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Abstract
Objective
Fibromyalgia (FM) is a chronic syndrome characterised by widespread pain, sleep, mood and cognitive
disturbances, asthenia and muscle stiffness. The aetiopathogenesis of FM is not fully understood, but autonomic
nervous system dysfunction could play a fundamental role in the development of chronic pain and could alter serum
levels of neuro-inflammatory mediators like Brain Derived Neurotrophic Factor (BDNF). Transcutaneous vagus nerve
stimulation (tVNS) is a non-invasive bioelectronic technique that increases parasympathetic nervous system activity
and there is growing evidence that it can modulate nociception and improve mood and sleep quality.
The aim of this pilot study was to evaluate the efficacy of auricular vagal neuromodulation therapy (AVNT™ ) in
reducing disease severity and improving sleep quality of FM patients; secondly, to evaluate fluctuations in serum
BDNF levels after treatment.

Methods
Eighteen patients with FM, underwent AVNT™ treatment consisting of 30-minute stimulation, 5 times a week,
for 4 consecutive weeks.

Results
After two weeks of treatment, an early reduction in the WPI score (p=0.03) was detected, then confirmed at week 4
(p=0.004). At week 4, significant reduction either in the revised Fibromyalgia Impact Questionnaire (rFIQ) total score
(p=0.02), rFIQ general health (p=0.002) and symptoms (p<0.001) components and the Pittsburgh Sleep Quality Index
(PSQI) level (p=0.02) was also detected. No significant changes in BDNF levels were found either after two or four
weeks of treatment.

Conclusion
In conclusion, our preliminary results show that the treatment with AVNT™ reduced disease severity and improved
sleep quality in FM patients.
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Introduction

Fibromyalgia (FM) is a common cause
of chronic widespread pain, and is char-
acterised by diffuse musculoskeletal
pain (1, 2) sleep disturbances, asthenia,
headache, muscle stiffness, cognitive
dysfunction, depression and anxiety.
FM is fairly common, with a 3.4%
prevalence (3, 4), and a female:male
ratio of 3:1. FM pathogenesis is still
not completely understood and genetic,
immunological, inflammatory, endo-
crinological and psychosocial factors
have been linked to the development
of FM symptoms (5, 6). The absence of
alterations detectable in blood tests and
diagnostic imaging places FM in the
singular condition of not presenting any
reliable diagnostic marker (7). In FM,
treatment must be tailored in every sin-
gle patient, targeting primarily the most
distressing symptoms (8). The most ef-
fective strategy is based on a multidis-
ciplinary approach that combines both
pharmacological and non-pharmaco-
logical interventions (9-11). However,
even this multimodal approach has a
low success rate, and international re-
search is currently evaluating different
possible treatments.

The autonomic nervous system (ANS)
is acomplex network composed of func-
tional and neurochemical distinctive
components (sympathetic, parasympa-
thetic, and enteric system), which are
bidirectionally linked to differential re-
sponses to stressors in order to maintain
internal homeostasis (12-14). In case
of chronic stress, the response of the
ANS becomes dysfunctional (15). Due
to hyperactivation/hyporeactivity of
the sympathetic system and a dysfunc-
tion of the parasympathetic system, the
body loses the ability to respond prop-
erly to stressful situations, which lead
to symptoms like fatigue, stiffness (16,
17), reduced physical capacity (18),
and sleep disturbances (19). Therefore,
the possible role of the ANS dysfunc-
tion in the pathogenesis of chronic pain
syndromes raised interest over the years
(20,21).

The vagus nerve (VN), mediator of
the parasympathetic system, regulates
multiple functions and can be targeted
for therapeutic purposes. Vagus nerve
stimulation (VNS) regulates ANS ac-

tivity through the electrical stimulation
of the VN, modulating seizure thresh-
old, mood and possibly analgesia (8).
Either invasive, minimally invasive,
and non-invasive approaches are nowa-
days available and have been applied in
the treatment of different chronic pain
pathologies (22-31). Trans-auricular
VNS (taVNS) and specifically auricu-
lar vagal neuromodulation therapy
(AVNT™) preferentially stimulate the
afferent auricular branch of the VN
through electrodes positioned at the ex-
ternal ear (32).

Studies on rats implanted with VNS de-
vices suggested that this treatment may
increase the production of brain derived
neurotrophic factor (BDNF) (33-35), a
neurotrophin with a role in pain, mem-
ory, and mood regulation, which levels
are reduced in depression, chronic pain
states and FM (36-39).

