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SUBJECT: Vagus Nerve Stimulation (VNS) For Intractable Epilepsy Criteria
Dear Dr. Arrington:

On behalf of the American Association of Neurological Surgeons (AANS), the Congress of Neurological
Surgeons (CNS), and the American Epilepsy Society (AES), we appreciate the opportunity to comment
on the Total Health Care Vagus Nerve Stimulation for Intractable Epilepsy Criteria which was brought to
our attention by neurosurgeons in Michigan. The criteria in question are on the Total Health Care
website at: https://thcmi.com/PDF/providers/PDF/DecisionCriteria/\VagusNerveStimulator. pdf.

We agree that there is a need for guidelines regarding the use of this expensive technology. However,
we believe that the Total Health Care VNS criteria could be significantly improved. As currently written,
we are concerned that it will deny a proven effective therapy from being provided to your subscribers,
impede patients’ ability to make decisions about different treatments, and place an undue burden on
providers.

We recommend that VNS be limited to patients proven to have medically-refractory epilepsy.
Unfortunately, this is not always the case. One group has reported that almost 25 percent of patients
with VNS systems implanted who are admitted to the hospital for video electroencephalography (EEG)
monitoring are found to have psychogenic non-epileptic seizures (PNES) without concurrent epilepsy.!
This is inappropriate. The diagnosis of medically-refractory epilepsy necessitates that the patient have
electrographically recorded seizures. While this usually requires video EEG, seizures can occasionally
be caught on a spot or eight hour EEG. Patients should undergo a thorough epilepsy evaluation to rule
out non-epileptic conditions or treatable symptomatic epilepsies before implantation of a vagus nerve
stimulator. Medically-refractory epilepsy is defined by the International League Against Epilepsy (ILAE) !
as “failure of adequate trials of two tolerated, appropriately chosen and used antiepileptic drug schedules
(whether as monotherapies or in combination) to achieve sustained seizure freedom.” Criteria for
adequacy of medication trials are enumerated in this publication. There is no need to try more than two
appropriately chosen medications, since the likelihood of a third medication achieving seizure freedom is
four percent.? This internationally recognized standard is promulgated by the American Academy of
Neurology (AAN) and the AES.

This is the standard upon which eligibility for VNS treatment should be based. If a patient is having
seizures every day and has met ILAE criteria for medical refractoriness (compliant patients with one
seizure in 12 months with altered level of consciousness after adequate trials of two appropriately
chosen seizure medications have failed medical therapy),! there is no reason to delay instituting a
potentially effective therapy. Conversely, there is no need for eight seizures a month for 24 months as a
minimum to be defined as debilitated.


https://thcmi.com/PDF/providers/PDF/DecisionCriteria/VagusNerveStimulator.pdf

Robyn J. Arrington, Jr., MD
AANS/CNS/AES VNS Criteria
July 27, 2016

Page 3 0of 4

We understand that VNS was FDA-approved in 1997 for complex partial epilepsy in patients at least 12
years old. However, there is significant evidence that it is effective for other types of epilepsy and
especially in patients younger than 6 years old.®

The requirement that patients not be a candidate for resective, potentially curative surgery to obtain VNS
takes away patient’s choice. While we, as societies, recommend resective surgery as the most likely
way to obtain seizure freedom, some patients may find the potential risks of such surgery unacceptable.
For some, eligibility for resective surgery is not known until intracranial surgery for seizure mapping is
performed. It is an undue burden for patients to be forced to undergo intracranial surgery prior to VNS in
such a situation. In addition, patients are given conflicting advice from different epileptologists and
epilepsy surgeons about whether they are potentially resectable and the associated risks, due to the
complicated nature of their epilepsy. This can be true even at similarly experienced centers with the
same level of National Association of Epilepsy Centers (NAEC) accreditation.

We recommend that evaluation of medical necessity be performed by a board-eligible or board-certified
neurologist or neurosurgeon affiliated with an NAEC level 3 or 4 center.

There are several qualifying/disqualifying conditions listed in your criteria that we feel are not supported
by the literature and, therefore, inappropriate. Specifically:

1. The utility of quality of life and seizure activity questionnaires and diaries is unclear. Your current
guidelines make no suggestions as to what is to be done with such data or how it should
influence medical decision making. Although they have research value, these surveys put an
undue burden on patients and clinicians who are not interested in research.

2. Psychiatric evaluation does not rule out PNES. Video EEG is the gold standard. Many patients
are found to have both PNES and electrographic seizures.* Presence of PNES should not
preclude VNS. Only absence of electrographic seizures should. Epilepsy neurologists and
surgeons have the requisite skills to recognize self-injurious behavior that would make a patient a
poor candidate for VNS.

3. Patients with progressive diseases and epilepsy may live many years. We recommend that VNS
be restricted to patients with a life expectancy greater than 12 months.

4. There is no reason to exclude patients with respiratory disorders.

5. There is no reason to exclude patients with “previous therapeutic brain surgery.” In fact, these
are prime candidates for being helped by VNS, as noted in inclusion criterion #10.

6. Preexisting hoarseness does not preclude VNS placement or efficacy, unless it is due to
dysfunction of the left vagus nerve.

7. There is no evidence that VNS is ineffective in patients with other forms of brain stimulation, e.g.,
Neuropace RNSTM.

8. The definition of severe neurologic disease is unclear. We consider medically refractory epilepsy
such a disease.

9. We have found no evidence that patients with neurodegenerative diseases with epilepsy do not
respond to VNS. While it is appropriate to limit this therapy to patients with a reasonable life
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expectancy, as noted above in item #3, patients with slowly progressive neurological illness
should be considered eligible for VNS on a case by case basis.

10. Genetic neurologic diseases such as tuberous sclerosis can respond better to VNS than other
epilepsies.®

11. Patients with brain tumors, ischemia, infection and posttraumatic epilepsies also respond to
VNS.?

Finally, we direct you to the attached AAN’s Evidence-based Guideline update — Vagus nerve
stimulation for the treatment of epilepsy — for additional information, this guideline was endorsed by the
AES.

