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Abstract

Background: Vagus nerve stimulation (VNS) has been shown to improve cardiac function and heart failure
symptoms. The VITARIA System provides chronic stimulation through a self-sizing, atraumatic lead placed
around the cervical vagus nerve. The lead is identical to the predecessor M304 lead, which has been implanted
in patients since 2009 for treatment of epilepsy and depression. Its long-term performance has not been
previously reported. Methods: All leads implanted in the United States for any indication were included in this
analysis. All available data on lead explants, replacements, and customer complaints were used to identify
failures. Lead survival was defined as likelihood of the implanted lead remaining implanted and performing as
intended. Results: The M304 lead has been part of 31,000 implantations, with 72,100 device-years of patient
exposure. In 11,000 patients, 99.4% of leads remained implanted and performing as intended after 1 year. At7
years, 95.7% of leads performed as intended. Lead failure is rare, with common causes being infection (0.87%)
and vocal cord dysfunction (0.68%). Conclusions: The M304 VNS lead has been used for neuromodulation in
over 30,000 patients for over 70,000 device-years. Cumulative lead survival has exceeded design requirements
and has low rates of complications and failures.
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Introduction

Heart failure (HF) is characterized by hemodynamic
abnormalities that result in an imbalance between an
increase in sympathetic activity and withdrawal of
parasympathetic tone.  This contributes to the
progression of HF and an increase in the risk of
mortality and morbidity independent of ejection
fraction (EF) and ventricular arrhythmias.

Autonomic regulation therapy (ART) is a novel
investigational approach for the management of HF
that uses cervical vagus nerve stimulation (VNS) to
increase parasympathetic activity and help restore
autonomic balance. ART is delivered using chronic
stimulation through a self-sizing lead that is placed on
the cervical vagus nerve (CVN) without requiring any
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mapping for placement. ART using open-loop VNS
has been shown in a pilot study to be associated with
long-term improvement in heart rate, heart rate
variability, left ventricular function, 6-minute walk
distance, NYHA class, and quality of life in patients
with HF and reduced EF (HFrEF; Premchand et al.,
2014, 2016, 2019) and is being evaluated further in
an ongoing mortality and morbidity pivotal study in
patients with HF and reduced left ventricular HF
(Konstam et al., 2019).

The VNS lead that is used to deliver ART (VITARIA
Model 7304; Figure 1) in the ongoing ANTHEM-
HFrEF pivotal study (NCT03425422) is identical in its
materials and manufacture to the Model 304
PerenniaFLEX lead, which has been implanted in
more than 30,000 patients worldwide since February
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2009 for the treatment of drug-refractory epilepsy
(DRE) and treatment-resistant depression (TRD;
Groves & Brown, 2005; Morris & Mueller, 1999). In

this study, we provide findings of a survival analysis,
performed to evaluate the long-term performance of
the Model 304 PerenniaFLEX lead.

Figure 1. The VITARIA autonomic regulation therapy (ART) system implanted on the right cervical vagus nerve (left),

which includes the VITARIA Model 7304 lead (right).

Methods

Data Collection

The LivaNova quality system was used to retrieve
and to evaluate lead data. The system includes a
device tracking system, which tracks device
shipments and implant registration forms that are
completed by the implanting physician or hospital
staff. LivaNova collects data on device explants,
device replacements, returned product analyses, and
customer complaints through multiple sources,
including voluntary product return, complaint
reporting, and device tracking. These data are
collected and used to identify failures and out-of-
specification conditions. The implant registration
forms allow implantable products to be tracked at the
patient level from the time of device implant to the
time of device explant or patient death. All leads that
were registered as implanted in the United States for
any indication were included in the analysis, and all
data available through December 31, 2018, was
analyzed. The analysis complied with the Declaration
of Helsinki (World Medical Association, 1996).

To minimize the potential of underreporting of patient
deaths, active surveillance was conducted of data
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obtained from the United States Social Security
Administration Death Master File and the Center for
Disease Control National Death Index. Those
patients without a known Social Security Number
were not included in the survival calculations.

