HRSD).
•  D‑01 only: A score $ 20 on the 28‑item HRSD.
•  D‑01, D‑02, and D‑03 only: patient is a male or non‑pregnant female adequately protected from conception.
•  D‑21 only: a minimum baseline score of 24 on the Montgomery‑Asberg Depression Rating Scale (MADRS) and no greater than a 25% decrease in 

the MADRS score between the prestudy and baseline visits.
•  D‑23 only: a Clinical global Impression (CgI) severity of illness score of moderately ill (score of $4).
•  D‑01 only: patient has a score # 50 on the global Assessment of function.
•  D‑01, D‑02, and D‑03 only: stable on current antidepressant medication regimen for $4 weeks prior to visit 1 or not taking antidepressant 

medications.
•  D‑21 only: on stable anti‑depressant for .4 weeks.
•  D‑01, D‑02, D‑03, D‑04, and D‑21 only: patient with a bipolar disorder has demonstrated a resistance to lithium treatment or has a medical 

contraindication to treatment with lithium or is known to be intolerant to lithium.
•  D‑01, D‑02, D‑03, and D‑04 only: patient has an intelligence quotient (IQ) $ 70 based on the investigator’s judgement
•  D‑02 only: if currently taking atypical antipsychotics, stable medications for .4 weeks.
•  D‑03 only: patient has a history of psychotherapy treatment that did not result in clinical improvement.
•  D‑21 only: patient with a current diagnosis of bipolar disorder must be receiving a mood stabilizer.
Exclusion criteria
•  A history of schizophrenia, schizoaffective disorder, any other psychotic disorder, or a current major depressive episode that includes psychotic 

features; or is currently psychotic.
•  Other exclusion criteria included simultaneous enrollment in another investigational trial, previously received Vagus Nerve Stimulation therapy, 

presence of other cognitive disorders (such as delirium or dementia), other neurological problems (such as central nervous system disease or 
injury), current alcohol or substance abuse, clinically significant suicidal intent, and cardiac or pulmonary disorders (such as history of myocardial 
infarction or cardiac arrest).

•  D‑02, D‑03, D‑04, D‑21, and D‑23 only: a history of rapid cycling bipolar disorder.
•  D‑01, D‑02, D‑03, D‑21 only: has had a vagotomy.
•  D-01, D-02, D-03, and D-21 only: patient requires a whole body MRI subsequent to VNS implantation.
•  D-01, D-02, and D-21 only: a history of ulcers including gastric and duodenal, vasovagal syncope, or swallowing difficulties.
•  D‑21 only: a history of borderline personality disorder.
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Table S2 Various outcome measures utilized in the six clinical studies included in the meta-analysis

D-01 D-02 D-03 D-04 D-21 D-23

Hamilton Rating Scale for Depression (HRSD)a X X X Xb N/A N/A
Montgomery–Åsberg Depression Rating Scale (MADRS) X X X N/A X X
Inventory for Depressive Symptomatology‑Clinician (IDS‑C) N/A N/A N/A N/A X N/A
Inventory for Depressive Symptomatology‑Self‑Rated (IDS‑SR) N/A X X X X QIDSc

Clinical global Impressions‑Severity (CgI‑S) and Clinical global  
Impressions‑Improvement (CgI‑I)

X X X X X X

Notes: aThe 28 item HRSD scale was used in D‑01 and the 24‑item scale was used in D‑02, D‑03, and D‑04; bthe HRSD was collected only at baseline, 12 months, and  
24 months in the D‑04 study; cstudy D‑23 utilized the Quick Inventory for Depressive Symptomatology (QIDS).
Abbreviation: N/A, not applicable.
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Table S4 Adverse events reported during the first and second years on VNS Therapy® (Cyberonics, Inc, Houston, TX, USA)

Adverse event, n (%) Year 1 
(N = 700)

Year 2 
(N = 344)

Voice alteration 485 (69.29) 179 (52.03)
Dyspnea 211 (30.14) 71 (20.64)
Pain 199 (28.43) 41 (11.92)
Increased cough 185 (26.43) 47 (13.66)
Incision pain 181 (25.86) 15 (4.36)
Paresthesia 159 (22.71) 39 (11.34)
Headache 153 (21.86) 29 (8.43)
Neck pain 139 (19.86) 55 (15.99)
Pharyngitis 122 (17.43) 25 (7.27)
Depression 121 (17.29) 46 (13.37)
Dysphagia 115 (16.43) 32 (9.30)
Incision‑site reaction 113 (16.14) 15 (4.36)
Nausea 107 (15.29) 12 (3.49)
Device‑site pain 98 (14.00) 11 (3.20)
Hypertonia 92 (13.14) 31 (9.01)
Device‑site reaction 82 (11.71) 27 (7.85)
Insomnia 75 (10.71) 22 (6.40)

Notes: Events that occurred in $10% of total patients in the first year following VNS implantation are listed. Adverse events data were collected in Studies D-01, D-02, 
D‑03, and D‑21. Second year adverse events data were not collected in Study D‑21. Year 2 patients (N = 344) include only patients reported to have data records in year 2 
after completing year 1. Adverse events have been coded using preferred terms based on COSTART.44

Abbreviation: VNS, vagus nerve stimulation.
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