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Abstract

Objectives: Chronic back pain is one of the biggest causes of disability today. The objective of this
study was to evaluate the safety and effectiveness of percutaneous auricular Vagus Nerve Stimulation
(pVNS) for chronic back pain patients in routine clinical practice.

Methods: Data were retrospectively sourced from a clinical database. Mean reduction in average and
maximum pain intensity at three weeks as compared to baseline using Numeric Rating Scale (NRS)
pain intensity was assessed. A patient responder was defined as having at least 50% improvement in
average NRS pain intensity, assessed at 1-, 3- and 6-weeks, as well as 3 months. In addition, analgesic
intake, subjective well-being and number and type of Adverse Events (AEs) were reported.

Results: A total of 148 patients underwent pVNS stimulation and met all inclusion criteria. Average
NRS pain intensity significantly decreased from 6.36 + 2.18 at baseline to 3.25 + 1.83 (p<0.001) at
three weeks of treatment. One week into treatment, the responder rate was 32.4%, while reaching a
maximum of 58.8% at six weeks of treatment. 60% of patients taking opioid analgesics at baseline
were able to decrease or stop their opioid usage. Reported AEs were mild and pVNS was well-
tolerated.

Discussion: Our results suggest that pVNS may be a safe and effective adjunct treatment for difficult
to treat chronic back pain patients. Given the retrospective nature of this study, further research is
warranted to confirm these findings.

Introduction

Chronic pain conditions are by far the biggest cause of disability today [1]. Estimates suggest
that every second person in the EU will suffer from back pain at some point in their life. 15% of these
patients will be on sick leave for one month or longer because of their condition [2,3]. Besides the
personal dimension, this generates costs to the European Union of up to 441 billion Euros each year
[4]. For the US, the economic burden is in the range of €468 to €530 billion per year, including both
the cost of healthcare and loss of productivity [5].

The current standard of care following international guidelines suggests as first-line therapy
the use of acetaminophen and Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) [6,7], and under
specific conditions short courses of skeletal muscle relaxants or opioid analgesics, in conjunction
with non-pharmacological strategies such as multidisciplinary rehabilitation, cognitive-behavioral
therapy, or acupuncture. Given the fact that those therapies may often provide only mild
symptomatic improvements [6], big efforts are currently put in towards finding adjunct, non-
pharmacologic treatment options.

With the recent advances in bioelectronics, growing evidence suggests that neurostimulation
of the vagus nerve may be used to modulate nociception and pain perception [8,9]. Vagus nerve
stimulation using implantable neurostimulation devices is used for the treatment of refractory
epilepsy and major depression [10,11]. Disadvantages of implantable systems are frequent Adverse
Events (AEs) due to surgical procedure and stimulation of efferent vagus nerve fibers (e.g., hoarseness,

Remedy Publications LLC.

1 2021 | Volume 3 | Issue 1 | Article 1009



Jozsef Constantin Széles, et al.,

Annals of Pain Medicine

sore throat, shortness of breath and coughing). Non-invasive or
minimally-invasive stimulation techniques can mitigate these
disadvantages [12]. Percutaneous auricular Vagus Nerve Stimulation
(pVNS) allows for a minimal-invasive electrical stimulation of the
auricular branch of the vagus nerve [13]. Several small studies and
randomized controlled trials have demonstrated safety and efficacy of
pVNS in producing antinociceptive effects for various pain conditions
[9]. These conditions include postoperative acute pain, chronic low
back pain, or cervical syndrome. Sator-Katzenschlager et al. [14],
conducted a randomized control trial in patients with chronic low
back pain and found over 70% reduction in pain intensity in those
patients receiving auricular electrical stimulation over six weeks as
compared to sham. Pain reduction came along with reduced intake of
opioid rescue medication (over 95% reduction in intake of tramadol),
as well as improved quality of sleep, well-being, and physical activity.
All positive effects sustained up to a 12 weeks’ follow-up. Similarly, a
high trial success rate was observed in patients with chronic cervical
pain during a six-week therapy [15]. So far, there are no studies
investigating the clinical safety and effectiveness of pVNS in a larger
cohort of patients in clinical routine.

This retrospective study aims at evaluating the safety and
effectiveness of pVNS in chronic back pain patients that had
previously failed first-line therapy, in a real-world clinical setting.

Materials and Methods

Study design and procedures

This was a monocentric, retrospective data analysis study. Data for
this study were drawn from medical records of all attending patients
who were trialed and/or treated for pain with pVNS at the outpatient
clinic for special pain therapy at the Medical University of Vienna,
Department of Surgery (Vienna, Austria), from February 2002 to
June 2010. Combined, a total of 349 patients underwent treatment
with pVNS. The study was approved by the ethics committee at the
Medical University of Vienna (1789/2020). All authors had full access
to the study data.

Inclusion/Exclusion criteria

Patient data were included in an Intention-To-Treat (ITT)
analysis if the patient met the following criteria: (1) Adult patients
18 years of age or older with a history of back pain, meeting the
diagnostic criteria listed in ICD-10 M54 (2019); (2) have not had
an adequate response to first-line pharmacological therapy with
acetaminophen, NSAIDs, and/or opioid analgesics; (3) plausible
pain diary documentation, i.e., Numeric Rating Scale (NRS) scorings
higher or equal than 0 and smaller or equal 10, maximum > average >
minimum NRS scorings; and (4) received at least one pVNS therapy,
which included a minimum of two documented visits (baseline and
one consecutive therapy visit, with a maximum of 21 days in between
the two visits).

