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ABSTRACT

Objective: This was a small, uncontrolled, first-in-human clinical study that evaluated the
safety and efficacy of neuromodulation in patients with moderate to severe asthma.
Methods: Patients diagnosed with chronic intractable pain and moderate or severe asthma on
daily asthma medications were tested and subsequently implanted with a permanent spinal cord
stimulator. Patients were followed for 12months and monitored for changes in medication use,
asthma control scores, quality of life, exacerbations, ER visits and hospitalizations.

Results: 11 patients were enrolled, 9 with asthma, and 2 with asthma plus COPD. 91% of
patients achieved a>50% reduction in all asthma medication usage. For all patients enrolled
there was an 88% reduction in all asthma medication use and for patients with asthma alone,
there was a 98% reduction in all medication use. 100% of enrolled patients reported an
Asthma Control Test (ACT) >19 with improved breathing, no wheezing, no chest tightness,
and no exacerbations (average increase of 13.3 points). 100% of the enrolled patients reported
an improvement in quality of life with an average increase of 3.4 points using the Asthma
Quality of Life Questionnaire (AQLQ). No ER visits or hospitalizations were reported due to
asthma. There were no adverse events reported.

Conclusions: Neuromodulation provided clinically meaningful improvements in asthma
symptoms without the need for asthma medications and without adverse events.
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1. Introduction which block parasympathetic release of acetylcholine,
which is a bronchoconstrictor (2). In many cases,
severe asthma patients are taking all three classes of
drugs plus, in some cases, the approved monoclonal
antibodies that target IgE, various inflammatory cyto-
kines like IL-5, IL-4/IL13, and anti-TSLP. Additional
cytokine and cytokine receptor targets are in devel-
opment including anti-IL-9, anti-IL-25, anti-IL-33, and
IL-4Ra, IL-5R and CRTH2 (3). Chronic use of asthma

Asthma is a chronic disease affecting nearly 28 million
people in the United States and more than 330 million
people worldwide. Five to ten percent of patients have
severe asthma. Societal costs in the United States due
to asthma are estimated at $82 billion per year with
severe asthma patients representing 50% of that cost
burden (1). Asthma symptoms include trouble breath-

ing, wheezing, coughing and tightness in the chest.
Although there are numerous causes and triggers that
induce an asthma attack, the underlying basis for
symptoms is airway hyperresponsiveness, bronchoc-
onstriction and mucus hypersecretion (2). There is
no current cure for asthma and as such the current
standard of care focuses on preventing asthma attacks.

Primary treatment for asthma includes a)
anti-inflammatory drugs like inhaled or oral cortico-
steroids, b) bronchodilators like beta-2 receptor ago-
nists which mimic sympathetic neuronal release of
norepinephrine, and/or ¢) anti-cholinergic drugs

medication may cause adverse events and impair
quality-of-life which have been reported exhaustively
elsewhere (4-6). Solely targeting inflammation with
drugs or biologics over that last 20years has not
altered asthma prevalence or mortality (2). Therefore,
developing new treatment solutions that directly target
lung neuronal dysfunction are warranted.

The first spinal cord stimulation (SCS) system was
commercialized by Medtronic in 1968 for the treat-
ment of chronic pain. The mechanism of action for
SCS has also evolved and the current thinking is that
SCS selectively activates or inhibits various pathways
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and nerve cells in the dorsal horn of the dorsal spinal
column. SCS technology has made significant advances
with several SCS products approved globally for
numerous pain conditions (7).

A large body of evidence clearly establishes that
the primary symptoms of asthma, namely, wheezing,
dyspnea, chest tightness, cough, airway obstruction,
mucus hypersecretion and airway hyperresponsiveness
are linked to dysfunction of central and peripheral
neuronal pathways (2). Chronic inflammation has
been shown to lead to neuronal plasticity and dys-
function that is not reversed by currently used med-
ications (2,8,9).

