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Abstract. Vagus nerve stimulation therapy induces laryngopharyngeal reflux: a preliminary evaluation. Objective:
Vagus Nerve Stimulation (VNS) is an approved therapy for drug- and surgery-resistant epilepsy. Despite the vagal role
in regulating gastric secretion, there are no reports focusing on the prevalence of laryngopharyngeal reflux (LPR) in the
VNS-implanted population. Our study aims to evaluate the prevalence of the disease in VNS-implanted patients.
Methods: All patients underwent endoscopic Otolaryngological reflux assessment based on the reflux finding score (RFS)
and contextual self-assessment of symptoms by means of reflux symptom index (RSI) questionnaire.

Results: While only 3 out of 16 patients experienced symptomatic LPR (RSI>13), endoscopy documented LPR (RFS>7)
in 12 out of 16 patients, there was no correlation between RSI and RFS (p.617). There has been an important trend
between LPR findings since implantation was observed (p. 103).

Conclusions: LPR has a significant prevalence in VNS-implanted patients. A routine Otolaryngological follow-up could
allow the prompt diagnosis and treatment of LPR in this population.

Introduction

Vagus Nerve stimulation (VNS) is an approved
therapy for drug-resistant seizures,' which affect
more than 30% of epileptic patients.” Since the
first VNS implantation performed in 1989, several
clinical trials proved the safety and efficacy of this
treatment: nowadays, more than 100,000 patients
receive the implant every year’ and selected cases
achieve a 50% seizure reduction.*®

The VNS is composed of a pacemaker-like
device called a generator in a subcutaneous pocket,
a coil electrode which is placed around the left
vagus nerve with a small cervical incision and a
connecting wire, which runs either subcutaneously
or under the pectoralis major muscle.”*

Several side effects are recorded from patients
with the VNS implant, such as larynx-related
problems (hoarseness, coughing, dyspnea, oropha-
ryngeal pain or paraesthesias, and dysphagia)
being the most prominent™® and independent
from the placement of the electrode, provided the
superior and inferior laryngeal nerves are surgically

preserved." Extralaryngeal complications, such as
bradycardia, sleep breathing disorders and cardiac
asystolia have also been reported.”” Nevertheless,
despite the known vagal role in gastric secretion
and motility, enteric side effects, such as diarrhea,
have been reported anecdotally.”

To the best of our knowledge, there are no
literature studies describing post-implantation
development or worsening of Laryngopharyngeal
reflux (LPR) in patients with the implant. Since
LPR might as well worsen other side effects of VNS
implantation — dysphonia and dysphagia being the
most intuitively prominent — we aimed to evaluate
the prevalence of the disease in VNS-implanted
patients.

Materials and methods

After receiving the Internal Review Board approval
and the informed consent from patients or their
caregivers, we included in the study 16 consecutive
adult patients (5 males, 11 females), who had
received VNS implantation for drug-resistant
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Table 1
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The table reports the demographics, Epileptological data, stimulation parameters, laryngeal pattern and the RSI and RFS score for

each patient. VNS: vagus nerve stimulation; BMI: body mass index; LP: laryngeal pattern; RSI: reflux symptom index; RFS: reflux
findings score; SFE: symptomatic focal epilepsy; CFE: Cryptogenic focal epilepsy; SGE: symptomatic generalized epilepsy; Pattern
la: persistent left vocal fold palsy; Pattern 1b: left vocal fold palsy at rest and left vocal cord adduction during VNS activation; Pattern
2: normal vocal fold movement at rest and left vocal cord adduction during VNS activation.