Patient data were included in a Per Protocol (PP) analysis if the
patient additionally had: (1) At least four documented consecutive
visits (baseline and three consecutive therapy visits); and (2) the
interval between two visits was between three and eight days.

Stimulation procedure

pVNS was performed using P-STIM (Biegler Medizinelektronik
GmbH, Mauerbach, Austria). P-STIM is a single-use miniaturized
(Figure 1), battery-powered, percutaneous electrical stimulator with
a pre-programmed amplitude (3.8 V), stimulation frequency (1 Hz),

pulse width (1 ms), and duty cycle (3 h ON/3 h OFF). The procedure
has been described previously in [14,15]. Needles were positioned
in the cymba and cavity of concha as well as the crura of antihelix,
i.e., regions partly or solely innervated by the auricular vagus nerve
[16,17]. Positions were chosen close to local blood vessels, running
in parallel or close to targeted nerve fibers [9,18-19]. Each patient
received pVNS continuously over a period of four days a week. At
each therapy visit, a new device was applied.

Data collection and outcome measures

Standardized data, collected by clinical personnel under
supervision of the first author, at baseline and/or at each scheduled
therapy visit, were retrieved retrospectively from medical records
at the Medical University of Vienna. Baseline data refer to the data
collected at the time of patient consent prior to pVNS treatment.
These included: patient sex, age at start of the therapy, medical history,
presenting pain symptoms, and pain severity on a NRS 11-point scale
(from 0 = no pain to 10 = worst imaginable pain; [20]). From the last
visit, additional variables were extracted related to number and type
of AEs, demand for additional medication (i.e., increased, decreased
or unchanged), and change in subjective well-being on a 6-point scale
(from 0 = very good to 5 = very bad).

The primary endpoint of the study was the mean reduction
in average and maximum NRS pain intensity at three weeks as
compared to baseline in the PP analysis. Secondary endpoints were:
(1) Percentage of patients achieving different thresholds of pain relief
in maximum and average NRS pain intensity compared to baseline
[21], i.e., = 30% (moderate), > 50% (substantial), and > 80% (which
we defined as extensive improvement), at one week, three weeks, six
weeks, and three months; (2) percentage of patients decreasing or not
requiring additional analgesic medication as a result of the treatment;
(3) change in subjective well-being; and (4) number and type of AEs.

Statistical analysis

Analyses were conducted in both PP group (ie., patients
completing primary endpoint assessment) and ITT group (ie.,
patients who were administered the treatment at least once).

For the PP analysis, if a patient visited the outpatient clinic
more than once per week, the data from the last visit of that week
was taken. All other data from that week were omitted. For the
ITT analysis, only the baseline and the last visit of a patient were
considered. If a patient visited the outpatient clinic irregularly with
a break of more than 21 days between two consecutive visits, only
the data up to this point were considered. All the data after the break
were omitted. For the ITT analysis, missing data for time points
after the last visit of a patient were imputed using last observation
carried forward. A decrease of > 50% in average NRS pain intensity
was considered significant. Patients reaching this improvement were
called responders. Responder analysis was performed for two time
points, i.e., after one week and after three months of treatment.

NRS pain intensity is presented as mean * standard deviation,
unless otherwise stated. Comparison between baseline and therapy
visits was performed using x’-tests and paired t-tests. To compare
responders and non-responders, a Welch t-test and x’-test were
performed. Threshold for significance of statistical comparisons
was set to p<0.05. Bonferroni correction was used for multiple
comparisons. AEs and medication usage were reported descriptively
for all patients. Statistical analysis was done using Python 3.7.4 with
NumPy 1.18.1 and SciPy 1.4.1.
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Table 1: Patient characteristics at baseline.

ITT group PP group
(n=148) (n=59)
Age (years) 6294157 | 64.3+13.9
Number of female/male patients 96/52 39/20
Dorsalgia (ICD-10, M54) (%) 100 100
Radiculopathy (M54.1) 5.4 8.5
Cervicalgia (M54.2) 18.2 16.9
Lumbago with sciatica (M54.4) 36.5 33.9
Low back pain (M54.5) 23.6 22.1
Dorsalgia, unspecified (M54.9) 16.3 18.6
NRS Max + STD 7.49+1.94 7.42 +1.88
NRS Mean + STD 6.56 +2.15 6.40 + 2.36
NRS Min + STD 5.52 +2.60 5.27+2.88

Data are expressed as n, mean + STD or n (%). ITT: Intention-to-Treat group;
PP: Per Protocol group; NRS: Numeric Rating Scale; STD: Standard Deviation

Results

Patients and baseline statistics

During the study period, a total of 349 patients were treated
with pVNS at our institution. Patients presented to the outpatient
clinic with a range of chronic pain conditions, including back pain
(51%), abdominal pain (4.3%), pain localized to other parts of lower
abdomen (3.2%), shoulder pain (3.7%), postoperative pain (3.7%),
migraine (2.3%) and other complex pain patterns (31.8%, either
different location or not sufficiently documented). Of the total 349
patients, 171 patients were excluded due to not meeting the diagnostic
criteria listed in ICD-10 M54 (dorsalgia). From the remaining 178
chronic back pain patients, 30 had to be excluded due to a missing
therapy visit within 21 days after the baseline visit. The remaining 148
patients met all inclusion criteria and constituted the ITT population.
Of those patients, 59 (39.9%) met the PP criteria. Patient baseline
characteristics and demographics are summarized in Table 1.