We hypothesized that neuromodulation in the
upper thoracic region of the spinal cord could disrupt
or reverse the neuronal dysfunction associated with
asthma airway hyperresponsiveness. We report herein
on the first clinical trial of spinal cord stimulation to
treat patients with moderate or severe asthma. We
reprogramed an approved SCS device used for pain
management to investigate the ability of SCS to poten-
tially provide a new, safe, and effective drug-free alter-
native for patients with asthma.

Following SCS implant, 100% of patients reported
their asthma under control (ACT > 19, +13.3 pts),
and 100% of patients reported an improvement in
quality of life (AQLQ >5,+3.4 pts). Patients reported
improved breathing, no wheezing or chest tightness
and reported a mean reduction in all asthma medi-
cations by 88%. These results were agnostic to asthma
phenotype and exacerbation triggers and came without
any reported adverse events from the SCS implant.
Patients additionally benefited by eliminating side
effects associated with asthma medications.

2. Methods
2.1. Objectives and endpoints

Primary objectives included a) evaluate the clinical
success of neuromodulation in reducing patient
dependency on medications for asthma treatment, and
b) assess any changes to the patient’s asthma symptom
scores when treated with neuromodulation. A second-
ary objective was to assess changes to the patient’s
perceived Quality of Life and the safety objective was
to assess the safety of the implanted SCS device
Primary Endpoints were a) reduction in asthma
medication use > 50% from baseline, and b) improved
asthma symptom scores using the Asthma Control
Test (ACT). The secondary Endpoint was improved
Quality of Life score using the Asthma Quality of
Life Questionnaire (AQLQ). The safety endpoint was

the number of, and frequency of adverse events related
to the implanted device characterized by type, severity,
and duration.

As this was a small, hypothesis-generating study,
all eligible asthma patients were enrolled, and various
known asthma-related biomarkers were not evaluated.
In addition, a control arm was not included as it was
felt to be unethical to sham implant patients for
12months in this initial first-in-human study.

2.2, Study population

Patients were enrolled for a permanent implant for
asthma after meeting the following inclusion criteria:
subject had a diagnosis of chronic pain and was a can-
didate for SCS; subject had moderate to severe asthma
or asthma plus COPD, diagnosed by a physician, for a
minimum of 1year. Subject was actively being treated
with one or all the following, inhalers - single drug or
combination of drugs, oral medications, biologics, cor-
ticosteroids, and subject had no psychiatric contraindi-
cations that would prevent the subject from undergoing
an implantation of a SCS.

Patients were excluded for the following criteria: sub-
ject had a BMI < 5 or > 35; subject required continuous
anticoagulant medications; subject had a history of recur-
rent surgical, or current active infections (e.g. MRSA);
subject had history of thoracic spine surgery; subject had
history of coronary artery occlusive disease, angina,
recent myocardial infarction, congestive heart disease,
and/or coronary artery stent(s); subject had a recent car-
diac stress test within the last 6 months with an ejection
fraction of less than 50%.

2.3. Study design

This was a single-site, open-label, single-arm first-in-
human study to evaluate spinal cord stimulation in
the management of asthma symptoms, medication
usage and quality-of-life for eleven subjects who met
the inclusion and exclusion criteria.

Subjects had a diagnosis of chronic pain eligible
for SCS and were also previously diagnosed with
asthma or asthma plus COPD by their pulmonologist.
Subjects enrolled in the study initially underwent a
3 to 5-day temporary trial implant period to assess
patient responses to the SCS therapy andensure proper
lead placement. Subjects that achieved greater than a
75% reduction in asthma symptoms as well as a 75%
reduction in their pain symptoms throughout the trial
period and did not experience any adverse events,
received a permanently implanted stimulator for pain
and asthma. Subjects were followed over pre-operative,



trial implantation, and permanent implantation peri-
ods, which lasted a combined total of 390 days.
Throughout the duration of the study, subjects were
instructed to continue their asthma medications and
treatments on an as-needed basis. Subjects were asked
to continue recording asthma attacks, medication
usage, ER and hospital visits in their daily diaries.