VNS parameters VNS cycle
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1 F 39 3 SGE | 21 1,25 500 20 30 5 2 13 0
2 F 57 5 SFE 25 | 125 500 30 30 5 2 19 6
3 F 41 3 SFE 23 | 1,75 250 20 7 1,1 2 7 6
4 M 33 1 CFE | 20 1 250 20 30 5 2 4 7
5 M 52 6 SFE 25 | 225 500 30 30 3 la 3 8
6 F 46 9 SFE 25 | 125 500 30 30 5 2 7 8
7 F 46 7 SFE 25 1 250 20 7 08 la 7 9
8 F 58 5 SFE 23 | 125 500 30 3 5 1b 8 9
9 F 66 5 SFE 27 2 500 30 30 5 2 4 9
10 | M 33 3 CFE | 29 | 1,25 500 30 30 5 Ib | 18 | 10
11 F 40 2 SFE 23 1,5 250 20 7 1,1 2 9 11
12 | F 27 6 SFE 18 | 125 500 30 30 3 la 2 12
13 | F 42 3 SFE 29 | 225 250 30 21 1.8 2 4 12
4 | M 31 10 SFE 31 1 500 20 30 5 2 3 14
15| M 36 8 SFE 20 2 250 30 7 03 la 8 15
16 | F 48 7 CFE 17 2 250 20 21 12 Ib | 15 | 15

epilepsy for at least 1 year before. Patients with
mental retardation or psychiatric Comorbidities-
therefore lacking enough cooperation to allow
endoscopic examination or to answer the question-
naires were excluded from the study. No patient
was on anti-reflux drugs at the time of examination.
Due to the small population size, we chose to
describe and analyze data as non-normal. All the
data in the article are therefore presented as the
median and inter-quartile range (IQR).

The median age at evaluation was 41.5
years (IQR 35.25-49.00 years). Other patients’
demographics, neurologic diagnosis, and VNS
stimulation parameters are shown in Table 1.

All patients underwent an Otolaryngological
assessment of LPR based on laryngeal Video-
endoscopy recording in order to rate each patient on
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the base of the Reflux Finding Score (RFS) proposed
by Koufman™ and a contextual self-assessment
of the symptom by means of Reflux Symptoms
Index questionnaire (RSI), Italian version.” An
RSI greater than 13 suggests a diagnosis of LPR,*
analogously to an RFS greater than 7."

The Cyclic laryngeal movement alterations
induced by the VNS activation were evaluated
according to the classification proposed by Felisati
et al." in order to determine the association between
laryngeal Dysmotility and LPR.

The statistical association between the LPR
findings, VNS stimulation parameters, laryngeal
patterns and patients’ data were analyzed with SPSS
Version 20.0 (IBM Corporation. Armonk, NY. US)
as detailed in the result section. Spearman’s Rho
was used to test the correlation between the RSI,
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The table describes the population characteristics for the patient group with RFS lower or equal to 7 and the patient group with RFS
higher than 7. When comparing data from the two groups, only the time passed from implantation showed a significant difference (p
058 on Mann Whitney U test). All data excluding the number of patients are presented as the median and inter-quartile range (IQR).
VNS: vagus nerve stimulation; RSI: reflux symptoms index; RFS: reflux findings score; SFE: symptomatic focal epilepsy; CFE: cryp-
togenic focal epilepsy; SGE: symptomatic generalized epilepsy; Pattern 1a: persistent left vocal fold palsy; Pattern 1b: left vocal fold
palsy at rest and left vocal cord adduction during VNS activation; Pattern 2: normal vocal fold movement at rest and left vocal cord

adduction during VNS activation.

Patient group with Patient group with
RFS<7 RFS>7 Whole sample
Patient number 4 12 16
Sex distribution (male:female ratio) 1:3 0,50 045
Age at evaluation 41 (40-49) 42 (33-48) 41.5 (35.25-49)
Years passed since implantation 3(3-4) 6 (3-7) 5(3-7)
VNS parameters
Intensity (mA) 1.25 (1.25-1.50) 1.25 (1.25-2) 1.25 (1.25-2)
Frequency (Hz) 500 (375-500) 500 (250-500) 500 (250-500)
Impulse duration (mSec) 20 (20-25) 30 (20-30) 30 (20-30)
VNS cycle duration
On period (sec) 30 (18.5-30) 30 (7-30) 30 (7-30)
Off period (min) 5 (3.05-5) 3(1.2-5) 4(1.18-5)
Laryngeal pattern
Pattern 1 a 4 4
Pattern 1 b 3 3
Pattern 2 5 9
RSI 13 (10-16) 7 (4-8) 7 (4-10)