Thank you for your efforts in trying to deliver effective care to your subscribers. We hope you find these
suggestions helpful in building a rational, evidence-driven policy to deliver this cost-effective®® therapy.

Sincerely,
Frederick A. Boop, MD, President Russell R. Lonser, President
American Association of Neurological Surgeons Congress of Neurological Surgeons
Michael Privitera, MD, President Emad N. Eskandar, MD, FAANS, Chair
American Epilepsy Society AANS/CNS Joint Section on Stereotactic and

Functional Neurosurgery

Attachment: American Academy of Neurology Evidence-based Guideline update Vagus nerve
stimulation for the treatment of epilepsy

Staff Contact

Catherine Jeakle Hill

Senior Manager, Regulatory Affairs

American Association of Neurological Surgeons/
Congress of Neurological Surgeons

Washington Office

725 15th Street, NW, Suite 500

Washington, DC 20005

Phone: 202-446-2026

Fax: 202-628-5264

E-mail: chill@neurosurgery.org
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ABSTRACT

Objective: To evaluate the evidence since the 1999 assessment regarding efficacy and safety of
vagus nerve stimulation (VNS) for epilepsy, currently approved as adjunctive therapy for partial-onset
seizures in patients >12 years.

Methods: We reviewed the literature and identified relevant published studies. We classified these
studies according to the American Academy of Neurology evidence-based methodology.

Results: VNS is associated with a >50% seizure reduction in 55% (95% confidence interval [Cl]
50%-59%) of 470 children with partial or generalized epilepsy (13 Class Il studies). VNS is
associated with a >50% seizure reduction in 55% (95% Cl| 46%-64%) of 113 patients with
Lennox-Gastaut syndrome (LGS) (4 Class Il studies). VNS is associated with an increase in
=50% seizure frequency reduction rates of ~7% from 1 to 5 years postimplantation (2 Class Il
studies). VNS is associated with a significant improvement in standard mood scales in 31 adults
with epilepsy (2 Class lll studies). Infection risk at the VNS implantation site in children is
increased relative to that in adults (odds ratio 3.4, 95% CI 1.0-11.2). VNS is possibly effective
for seizures (both partial and generalized) in children, for LGS-associated seizures, and for mood
problems in adults with epilepsy. VNS may have improved efficacy over time.

Recommendations: VNS may be considered for seizures in children, for LGS-associated seizures,
and for improving mood in adults with epilepsy (Level C). VNS may be considered to have improved
efficacy over time (Level C). Children should be carefully monitored for site infection after VNS
implantation. Neurology® 2013;81:1453-1459

GLOSSARY

AAN = American Academy of Neurology; AE = adverse effect; BDI = Beck Depression Inventory; Cl = confidence interval;
FDA = US Food and Drug Administration; JME = juvenile myoclonic epilepsy; LGS = Lennox-Gastaut syndrome; SUDEP =
sudden unexpected death in epilepsy; VNS = vagus nerve stimulation.

In 1997, the US Food and Drug Administration
(FDA) approved vagus nerve stimulation (VNS) as
adjunctive therapy for reducing the frequency of
seizures in patients >12 years of age with partial-
onset seizures refractory to antiepileptic medica-
tions." A 1999 American Academy of Neurology
(AAN) technology assessment concluded that VNS
is indicated for patients >12 years with medically
intractable partial seizures who are not candidates
for potentially curative surgical resections such as
lesionectomies or mesial temporal lobectomies.?
The authors also recommended that patients
undergo a thorough epilepsy evaluation to rule out
nonepileptic conditions or treatable symptomatic

epilepsies before implantation of a vagus nerve stim-
ulator. At that time, evidence was insufficient to
recommend VNS for epilepsy in young children or
for seizures associated with Lennox-Gastaut syn-
drome (LGS). Since the 1999 AAN assessment,
the FDA has approved VNS for the adjunctive
long-term treatment of chronic or recurrent depres-
sion in patients >18 years who are experiencing a
major depressive episode and have not had an ade-
quate response to 4 or more adequate antidepressant
treatments." Moreover, there are new reports of
long-term efficacy and VNS use in pediatric epilepsy
and other seizure types and syndromes. We evaluated
this evidence using the AAN guideline methodology.

From the Aurora Epilepsy Center (G.L.M.), St. Luke’s Medical Center, Milwaukee, W1I; Barrow Neurologic Institute (D.G.), Phoenix, AZ;
University of Calgary (J.B.), Canada; Mayo Clinic (K.J.M., K.N.), Rochester, MN; and Hofstra University North Shore-Long Island Jewish

Medical College (C.H.), Great Neck, NY.

Approved by the Guideline Development Subcommittee on January 12, 2013; by the Practice Committee on February 7, 2013; and by the AAN

Board of Directors on June 11, 2013.
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For this guideline update, we asked the following
questions:

1. In children with epilepsy, is using adjunctive VNS
therapy for seizure frequency reduction better
than not using adjunctive VNS therapy for seizure
frequency reduction?

2. In patients with LGS, is using adjunctive VNS
therapy for seizure frequency reduction better
than not using adjunctive VNS therapy for seizure
frequency reduction?

3. In patients with epilepsy, is using VNS associated
with mood improvement?

4. In patients with epilepsy, is VNS use associated
with reduced seizure frequency over time?

5. In patients undergoing VNS therapy, does rapid
stimulation (usual VNS settings are 7 seconds “on”
and 30 seconds “off”) improve seizure frequency
more often than standard stimulation settings (30 sec-
onds “on” and 300 seconds “off”)?

6. In patients undergoing VNS therapy, does using
additional magnet-activated stimulation trains for
auras or at seizure onset interrupt seizures relative
to not using additional magnet-induced stimula-
tion trains for auras or at seizure onset?