2.4. SCS device

Boston Scientific Spectra WaveWriter™ Alpha SCS
System (WaveWriter) is a totally implanted system
that delivers electrical stimulation to the dorsal col-
umn of the spinal cord and is FDA approved for the
treatment of chronic pain and numerous related indi-
cations (10). All patients underwent a trial stimulation
period with a temporary external trial stimulator,
which is a component of the WaveWriter. The trial
stimulation period of 3-5days allows the clinician to
determine if the patient will benefit from SCS. If the
patient reports favorable results, the rechargeable, per-
manent implantable pulse generator is placed under
the skin in either the upper buttock or lower flank,
the leads are connected to the generator and implanted
within the epidural space. Patients did not have the
ability to interact with any of the device’s control
interfaces to adjust treatment parameters for asthma.
One patient received the approved Nevro-HFX™ SCS
system which was implanted and programmed in the
same manner and with the same parameters as used
with the WaveWriter (11).

2.5. Medication usage

The study required subjects to be treated daily with
asthma medications prior to enrollment. The frequency
and dosage of each medication used by the study subjects
was recorded in a diary 30days prior to implantation to
establish their pre-implant baseline and then at 30-, 60-,
90-, 180-, and 360-days post implant. Throughout the
study, subjects were encouraged to continue using their
asthma medications as needed. When use of a medication
was necessary, subjects recorded these incidences in the
diary. The usage rates within each of the study evaluation
timepoints were calculated and compared against the
subjects baseline rates to determine treatment-related
change in usage.

2.6. Analytical methods

Simple analytical methods to assess mean changes
from baseline to 12-month endpoint for changes in
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ACT, AQLQ and medication use were considered best.
This study was not designed or powered to support
statistical analyses but rather to support our hypoth-
esis and shape the design and power requirements
for the planned randomized, controlled, multicenter
study in severe asthma patients.

3. Results
3.1. Patient demographics

Patient ages ranged from 32 to 77years and the sample
population included both males (#=3) and females
(n=8). The average age of the patients was 58 years.
Multiple patients had histories of smoking (n=5) and
alcohol use (n=3). All patients included within this
investigation had a diagnosis of chronic pain, two
patients had both COPD and asthma, and nine subjects
had asthma only. All patients with asthma had either
moderate (7 patients) or severe (4 patients) disease that
required daily use of asthma medications. See Table 1
for a summary of the patient demographics.

3.2. Medication use

Patients used a variety of medications ranging from
daily nebulized steroids, inhaled beta-2 agonists, anti-
cholinergics, oral corticosteroids, combination inhalers
and one on biologics. Some patients included
anti-allergy drugs as well. The normalized dosage per
month was calculated by multiplying the daily dosage
by 30days. Each use/puff was considered one dose
for inhaled drugs. The baseline mean number of doses

Table 1. Patient demographics.

Characteristic Baseline

Age, mean (range) 58 (32-77)

Gender (M/F) 3M/8F

BMI, mean (kg/m?) 333

Smoker (yes) 5

Asthma duration in years, mean (range) 39 (8-70)

Asthma stage at diagnosis (moderate/severe) 5/4

Asthma plus COPD 2

Asthma classification? (# of patients) Allergic (2)
Environmental (6)
Exercise (4)

Asthma triggers? (# of patients) Allergies (2)
Daily activities (1)
Exercise (6)
Medications (1)
Smell (2)
Weather (2)
Cold air (1)
Cold food (1)

ACT mean 8

AQLQ mean 1.9

Mean daily drug use by dose 165

aSeveral patients reported more than one cause for asthma and more
than one trigger.
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Table 2. Medication usage.

