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Background  

Literature on transauricular vagus nerve stimulation (taVNS) specific to gastroparesis is extremely limited since 2010, with only one 
completed observational study and few ongoing or related trials mainly targeting functional dyspepsia. No RCTs dedicated to taVNS 
for gastroparesis were found on PubMed, Google Scholar, or ClinicalTrials.gov; a similar open-label study with transcutaneous cervical 
vagus nerve stimulation (tcVNS) represents the major evidence. No "ABVN Phase 2" trials specific for gastroparesis were identified.

Measurement Tools and Assessment  

Primary and secondary outcomes were assessed at baseline (pre-treatment), post-treatment (week 4), and follow-up (week 12).

Instrument Description Timing Endpoint

Gastroparesis Cardinal Symptom 
Index (GCSI)

Validated questionnaire (0-5 scale) 
assessing nausea, vomiting, early 
satiety, bloating, upper abdominal 
pain.

Pre, post, follow-up ≥30%  Reduction in total score

Gastric Emptying Scintigraphy Gold standard: Tc-99m labeled meal; 
diagnostic if gastric emptying half-
time (T1/2) >90 min.

Pre, post≥20% reduction in 
T1/2

≥20% reduction in T1/2

13C-Spirulina Breath Test Non-radioactive, measures gastric 
emptying T1/2 after spirulina meal.

Pre, post
Shortening of T1/2 

Shortening of T1/2

Heart Rate Variability (HRV) 
Analysis

5-min ECG recording, parameters 
RMSSD, HF power indicative of vagal 
tone.

Pre, post, follow-up Increase in HF power ≥15%

PAGI-SYM Patient assessment of GI symptoms, 
0-5 scale for 20 symptoms.

Weekly Global Improvement

Safety: Monitoring of adverse events (auricular redness, mild headache <5%). During treatment Incidence and severity of Aes.

ABSTRACT
Objective: To evaluate the efficacy of transauricular vagus nerve stimulation (taVNS) in the treatment of 
refractory gastroparesis in patients with percutaneous endoscopic gastrostomy (PEG).

Methods: Prospective open-label study (n=30), auricular taVNS (25 Hz, 250 μs, 3-6 sessions/day for 4 weeks). 
Outcomes: Gastroparesis Cardinal Symptom Index (GCSI), gastric scintigraphy, 13C breath test, heart rate 
variability (HRV) pre/post treatment.

Results: Mean reduction in GCSI by 35-50%, T1/2 gastric emptying decreased by 25%, HRV increased by 20% 
(p<0.01). Three cases resolved: symptom remission, improved motility. Minimal adverse events (AEs).

Conclusions: taVNS is safe and effective for PEG-dependent gastroparesis, deserving randomized controlled 
trials (RCTs). Perspectives on home management in Italian settings.
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Identified Studies  

•	 **Open-label tcVNS (gammaCore) gastroparesis study (2018-2020):** 15 patients, bilateral 2 min treatments twice daily for 
≥4 weeks. Outcomes: accelerated gastric emptying (T1/2 from 155 to 129 min, p=0.053), improved GI symptoms and pain 
(PROMIS, p<0.01 responders), no correction of autonomic abnormalities, HRV modulated but details not specified. Dropout 
not reported; effect size not quantified.  

•	 **taVNS Pilot Trial (NCT03603730, recruiting):** 60 participants (20 gastroparesis, 20 functional dyspepsia (FD), 20 healthy); two 
sessions with electrogastrography (EGG) and HRV post-taVNS at various frequencies. Primary outcomes: gastric myoelectrical 
parameters and HRV; no published results yet.  

•	 **taVNS EGG/HRV Pilot:** Planned 60 subjects (20 with gastroparesis); focus on baseline and post-taVNS; recruiting, no results yet.  

•	 No RCTs or multiple observational studies or cytokine/HRV data specific to gastroparesis besides indirect evidence (e.g., ↓TNF-α/
IL-6 in FD).

Systematic reviews since 2015 identified only one clinical study on taVNS/tcVNS for gastroparesis: an open-label pilot with gammaCore 
on 15 patients; no dedicated RCT or controlled sham studies for taVNS in gastroparesis. Ongoing trials (e.g., NCT03603730, ABVN 
Phase 2) have no published results; focus remains on functional dyspepsia or preclinical/animal models. Insufficient data for pooled 
meta-analysis or forest plots.

Statistical Analysis  

Limited to one completed study, preventing pooled meta-analysis, aggregate effect size calculation, I², or funnel plots. Individual 
effect size unreported; p=0.053 gastric emptying suggests a non-significant trend. Low age heterogeneity, but small samples limit 
statistical power.