7. In patients undergoing VNS therapy, have new
safety concerns emerged since the last assessment?

8. In children undergoing VNS therapy, do adverse
effects (AEs) differ from those in adults?

DESCRIPTION OF THE ANALYTIC PROCESS The
AAN Guideline Development Subcommittee con-
vened an expert panel to develop the guideline (appen-
dices e-1 and e-2 on the Neurology® Web site at www.
neurology.org). We searched MEDLINE, EMBASE,
and Web of Science (1996-February 2012) using the
key words “seizures,” “epilepsy,” “mood disorder,”
“depressive disorder,” “vagus nerve stimulation,” and
“neurostimulation” (appendices e-3—e-5). This search
yielded 1,274 abstracts, all of which were reviewed for
relevance by at least 2 panel members; 1,058 abstracts
were not relevant to provide answers to the questions.
Two members then independently reviewed the full
text of 216 articles. Articles using the patient as
his or her own control were included only if the
patient’s assessment of seizures (e.g., seizure diary) was
independent of the assessing physician’s. Therefore, in
this update, those articles that used a patient- or parent-
maintained seizure diary as an assessment of seizure
frequency were deemed as meeting criteria for Class I1I
evidence (see appendix e-6 for classification scheme).
Reviews and Class IV reports were excluded, except
for case reports of serious safety concerns. Because
we found only one article at an evidence level higher
than Class III, we cited and included in the evidence
tables (see tables e-1 and e-2) Class III articles when
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more than one of those articles supported a
conclusion in response to a question. Some studies
included several seizure types and spanned age
groups; these were cited in answer to the question
appropriate for the majority of the study patients if
the specific subset could not be parsed out. All Class
III epilepsy and LGS efficacy studies in children
were reviewed for AEs, as were Class IV studies
that had >50 patients. However, serious AEs are
reported herein even if they came from single
cases or case series. Retrieved articles did not
systematically assess AEs but were descriptive. After
study classification, recommendations were linked to
evidence strength (appendix e-7).

ANALYSIS OF EVIDENCE In children with epilepsy,
is using adjunctive VNS therapy for seizure frequency
reduction better than not using adjunctive VNS therapy
for seizure frequency reduction? Sixteen Class III studies
were identified regarding the efficacy of VNS for seizure
treatment in children (see table e-1 for study details).>~'®
This group of studies included 2 reports of patients with

1617 and one report of patients with

tuberous sclerosis
Dravet syndrome.'® Ten of 16 studies included subjects
through age 18,>>¢#-121415 and one each included sub-
jects up to age 19,% age 20,'*' age 21,7 and age 25.'®
One study of 11 patients with tuberous sclerosis had a
mean age of 14, and the range of ages included was

2-35, with 2 subjects older than 19 (27 and 35).%¢

Conclusion. Based on data from 14 Class III studies,
VNS is possibly effective in achieving >50% seizure
frequency reduction (responder rate). In the pooled
analysis of 481 children, the responder rate was 55%
(95% confidence interval [CI] 51%—59%), but there
was significant heterogeneity in the data. Two of the
16 studies' "' were not included in the analysis because
cither they did not provide information about
responder rate or they included a significant number
(>20%) of adults in their population. The pooled
seizure freedom rate was 7% (95% CI 5%-10%).

Recommendation. VNS may be considered as adjunc-
tive treatment for children with partial or generalized
epilepsy (Level C).

Clinical context. VNS may be considered a possibly
effective option after a child with medication-resistant
epilepsy has been declared a poor surgical candidate
or has had unsuccessful surgery.

In patients with LGS, is using adjunctive VNS therapy for
seizure frequency reduction better than not using adjunctive
VNS therapy for seizure frequency reduction? We found
4 Class III studies that evaluated seizures in patients
with LGS (table e-1)."* In 2 studies, ages ranged from
5 to 19 years."** In the third study, the mean age was
13 years (range 4-52), and 18 of 30 subjects were
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younger than 18 years™; in the remaining study, the age
at the time of implantation was not stated.”'

Conclusion. Based on data from 4 Class III studies,
VNS is possibly effective in achieving >50% seizure
frequency reduction in patients with LGS. The
pooled analysis of 113 patients with LGS (including
data from articles with multiple seizure types where
LGS data were parsed out®®?) yielded a 55% (95%
CI 46%—64%) responder rate.

Recommendation. VNS may be considered in patients
with LGS (Level C).

Clinical context. The responder rate for patients with
LGS does not appear to differ from that of the general
population of patients with medication-resistant

epilepsy.

In patients with epilepsy, is using VNS associated with
mood improvement? Two Class III studies?*?* showed
significant improvements in standard patient-reported
mood assessment scales in adult patients with epilepsy
when results before implantation were compared with
results postimplantation (table e-1). One study evalu-
ated 11 subjects 1, 3, and 6 months postimplanta-
tion.”® Before VNS therapy, 7 of the 11 patients met
criteria for “subdepressive mood” by the Montgomery-
Asberg Depression Rating Scale, and the group’s mean
was within the subdepressive mood range; the mean
after VNS was in the nondepressed range. Likewise,
8 of the 11 met criteria for “mild negative symptoms”
by the Scale for the Assessment of Negative Symptoms
prior to VNS. Scale and subscale scores improved
at the study’s 3-month follow-up (p < 0.05). Mood
improvements were sustained at the 6-month follow-
up (9 of 11 subjects).

The second study evaluated 20 subjects 3 months
postimplantation.?* Results for change in subject-rated
scales by ¢ tests showed improvements in the clinician-
administered Cornell Dysthymia Rating Scale (p =
0.001) and the patient self-report Beck Depression
Inventory (BDI) (p = 0.045); results on the clinician-
administered Hamilton Depression Index (investigator-
rated) also significantly improved. The group’s mean
BDI score pre-VNS treatment was 12.0 (“mild mood
disturbance”); this decreased to 9.4 (“nondepressed”)
post—VNS therapy. Further, BDI scores significantly
decreased relative to those for an epilepsy control group
(no therapy) studied over the same period (by repeated-
measures analysis of variance, p = 0.07). This benefit
was not correlated with reduced seizure frequency or
with stimulation frequency or intensity.