Baseline drug Post-implant drug Post-implant drug Post-implant drug Post-implant drug Post-implant drug

% change in
use day 61-90 use day 91-180  use day 181-365  drug usage
(mean # of doses) (mean # of doses) (mean # of doses) at 12 months

Patient Group (# of  use (mean # use day 0-30 use day 31-60
pts) of doses) (mean # of doses) (mean #of doses)
Asthma alone (9) 149 5 3
Asthma + COPD (2) 240 184 184
Severe Asthma (5) 203 5 3
Moderate asthma (4) 66 0 0

3 3 3 98%
184 184 184 23%
3 3 3 99%
0 0 0 100%

for all patients was 165 per month, ranging from 24
to 270 doses per month.

Ten (10) of eleven (11) patients (91%) reported a
greater than 50% reduction in medication use. Eight
(8) of eleven (11) patients (73%) reported elimination
of all asthma medication usage at day 360. These
patients included three (3) patients with severe asthma
and five (5) patients with moderate disease. One (1)
patient with severe disease reduced medication use
by 99%, used albuterol inhaler 3 times in a month.
One patient with moderate asthma plus COPD
reduced inhaled medication use by 14% and the other
with moderate asthma plus COPD reduced medication
use by 98.5%, used rescue inhaler 3 times in a month.
All eight patients reported elimination of asthma
symptoms not requiring medication within days of
the SCS implant and had their full reductions within
the first 30 days which carried to the end of the study.
All patients continue to be seen by Investigator every
3 months since trial initiation. Most patients are two
years post-implant with several out three years and
one 4years post-implant and continue to report hav-
ing no asthma symptoms and remain medication-free.
See Table 2 for a summary of medication usage.

3.3. Asthma control Test

The Asthma Control Test (ACT) is a commonly used
and validated questionnaire used to assess a patient’s
asthma control (12). ACT scores range from 5 (poor
asthma control) to 25 (complete asthma control) with
a score greater than 19 meaning a patient’s asthma is
controlled.

For all patients, the mean ACT score at pre-implant
(baseline) was 8 (poorly controlled) even while all
were taking multiple asthma medications. 12-months
following SCS implant, 100% of the patients had an
ACT greater than 19. The post-implant mean ACT
score was 23 (range 22-24, average increase of 13.3
points) resulting in controlled asthma symptoms.

3.4. Quality of life

The Asthma Quality of Life Questionnaire (AQLQ)
is a disease-specific health-related, validated quality

Table 3. Summary of study endpoint results.

12-months post

Endpoint — All asthma patients Baseline SCS implant

Number of patients having > 50% 0/11 10/11 (91%)
reduction in medication use

Number of patients with ACT score >19 0/11 11/11 (100%)

Number of patients with AQLQ score > 5 0/11 11/11 (100%)

of life instrument for patients with asthma (13). This
assessment includes both the physical and emotional
aspect of their disease. The AQLQ scores range from
1 (severely impaired) to 7 (not impaired at all).

For all patients, the mean baseline score was 1.9
(highly impaired even on multiple asthma medica-
tions). 12-months following SCS implant, 100% of the
patients had a AQLQ score greater than 5. The mean
AQLAQ score increased to 5.24 (range 5.1-6.1, average
point increase of 3.33). See Table 3 for a summary
of study endpoints.

3.5. Safety

No adverse events were reported that were not
expected for both temporary and permanent SCS
implant surgical procedures. One patient had a fall
resulting in lead migration and opted to have the
device removed months after completion of the
12-month trial period. One patient reported an ER
visit for an RSV infection and considered unrelated
to the SCS implant and asthma. One patient died of
pancreatic cancer following completion of the
trial period.

4, Discussion

Neuromodulation using spinal cord stimulation was
first tried in patients in the 1960s and over the years
SCS has been approved to treat a myriad of pain-related
indications (7). We report herein on the first human
clinical trial using spinal cord stimulation to treat
patients with moderate to severe asthma. All patients
enrolled realized a clinically meaningful improvement
in their ACT scores (mean increase of 13.3 points)
reflecting complete control of their asthma symptoms
with 73% patients eliminating their need for asthma
medications beginning within days after implantation.