Because of these evidences, the primary
objective in this pilot study was to eval-
uate the efficacy of AVNT™ on disease
severity in a cohort of patients affected
by FM. Secondary objectives were to
evaluate the influence of AVNT™ on
sleep quality, the different effects of 2
or 4 weeks of treatment on disease se-
verity, sleep quality, and BDNF levels,
and the persistence of any symptom
improvement 4 weeks after treatment
discontinuation.

Materials and methods

This was a longitudinal, single-centre
pilot study that used AVNT™ in a
group of FM patients attending to the
out-patient Fibromyalgia clinic of the
AOU Policlinico Umberto I, Rome.
Starting from March 2023, patients af-
fected by FM, according to the 2016
revised American College of Rheu-
matology (ACR) diagnostic criteria
(40), were consecutively enrolled for
the study. Demographic data, comor-
bidities, and pharmacological and non-
pharmacological therapies were record-
ed for every enrolled patient.

To be eligible, patients had to be be-
tween 18 and 65 years of age, on stable
pharmacological and non-pharmaco-
logical therapy for at least 3 months,
and able to read and understand the
informed consent. Exclusion criteria
included a diagnosis or history of ac-
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tive cancer, acute or chronic infections,
stage II or higher renal failure, and heart
failure NHYA class II to IV. Patients
with a history of cardiac arrhythmia or
epilepsy, pregnant patients and patients
affected by a psychotic disorder and/or
under psychiatric treatment were also
excluded. Lastly, a diagnosis of an im-
mune-mediated rheumatic disease was
considered another exclusion criterion.

Study participants underwent AVNT™
treatment using the Parasym® Device
kit, with application of the auricular
electrode placed at the tragus of the
external ear. The Parasym® device has
been developed and patented for safely
and effectively delivering AVNT™,
previously referred to as Low level tra-
gus stimulation. It was decided to use
AVNT™ delivered through the Para-
sym™ device because of the safety and
the highly scientifically backed up tech-
nology having been used in more than
40 clinical trials. Unlike invasive de-
vices, non-invasive devices have only
mild adverse events, that may include
regional discomfort, skin irritation,
transient muscle stiffness, and pain (41,
42). AVNT™ delivered through the
Parasym™ in particular has shown to
be a safe and tolerable approach also in
vulnerable populations (43).

The Parasym® device kit contains a
stimulation unit and a lead with a small
ear clip electrode (Fig. 1). The clip-
on electrode is placed on the tragus of
the left outer ear, where targeted micro
pulses of electrical current stimulate the
auricular branch of the VN. All patients
were stimulated for 30 minutes/day, in
the same daily time slot (from 02:00
to 06:00 pm), five times a week (from
Monday to Friday), for four consecu-
tive weeks (from May 15, 2023, to June
12,2023).

The Parasym® device was set up at fre-
quency within 1-30 Hz and pulse width
within 50-250 ps, while the current in-
tensity could be adjusted from 0.1 to 36
mA during each session based on the
pain threshold. Therefore, before initiat-
ing the stimulation, patients were given
an explanation regarding how to adjust
stimulation intensity: slowly increasing
the intensity by one level per second and
stopping as soon as a slight tingling sen-
sation was felt on the stimulation zone.
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Fig. 1. Parasym® device kit (A) and electrode placing of the Parasym® device (B).

Disease severity was assessed using
different clinimetric indices validated
for FM: pain scored on 0-10 mm vis-
ual analogue scale (VAS pain), revised
Fibromyalgia Impact Questionnaire
(rFIQ), Widespread Pain Index (WPI),
and Symptoms Severity Scale (SSS).
Sleep quality was assessed using the
Pittsburgh Sleep Quality Index (PSQI).
For each patient, both disease sever-
ity and sleep quality were assessed be-
fore starting the treatment (TO), at two
weeks after the treatment started (T2),
and at the end of the last treatment ses-
sion (T4).

