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Adequate Dosage Adequate Duration

Poor 
Tolerability

Nonadherence Safety Issues

Lack of 
Efficacy

Comorbidities

1. Nemeroff CB. Depress Anxiety. 1996/1997;4(4):169-181; 2. Oquendo MA et al. J Clin Psychiatry. 
2003;64(7):825-833; 3. Oquendo MA et al. Am J Psychiatry. 1999;156(2):190-194.  

Factors contributing to inadequate treatment include:

In MDD, “Adequate” Treatment Is 
Difficult to Achieve1-3

A Significant Percentage of Patients 
With MDD Remain Poorly Served 

Kessler RC et al. JAMA. 2003;289(23):3095-3105.

14 Million US Adults

7.2 Million
Treated

6.8 Million
Untreated

3.2 Million
Adequately

Treated

4 Million
Poorly 
Served

• Inadequate response
• Intolerant to side effects

Remission Rates (RR)* in STAR*D by Treatment Level

Level RR Range % Average RR % Original Population 
Still Symptomatic**

1 28 28 72

2 18-30 25 54

3 12-25 18 44

4                   7-14 11              39

* Remission = a score of <7 on a 17-item Hamilton Depression Rating Scale.

**  Assumes every nonremitter went through the next treatment level rather 
than dropping out.
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Pardo JV, et al. Neuroimage 2008;42(2):879-889.

1. George MS, et al. Biol Psychiatry. 2000;47(4):287-295. 2. Naritoku DK, et al. Epilepsy Res. 1995;22(1):53-62. 3. Harden CL, et al. Epilepsy Behav. 2000;1(2):93-99. 
4. Tracy KJ. Nature. 2002;420(6917):853-859. 5. Tracy KJ. J Clin Invest. 2007;117(2):289-296. 6. Ben-Menachem E, et al. Epilepsy Res. 1995;20(3):221-227. 
7. Krahl SE, et al. Epilepsia. 1998;39(7):709-714. 8. Walker BR, et al. Epilepsia. 1999;40(8):1051-1057. 9. Furmaga H, et al. PLoS One. 2012;7(5):e34844.
10. Follesa P, et al. Brain Res. 2007;1179:28-34. 11. Krahl SE, et al. J Psychiatr Res. 2004;38(3):237-240. 12. Meador KJ. J Clin Psychiatry 2003;64 Suppl 8:30-34.

Rationale for VNS Therapy® in Treatment-Resistant Depression (TRD)*
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•
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•
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RaRRRR tiiionoooo ale fooor VNNNNNS ThThThThTherererererappapappyyyyy® ininn Treataaa ment-ReRRR s
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*See full indication on cover slide.
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Afferent pathway to the brain to areas 
believed to be responsible for seizures, 
mood, appetite, memory, and anxiety.

Efferent pathways to the viscera of the 
thorax and abdomen.

Henry TR. Neurology. 2002;59(suppl 4):S3-S14. 
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Vagus nerve

Nucleus tractus solitarius (NTS)

Locus coeruleus (LC)

Raphe nucleus (RN)

Thalamus

Amygdala

Hippocampus

Striatum

Prefrontal cortex

1. Conway CR, et al. Psychiatr Clin North Am. 2018;41(3):395-407. 
2. Moret C, et al. Neuropsychiatr Dis Treat. 2011;7(Suppl 1):9-13.
3. Vila-Pueyo M, et al. Cephalalgia. 2019;39(13):1635-1660.
4. Stahl SM. 5th ed. Cambridge University Press; 2021.
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Vagus nerve

Nucleus tractus solitarius (NTS)

Locus coeruleus (LC)

Raphe nucleus (RN)

Thalamus

Amygdala

Hippocampus

Striatum

Prefrontal cortex

Ventral tegmental area (VTA)