Quality of Life measured by the AQLQ assessment
was improved by a mean of 3.3 points, with all
patients reporting a normal or near normal quality
of life. There were no safety concerns for patients for
both pain and asthma with each patient receiving a
single implanted device with 2-3 leads to cover both
pain and asthma.

We hypothesized based on pulmonary physiology
and lung innervation pathways that stimulation of the
upper thoracic spinal cord would lead to modulation
of both the central and peripheral neurons (including
visceral afferents and sympathetic efferents) leading
to continuous bronchodilation, decreased mucous for-
mation and inhibition of AHR - without the need
for anti-inflammatory and other medications.

Most asthma symptoms are the result of changes
in both peripheral and central neuronal pathways.
Chronic inflammation can activate neurons and drive
neuronal plasticity resulting in nerve cell growth and
altered nerve function (8,9). Afferent neurogenesis
leads to increased output from the lungs to the central
nervous system, results in increased excitability,
increased activation threshold and increased activation
of the efferent neurons (2,8,9).

Parasympathetic efferent changes lead to increased
output to the parasympathetic ganglia which causes
acetylcholine release and increased cholinergic tone,
hence, bronchoconstriction and increased mucous for-
mation. Taken together, these peripheral and central
neuronal changes contribute to the symptoms and
pathogenic features of asthma, including, cough,
wheezing, mucous secretion, dyspnea, airway hyper-
responsiveness (AHR), and airway remodeling (2,8,9).

To put our results in perspective, recent publica-
tions recommend a new primary endpoint, namely
“clinical remission”, to allow comparison across various
treatments, including biologics (14,15). Clinical remis-
sion is defined as a composite endpoint that includes
an ACT score >20, positive changes in lung function
(changes in FEV1), no exacerbations and no oral ste-
roid use. Using this endpoint to analyze numerous
phase 3 clinical trials in severe asthma patients admin-
istered various biologics (Dupilumab, Benralizumab,
Tezepelumab, Mepolizumab, or combinations of these
antibodies) in combination with other asthma medi-
cations; the average clinical remission rate was 30%
(range 14-43%) (15). The reimbursed cost of the
approved biologics averages $38,000.00 per year (1).
In comparison, the full reimbursed cost of the neu-
romodulation system which includes the temporary
and permanent leads, both surgical procedures and
the implanted device is approximately $35,000.00 as
a one-time cost (16).
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Using this same definition of clinical remission for
the severe asthma patients enrolled in our clinical
study and substituting elimination of all asthma med-
ications as opposed to only oral steroid elimination,
we obtained an 73% clinical remission rate. The lim-
itations of our study include not randomized, small
size, no control arm, performed at a single center, no
statistical analyses, did not measure inflammatory
biomarkers, and did not prospectively use the above
definition of clinical remission (ACT > 20/improved
FEV1/no steroids), but rather looked at each compo-
nent separately. We are currently planning a pivotal,
prospective, randomized, controlled, multi-center clin-
ical study to determine the safety and efficacy of
neuromodulation to treat patients with severe asthma.
The study is designed to randomize patients to either
SCS or Physicians choice including biologics. The
primary endpoint will be clinical remission as defined
above along with exploratory subgroup analyses and
endpoints to include critical biomarkers along with
additional secondary endpoints, QoL and safety.

5. Conclusions

Current asthma treatments have not changed the prev-
alence, mortality or burden of this disease for patients
and the healthcare system. Patients require numerous
medications which, in many cases, come with side
effects, cost, do not control the patient’s asthma symp-
toms and adversely affect the patient’s quality of life.
All patients enrolled in this study reported a clinically
meaningful control of their asthma, elimination of
asthma symptoms, reduction or elimination of all
asthma medications and their associated side effects,
and SCS treatment came with an improvement in
quality of life. These preliminary findings suggest that
neuromodulation may offer a promising alternative
for patients with moderate to severe asthma.