At the end of each session the stimu-
lation intensity achieved was recorded
and patients were asked to report any
adverse event occurred during the pre-
vious day. Any adverse event observed
in clinical practice was reported in ac-
cordance with local pharmacovigilance
regulations. At the end of the last treat-
ment session, patients were asked to
respond to a satisfaction questionnaire
regarding their experience with the
treatment. Finally, a follow-up visit was
performed four weeks after the end of
the treatment and disease severity and
sleep quality indices were re-evaluated.
In order to evaluate serum BDNF lev-
els, a 15 mL venous blood sample was
collected at TO, T2, and T4. Serum was
immediately separated from blood sam-
ple through and stored at -20°C. After
sample were defrosted, BDNF serum
levels were measured using a commer-
cial Double Antibody Sandwich ELISA
kit (RAB0026, Sigma-Aldrich, Merck

Table I. Baseline characteristics of the
patients included in the study.

Baseline
characteristics
n=18
Age, mean (SD)

Years 42.1 (11.6)
Sex, n (%)

Female 13 (70)

Male 5 (30)
Disease duration, median (IQR)

Months 91 (169)
Smoke, n (%) 5 (7.7
Body mass index, mean (SD) 255 (5.5)
Educational level, n (%)

Degree 6 (33.3)

Graduation 12 (66.6)
Pharmacological therapy, n (%)

Muscle relaxants 5 7.7

NSAID 9 (50)

Antidepressants 5 (27.7)

Non-pharmacological therapy, n (%)

Physical exercise 7 (38.8)

NSAID: non-steroidal anti-inflammatory drug.

KGaA, Darmstadt, Germany), follow-
ing the manufacturer’s instruction. The
sensitivity of BDNF detection was 80
pg/mL.

The study was conducted in accord-
ance with the Declaration of Helsinki
and approved by the Ethics Committee
of Sapienza University of Rome (pro-
tocol code 0298/2023 date of approval:
30/03/2023). Informed consent was ob-
tained from all subjects involved in the
study.

Statistical analysis

Categorical variables are reported as
absolute and relative frequency (%).
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Fig. 2. Effect of taVNS on disease severity. Evolution of (A) VAS pain, (B) SSS C, (C) WPI score, (D) rFIQ total score, (E) rFIQ overall impact component,

(F) rFIQ symptoms component, and (G) rFIG physical function component.

rFIQ: revised Fibromyalgia Impact Questionnaire; SSS: Symptoms Severity Scale; VAS visual analogue scale; WPI: Widespread Pain Index.
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Table I1. Comparisons of disease severity scores and sleep quality level between baseline and follow-up evaluations.

Variables Baseline Follow-up Follow-up Follow-up F/y? p-value
2 weeks 4 weeks 8 weeks

VAS pain

Median (IQR) 8.00 (2.25) 8.00 (4.00) 7.00 (3.25) 7.00 (3.00) ¥>=7.62 0.05*
rFIQ total

Mean (SD) 72.1 (12.8) 63.7 (194) 55.1 (18.1) 61.75 (17.7) F=8.89 <0.0017
rFIQ physical function

Mean (SD) 20.0 (3.91) 18.0 (6.05) 16.0 (5.35) 18.28 (5.55) F=6.07 0.0017
rFIQ overall impact

Median (IQR) 155 (5.25) 12.0 (9.25) 9.50 (7.50) 10.0 (8.00) ¥ =14.6 0.002*
rFIQ symptoms

Median (IQR) 39.2 (5.88) 33.7 (14.3) 29.0 (16.7) 345 (11.5) %> =207 <0.001*
WPI

Mean (SD) 12.6 (3.74) 8.83 (4.71) 7.83 (4.16) 8.58 (3.04) F=10.2 <0.0017
SSS

Mean (SD) 9.16 (1.97) 8.33 (2.30) 705 (3.22) 8.11 (2.61) F=5.78 0.001°
PSQI

Mean (SD) 13.1 (3.11) 120 (4.24) 9.22 (3.78) 1147 (5.12) F=9.03 <0.0017
BDNF ng/mL

Median (IQR) 76.57 (68.46) 81.88 (93.1) 8343 (61.0) -- x> =1.09 ns*

BDNF: brain derived neurotrophic factor; rFIQ: revised Fibromyalgia Impact Questionnaire: PSQI: Pittsburgh Sleep Quality Index; SSS: Symptoms Severity
Scale; VAS: visual analogue scale; WPI: Widespread Pain Index.

“Friedman test; TANOVA.

Normally distributed variables are re-
ported as mean and standard deviation
(SD), while non-normally distributed
variables are reported as median and
interquartile range (IQR). The con-
formity of the continuous variable to
the Normal distribution was examined
using the Shapiro-Wilk test.