Survival Probability Calculations

Lead survival probability was defined as the likelihood
of the implanted device remaining implanted and
performing as intended at a specific point in the
product’s service life. The actuarial method was used
to estimate survival probability at any time interval
(Tolley, Barnes, & Freeman, 2016). Device survival
plots use the number of successfully functioning units
divided by the total number of units. The cumulative
survival probability at a point in time is the product of
the survival probabilities for all preceding time
intervals. The exponential Greenwood’s formula was
used to estimate the standard error of the calculated
survival probabilities and 95% confidence intervals
(CI; Kalbfleisch & Prentice, 1980).

Results

At the time of this analysis, there have been 31,000
registered implants of the PerenniaFLEX Model 304
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VNS lead, with a cumulative implant follow-up
duration of 72,100 device-years. It is estimated that
26,400 of these devices are still active. Survival
status for 11,000 patients was obtainable from public
records, and these implants were included in the
survival calculations.

Cumulative survival of the implanted leads over time
is shown in Table 1 and Figure 2. After 1 year, 99.4%
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of leads remained implanted and performed as
intended (95% CI [99.2, 99.5]). After 5 years and 7
years, 97.1% (95% CI [96.7, 97.5%]) and 95.7% (95%
Cl [95.1, 96.2]) of implanted leads remained
implanted and performed as intended. This survival
performance exceeds the design requirement for the
Model 304 lead (Figure 2).

Table 1

Cumulative survival of the Model 304 lead over various follow-up intervals, shown as a percentage with 95%

confidence intervals.

At implant 1 year 2 year 3 year 5 year 7 year
Cumulative 100% 99.4% 98.8% 98.4% 97.1% 95.7%
Survival (%) [99.2, 99.5] [98.6, 99.0] [98.1, 98.6] [96.7, 97.5] [95.1, 96.2]
Number of 11,000 9,700 8,500 7,200 4,600 1,800
Patients
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Figure 2. Cumulative survival of the Model 304 lead for US patients with known SSN (solid line) compared to design

requirements (dotted line).

Lead complications and failures have been rare, with
the most common complications being infection

(0.87%), vocal cord dysfunction (0.68%), lead

protrusion (0.36%), and lead extrusion (0.27%).
Discussion

There are several similarities in how VNS is

administered for the treatment of DRE, TRD, and HF.
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VNS systems used in all these conditions include an
implantable pulse generator, an electrode lead that
surrounds the CVN. An external programming
system is used to change the generator settings for
stimulating the CVN. The electrode is placed around
the vagus nerve without requiring intraoperative
mapping. The pulse generator and lead deliver
electrical stimulation to axons in the CVN. The axons
are approximately 80% afferent and 20%
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parasympathetic preganglionic efferents (Janig,
2006).

VNS is administered to the left CVN using the Model
304 lead with bidirectional open-loop delivery for the
management of DRE and TRD. For HF, VNS has
been administered to the left or right CVN using the
Model 7304 lead with bidirectional open-loop delivery
that is directed preferentially toward peripheral vagal
efferents that control cardiovascular function. In
investigational studies in HFrEF, VNS has utilized a
relatively lower amplitude (1.5 to 3 mA current) and
pulse frequency (5-10 Hz) than is used for DRE.
Model 304 lead for DRE and TRD and Model 7304
lead for HF are identical in materials and
manufacture. The functional difference between
these leads is in the polarity of the electrodes. In DRE
and TRD, the cathode is positioned cranially, and in
HF, the cathode is positioned caudally (Anand,
Konstam, Ardell, Libbus, & DiCarlo, 2019; Ben-
Menachem, 2002).

Implanted lead performance is continually tracked
during clinical studies and as part of the LivaNova
postmarket surveillance process to identify device
failure and to determine causes and potential out-of-
specification conditions. Based upon the current
analysis, chronic VNS using Model 304 appears to be
associated with a satisfactory long-term safety and
performance profile.

Conclusions

Evaluation of the long-term performance of the Model
304 VNS lead, used in the treatment of DRE and
TRD, has demonstrated excellent cumulative survival
that exceeded its design requirements, and its use for
neuromodulation has been associated with low rates
of complications and lead failures. The VITARIA
System for the treatment of HF includes the Model
7304 VNS lead, which is identical in its materials and
manufacture and is being utilized in the ANTHEM-
HFrEF pivotal study.
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