Conclusion. Based on data from 2 Class IIT studies,
VNS is possibly effective for mood improvement in
adults with epilepsy.

Recommendation. In adult patients receiving VNS
for epilepsy, improvement in mood may be an addi-
tional benefit (Level C).

Clinical context. Depression is a common comorbidity
for people with epilepsy. VNS may provide an addi-
tional benefit by improving mood in some patients;
however, the potential for mood improvement should
be considered a secondary rather than a primary reason
for VNS implantation. The evidence does not clearly
support an independent effect on mood in this complex
population.

In patients with epilepsy, is VNS use associated with reduced
seizure frequency over time? Two Class III studies re-
ported VNS efficacy sequentially for periods greater
than 6 months and as long as 12 years (table e-1).5%
In these 2 reports of mainly adult subjects with refrac-
tory seizures, the proportion of subjects with 50%
seizure frequency reduction increased slightly over time.
Although the studies did not control for the addition or
subtraction of medications over time, making it impos-
sible to assess the effect of the VNS treatment indepen-
dently, the outcome measure was independently
assessed (the subject and the subject’s family kept
records of seizure occurrence; the investigator did not),
so these studies met the criteria for Class III studies.

In one study using data from the vagus nerve stim-
ulator clinical trial involving 440 adult subjects with
partial epilepsy,” the >50% seizure frequency reduc-
tion rates increased by 7% from 1 year to 3 years
postimplantation. A =50% seizure reduction occurred
in 36.8% of patients at 1 year, 43.2% at 2 years, and
42.7% at 3 years. Median seizure reductions relative to
baseline were 35% at 1 year, 44.3% at 2 years, and
44.1% at 3 years. In the other study, evaluating 90 pa-
tients aged 13-64 with multiple seizure types,® the
>50% seizure frequency reduction rates increased by
7% from 1 year to 5 years postimplantation. A >50%
seizure frequency reduction was reported in 41% at
1 year, 53.2% of 87 patients at 2 years, and 48.9%
of 85 patients at 5 years. The effect was described for
partial and generalized seizures, with the best response
seen in those with generalized tonic—clonic seizures
(reduction rates of 70%).

Conclusion. Based on data from 2 Class III studies,
VNS is possibly associated with an increase in =50%
seizure frequency reduction rates of 7% from 1 to
5 years postimplantation.

Recommendation. VNS may be considered progres-
sively effective in patients over multiple years of expo-
sure (Level C).

Clinical context. The loss of medication efficacy over
time is a challenging aspect of epilepsy management.
The evidence of maintained efficacy in the long term
and the trend toward improvement over time make

VNS an option.

In patients undergoing VNS therapy, does rapid
stimulation (usual VNS settings are 7 seconds “on” and

30 seconds “off”) improve seizure frequency more often
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than standard stimulation settings (30 seconds “on” and
300 seconds “off”)? In all studies, initial parameters
were set at output current 0.25 mA, signal frequency
30 Hz, pulse width 250-500 ps, stimulation “on”
time 30 seconds, and stimulation “off” time 300 sec-
onds, with the output current generally increased to
2-3 mA as tolerated.

One Class III article specifically addressed rapid

vs standard stimulation settings,””

evaluating the
outcome of 73 adult patients with epilepsy whose
optimized settings were either standard stimulation
(30 seconds “on” and 300 seconds “off’; n = 41) or
rapid stimulation (7 seconds “on” and 30 seconds
“off’; n = 32). The standard stimulation group had
greater overall seizure frequency reduction than the
rapid stimulation group after ~2 years of follow-up. A
smaller group of adult patients with epilepsy (reported
in the same article), randomized at the onset of VNS
treatment to receive standard (n = 14) or rapid
(n = 14) stimulation, had no difference in responder
rates. However, the authors reported that changing to
rapid stimulation several years postimplantation was
associated with improvement for several patients.

Two other Class III articles in children®® also
showed no consistent improvement with rapid stimu-
lation relative to standard stimulation. In one study,’
rapid cycling was tried without success in 6 of 46
patients for whom standard VNS cycling had been
unsuccessful; of note, “rapid cycling” in this study
was defined as less than 148 seconds “off” with no
mention of change in “on” time. In the other study,®
rapid cycling (on-time of 7 seconds, off-time of 12
seconds) was tried in 7 patients who did not have sig-
nificant seizure reduction after reaching the standard
target settings; only 1 of these 7 showed improvement.

Conclusion. These 3 Class III studies were under-
powered to detect a difference in efficacy between
rapid stimulation (7 seconds “on,” 30 seconds “off”)
used either after standard stimulation (30 seconds
“on,” 300 seconds “off”) was unsuccessful or as an
initial treatment setting,

Recommendation. Optimal VNS settings are still
unknown, and the evidence is insufficient to support
a recommendation for the use of standard stimulation
vs rapid stimulation to reduce seizure occurrence
(Level U).

Clinical context. Rapid cycling increases the duty
cycle and hastens the need for battery replacement;
therefore, when used, the efficacy of rapid cycling
should be carefully assessed.

In patients undergoing VNS therapy, does using
additional magnet-activated stimulation trains for auras
or at seizure onset interrupt seizures relative to not using
additional magnet-induced stimulation trains for auras or

9,28-31

at seizure onset? Five Class III studies reported on
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the efficacy of magnet-activated stimulation for auras
(simple partial seizures) or seizures.