For normally distributed variables, the
effect of AVNT™ on disease severity
scores and sleep quality level was es-
timated using the repeated-measures
analysis of variance (ANOVA) method,
performing different models for each
dependent variable considered (rFIQ
total, rFIQ physical function com-
ponent, WPI, SSS, PSQI). Multiple
comparisons were subsequently made
using the Tukey-Kramer test. For non-
normally distributed data, the effect of
AVNT™ on disease severity scores and
serum BDNF levels was estimated us-
ing the Friedman test. Different tests
were performed for the assessment of
each dependent variable considered
(VAS pain, rFIQ general impact, rFIQ
symptoms, serum BDNF levels). Mul-
tiple comparisons were subsequently
made using the Nemenyi test.

For missing data adjustment, the LOCF
(last observation carried forward)
method was applied.

All statistical analyses were performed
using R software (R studio v. 4.3.1).

Clinical and Experimental Rheumatology 2025

Results

Between March and May 2023, eight-
een patients were included in this pilot
study. Seventeen patients completed
all the four weeks’ treatment protocol.
Only one patient dropped out at the end
of the third week for reasons unrelated
to the trial. Baseline clinical and demo-
graphic characteristics of the study par-
ticipants are shown in Table I.

Outcomes

Compared to the baseline, no signifi-
cant differences were found after two
and four weeks of treatment in the av-
erage value of the VAS pain and SSS
score (Fig. 2A, B).

After two weeks of treatment, the WPI
scores went from an average value
of 12.6+3.74 to an average value of
8.83+4.71 (Table II), showing an early
significant reduction (p=0.03) (Table III,
Fig. 2C). After four weeks of treatment,
the average value of the WPI score was
7.83+4.16 and a significant difference
compared to the average baseline value
was also observed (p=0.004).

No significant changes were found
neither in the rFIQ scores nor in the
PSQI level after two weeks of treat-
ment. After four weeks of treatment, a
significant reduction of the rFIQ scores
(total, overall impact and symptoms
components) (Fig. 2D-2E-2F), and of

the PSQI level were seen as compared
to the baseline (Fig. 3); however, no
significant differences were found for
the rFIQ physical function component
after four weeks of treatment (Fig. 2G).
The average rFIQ total score went from
72.1+12.8 to 55.1x18.1 (p=0.02). The
median rFIQ overall impact compo-
nent went from 15.5 (IQR=5.25) to 9.5
(IQR=7.50) (Z -0.879; p=0.002), while
the median rFIQ symptoms component
passed from 39.2 (IQR=5.88) to 29.0
(IQR=16.70) (Z -1.145; p<0.001). Last-
ly, the average PSQI level decreased
from 13.1+3.11 to 9.22+3.78 (p=0.02).
At the follow-up visit performed four
weeks post-treatment, both disease
severity and sleep quality had dete-
riorated, indicating a substantial return
to baseline levels. However, the rFIQ
overall impact component, which had
a median value of 10.0 (IQR=8.00)
four weeks after the end of treatment,
remained significantly improved when
compared to the median baseline value
(Z-0.207; p=0.04).

Compared to the baseline, no signifi-
cant differences were found after two
and four weeks of treatment in the me-
dian BDNF serum levels (Fig. 4).

Adverse events

Adverse events observed in clinical
practice were reported in accordance
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Table III. Pairwise comparisons of VAS pain, rFIQ (total and physical function, overall

impact and symptoms components), WPI, SSS, and PSQI at each period.