Patients for the ITT analysis were 62.9 + 15.7 years of age, 64.9%
female. Among these, 36.5% suffered from lumbago with sciatica,
23.6% from low back pain, 18.2% from cervicalgia, 16.3% from
unspecified dorsalgia, and 5.4% from radiculopathy. The minimum,
average and maximum NRS pain intensity at baseline was 5.52 + 2.60,
6.56 + 2.15, and 7.49 + 1.94, respectively. Baseline characteristics for
the PP population were comparable to those of the ITT population
(Table 1).

Figure 1: P-STIM® device.

Pain reduction and responder rates

Per protocol (PP) analysis: Maximum and average NRS
pain intensity decreased significantly over the first three weeks of
treatment in the PP analysis (n=59), as shown in Figure 2. Average
NRS pain intensity decreased from 6.36 + 2.18 at baseline to 4.31 +
1.70 (p<0.001) at one week, to 3.68 + 2.20 (p<0.001) at two weeks, and
to 3.25 + 1.83 (p<0.001) at three weeks. Similarly, the maximum NRS
pain intensity decreased from 7.42 + 1.88 at baseline to 6.41 + 1.99
(p=0.002) at one week, 5.25 + 2.58 (p<0.001) at two weeks, and 4.88 +
2.55 (p<0.001) after three weeks.

Intention-to-treat (ITT) analysis: Pain intensity changes from
baseline to the last therapy visit of each patient in the ITT analysis
(n=148) were analyzed for four separate time points (one week, three
weeks, six weeks, and three months), with regards to the percentage
of patients experiencing an average and maximum NRS pain intensity
reduction of > 30%, > 50% and > 80%, respectively.

As shown in Table 2 and Figure 3, the percentage of patients
achieving more than 30% reduction in average NRS pain intensity
increased from 51.4% after one week to 70.3% at three weeks and
remained relatively constant at six weeks (72.3%) and three months
(75.0%). Similarly, 32.4% of all patients in the ITT population
exhibited a > 50% improvement of average NRS pain intensity
after one week, 49.3% at three weeks and 58.8% at six weeks. The
proportion of patients achieving a > 80% improvement in average
NRS pain intensity increase slower from 7.4% at one week to 20.3% at
six weeks and 25% at three months. The ratio of patients with complete
symptom remission increased from 3.4% at one week to 14.2% at
three months. In contrast, ratio of patients not improving over the
treatment decreases from 31.1% at one week to 11.5% at three months
(Figure 2). A similar behavior could be seen for maximum NRS pain
intensities, showing a smaller relative reduction from baseline to the
last study visit (Table 2).

In this study, responders were defined as patients showing
an average NRS pain intensity reduction of at least 50%. When
comparing responders with non-responders for one week and six
weeks of treatment, significant differences in the baseline NRS pain
intensity values of these groups can be found (Table 3). Responders at
six weeks had significantly higher minimum NRS pain intensities (6.10
+2.45 vs. 4.69 + 2.57, p=0.014), average NRS pain intensities (7.06 +
2.06 vs. 5.85 + 2.07, p=0.009), and maximum NRS pain intensities
(7.89 £ 1.89 vs. 6.92 + 1.88, p=0.003) compared to non-responders.
In contrast, this was not the case when comparing baseline values of
responders and non-responders at one week of treatment.

Medication and adverse events

Patients were subject to various pharmacological therapies, prior
to pVNS treatment, including the use of acetaminophen (4.3% of all
reported medication), NSAIDs (48.7%), muscle relaxants (5.1%),
anticonvulsants (4.3%), opioid analgesics (18.8%), and others (18.8%).
In 45.3% of patients we had detailed reporting on concomitant
medication. From these patients, 26.9% were able to discontinue
their pain medication, 22.4% reduced intake, 40.3% did not change,
and 10.4% increased their medication intake. Opioid analgesics were
taken by 29.9% of patients at baseline. 60% of those patients were able
to decrease or stop their opioid usage during pVNS treatment.

Subjective well-being was available for 36.5% of patients. On
average, subjective well-being improved by 1.89 + 1.66 points.

In general, reported AEs were mild and pVNS treatment was
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Figure 2: Longitudinal (a) maximum and (b) average NRS pain intensity for chronic back pain patients (n=59) over three weeks of pVNS treatment (mean *
standard deviation).

Table 2: Percentage of patients reaching a 30%, 50%, and 80% improvement in maximum and average NRS pain intensity at timepoints (one week, three weeks, six
weeks, and three months) of pVNS treatment.

ITT group (n=148) 1 week 3 weeks 6 weeks 3 months
Max NRS 50% reduction (%) 13.5 324 41.2 46.6
Average NRS 50% reduction (%) 32.4 49.3 58.8 58.8
Max NRS 80% reduction (%) 3.4 12.8 14.9 17.6
Average NRS 80% reduction (%) 7.4 18.2 20.3 25
Max NRS 30% reduction (%) 29.7 47.3 55.4 56.1
Average NRS 30% reduction (%) 51.3 70.3 72.3 75

NRS: Numeric rating scale; ITT: Intention-to-Treat group

Table 3: Baseline NRS scores in the responder and non-responder groups (50% reduction in average NRS pain intensity) after 1 week and 6 weeks of pVNS treatment.