In the second report using the data from the first
double-blind, randomized, controlled study of VNS
safety and efficacy (Class III due to retrospective analy-
sis of outcome, which is also confounded by an associ-
ation with the primary outcome)*® (E03) in 114 adult
subjects with partial epilepsy, 21.3% of the active mag-
net group reported seizure abortion, whereas 11.9% of
the control group (magnet off) reported the same; this
difference was nonsignificant. However, response to
active magnet use was associated with overall response
to VNS treatment (x% p = 0.0479).

In another Class III study® of 35 patients with
partial epilepsy (mean age 30 years, range 10—49 years),
21 were able to self-administer or have a caregiver
administer the magnet-activated stimulation and pro-
vide reliable magnet-use information. Of these 21,
14 (67%) were able to abort partial or secondary gen-
eralized seizures consistently. Eight of these 14 eventu-
ally became responders, with a seizure frequency
reduction rate of at least 50%.

Another Class I1I study of 34 patients® (mean age
28 years, range 570 years) with partial epilepsy showed
that of the 12 patients with seizure auras, 8 (67%)
could abort the seizure with magnet activation. A fourth
Class III study” of 34 patients (mean age 30 years,
range 16-57 years) reported that 7 patients (22%)
could abort seizures by magnet activation during an
aura. A fifth Class III study of patients (encephalo-
pathic, mainly pediatric) with drop attacks’ showed
no effect of magnet use; however, this patient popula-
tion was low functioning and unlikely to communicate
about seizure auras reliably.

Conclusion. Based on data from 2 Class III studies,
seizure abortion with magnet-activated stimulation is
possibly associated with overall response to VNS ther-
apy. Based on 3 Class III studies, magnet-activated
stimulation may be expected to abort seizures one-
fourth to two-thirds of the time when used during sei-
zure auras (one Class I1I study omitted because it was
not generalizable).

Recommendation. Patients may be counseled that
VNS magnet activation may be associated with sei-
zure abortion when used at the time of seizure auras
(Level C) and that seizure abortion with magnet use
may be associated with overall response to VNS treat-
ment (Level C).

In patients undergoing VNS therapy, have new safety
concerns emerged since the last assessment? During the
literature review, we identified several case reports
regarding complications related to VNS use.3>-40<!=!!
This information is detailed in table e-3.

Clinical context. Current physician attention to intra-

operative thythm disturbances from VNS use need not



be changed. The paroxysmal nature of epilepsy poses a
challenge for identifying a cardiac rhythm disturbance
as device-related rather than as an additional seizure
manifestation. Video-EEG and ECG monitoring of
new-onset events that might be cardiac-related would
be warranted to exclude this possibility in what is likely
to be a small number of patients. Reduced sudden
unexpected death in epilepsy (SUDEP) rates over time
is an important finding associated with VNS therapy;
in a cohort of 1,819 individuals followed 3,176.3
person-years from VNS implantation, the SUDEP rate
was 5.5 per 1,000 over the first 2 years but only 1.7 per
1,000 thereafter.'? The clinical importance of the effect
of VNS on sleep apnea and treatment is unclear, but
caution regarding VNS use in this setting is suggested.

In children undergoing VNS therapy, do AEs differ from
those in adults? In a Class IV study“’? of 74 children
(mean age 8.8 years, range 11 months—18 years) with
a minimum follow-up of 1 year and a mean follow-up
of 2.2 years, 4 children (5.4%) had the device
removed for nonefficacy and intolerance, including
symptomatic tachycardia and fever of unknown ori-
gin (1 each) and discomfort at the site (2 patients).
Infectious surgical complications occurred in 6 (7.1%),
including deep infection requiring explantation in
3 (3.6%) and superficial infection treated with oral
antibiotics (2 patients) and with IV antibiotics and
surgical debridement (1 patient). Two patients experi-
enced electrode fracture, and one had ipsilateral vocal
cord paralysis. One patient each reported hoarseness,
cough, involuntary arm movement, inappropriate
laughter, drooling, torticollis, and urinary retention.
One of the 2 electrode fractures was thought to result
from the child pulling at the surgical site.

In another Class IV study*'# of 102 patients (mean
age 12 years 3 months, range 21 months—40 years) with
only 12 patients aged >18 years, 4 patients (4%) had
wound infections. One was treated with IV antibiotics
(no explantation); one was treated with IV antibiotics
but eventually required explantation even after genera-
tor change followed by successful VNS implantation
6 weeks later; one was treated with antibiotics but even-
tually needed explantation and reimplantation 2 months
later; and one was treated with IV antibiotics for an
abscess eventually suspected to have resulted from the
patient scratching the wound and required device
explantation and reimplantation 6 weeks later.

One patient had wound dehiscence from wrestling
9 days postimplantation and was treated with IV and
then oral antibiotics. Five patients (5%) had lead frac-
ture. Four of 46 patients who responded to a follow-up
questionnaire reported difficulty swallowing during
device stimulation.

In another Class IV study*'® of 69 patients (mean
age 10.7 years, range 316 years), 3 had wound infection

requiring explantation, 2 of whom had reimplantation
later. Two with fluid collections around the device were
treated with aspiration and antibiotics although the aspi-
rates did not grow organisms. One of these required lead
revision. Two other cases had lead fracture. One patient
had difficulty swallowing, and one had the VNS turned
off due to persistent neck pain. One patient died from
unrelated causes.

The clinical trial leading to FDA approval of the
VNS device was used for comparison.c'® It included
254 adult patients with refractory partial epilepsy
(mean age 32 years, range 13-60 years). Surgical
infectious complications occurred in 3 patients; all
were explanted, and one was reimplanted later in
the study (time frame unspecified). Left vocal cord
paralysis occurred in 2, lower facial muscle paresis
occurred in 2, and fluid accumulation over the gen-
erator requiring aspiration occurred in one. The fre-
quency of other AEs was “dose”-related; that is,
greater at the highest-tolerated stimulation intensity
vs the lowest-perceptible stimulation intensity: voice
alteration 47.4% vs 9.7%, dyspnea 11.6% vs 1.0%,
pharyngitis 15.8% vs 3.9%. Two additional patients
discontinued the study due to AFs.