Mean rank Z score p-value®

VAS pain

2 weeks - baseline 2.64 -3.03 1.145 ns

4 weeks - baseline 2.14-3.03 -0.697 ns

8 weeks - baseline 2.19-3.03 -0.448 ns
rFIQ overall impact

2 weeks - baseline 2.58-3.33 1.087 ns

4 weeks - baseline 1.89-3.33 -0.879 0.002

8 weeks - baseline 2.19-3.33 -0.207 0.04
rFIQ symptoms

2 weeks- baseline 2.53-344 0.701 ns

4 weeks - baseline 1.53-3.44 -1.145 <0.001

8 weeks - baseline 2.50-3.44 0.443 ns

Mean difference (IC 95%) p-value®®

rFIQ total

2 weeks - baseline -8.39 (-23.6,6.82) ns

4 weeks - baseline -17.1 (-32.3,-1.8) 0.02

8 weeks - baseline -9.08 (-24.2,6.13) ns
FIQ physical function

2 weeks - baseline -1.99 (-6.66,2.67) ns

4 weeks - baseline -4.05 (-8.72,0.61) ns

8 weeks - baseline -1.37 (-6.04,3.29) ns
WPI

2 weeks - baseline -3.77 (-7.40,-0.1) 0.03

4 weeks - baseline -4.77 (-8.40,-1.1) 0.004

8 weeks - baseline -3.44 (-7.07,0.18) ns
SSS

2 weeks - baseline -0.83 (-3.09, 1.42) ns

4 weeks - baseline -2.11 (-4.37,0.14) ns

8 weeks - baseline -0.88 (-3.14,1.37) ns
PSQI

2 weeks - baseline -1.11 (-4.73,2.51) ns

4 weeks - baseline -3.94 (-7.56,-0.3) 0.02

8 weeks - baseline

-1.50 (-5.12,2.12)

ns

rFIQ: revised Fibromyalgia Impact Questionnaire; PSQI: Pittsburgh Sleep Quality Index; SSS: Symp-

toms Severity Scale; VAS: visual analogue scale; WPI: Widespread Pain Index.

§ For pairwise comparisons the Nemenyi test was applied.
$For pairwise comparisons the Tukey-Kramer test was applied.

T0

T4

T8

Follow-up

Fig. 3. Effect of taVNS on sleep quality. Evolution of PSQI level.

PSQI: Pittsburgh Sleep Quality Index.

with local pharmacovigilance regula-
tions according to the following defini-
tion: “Any harmful clinical event that
occurs in a patient or subject involved

1100

in a clinical trial who has been admin-
istered a medicinal product, and which
does not necessarily have a causal re-
lationship with this treatment” (44).

Adverse events that persisted at least
24h during the treatment are listed in
Table IV. During the entire duration of
the treatment no serious or unexpected
adverse reactions occurred. All symp-
toms not present before the start of the
treatment have been considered as ad-
verse effects (despite the fact that some
of these reported side effects are poten-
tially not related to the treatment, and
instead being related to the diversified
nature of FM symptoms).

Satisfaction questionnaire

According to the satisfaction question-
naire filled out by each patient at the
end of the treatment, 16 out of 18 pa-
tients experienced the occurrence of
at least one side effect but only one
patient considered that the side effects
outweighed the benefits of the treat-
ment. Most of the patients reported a
high satisfaction rate, despite the ap-
pearance of some mild side effects. In
particular, 13 out of 18 patients noted
an improvement in their quality of life,
while 14 out of 18 patients experienced
an improvement of their sleep quality.
By contrast, only 7 out of 18 patients
reported lowering perceived pain (Fig.
5). Moreover, 17 out of 18 patients
would be willing to repeat the treat-
ment and 16 out of 18 patients would
recommend it to other patients affected
by FM. On a 0-10 mm scale, AVNT
therapy was rated 7.8.

Discussion

FM treatment requires a multidisci-
plinary collaboration among different
healthcare specialists, such as rheuma-
tologists, neurologists, psychiatrists,
pain specialists, psychologists, gynae-
cologists, and others. Non-pharmaco-
logical interventions are considered the
first line treatment, and those with the
most effective evidence include: pa-
tient education, physical exercise and
cognitive behavioural therapy. In pa-
tients with severe and difficult to treat
symptoms, pharmacological strategies
should be added, starting with centrally
acting drugs such as antidepressants
and anticonvulsants (11). However,
treatment of FM remains extremely
challenging, and it is characterised by
poor success rate. Data reveals that

Clinical and Experimental Rheumatology 2025
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T0

Fig. 4. Effect of taVNS on serum BDNF level.
BDNF: brain derived neurotrophic factor.

T2 T4

treatment adherence in FM patients is
suboptimal. On one hand, pain and fa-
tigue commonly interfere with patient’s
compliance to constant physical activi-
ty sessions (45). On the other side, only
a minority of patients continue taking
medications due to perceived lack of
efficacy or development of side effects
(46). AVNT™ could be an interesting
additional treatment option, since it
may be able to overcome critical issues
in patient treatment thanks to its ease
of use, the possible efficacy on many
symptoms, the low long-term costs and
the good tolerability.