NRS baseline responders NRS baseline non-responders
ITT group (n = 148) 1 Week 6 Weeks 1 Week 6 Weeks
(n=48) (n=87) (n=100) (n=61)
NRS Max + STD 7.81+1.86 7.89+1.89 7.33+1.97 (p=1.84) 6.92 + 1.88 (p=0.033)
NRS Mean + STD 7.13+1.90 7.06 +2.06 6.29 + 2.21 (p=0.25) 5.85 + 2.07 (p=0.009)
NRS Min + STD 6.23+2.29 6.10 +2.45 5.18 + 2.67 (p=0.19) 4.69 + 2.57 (p=0.014)

NRS: Numeric Rating Scale; STD: Standard Deviation; ITT: Intention-to-Treat group

a)

Patient (1)

Patient {1)

1 e +— o f .
4 0 40 20 0 20 40 60 -20 o0 20 40
Mean Pain Reduction (%) Mean Pain Reduction (%)

Figure 3: Percentage improvement of patients in average NRS pain intensity at the last therapy visit compared to baseline at (a) one week, (b) three weeks, (c) six
weeks, and (d) three months of pVNS treatment. Lines indicate patient populations with improvements of = 30%, = 50%, and = 80%.
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well-tolerated. Twenty patients experienced an unwanted device
disconnection during therapy requiring re-affixation, fifteen patients
did not perceive the stimulation at some point of therapy, four
patients developed skin irritations due to device application on the
neck, and one patient each experienced decreased quality of sleep,
dizziness, headache, and pain at stimulation site in the ear, all mild
and transient. Twenty patients reported improved motility, three
patients reported improved quality of sleep, and one patient reported
reduced anxiety. No unexpected side effects were reported. Six
patients discontinued therapy, four patients due to insufficient pain
reduction, one due to skin irritations on the neck at device application
site, and one due to cost of therapy.

Treatment duration and compliance

From 148 patients, 106 (71.6%) used the device regularly for three
weeks, declining to 61 (41.2%) for six weeks, and 28 (18.9%) for three
months. Considering the results presented above, with responder
rates of roughly 30% at one week, 49% at three weeks, and 59% at
six weeks, this indicates moderate compliance with treatment. The
duration of therapy for individual patients varied greatly, from 1 day
up to 568 days. However, in median each patient had 31 (14-56, 25%
to 75" percentile) stimulation days with 8.05 + 10.01 therapy visits.
In addition, the mean interval between two therapy visits was 8.14 +
3.25 days.

Discussion

This work constitutes the first study to date evaluating clinical
safety and effectiveness of pVNS for patients with difficult to treat
chronic back pain in a routine clinical setup. In a total of 148
patients we showed that 32.4% of patients experienced at least 50%
improvement in average NRS pain intensity immediately after the
first week of treatment, while the responder rate reached a maximum
of 58.8% at six weeks of treatment. Additionally, several patients
reached full symptom remission, decreased their analgesic usage, and
increased their subjective well-being. Thus, pVNS may elicit fast and
clinically meaningful responses with a low side-effect profile in this
group of chronic back pain patients.

Comparison with other studies on pVNS in chronic pain
conditions is difficult, because of inhomogeneous trial designs [9]. A
reduction in average NRS pain intensity at six weeks of adjuvant pVNS
treatment for chronic cervical pain patients could be shown in [15].
Similarly, a high trial success rate with pVNS was observed in patients
with chronic low back pain [14], in comparison to traditional manual
auricular acupuncture as sham treatment. The present data extends
above findings and shows a clinically significant improvement in a
rather inhomogeneous clinical cohort over a comparable timespan
of several weeks.

Using the IMMPACT’s benchmarks for identifying clinically
important changes in pain intensity outcome measures [21], the
maximum benefit for patients with a > 30% and > 50% response
occurred at three or six weeks of therapy, respectively, and thereafter
leveled off, which is in line with published data on Spinal Cord
Stimulation (SCS; 22,23), but seems to contradict data on the slow
accrual of clinical benefits over time reported in VNS studies in
epilepsy, chronic migraine and depression [24-26]. Our data might
suggest that participants, who do not achieve minimal or substantial
improvement within the first six weeks of treatment, are likely to
discontinue the pVNS treatment. In contrast, participants who
continued treatment may represent self-identified responders for

whom the device is effective, whereas a long-term use of pVNS in
treatment responders would be fully justifiable (i.e., beyond 3 months
or longer). Hence, a six weeks’ timeframe might allow a physician
to separate responders from non-responders and to decide on more
accurate treatment strategies (i.e., continuing or switching the
therapy).

The modulation of nociception and pain perception by pVNS is
suggested to be highly dependent on the specific electrical stimulation
pattern and localization of stimulation [9,13]. In this study,
stimulation amplitude was fixed and mostly produced a tingling (but
not painful) sensation at the stimulation region. In particular, pVNS
targets AP-fibers responsible for cutaneous mechanoreception and
touch sensation while avoiding activation of Ad-fibers, which are
involved in affective-emotional pain functions [9]. The frequency of
stimulation of 1 Hz was used to interfere positively with the bodies’
own cardiac rhythm, facilitating stimulation effects. For instance, the
positive influence of the timing between pVNS and the respiratory
cycle in pain reduction was demonstrated earlier [27-29].

Furthermore, several patients either substantially reduced or
completely abolished analgesic intake, whereas some patients even
reported that they stopped or cut down their use of opioid analgesics.
Similar results have been described in the pVNS literature for opioid
analgesics such as tramadol [14,15], remifentanil [36], morphine
hydrochloride [30], naproxen and tramadol and morphine [31,32].
In addition, pVNS reduced anesthetic requirements in response to
noxious electrical stimulation, as shown in a clinical trial in [33], and
reduced analgesic medication intake after abdominal and accident/
trauma surgery, as shown by a case series in Szeles et al. [34] and
Qureshi et al. [35].

The lack of AEs typically seen with implantable VNS such as
hoarseness, sore throat, shortness of breath, and coughing, might be
a factor positively influencing patient’s compliance, long-term pain
control, and an improvement in function in patients who received
PVNS therapy. Similar to our study, many studies have shown that
PVNS is a safe therapy in treating chronic pain, with AEs being
generally minor and transient [14,15,36-39].