Authors’ contributions

Stephen Pyles, Angelica Carrasco and Jillian Hooghius con-
tributed to the study design, trial management, data collec-
tion, data management, reviewing and editing the
manuscript. Kurt Gehlsen contributed to data audits, data
analysis and manuscript preparation. All authors read and
approved the final manuscript.

Disclosure statement

Stephen Pyles has several patents covering the use of neu-
romodulation to treat respiratory diseases and is a founder
and shareholder of Spiro Medical, Inc. Dr. Pyles is an advi-
sor to Boston Scientific, Inc. Jillian Hooghius is a clinical



6 K. GEHLSEN ET AL.

representative for Boston Scientific, Inc. Kurt Gehlsen is a
founder, shareholder and CEO of Spiro Medical, Inc.

Ethical approval and consent to participate

All patients signed informed consent, and no ethics approval
was required as this was a single site pilot study using an
approved medical device for a new indication.

Funding

There was no grant or industry funding for this study.

Data availability statement

All data generated or analyzed during this study are included
in this published article other than patient videotaped
assessments. This study enrolled two patients with COPD
alone and their data has been excluded from the manuscript.

References

1.

Tice JA, Campbell JD, Synnott PG, Walsh JME, Kumar
VM, Whittington M, Adair E, Rind D, Pearson SD. The
effectiveness and value of biologic therapies for the treat-
ment of uncontrolled asthma. ] Manag Care Spec Pharm.
2019;25(5):510-514. doi:10.18553/jmcp.2019.25.5.510.

Canning BJ, Woo A, Mazzone SB. Neuronal modulation
of airway and vascular tone and their influence on non-
specific airways responsiveness in asthma. J Allergy
(Cairo). 2012;2012:108149. doi:10.1155/2012/108149.

. Rogliani P, Calzetta L, Matera MG, Laitano R, Ritondo

BL, Hanania NA, Cazzola M. Severe asthma and bi-
ological therapy: when, which, and for whom. Pulm
Ther. 2020;6(1):47-66. doi:10.1007/s41030-019-00109-1.
Sears MR. Adverse effects of B-agonists. ] Allergy Clin
Immunol. 2002;110(6):322-328. doi:10.1067/mai.2002.
129966.

. Pandya D, Puttanna A, Balagopal V. Systemic effects of

inhaled corticosteroids: an overview. Open Respir Med
J. 2014;8(1):59-65.

Cutroneo PM, Arzenton E, Furci F Scapini E Bulzomi
M, Luxi N, Caminati M, Senna G, Moretti U, Trifiro G.
Safety of biological therapies for severe asthma: an anal-
ysis of suspected adverse reactions reported in the WHO
pharmacovigilance database. BioDrugs. 2024;38(3):425-
448. doi:10.1007/s40259-024-00653-6.

10.

11.

12.

13.

14.

15.

16.

Lam CM, Latif U, Sack A, Govindan S, Sanderson M,
Vu DT, Smith G, Sayed D, Khan T. Advances in Spinal
cord stimulation. Bioengineering. 2023;10(2):185-199.
doi:10.3390/bioengineering10020185.

Audrit KJ, Delventhal L, Aydin O, Nassenstein C. The
nervous system airways and its remodeling in inflam-
matory lung diseases. Cell Tissue Res. 2017;367(3):571-
590. d0i:10.1007/s00441-016-2559-7.