The present pilot study showed a sub-
stantial improvement of disease se-
verity in FM patients that underwent
AVNT™ and, at the end of treatment,
11 out of the 17 patients (64%) no
longer met the 2016 ACR/EULAR di-
agnostic criteria for FM. Data obtained
from this investigation have the advan-
tage of having evaluated disease sever-
ity and sleep quality indices at differ-
ent time points, allowing to confirm
the hypothesis that AVNT™ efficacy
may be linked to the length of stimu-
lation period. However, these benefits
disappeared four weeks after the end of
stimulation, suggesting that the effects
of AVNT™ on autonomic dysfunction
may be temporary and reversible.

As long as we know, this study is the
first one demonstrating that AVNT™
therapy may be an effective strategy for
the treatment of sleep disorders in FM
patients. Sleep disturbance is a recur-
rent and disabling symptom in FM and
it increases FM severity and reduces
the overall quality of life (47). Nowa-

Clinical and Experimental Rheumatology 2025

days, sleep disorders are treated using
drugs such as pregabalin or amitripty-
line combined with non-pharmacolog-
ical therapies, but the results are fre-
quently unsatisfying (48). In this con-
text, the use of AVNT™ therapy could
offer a promising approach for sleep
quality improvement. Unlike previous
studies, we did not find any significant
differences in the perceived pain. How-
ever, it must be noted that pain inten-
sity measured by VAS pain, although
extremely used in clinical studies, is
an unreliable outcome measure in case
of chronic pain (49). Patients affected
by chronic pain are less likely to report
significant changes in perceived pain,
even when their global impression of
change in response to a particular treat-
ment is positive.

Although there is large literature re-
garding the promising efficacy of vagal
neuromodulation for the treatment of
different pathologies associated with
ANS dysfunction (50-53), to date only
three other studies evaluated the use of
auricular VNS in FM. Kutlu et al. (54)
compared two groups of FM patients,
one assigned to taVNS in combination
with physical exercise and the other
one treated with physical exercise only.
As in the present study, the taVNS
treatment was performed five week-
days for four weeks, with each session
taking 30 minutes, while the stimula-
tion parameters were set differently (10
Hz frequency and pulse width of less
than 500 ps). After four weeks of inter-
vention, both groups showed a notable
improvement in disease severity, meas-
ured by FIQ and VAS pain, quality of

Table IV. Adverse events occurred during
the study (lasting at least 24h hour).

Adverse events n (%)
Cervical pain 1 5%)
Neurological 12 (6%)
Headache 7 (38%)
Blurred vision 4 (22%)
Paraesthesia 1 (5%)
Psychiatric 2 (11%)
Panic attack 1 (5%)
Concentration deficit 1 (5%)
Others 16 (8%)
Asthenia 9 (50%)
Confusion 6 (33%)
Drowsiness 1 (5%)
Adverse events n (%)
Local 7 (38%)
Paraesthesia 4 (22%)
Erythema 3 (16%)
Gastrointestinal 7 (38%)
Nausea 6 (33%)
Heartburn 1 (5%)
ORL 8 (44%)
Dizziness 7 (38%)
Tinnitus 1 (5%)
Cardiological 2 (11%)
Palpitations 1 (5%)
Hypotension 1 (5%)

life, evaluated using the Short-Form
(SF)-36 life quality scale, and depres-
sion and anxiety levels, measured by
the Beck Depression Scale and the
Beck Anxiety Scale respectively. Com-
paring the two groups before and after
the treatment, it was shown that the
combined treatment group had better
results; however, significant statistical
differences between groups were only
demonstrated in some domains of the
SF-36 questionnaire.

Asma et al. (55) compared the effect of
tVNS and pain neuroscience education
(PNE) on 99 patients with FM. Patients
were divided into 3 groups (33 patients
each): group A received 6 sessions of
tVNS twice weekly (25 Hz for 30 min),
group B received 6 sessions of tVNS
twice weekly (25 Hz for 30 min) and
3 sessions of PNE once weekly (for 30
min) and group C received 3 sessions
of PNE once weekly (for 30 min). After
3 weeks of intervention, the 3 groups
showed significant improvement of
FM symptoms assessed by VAS, FIQ,
Pain catastrophising scale question-
naire (PCS-Q, Pain DETECT ques-
tionnaire (PD-Q) and State Trait Anxi-
ety Inventory (STAI Q)), but group B
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(A) Quality of life

(3

B Worsening 1 No effect M Improvement

(B) Sleep quality

6%

B Worsening " No effect M Improvement

(C) Pain

B Worsening

No effect

11%

B Improvement

Fig. 5. Results of the satisfaction questionnaire. Perceived efficacy of taVNS on (A) quality of life,

(B) sleep quality and (C) pain.

showed the best results percentage of
improvement.