1. Conway CR, et al. Psychiatr Clin North Am. 2018;41(3):395-407. 
2. Moret C, et al. Neuropsychiatr Dis Treat. 2011;7(Suppl 1):9-13.
3. Vila-Pueyo M, et al. Cephalalgia. 2019;39(13):1635-1660.
4. Stahl SM. 5th ed. Cambridge University Press; 2021.
5. Conway CR, et al. Psychiatry Res. 2006;146(2):179-184.
6. Conway CR, et al. Brain Stimul. 2012;5(2):163-171.
7. Conway CR, et al. Brain Stimul. 2013;6(5):788-797. 
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Left and right anterior cingulate Right anterior insula
Left inferior putamen

Left orbitofrontal cortex

N=4 patients with treatment-resistant major depression
N=3 responders

Conway CR, et al. Psychiatry Res. 2006;146(2):179-184.
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Study1 VNS + TAU - N TAU - N Study Duration Study Design

D-01 60 - 2-year Single-arm, open-label

D-02 235 110 2-year RCT, sham-controlled for 12 weeks, 
then single-arm, open-label

D-03 74 - 2-year European, single-arm, open-label

D-04 - 124 2-year Single-arm, open-label

D-21 331 - 1-year RCT of VNS Therapy dosing for 22 weeks, 
then single-arm open-label

D-23 335 301 5-year Two-arm, open-label, registry

Total 2013 Meta-Analysis 1035 425 Various

Final D-21 and D-232

D-21 159 - 5-year

D-23 335 301 5-year

Total 2017 Long-Term Study 494 301 5-Year

19

Characteristic VNS + TAU
(n=1035)

TAU 
(n=425)

Female (%) 66.2 69.7

Age (years) 47.8 48.7

Bipolar Depression (%) 22.3 20.2

Duration of illness (years) 25.9 27.7
Length of Current Episode (years) 6.9 7.6

Baseline MADRS score (>30 = Severe) 33.0 29.4
Baseline CGI Severity 5.2 4.7
# Prior Failed Medication Classes 6.9 5.9
% ECT (lifetime) 56.1 39.5
Mean # Hospitalizations (lifetime) 3.4 1.9
Mean # Suicide attempts (lifetime) 1.3 1.2
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Percent of Patients Achieving Response 
(MADRS): Observed Cases

Percent of Patients Achieving Remission
(MADRS): Observed Cases

N=955 VNS

N=359 TAU

N=892 VNS

N=213 TAU

N=829 VNS

N=169 TAU

N=388 VNS

N=103 TAU

N=307 VNS
N=80 TAU
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Odds ratio (OR) of response with VNS + TAU over TAU = 3.2 
(CI95 2.1, 4.7) (repeated measures model)
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Odds ratio (OR) of remission with VNS + TAU over TAU = 5.0 
(CI95 2.9, 7.8) (repeated measures model)

TAU VNS + TAUTAUVNS + TAU

21



Sackeim HA, et al. Int J Neuropsychopharmacol. 2007;10(6):817-826.

*Response: 
≥50% improvement from BL HAMD24

Maintained response: 
≥40% reduction from BL

3-month responders 
at 1 year
(19/30)

3-month responders 
at 2 years

(23/30)

Percent of Patients Who Maintained Response* (Observed Data)

65.0%

76.7%

63.3%
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12-month responders 
at 2 years

(26/40)
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Additional AEs (>10%): neck pain, pharyngitis, depression, dysphagia, incision-site reaction, nausea, device-site pain, hypertonia, device-site reaction, insomnia

Berry SM, et al. Med Devices (Auckl). 2013;6:17-35.

Side Effects (>20%) of VNS Therapy

0

20

40

60

80

Voice
alteration

Dyspnea Pain Increased
cough

Incision
pain

Paresthesia Headache

12-month data
n=700

24-month data
n=344

69.29%

A
Es

 (%
)

25.86%

4.36%

22.71%

11.34%

21.86%

8.43%

52.03%

30.14%

20.64%

28.43%

11.92%

26.43%

13.66%
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5-Year Cumulative 
First-Time Response Rate

(P<0.0001)

TAUVNS + TAU

5-Year Cumulative 
First-time Remission Rate

(P<0.0001)(P<0.0001)
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McAllister-Williams RH, et al. Int J Bipolar Disorder. 2020;8(1):13.
TAU, treatment as usual.
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McAllister-Williams RH, et al. Int J Bipolar Disorder. 2020;8(1):13.
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Time to initial response (months)

TAU

VNS + TAU

66

TAU, treatment as usual.
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McAllister-Williams RH, et al. Int J Bipolar Disorder. 2020;8(1):13.