Kistemaker LEM, Prakash YS. Airway innervation and
plasticity in asthma. Physiology (Bethesda).
2019;34(4):283-298. doi:10.1152/physiol.00050.2018.
Wallace MS, North JM, Phillips GM, Calodney AK,
Scowcroft JA, Popat-Lewis BU, Lee JM, Washabaugh EP,
Paez J, Bolash RB, et al. Combination therapy with si-
multaneous delivery of spinal cord stimulation modalities:
COMBO randomized controlled trial. Pain Manag.
2023;13(3):171-184. doi:10.2217/pmt-2022-0101.
Petersen EA, Stauss TG, Scowcroft JA, Brooks ES, White
JL, Sills SM, Amirdelfan K, Guirguis MN, Xu ], Yu
C, et al. Effect of high frequency (10-kHz) spinal cord
stimulation in patients with painful diabetic neurop-
athy A randomized clinical trial. JAMA Neurol.
2021;78(6):687-698. doi:10.1001/jamaneurol.2021.0538.
Schatz M, Sorkness CA, Li JT, Marcus P, Murray JJ,
Nathan RA, Kosinski M, Pendergraft TB, Jhingran P.
Asthma control test: reliability, validity, and respon-
siveness in patients not previously followed by asthma
specialists. ] Allergy Clin Immunol. 2006;117(3):549-
556. doi:10.1016/j.jaci.2006.01.011.

Juniper EF, Guyatt GH, Epstein RS, Ferrie PJ, Jaeschke
R, Hiller TK. Evaluation of impairment of health-related
quality of life in asthma: development of a question-
naire for use in clinical trials. Thorax. 1992;47(2):76-
83. doi:10.1136/thx.47.2.76.

Menzies-Gow A, Hoyte FL, Price DB, Cohen D, Barker
P, Kreindler ], Jison M, Brooks CL, Papeleu P, Katial
R. Clinical remission in severe asthma: a pooled post
hoc analysis of the patient journey with benralizumab.
Adv Ther. 2022;39(5):2065-2084. do0i:10.1007/
§12325-022-02098-1.

Lugogo NL, Mohan A, Akuthota P, Couillard S, Rhoads
S, Wechsler ME. Are we ready for asthma clinical
remission as a clinical outcome? Chest Journal.
2023;164(4):831-834. doi:10.1016/j.chest.2023.04.028.
Kumar K, Bishop S. Financial impact of spinal cord
stimulation on the healthcare budget: a comparative
analysis of costs in Canada and the Unitied States. ]
Neurosurg Spine. 2009;10(6):564-573. doi:10.3171/20
09.2.SPINEO0865.


https://doi.org/10.18553/jmcp.2019.25.5.510
https://doi.org/10.1155/2012/108149
https://doi.org/10.1007/s41030-019-00109-1
https://doi.org/10.1067/mai.2002.129966
https://doi.org/10.1067/mai.2002.129966
https://doi.org/10.1007/s40259-024-00653-6
https://doi.org/10.3390/bioengineering10020185
https://doi.org/10.1007/s00441-016-2559-7
https://doi.org/10.1152/physiol.00050.2018
https://doi.org/10.2217/pmt-2022-0101
https://doi.org/10.1001/jamaneurol.2021.0538
https://doi.org/10.1016/j.jaci.2006.01.011
https://doi.org/10.1136/thx.47.2.76
https://doi.org/10.1007/s12325-022-02098-1
https://doi.org/10.1007/s12325-022-02098-1
https://doi.org/10.1016/j.chest.2023.04.028
https://doi.org/10.3171/2009.2.SPINE0865
https://doi.org/10.3171/2009.2.SPINE0865

	Neuromodulation for the treatment of moderate to severe asthma  a pilot first-in-human clinical study
	ABSTRACT
	1. Introduction
	2. Methods
	2.1. Objectives and endpoints
	2.2. Study population
	2.3. Study design
	2.4. SCS device
	2.5. Medication usage
	2.6. Analytical methods

	3. Results
	3.1. Patient demographics
	3.2. Medication use
	3.3. Asthma control Test
	3.4. Quality of life
	3.5. Safety

	4. Discussion
	5. Conclusions
	Authors contributions
	Disclosure statement
	Ethical approval and consent to participate
	Funding
	Data availability statement
	References