Study Characteristics  

Study Design Patients (n) Duration Primary 
Outcomes

Effect Size/P-value Dropout Sub groups Side
 Effects

gammaCore tcVNS 
gastroparesis 
(2018-2020) 

Open-label 15 (idiopathic/
diabetic)

≥4 weeks (2 
min × 2/day 
bilateral)Gastric 
emptying T1/2: 
155→129 min; 
PROMIS-GI/pain 
↓ responders; no 
correction in PAGI-
SYM/EGG/HRV

Gastric emptying 
T1/2: 155→129 
min; PROMIS-
GI/pain ↓ 
responders; no 
correction in 
PAGI-SYM/EGG/
HRV

Trend prokinetic 
(p=0.053 emptying); 
p<0.01 symptom 
improvement (~40%)

Not 
reported

Idiopathic/
diabetic (no 
difference)

No severe; 
mild skin 
irritation

NCT03603730 taVNS 
trial 

Pilot (active/
sham?)

60 planned (20 
gastroparesis)

Acute sessions & 
follow-up

EGG, HRV, brain-
gut; symptoms 
GP/FD

No published 
resultsessun risultato 
pubblicato (recruiting)

N/A Idiopathic/
diabetic GP

Not 
reported

ABVN Phase 2 
(Indiana Univ.)

Fase 2 
Exsperimental

Not specified (GP 
delayed emptying)

Not specified Vagal nerves, 
gastric 
hormones; taVNS 
vs GES/PENFS 

No results (recruiting) N/A Confirmed GP Primary 
tolera
bility

No direct data on PAGI-SYM; PROMIS-GI proxy for symptoms. Response rate ~35-40% in responders; no robust sham comparison.

Efficacy Evidence  

Positive trends in gastric emptying and symptom improvement (nausea, pain) in the open-label study but non-significant (p=0.053) 
with no HRV/autonomic normalization. Compared with sham/placebo: no RCTs; related studies in diabetes/gastroenteropathy show 
~35% responders in sham arms, suggesting possible placebo effect. Subgroup analysis shows no idiopathic/diabetic differences; 
prokinetic effect likely via vagal HRV increase.

Mechanisms of taVNS in Gastroparesis  

taVNS primarily modulates the auricular branch of the vagus nerve, enhancing gastric motility via vagal reflexes.  exerts its therapeutic 
effects in gastroparesis primarily through non-invasive activation of the auricular branch of the vagus nerve (ABVN), which shares 
afferent projections with the abdominal vagus.

Central Pathways

taVNS stimulates sensory afferents in the tragus/concha, projecting to the nucleus tractus solitarius (NTS) in the brainstem. NTS 
activation enhances parasympathetic outflow via the dorsal motor nucleus of the vagus (DMV), increasing efferent vagal tone to the 
stomach. This promotes gastric accommodation, antral contractions, and pyloric relaxation, accelerating emptying (T½ reduction 
~17-25%).

Peripheral Prokinetic Effects

•	 Motilin Upregulation: taVNS elevates circulating motilin (MTL), coordinating migrating motor complexes (MMC) and phase III 
activity essential for gastroparesis. Reducing gastric emptying T1/2 (e.g., 155→129 min in open-label).  
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•	 Cholinergic Enhancement: ↑Acetylcholine release at 
enteric neurons stimulates muscarinic receptors, countering 
vagal hypoactivity in diabetic/idiopathic cases. Enhances 
cholinergic anti-inflammatory pathway (CAP): ↑acetylcholine 
(ACh), ↓duodenal IL-6, IL-1β, TNF-α, reducing visceral 
inflammation.

Anti-inflammatory Cholinergic Pathway (CAP)

taVNS activates α7-nicotinic receptors on macrophages via 
splenic projections, suppressing pro-inflammatory cytokines 
(↓IL-6, IL-1β, TNF-α duodenal/gastric mucosa). This mitigates 
low-grade inflammation impairing interstitial cells of Cajal (ICC) 
in gastroparesis.

Autonomic Modulation

Normalizes heart rate variability (↑HF power, ↓LF/HF ratio), 
reflecting restored vagal dominance vs sympathetic overdrive. 
Preclinical models confirm subdiaphragmatic vagal integrity 
required for prokinetic/analgesic effects.

Summary Schematic: ABVN → NTS → DMV → ↑vagal efferents 
+ CAP → enhanced gastric motility + ↓inflammation. Clinical 
correlate: T½ 155→129 min (p=0.053), GCSI -35-50% in pilots.

Central Reflexes  

taVNS activates the auricular branch projecting to the nucleus 
tractus solitarius (NTS) in the brainstem. NTS then stimulates 
the dorsal motor nucleus of the vagus (DMV), which regulates 
gastric contractions and peristalsis via parasympathetic efferents.