Study Limitations

As a retrospective investigation of standard clinical practice, this
study has several limitations. Since administration in clinical practice
is less rigorous than in clinical trials, documentation of outcomes and
data from patient follow-up were sometimes inconsistent. Because
pain scores were self-reported and assessed in a non-blinded manner,
there is a possibility that positive responses regarding the outcome of
pVNS treatment were over-reported or under-reported and as such
these results should be interpreted with caution. In addition, some
patients had a full set of scores for pain, medication, and subjective
well-being, whereas others did not. Both factors resulted in an
inhomogeneous data set with a declining patient number throughout
follow-up, which could hide a sub-cohort of non-responders,
potentially biasing the presented outcome. An alternative explanation
may be that, if a patient is doing well, they may not feel the need to
attend more therapy sessions. In such scenario, there would be a
significant potential for under reporting successful clinical outcomes.
Whereas randomized controlled trials unquestionably hold many
advantages over retrospective studies, the current study serves the
purpose of assessing the clinical effectiveness of pVNS treatment
in difficult to treat patients seen in general practice, contributing to
previous knowledge.
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Conclusion

PVNS treatment led to rapid clinically meaningful pain relieve
in patients with chronic back pain that improved with time on
treatment. Already after one to six weeks of treatment, substantial
reductions in average and maximum pain intensity were observed,
along with a decreased need for analgesic medication. Our results
suggest that pVNS may be a safe and effective adjunct treatment for
difficult to treat chronic back pain patients.

Acknowledgement

We gratefully thank Ibolya Hoffmann for her unlimited support
and DI Babak Dabiri for providing support in preparation of
drawings.

Conflict of Interest

We have following conflicts of interest to disclose: J.C. Széles,
S. Kampusch, E. Kaniusas are shareholders of SzeleSTIM GmbH. S.
Kampusch, E. Kaniusas, V.H. Le are employed at SzeleSTIM GmbH.
All other authors declare no competing interests.

Funding

This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant
agreement No 880603.

Author Contributions

JCS, SK, EK, and CN contributed to conception and design of the
study. JCS and SK wrote the first draft of the manuscript. JCS, SK,
VHL, and DPE performed data collection. JCS, SK, VHL, DPE, EK,
and CN performed data analysis and interpretation. JCS, SK, and VHL
performed statistical analysis of the data. All authors contributed to
manuscript revision, read and approved the submitted version.

References

1. Vos T, Allen C, Arora M. Global, regional, and national incidence,
prevalence, and years lived with disability for 328 diseases and injuries for
195 countries, 1990-2016: A systematic analysis for the global burden of
disease study 2016. Lancet. 2017;390(10100):1211-59.

2. Breivik H, Collett B, Ventafridda V, Cohen R, Gallacher D. Survey of
chronic pain in Europe: Prevalence, impact on daily life, and treatment.
Eur J Pain. 2006;10(4):287-333.

3. Bevan S, Quadrello T, McGee R, Mahdon M, Vavrovsky A, Barham L.
Fit for work? Musculoskeletal disorders in the European workforce. The
Work Foundation. 2009 [cited 2020 Nov 27].

4. Societal Impact of Pain Platform. Impact of pain on society costs the EU up
to 441 billion Euros annually. 2017 [cited 2020 Nov 28].

5. Gaskin D, Richard P, Walburn J. The economical impact of pain. In:
Neuroimaging of pain, Saba Luca. Springer International Publishing.
2017;1-17.

6. Salzberg LD, Manusov EG. Management options for patients with chronic
back pain without an etiology. Health Serv Insights. 2013;6:33-8.

7. Essie S. Managing chronic pain: A review of the CDC guidelines. US
Pharm. 2017;42(10):HS-31-HS-34.

8. Couck MD, Nijs J, Gidron Y. You may need a nerve to treat pain. The
neurobiological rationale for vagal nerve activation in pain management.
Clin J Pain. 2014;30(12):1099-105.

9. Kaniusas E, Kampusch S, Tittgemeyer M, Panetsos F, Gines RF, Papa M,
et al. Current directions in the auricular vagus nerve stimulation I - A

physiological perspective. Front Neurosci. 2019;13:854.

10. Chakravarthy U, Harding SP, Rogers CA, Downes S, Lotery AJ, Dakin
HA, et al. A randomised controlled trial to assess the clinical effectiveness
and cost-effectiveness of alternative treatments to inhibit VEGF in age-
related choroidal neovascularisation (IVAN). Health Technol Assess.
2015;19(78):1-298.

11. Fishman MA, Antony A, Esposito M, Deer T, Levy R. The evolution of
neuromodulation in the treatment of chronic pain: Forward-looking
perspectives. Pain Med. 2019;20(1):S58-68.

12. Liporace J, Hucko D, Morrow R, Barolat G, Nei M, Schnur J, et al. Vagal
nerve stimulation: Adjustments to reduce painful side effects. Neurology.
2001;57(5):885-6.

13. Kaniusas E, Kampusch S, Tittgemeyer M, Panetsos F, Gines RF, Papa M,
et al. Current directions in the auricular vagus nerve stimulation II - An
engineering perspective. Front Neurosci. 2019;13:772.

14. Sator-Katzenschlager SM, Scharbert G, Kozek-Langenecker SA, Szeles
JC, Finster G, Schiesser AW, et al. The short- and long-term benefit in
chronic low back pain through adjuvant electrical versus manual auricular
acupuncture. Anesth Analg. 2004;98(5):1359-64.