When these adult data were used, infection risk at
the VNS site in children (30/764) was increased rel-
ative to that in adults (3/254) (odds ratio 3.4 [95%
CI 1.0-11.2]).

Clinical context. Children may have greater risk for
wound infection than adults due to behaviors more
common in children. Extra vigilance in monitoring
for occurrence of site infection in children should
be undertaken.

RECOMMENDATIONS FOR FUTURE RESEARCH

 More information is needed on the treatment of
primary generalized epilepsy in adults. Only one
Class IT article'” addresses this population. The
effectiveness of VNS should be studied in epi-
lepsies other than those discussed here, such as
primary generalized syndromes. Some reports
have discussed VNS use in small numbers of
patients with juvenile myoclonic epilepsy (JME);
larger reports would help substantiate whether
VNS is appropriate in medically refractory JME.

+ More information about parameter settings (e.g.,
cycle time length) would potentially help with
better VNS management and use.

« Techniques to reduce infection risk at the VNS
site in children should be developed.

« Further information is needed on the effects of
VNS on sleep apnea.

AUTHOR CONTRIBUTIONS

George L. Morris IIT: study concept and design, acquisition of data, anal-

ysis or interpretation of data, critical revision of the manuscript for

Neurology 81 October 15, 2013 1457



1458

important intellectual content, study supervision. David Gloss: analysis or
interpretation of data, critical revision of the manuscript for important
intellectual content. Jeffrey Buchhalter: analysis or interpretation of data,
critical revision of the manuscript for important intellectual content. Kenneth
J. Mack: analysis or interpretation of data, critical revision of the manuscript
for important intellectual content. Katherine Nickels: analysis or interpreta-
tion of data, critical revision of the manuscript for important intellectual con-
tent. Cynthia Harden: study concept and design, acquisition of data, analysis
or interpretation of data, critical revision of the manuscript for important

intellectual content, study supervision.

STUDY FUNDING

This guideline was developed with financial support from the American
Academy of Neurology. None of the authors received reimbursement,

honoraria, or stipends for their participation in development of this guideline.

DISCLOSURE
G. Morris serves on the speakers bureaus of Eisai, UCB, Cyberonics,

Lundbeck, and Pfizer; estimates 5% of his clinical effort is spent on vagus
nerve stimulation; and receives research support from Aurora Health
Care. D. Gloss reports no disclosures. J. Buchhalter estimates that 25%
of his clinical effort is spent on EEG and video-EEG and epilepsy surgery
evaluation; serves as a contributing associate editor for Epilepsy Currents
and Clinical Neurology News; and is on the editorial board of Pediatric
Neurology. K. Mack serves as a Section Editor for Neurology®. K. Nickels
reports no disclosures. C. Harden serves on the scientific advisory board
for UCB and UCB Pregnancy Registry; serves as a journal contributing
editor for Epilepsy Currents; serves on the speakers bureaus of Pfizer,
UCB, and GlaxoSmithKline; and is a consultant for Upsher-Smith. Go
to Neurology.org for full disclosures.

DISCLAIMER

This statement is provided as an educational service of the American
Academy of Neurology. It is based on an assessment of current scientific
and clinical information. It is not intended to include all possible proper
methods of care for a particular neurologic problem or all legitimate cri-
teria for choosing to use a specific procedure. Neither is it intended to
exclude any reasonable alternative methodologies. The AAN recognizes
that specific patient care decisions are the prerogative of the patient
and the physician caring for the patient, based on all of the circumstances
involved. The clinical context section is made available in order to place
the evidence-based guideline(s) into perspective with current practice
habits and challenges. Formal practice recommendations are not intended

to replace clinical judgment.

CONFLICT OF INTEREST

The American Academy of Neurology is committed to producing indepen-
dent, critical and truthful clinical practice guidelines (CPGs). Significant
efforts are made to minimize the potential for conflicts of interest to influ-
ence the recommendations of this CPG. To the extent possible, the AAN
keeps separate those who have a financial stake in the success or failure of
the products appraised in the CPGs and the developers of the guidelines.
Conflict of interest forms were obtained from all authors and reviewed
by an oversight committee prior to project initiation. The AAN limits
the participation of authors with substantial conflicts of interest. The
AAN forbids commercial participation in, or funding of, guideline projects.
Drafts of the guideline have been reviewed by at least 3 AAN committees, a
network of neurologists, Newrology® peer reviewers, and representatives from
related fields. The AAN Guideline Author Conflict of Interest Policy can be

viewed at www.aan.com.

Received February 20, 2013. Accepted in final form April 29, 2013.

REFERENCES

1. Cyberonics, Inc. VNS therapy products manuals and
safety alerts: Part I - Introduction - Indications, Warnings,
and Precautions, p. 7-13. Available at: http://dynamic.

cyberonics.com/manuals/. Accessed October 1, 2012.

Neurology 81 October 15, 2013

10.

11.

12.

13.

15.

16.

17.

18.

Fisher RS, Handforth A. Reassessment: vagus nerve stim-
ulation for epilepsy: a report of the Therapeutics and
Technology Assessment Subcommittee of the American
Academy of Neurology. Neurology 1999;53:666-669.
Alexopoulos AV, Kotagal P, Loddenkemper T, Hammel J,
Bingaman WE. Long-term results with vagus nerve stimu-
lation in children with pharmacoresistant epilepsy. Seizure
2006;15:491-503.

Benifla M, Rutka JT, Logan W, Donner EJ. Vagal nerve
stimulation for refractory epilepsy in children: indications
and experience at The Hospital for Sick Children. Childs
Nerv Syst 2006;22:1018-1026.