RFS and all other patients’ characteristics (age
at evaluation, years since implantation, stimu-
lation parameters, body mass index (BMI)).
Data comparison between patients with different
laryngeal patterns was carried out with a Kruskal-
Wallis H test. Data comparison between patients
with RFS>7 and patients with RFS <7 was carried
out with a Mann Whitney U test.

Results

Individual results for each patient are shown in
Table 1.

As far as RSI is concerned, only 3 out of 16
patients reported LPR (RSI>13). On the other hand,
endoscopy documented an RFS>7 in 12 out of 16
patients. There was no correlation between RSI and
RFS (Spearman’sRho, p.617).Spearman’s Rho was
used to test the correlation between RSI, RFS and
all other patients’ characteristics (age at evaluation,
years since implantation, stimulation parameters,
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BMI) and while no statistically significant data
emerged, an important trend between the LPR
findings and years since implantation was observed
(p. 103).

All patients showed a laryngeal Dysmotility
consistent with the pattern proposed by Felisati
et al’ Specifically, 4 patients had a persistent
left vocal cord palsy (the so-called pattern 1a), 3
patients a left vocal cord palsy, which changed into
a left vocal cord adduction during VNS activation
(pattern 1b) and 9 patients a normal laryngeal
movement with left vocal cord adduction during
VNS activation (pattern 2). Interestingly, 2 out of
the 3 symptomatic patients featured a 1b laryngeal
pattern and consistently, the mean RSI score was
higher in the pattern 1b patients (median 15; IQR
11.5-16.5). The pattern 1a patients all had negative
RSI with the lowest median value (5; IQR 2.75-
7.25). Consistently, the pattern 1b patients featured
the highest median RFS score (10.5; IQR 8.75-
12.75).
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Due to the small sample size these differences
weren’t statistically significant (Kruskal-Wallis H
test, p .102 for RSI, p .250 for RFS). There were
no statistically significant differences in terms
of distribution per age, sex or VNS stimulation
parameters between the groups as well.

Lastly, we chose to statistically compare patients
with RFS>7 to patients with RFS <7 (Table 2).
While no variable showed a significant difference,
the time passed from implantation was the most
differing variable with a p .058 in the Mann Whitney
U test.

Discussion

Our preliminary study, despite a small patient
sample, showed a high prevalence of LPR in VNS-
implanted patients (75%). This data strikingly
contrast with the reported LPR incidence in the
epilepsy patient population (3%)."

Even if several VNS side effects have already
been described, little is known about LPR in these
patients. Even fewer data are available on the
potentially harmful synergy between LPR and other
side effects. To the best of our knowledge, only one
study has considered a possible correlation between
VNS implantation and LPR, reporting a beneficial
effect in this patient, due to an accelerated gastric
emptying.” The underestimation of the symptoms
of Gastroesophageal reflux by the patients and
their caregiver at RSI, which has already been
reported also in the general population,” which
can be due to the inhibitory effects of Antiepileptic
drugs or to the altered sensory innervation after
VNS implantation. Such underestimation mimics
the discrepancy between symptoms and signs in
other VNS-related side effects, e.g. sleepiness due
to OSA.® In this regard, reflux evaluation should
be proposed to these patients despite the lack of
symptoms, in order to avoid under-diagnosing the
condition.

Conclusions

VNS implantation could be responsible for the
alteration of lower esophageal sphincter and gastric
activity, causing in turn LPR. Despite further
validation requiring esophageal pH-meter and a
larger patient number, our study seems to suggest
the importance of an Otolaryngological follow-up
in this population, aimed at prompt LPR diagnosis
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and treatment. LPR treatment might allow better
stimulation parameters/side effects balancing, with
an overall better seizure control.
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