VNS + TAU demonstrated significantly greater reduction in suicidality 
across the study visits vs TAU alone based on MADRS item 10 (P<0.001)

Months/time after baseline visit
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MADRS, Montgomery-Åsberg Depression Rating Scale; TAU, treatment as usual.

The RECOVER Study

Investigating the Benefits of 
Vagus Nerve Stimulation 

(VNS) Therapy® for 
Treatment-Resistant 

Depression (TRD)



The RECOVER Study

Prospective multicenter RCT: up to 
1,000 TRD patients (unipolar or bipolar) 
will take part at up to 100 medical 
centers across the United States

All participants will continue to take 
their usual treatment(s) for depression

28

Up to 100 centers
Up to 1,000 patients

All study-related costs specific to the 
device and the implant procedure are 
provided at no expense to the patient

Programming sessions and office 
visits are covered during the first 
12 months of the study

Visit www.RECOVERvns.com or Call 1-844-969-1552

The RECOVER Study: Design
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RCT*: 12 months Open-label follow-up: 4 years

Group A: device activated

Group B: device not activated Device activated

*RCT period will be double-blind (only device programmers will be unblinded). Blinding must be continued at each site until the last patient at that site reaches the end of the RCT.

In the open-label follow-up phase, 
all study participants will receive 

active VNS Therapy®

Screening

Device 
implantation

Healing

1:1
Randomization

Visit www.RECOVERvns.com or Call 1-844-969-1552

The RECOVER Study: Overview
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Visit www.RECOVERvns.com or Call 1-844-969-1552

Clinical Study Objective
Compare VNS Therapy® vs No Stimulation 
control in subjects with treatment-resistant 

depression (TRD)

Rate of MADRS Response
1) Defined as total # of months in response divided 

by total months of expected study participation
2) 50% reduction in baseline MADRS

total score at 12 months

Primary Endpoint
50% improvement on MADRS 

over 12 months 

Study Size and Analysis Plan
1) RCT Phase up to 1,000 patients
2) Longitudinal Registry Phase up to 5,800 patients
3) Medicare participants reimbursed by CMS
4) Incorporate adaptive design
5) First interim analysis 250 evaluable unipolar subjects  

Prospective   | Multicenter   | Blinded   | RCT



The RECOVER Study: Key Inclusion Criteria

18 years or older

Documented diagnosis of MDD or bipolar depression: 
either chronic (≥2 years) or recurrent (≥4 prior episodes, 
at least 2 months apart) according to DSM-5

Insufficient response to ≥4 adequate trials of antidepressant 
treatment in the current episode (including antidepressant 
medication, augmenting agents, psychotherapy, rTMS, ECT, 
and esketamine)

Continued use of mood stabilizer if bipolar

31

Visit www.RECOVERvns.com or Call 1-844-969-1552

The RECOVER Study: Key Exclusion Criteria

Acute suicidality or recent suicide attempt
History of substance abuse (past 12 months)
History of psychosis
Severe personality disorder
Deep brain stimulation implant
Dementia

32

Visit www.RECOVERvns.com or Call 1-844-969-1552

The RECOVER Study: Endpoints and Protocol Requirements

Participants may continue to see their current 
psychiatrist and regular physician for routine 
care outside of the study

All current therapies can—and should—be 
continued, meaning even those in the control 
arm will still receive standard of care
– Changes to these treatments should be avoided 

as much as possible during the randomized 
clinical trial portion of the study (first year)

33

improvement 
on MADRS
over 12 months

50%
Main endpoint:

Visit www.RECOVERvns.com or Call 1-844-969-1552
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