Hallbssk T, Lundgren J, Stjernqvist K, Blennow G,
Stromblad LG, Rosén 1. Vagus nerve stimulation in 15
children with therapy resistant epilepsy: its impact on cog-
nition, quality of life, behaviour and mood. Seizure 2005;
14:504-513.

Kang HC, Hwang YS, Kim DS, Kim HD. Vagus nerve
stimulation in pediatric intractable epilepsy: a Korean bicen-
tric study. Acta Neurochir Suppl 2006;99:93-96.
Rossignol E, Lortie A, Thomas T, et al. Vagus nerve stim-
ulation in pediatric epileptic syndromes. Seizure 2009;18:
34-37.

Shahwan A, Bailey C, Maxiner W, Harvey AS. Vagus nerve
stimulation for refractory epilepsy in children: more to VNS
than seizure frequency reduction. Epilepsia 2009;50:1220—
1228.

Zamponi N, Passamonti C, Cesaroni E, Trignani R,
Rychlicki F. Effectiveness of vagal nerve stimulation
(VNS) in patients with drop-attacks and different epileptic
syndromes. Seizure 2011;20:468-474.

Sherman EM, Connolly MB, Slick DJ, Eyrl KL, Steinbok P,
Farrell K. Quality of life and seizure outcome after vagus
nerve stimulation in children with intractable epilepsy.
J Child Neurol 2008;23:991-998.

Colicchio G, Policicchio D, Barbati G, et al. Vagal nerve
stimulation for drug-resistant epilepsies in different age,
aetiology and duration. Childs Nerv Syst 2010;26:
811-819.

Majkowska-Zwolifiska B, Zwoliski P, Roszkowski M,
Drabik K. Long-term results of vagus nerve stimulation
in children and adolescents with drug-resistant epilepsy.
Childs Nerv Syst 2012;28:621-628.

Wheeler M, De Herdt V, Vonck K, et al. Efficacy of vagus
nerve stimulation for refractory epilepsy among patient
subgroups: a re-analysis using the Engel classification. Seizure
2011;20:331-335.

Elliott RE, Rodgers SD, Bassani L, et al. Vagus nerve
stimulation for children with treatment-resistant epilepsy:
a consecutive series of 141 cases. ] Neurosurg Pediatr 2011;
7:491-500.

Pastrana EA, Estronza S, Sosa IJ. Vagus nerve stimula-
tion for intractable seizures in children: the University
of Puerto Rico experience. P R Health Sci J 2011:30;
128-131.

Zamponi N, Petrelli C, Passamonti C, Moavero R,
Curatolo P. Vagus nerve stimulation for refractory epilepsy
in tuberous sclerosis. Pediatr Neurol 2010;43:29-34.
Parain D, Penniello M], Berquen P, Delangre T, Billard C,
Murphy JV. Vagal nerve stimulation in tuberous sclerosis
complex patients. Pediatr Neurol 2001;25:213-216.
Zamponi N, Passamonti C, Cappanera S, Petrelli C. Clinical
course of young patients with Dravet syndrome after vagal
nerve stimulation. Eur ] Paediatr Neurol 2011;15:8-14.


http://neurology.org/
http://www.aan.com/
http://dynamic.cyberonics.com/manuals/
http://dynamic.cyberonics.com/manuals/

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Majoie HJ, Berfelo MW, Aldenkamp AP, Renier WO,
Kessels AG. Vagus nerve stimulation in patients with cata-
strophic childhood epilepsy: a 2-year follow-up study. Seizure
2005;14:10-18.

Kostov K, Kostov H, Taubell E. Long-term vagus nerve
stimulation in the treatment of Lennox-Gastaut syndrome.
Epilepsy Behav 2009;16:321-324.

You §J, Kang HC, Ko TS, et al. Comparison of corpus
callosotomy and vagus nerve stimulation in children with
Lennox-Gastaut syndrome. Brain Dev 2008;30:195-199.
Cersésimo RO, Bartuluchi M, De Los Santos C, Bonvehi I,
Pomata H, Caraballo RH. Vagus nerve stimulation: effec-
tiveness and tolerability in patients with epileptic encepha-
lopathies. Childs Nerv Syst 2011;27:787-792.

Elger G, Hoppe C, Falkai P, Rush AJ, Elger CE. Vagus
nerve stimulation is associated with mood improvements
in epilepsy patients. Epilepsy Res 2000;42:203-210.
Harden CL, Pulver MC, Ravdin LD, Nikolov B, Halper JP,
Labar DR. A pilot study of mood in epilepsy patients
treated with vagus nerve stimulation. Epilepsy Behav
2000;1:93-99.

Morris GL III, Mueller WM; for Vagus Nerve Stimulation
Study Group E01-E05. Long-term treatment with vagus nerve
stimulation in patients with refractory epilepsy. Neurology
1999;53:1731-1735.

Kuba R, Brdzdil M, Kalina M, et al. Vagus nerve stimu-
lation: longitudinal follow-up of patients treated for 5 years.
Seizure 2009;18:269-274.

Scherrmann J, Hoppe C, Kral T, Schramm J, Elger CE.
Vagus nerve stimulation: clinical experience in a large
patient series. ] Clin Neurophysiol 2001;18:408-414.
Morris GL 3rd. A retrospective analysis of the effects of
magnet-activated stimulation in conjunction with vagus
nerve stimulation therapy. Epilepsy Behav 2003;4:740-745.
Boon P, Vonck K, Van Walleghem P, et al. Programmed
and magnet-induced vagus nerve stimulation for refractory
epilepsy. J Clin Neurophysiol 2001;18:402-407.

30.

31.

32.

33.

34.

35.

30.

37.

38.

39.

40.

Chayasirisobhon S, Chayasirisobhon WV, Koulouris S,
et al. Vagus nerve stimulation therapy for drug-resistant
epilepsy. Acta Neurol Taiwan 2003;12:123-129.