15. Sator-Katzenschlager SM, Szeles JC, Scharbert G, Michalek-Sauberer A,
Kober A, Heinze G, et al. Electrical stimulation of auricular acupuncture
points is more effective than conventional manual auricular acupuncture
in chronic cervical pain: a pilot study. Anesth Analg. 2003;97(5):1469-73.

16. Alvord LS, Farmer BL. Anatomy and orientation of the human external
ear. ] Am Acad Audiol. 1997;8(6):383-90.

17. Peuker ET, Filler TJ. The nerve supply of the human auricle. Clin Anat.
2002;15(1):35-7.

18. Kaniusas E, Varoneckas G, Mahr B, Szeles JC. Optic visualization of
auricular nerves and blood vessels: Optimisation and validation. IEEE
Trans Instrum Meas. 2011;60(10):3253-8.

19. Dabiri B, Kampusch S, Geyer SH, Le VH, Weninger W], Széles JC, et al.
High-resolution episcopic imaging for visualization of dermal arteries
and nerves of the auricular cymba conchae in humans. Front Neuroanat.
2020;14:22.

20. Hawker GA, Mian S, Kendzerska T, French M. Measures of adult pain:
Visual analog scale for pain (VAS Pain), Numeric Rating Scale for pain
(NRS Pain), McGill pain questionnaire (MPQ), Short-Form McGill Pain
Questionnaire (SF-MPQ), Chronic Pain Grade Scale (CPGS), Short
Form-36 Bodily Pain Scale (SF-36 BPS), and measure of Intermittent and
Constant Osteoarthritis Pain (ICOAP). Arthritis Care Res (Hoboken).
2011;63(11):5240-52.

21. Dworkin RH, Turk DC, Wyrwich KW, Beaton D, Cleeland CS, Farrar JT,
etal. Interpreting the clinical importance of treatment outcomes in chronic
pain clinical trials: IMMPACT recommendations. ] Pain. 2008;9(2):105-
21.

22. Kapural L, Yu C, Doust MW, Gliner BE, Vallejo R, Sitzman BT, et al.
Comparison of 10-kHz high-frequency and traditional low-frequency
spinal cord stimulation for the treatment of chronic back and leg pain:
24-month results from a multicenter, randomized, controlled pivotal trial.
Neurosurgery. 2016;79(5):667-77.

23. Stauss T, Majdoub FE, Sayed D, Surges G, Rosenberg WS, Kapural L, et al.
A multicenter real-world review of 10 kHz SCS outcomes for treatment of
chronic trunk and/or limb pain. Ann Clin Transl Neurol. 2019;6(3):496-
507.

24. Aaronson ST, Carpenter LL, Conway CR, Reimherr FW, Lisanby SH,
Schwartz TL, et al. Vagus nerve stimulation therapy randomized to
different amounts of electrical charge for treatment-resistant depression:
Acute and chronic effects. Brain Stimul. 2013;6(4):631-40.

25. Aihua L, Lu S, Liping L, Xiuru W, Hua L, Yuping W. A controlled
trial of transcutaneous vagus nerve stimulation for the treatment of

Remedy Publications LLC.