Paccione et al. (56) evaluated and com-
pared the efficacy of two weeks of ac-
tive and sham tVNS in a group of 57
FM patients. After 2 weeks of treatment,
significant differences were found for
overall FM severity and current pain in-
tensity in the active tVNS group; how-
ever, similar results were also obtained
in the group undergoing sham tVNS.
The results of this study also did not
show any significant changes in heart
rate variability (HRV), a method com-
monly used to measure autonomic func-
tion, before and after tVNS treatment. It
must be highlighted that this study used
a different treatment protocol compared
to the one used in the present study,
as tVNS was administered 15 minutes
twice a day for a total duration of two
weeks.

The enrolled patients experienced side
effects rates similar to the one reported
in other studies (56). The most frequent
side effects comprehended asthenia,
nausea, dizziness, and headache. It is
important to note that most of the side
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effects reported did not persist for more
than 48 hours at a time under any cir-
cumstances. Side effects such as red-
ness, erythema and tingling at the ad-
ministration site disappeared when the
stimulation intensity was reduced and
the site was changed (from left to right
ear and vice versa). Adverse events such
as dizziness, confusion, and blurred vi-
sion were reported more frequently in
the first days of stimulation, while they
tended to disappear with intensity re-
duction.

Moreover, the present work evaluated
BDNF serum levels variation, but did
not detect any significant changes after
treatment administration when com-
pared to baseline levels, which is in
line with the results obtained by Lang
et al. (57) on a population of depressive
patients treated with VNS. It should be
noted that the studies reporting a sig-
nificant increase in BDNF levels fol-
lowing stimulation were conducted in
animal models using chronic stimula-
tion delivered through implanted de-
vices. Therefore, it can be hypothesised
that longer protocols of stimulation

over time would be able to induce se-
rum BDNF level changes similar to the
one observed in rats. Moreover, 5 out of
18 patients of our cohort (27.7%) were
treated with antidepressants and current
data suggest that these drugs may elicit
their effects by increasing BDNF levels
(58). Therefore, the effect of AVNT™
treatment on serum BDNF levels in our
modest cohort may have been masked
by antidepressant medications.

Being an exploratory pilot study, the
result of this work are still preliminary
and presents some limitations related
to the low number of patients enrolled,
the absence of a control group treated
with a sham AVNT™ approach (which
does not allow to completely rule out
a possible placebo effect), and the ab-
sence of a direct measurement of ANS
dysfunction, such as HRV measure.
Moreover, since VNS is a relatively
new technology, it must also be consid-
ered that several research gaps remain
regarding this treatment, as addressed
in recent reviews (59-61), like the need
to determine optimal dosage for differ-
ent pain conditions, incorporate meas-
ures for intervention fidelity, investi-
gate long-term outcomes, and explore
co-occurring symptoms and outcomes
across different sociodemographic var-
iables; however, the cymba concha and
the internal tragus seem the best areas
for vagal neuromodulation.

Conclusions

This pilot study showed that AVNT™
treatment is able to reduce disease se-
verity and improve sleep quality in a
cohort of 17 FM patients, despite less
consistent variation in their perceived
pain. Most of the improvements were
demonstrated after four weeks of treat-
ment, even if an early reduction in
the WPI score was observed after two
weeks. After the treatment, 11 out of
the 17 patients (64%) no longer met the
2016 ACR/EULAR diagnostic criteria
for FM. However, it was also demon-
strated a short persistence of these ben-
efits, with further worsening of disease
severity and sleep quality four weeks
after the end of treatment. The treat-
ment was well tolerated by patients,
despite the occurrence of mild adverse
effects.
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Despite the current lack of consen-
sus regarding the optimal stimulation
parameters and duration of AVNT™
therapy, its favourable usability profile,
potential efficacy across a broad range
of fibromyalgia-related symptoms, and
relatively low long-term costs position
AVNT™ as a promising adjunct within
multimodal treatment paradigms for
FM. Its integration may contribute to
improved patient-reported outcomes
and overall quality of life. The prelimi-
nary findings of this pilot investigation
warrant confirmation through rigorous-
ly designed studies with larger cohorts
and appropriate control conditions.
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