Qiabi M, Bouthillier A, Carmant L, Nguyen DK. Vagus
nerve stimulation for epilepsy: the notre-dame hospital
experience. Can J Neurol Sci 2011;38:902-908.

Amark P, Stédberg T, Wallstedt L. Late onset bradyar-
rhythmia during vagus nerve stimulation. Epilepsia 2007;
48:1023-1024.

Iriarte J, Urrestarazu E, Alegre M, et al. Late-onset periodic
asystolia during vagus nerve stimulation. Epilepsia 2009;50:
928-932.

Borusiak P, Zilbauer M, Cagnoli S, Heldmann M, Jenke A.
Late-onset cardiac arrhythmia associated with vagus nerve
stimulation. ] Neurol 2009;256:1578-1580.

Ali II, Pirzada NA, Kanjwal Y, et al. Complete heart
block with ventricular asystole during left vagus nerve
stimulation for epilepsy. Epilepsy Behav 2004;5:768—
771.

Asconapé JJ, Moore DD, Zipes DP, Hartman LM,
Duffell WH Jr. Bradycardia and asystole with the use of
vagus nerve stimulation for the treatment of epilepsy: a
rare complication of intraoperative device testing. Epilepsia
1999;40:1452-1454.

Schuurman PR, Beukers RJ. Ventricular asystole during
vagal nerve stimulation. Epilepsia 2009;50:967-968.
Tatum WO 4th, Moore DB, Stecker MM, et al. Ventricular
asystole during vagus nerve stimulation for epilepsy in
humans. Neurology 1999;52:1267-1269.

Ardesch JJ, Buschman HP, van der Burgh PH, Wagener-
Schimmel L], van der Aa HE, Hageman G. Cardiac responses
of vagus nerve stimulation: intraoperative bradycardia and
subsequent chronic stimulation. Clin Neurol Neurosurg
2007;109:849-852.

Sheck L, Meyer HD. Episodic monocular vision loss after
implantation of a vagal nerve stimulator. Ann Intern Med

2011;155:648-649.

Endorsed by the American Epilepsy Society on January 15, 2013.

Neurology 81 October 15, 2013

1459



Neurology

Evidence-based guideline update: Vagus nerve stimulation for the treatment of
epilepsy: Report of the Guideline Development Subcommittee of the American
Academy of Neurology
George L. Morris|ll, David Gloss, Jeffrey Buchhalter, et al.

Neurology 2013;81;1453-1459 Published Online before print August 28, 2013
DOI 10.1212/WNL.0b013e3182a393d1

Thisinformation iscurrent as of August 28, 2013

Neurology ® isthe official journal of the American Academy of Neurology. Published continuously since
1951, it isnow aweekly with 48 issues per year. Copyright © 2013 American Academy of Neurology. All
rights reserved. Print ISSN: 0028-3878. Online ISSN: 1526-632X.

AMERICAN ACADEMY OF

NEUROLOGY.




Updated Information &
Services

Supplementary Material

References

Citations

Subspecialty Collections

Permissions & Licensing

Reprints

including high resolution figures, can be found at:
http://www.neurol ogy.org/content/81/16/1453.full.html

Supplementary material can be found at:

http://www.neurol ogy.org/content/suppl/2013/08/28/WNL .0b013e3182
a393d1.DC1.html

http://www.neurol ogy.org/content/suppl/2013/10/13/WNL .0b013e3182
a393d1.DC2.html

http://www.neurol ogy.org/content/suppl/2014/04/30/WNL .0b013e3182
a393d1.DC3.html

http://www.neurol ogy.org/content/suppl/2014/08/06/WNL .0b013e3182
a393d1.DC4.html

This article cites 39 articles, 4 of which you can access for free at:
http://www.neurol ogy.org/content/81/16/1453.full.html##ref-list-1

This article has been cited by 4 HighWire-hosted articles:
http://www.neurol ogy.org/content/81/16/1453.full.html##otherarticles

This article, along with others on similar topics, appearsin the
following collection(s):

All Epilepsy/Seizures
http://www.neurology.org//cgi/collection/all_epilepsy seizures

Information about reproducing this article in parts (figures,tables) or in
its entirety can be found online at:
http://www.neurol ogy.org/misc/about.xhtml#permissions

Information about ordering reprints can be found online;
http://www.neurol ogy.org/misc/addir.xhtml#reprintsus

Neurology ® isthe official journal of the American Academy of Neurology. Published continuously since
1951, it isnow aweekly with 48 issues per year. Copyright © 2013 American Academy of Neurology. All
rights reserved. Print ISSN: 0028-3878. Online ISSN: 1526-632X.

AMERICAN ACADEMY OF

NEUROLOGY.



http://www.neurology.org/content/81/16/1453.full.html
http://www.neurology.org/content/suppl/2013/08/28/WNL.0b013e3182a393d1.DC1.html
http://www.neurology.org/content/suppl/2013/08/28/WNL.0b013e3182a393d1.DC1.html
http://www.neurology.org/content/suppl/2013/10/13/WNL.0b013e3182a393d1.DC2.html
http://www.neurology.org/content/suppl/2013/10/13/WNL.0b013e3182a393d1.DC2.html
http://www.neurology.org/content/suppl/2014/04/30/WNL.0b013e3182a393d1.DC3.html
http://www.neurology.org/content/suppl/2014/04/30/WNL.0b013e3182a393d1.DC3.html
http://www.neurology.org/content/suppl/2014/08/06/WNL.0b013e3182a393d1.DC4.html
http://www.neurology.org/content/suppl/2014/08/06/WNL.0b013e3182a393d1.DC4.html
http://www.neurology.org/content/81/16/1453.full.html##ref-list-1
http://www.neurology.org/content/81/16/1453.full.html##otherarticles
http://www.neurology.org//cgi/collection/all_epilepsy_seizures
http://www.neurology.org/misc/about.xhtml#permissions
http://www.neurology.org/misc/addir.xhtml#reprintsus