2021 | Volume 3 | Issue 1 | Article 1009


https://pubmed.ncbi.nlm.nih.gov/28919117/
https://pubmed.ncbi.nlm.nih.gov/28919117/
https://pubmed.ncbi.nlm.nih.gov/28919117/
https://pubmed.ncbi.nlm.nih.gov/28919117/
https://pubmed.ncbi.nlm.nih.gov/16095934/
https://pubmed.ncbi.nlm.nih.gov/16095934/
https://pubmed.ncbi.nlm.nih.gov/16095934/
https://www.sip-platform.eu/press-area/article/impact-of-pain-on-society-costs-the-eu-up-to-441-billion-euros-annually
https://www.sip-platform.eu/press-area/article/impact-of-pain-on-society-costs-the-eu-up-to-441-billion-euros-annually
https://ec.europa.eu/eurostat/documents/2995521/7962764/1-30032017-AP-EN.pdf
https://pubmed.ncbi.nlm.nih.gov/25114558/
https://pubmed.ncbi.nlm.nih.gov/25114558/
https://www.uspharmacist.com/article/managing-chronic-pain-a-review-of-the-cdc-guidelines
https://www.uspharmacist.com/article/managing-chronic-pain-a-review-of-the-cdc-guidelines
https://pubmed.ncbi.nlm.nih.gov/24451632/
https://pubmed.ncbi.nlm.nih.gov/24451632/
https://pubmed.ncbi.nlm.nih.gov/24451632/
https://pubmed.ncbi.nlm.nih.gov/31447643/
https://pubmed.ncbi.nlm.nih.gov/31447643/
https://pubmed.ncbi.nlm.nih.gov/31447643/
https://pubmed.ncbi.nlm.nih.gov/26445075/
https://pubmed.ncbi.nlm.nih.gov/26445075/
https://pubmed.ncbi.nlm.nih.gov/26445075/
https://pubmed.ncbi.nlm.nih.gov/26445075/
https://pubmed.ncbi.nlm.nih.gov/26445075/
https://pubmed.ncbi.nlm.nih.gov/11552021/
https://pubmed.ncbi.nlm.nih.gov/11552021/
https://pubmed.ncbi.nlm.nih.gov/11552021/
https://www.frontiersin.org/articles/10.3389/fnins.2019.00772/full
https://www.frontiersin.org/articles/10.3389/fnins.2019.00772/full
https://www.frontiersin.org/articles/10.3389/fnins.2019.00772/full
https://pubmed.ncbi.nlm.nih.gov/15105215/
https://pubmed.ncbi.nlm.nih.gov/15105215/
https://pubmed.ncbi.nlm.nih.gov/15105215/
https://pubmed.ncbi.nlm.nih.gov/15105215/
https://pubmed.ncbi.nlm.nih.gov/14570667/
https://pubmed.ncbi.nlm.nih.gov/14570667/
https://pubmed.ncbi.nlm.nih.gov/14570667/
https://pubmed.ncbi.nlm.nih.gov/14570667/
https://pubmed.ncbi.nlm.nih.gov/9433684/
https://pubmed.ncbi.nlm.nih.gov/9433684/
https://pubmed.ncbi.nlm.nih.gov/11835542/
https://pubmed.ncbi.nlm.nih.gov/11835542/
https://ieeexplore.ieee.org/document/5941001/authors#authors
https://ieeexplore.ieee.org/document/5941001/authors#authors
https://ieeexplore.ieee.org/document/5941001/authors#authors
https://pubmed.ncbi.nlm.nih.gov/32477074/
https://pubmed.ncbi.nlm.nih.gov/32477074/
https://pubmed.ncbi.nlm.nih.gov/32477074/
https://pubmed.ncbi.nlm.nih.gov/32477074/
https://pubmed.ncbi.nlm.nih.gov/22588748/
https://pubmed.ncbi.nlm.nih.gov/22588748/
https://pubmed.ncbi.nlm.nih.gov/22588748/
https://pubmed.ncbi.nlm.nih.gov/22588748/
https://pubmed.ncbi.nlm.nih.gov/22588748/
https://pubmed.ncbi.nlm.nih.gov/22588748/
https://pubmed.ncbi.nlm.nih.gov/22588748/
https://pubmed.ncbi.nlm.nih.gov/18055266/
https://pubmed.ncbi.nlm.nih.gov/18055266/
https://pubmed.ncbi.nlm.nih.gov/18055266/
https://pubmed.ncbi.nlm.nih.gov/18055266/
https://pubmed.ncbi.nlm.nih.gov/27584814/
https://pubmed.ncbi.nlm.nih.gov/27584814/
https://pubmed.ncbi.nlm.nih.gov/27584814/
https://pubmed.ncbi.nlm.nih.gov/27584814/
https://pubmed.ncbi.nlm.nih.gov/27584814/
https://pubmed.ncbi.nlm.nih.gov/30911573/
https://pubmed.ncbi.nlm.nih.gov/30911573/
https://pubmed.ncbi.nlm.nih.gov/30911573/
https://pubmed.ncbi.nlm.nih.gov/30911573/
https://pubmed.ncbi.nlm.nih.gov/23122916/
https://pubmed.ncbi.nlm.nih.gov/23122916/
https://pubmed.ncbi.nlm.nih.gov/23122916/
https://pubmed.ncbi.nlm.nih.gov/23122916/
https://pubmed.ncbi.nlm.nih.gov/25240121/
https://pubmed.ncbi.nlm.nih.gov/25240121/

Jozsef Constantin Széles, et al.,

Annals of Pain Medicine

26.

2

~N

28.

29.

30.

3

—

32.

pharmacoresistant epilepsy. Epilepsy Behav. 2014;39:105-10.

Silberstein SD, Calhoun AH, Lipton RB, Grosberg BM, Cady RK, Dorlas S,
et al. Chronic migraine headache prevention with noninvasive vagus nerve
stimulation: The EVENT study. Neurology. 2016;87(5):529-38.

. Sclocco R, Garcia RG, Kettner NW, Isenburg K, Fisher HP, Hubbard CS, et

al. The influence of respiration on brainstem and cardiovagal response to
auricular vagus nerve stimulation: A multimodal ultrahigh-field (7T) fMRI
study. Brain Stimul. 2019;12(4):911-21.

Napadow V, Edwards RR, Cahalan CM, Mensing G, Greenbaum §,
Valovska A, et al. Evoked pain analgesia in chronic pelvic pain patients
using respiratory-gated auricular vagal afferent nerve stimulation. Pain
Med. 2012;13(6):777-89.

Garcia RG, Lin RL, Lee J, Kim J, Barbieri R, Sclocco R, et al. Modulation
of brainstem activity and connectivity by respiratory-gated auricular vagal
afferent nerve stimulation in migraine patients. Pain. 2017;158(8):1461-72.

Likar R, Jabarzadeh H, Kager I, Trampitsch E, Breschan C, Szeles J.
Electrical point stimulation (P-STIM) via ear acupuncture: A randomized,
double-blind, controlled pilot study in patients undergoing laparoscopic
nephrectomy. Schmerz. 2007;21(2):154-9.

. Kager H, Likar R, Jabarzadeh H, Sittl R, Breschan C, Szeles J. Electrical

punctual stimulation (P-STIM) with ear acupuncture following
tonsillectomy, a randomised, controlled pilot study. Acute Pain. 2009;11(3-
4);101-6.

Liu XL, Tan JY, Molassiotis A, Suen LKP, Shi Y. Acupuncture-point
stimulation for postoperative pain control: A systematic review and meta-
analysis of randomized controlled trials. Evid Based Complement Alternat
Med. 2015;2015:657809.

33.

34.

35.

36.

37.

38.

39.

Greif R, Laciny S, Mokhtarani M, Doufas AG, Bakhshandeh M, Dorfer L,
et al. Transcutaneous electrical stimulation of an auricular acupuncture
point decreases anesthetic requirement. Anesthesiology. 2002;96(2):306-
12.

Szeles JC, Hoda MR, Polterauer P. Application of electrostimulation
acupuncture (P-Stim) in clinical practice. Schmerznachrichten der Osterr.
Schmerzgesellschaft. 2001;1:1-3.

Qureshi IS, Datta-Chaudhuri T, Tracey KJ, Pavlov VA, Chen ACH.
Auricular neural stimulation as a new non-invasive treatment for opioid
detoxification. Bioelectron Med. 2020;6:7.

Sator-Katzenschlager SM, Wolfler MM, Kozek-Langenecker SA, Sator
K, Sator PG, Li B, et al. Auricular electro-acupuncture as an additional
perioperative analgesic method during oocyte aspiration in IVF treatment.
Hum Reprod. 2006;21(8):2114-20.

Michalek-Sauberer A, Heinzl H, Sator-Katzenschlager SM, Monov G,
Knolle E, Kress HG. Perioperative auricular electroacupuncture has
no effect on pain and analgesic consumption after third molar tooth
extraction. Anesth Analg. 2007;104(3):542-7.

Cho HK, Park IJ, Jeong YM, Lee YJ, wang SH. Can perioperative
acupuncture reduce the pain and vomiting experienced after tonsillectomy?
A meta-analysis. Laryngoscope. 2016;126(3):608-15.

Kampusch S, Kaniusas E, Thiirk F, Felten D, Hofmann I, Széles JC. Device
development guided by user satisfaction survey on auricular vagus nerve
stimulation. Curr Dir Biomed Eng. 2016;2:593-7.

Remedy Publications LLC.

2021 | Volume 3 | Issue 1 | Article 1009


https://pubmed.ncbi.nlm.nih.gov/25240121/
https://pubmed.ncbi.nlm.nih.gov/27412146/
https://pubmed.ncbi.nlm.nih.gov/27412146/
https://pubmed.ncbi.nlm.nih.gov/27412146/
https://pubmed.ncbi.nlm.nih.gov/30803865/
https://pubmed.ncbi.nlm.nih.gov/30803865/
https://pubmed.ncbi.nlm.nih.gov/30803865/
https://pubmed.ncbi.nlm.nih.gov/30803865/
https://pubmed.ncbi.nlm.nih.gov/22568773/
https://pubmed.ncbi.nlm.nih.gov/22568773/
https://pubmed.ncbi.nlm.nih.gov/22568773/
https://pubmed.ncbi.nlm.nih.gov/22568773/
https://pubmed.ncbi.nlm.nih.gov/28541256/
https://pubmed.ncbi.nlm.nih.gov/28541256/
https://pubmed.ncbi.nlm.nih.gov/28541256/
https://pubmed.ncbi.nlm.nih.gov/17265017/
https://pubmed.ncbi.nlm.nih.gov/17265017/
https://pubmed.ncbi.nlm.nih.gov/17265017/
https://pubmed.ncbi.nlm.nih.gov/17265017/
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00754589/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00754589/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00754589/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00754589/full
https://pubmed.ncbi.nlm.nih.gov/26568767/
https://pubmed.ncbi.nlm.nih.gov/26568767/
https://pubmed.ncbi.nlm.nih.gov/26568767/
https://pubmed.ncbi.nlm.nih.gov/26568767/
https://pubmed.ncbi.nlm.nih.gov/11818761/
https://pubmed.ncbi.nlm.nih.gov/11818761/
https://pubmed.ncbi.nlm.nih.gov/11818761/
https://pubmed.ncbi.nlm.nih.gov/11818761/
https://bioelecmed.biomedcentral.com/articles/10.1186/s42234-020-00044-6
https://bioelecmed.biomedcentral.com/articles/10.1186/s42234-020-00044-6
https://bioelecmed.biomedcentral.com/articles/10.1186/s42234-020-00044-6
https://pubmed.ncbi.nlm.nih.gov/16679325/
https://pubmed.ncbi.nlm.nih.gov/16679325/
https://pubmed.ncbi.nlm.nih.gov/16679325/
https://pubmed.ncbi.nlm.nih.gov/16679325/
https://pubmed.ncbi.nlm.nih.gov/17312205/
https://pubmed.ncbi.nlm.nih.gov/17312205/
https://pubmed.ncbi.nlm.nih.gov/17312205/
https://pubmed.ncbi.nlm.nih.gov/17312205/
https://pubmed.ncbi.nlm.nih.gov/26484723/
https://pubmed.ncbi.nlm.nih.gov/26484723/
https://pubmed.ncbi.nlm.nih.gov/26484723/
https://www.semanticscholar.org/paper/Device-development-guided-by-user-satisfaction-on-Kampusch-Kaniusas/3be474973b30b0ba91a9525ea5fa4694e93ed107
https://www.semanticscholar.org/paper/Device-development-guided-by-user-satisfaction-on-Kampusch-Kaniusas/3be474973b30b0ba91a9525ea5fa4694e93ed107
https://www.semanticscholar.org/paper/Device-development-guided-by-user-satisfaction-on-Kampusch-Kaniusas/3be474973b30b0ba91a9525ea5fa4694e93ed107

	Title
	Abstract
	Introduction
	Materials and Methods
	Study design and procedures
	Inclusion/Exclusion criteria
	Stimulation procedure
	Data collection and outcome measures
	Statistical analysis

	Results
	Patients and baseline statistics
	Pain reduction and responder rates
	Medication and adverse events
	Treatment duration and compliance

	Discussion
	Study Limitations
	Conclusion
	Acknowledgement
	Conflict of Interest
	Funding
	Author Contributions
	References
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2
	Figure 3