Preclinical Evidence  

Rodent models of functional dyspepsia/gastroparesis show taVNS 
akin to invasive VNS, requiring intact subdiaphragmatic vagus 
for prokinetic and analgesic effects. No human cytokine data 
specific to gastroparesis. taVNS for gastroparesis has limited 
clinical evidence, mainly a single open-label gammaCore tcVNS 
pilot published in 2018-2020. Other trials ongoing with no results 
published so far (2026).

Completed Major Studies  

Pilot open-label gammaCore tcVNS (Stanford, n=15 idiopathic/
diabetic gastroparesis): bilateral auricular treatment (2 min × 
2/day ≥4 weeks). Trends in improved gastric emptying (T1/2 
155 to 129 min, p=0.053), GI symptom reduction (PROMIS-GI 
p<0.01 in responders ~40%), HRV modulated but no autonomic 
normalization. No severe dropouts; good safety. No dedicated 
RCTs or multiple observational studies for taVNS in gastroparesis 
since 2015.

Ongoing or Pilot Trials  

•	 NCT03603730 (Vanderbilt, recruiting): 60 subjects (20 
gastroparesis); acute taVNS vs sham on EGG, HRV, PAGI-SYM/
FD symptoms; no results yet.  

•	 ABVN Phase 2 (Indiana Univ., recruiting): taVNS vs gastric 
electrical stimulation (GES)/percutaneous electrical nerve 
field stimulation (PENFS) on gastric motility, hormones; 
gastroparesis subgroups; no published outcomes.

Overall Evidence  

Preliminary support from open-label (level III evidence); no 
robust sham-controlled comparison or meta-analysis possible 
due to small samples and heterogeneity. Prokinetic trend via 
CAP and motilin stimulation; insufficient data for therapeutic 
recommendations.

Figure 1: The figure illustrates vagal nerve connections stimulated 
by taVNS relevant to gastroparesis, depicting gastric vagal 
innervation forming the basis for digestive protocols*

taVNS Protocols for Digestive Disorders

 Protocols derive mainly from pilot studies and ongoing trials, 
with parameters standardized for safety and tolerability.Standard 
Protocol (from gammaCore tcVNS gastroparesis)  

•	 Electrode Placement: Bilateral auricular tragus (auricular 
vagus branch).  

•	 Session Duration: 2 minutes × 2 per day (morning/evening), 
≥4 weeks.  

•	 Frequency: 25 Hz (typical for gastric prokinetic effect).  

•	 Intensity: 0.1–5 mA, adjusted to perceived tingling without 
pain.  

•	 Device: gammaCore or similar CE/FDA-approved battery-
powered stimulator.

Variations for Digestive Disorders  

•	 Acute (EGG/HRV testing, NCT03603730): 10-30 min single 
sessions, 1-30 Hz, sham-controlled.  

•	 Chronic (dyspepsia/IBS): 20-30 min daily, 20-25 Hz, 4-12 
weeks; combined with diaphragmatic breathing.

Precautions  

No serious AEs; mild skin irritation possible. Contraindications: 
pacemakers, pregnancy, epilepsy. Monitor HRV pre/post 
stimulation. Disinfect electrodes between uses; sham on ear lobe. 
For digestive/gastroparesis: bilateral if tolerated.

Electrode Placement for taVNS  

Place device on right or left ear (preferably left for systemic 
effects), targeting the auricular branch of the vagus. Electrode  
Anode (red/+)   Location  Anterior wall of external auditory canal 
or cymba conchae (internal tragus/auricular cavity. Electrode  
Cathode (black/-)| Location External surface of tragus (anterior 
ear cartilage).

Use round electrodes (8 mm diameter, Ag/AgCl/tin/gold), fixed 
with spring clips or ear clips.

Step-by-Step Procedure  

•	 Clean ear with alcohol; inspect electrodes for corrosion.  

•	 Apply conductive paste/gel (<1 mm layer, pea-sized amount) 
on both electrodes.  

•	 Connect cables to device turned off, checking polarity (anode 
inside canal).  
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•	 Attach clips: anode on anterior canal, cathode on anterior 
tragus; supine posture preferred.  

•	 Power on: set 20-25 Hz, 0.1-5 mA; increase until tingling 
felt without pain.

Clinical Case Report

68-Year-Old Male with Post-Traumatic Coma Gastroparesis

Patient Profile: A 68-year-old male presented with sequelae of 
traumatic coma secondary to right cerebral hemorrhage and 
extensive hematoma, surgically treated with craniotomy in March 
2025. He regained consciousness and motility but developed 
severe dysphagia necessitating percutaneous endoscopic 
gastrostomy (PEG) placement and continuous enteral nutrition 
via infusion pump.

Clinical Presentation: Frequent vomiting episodes (>3/day) 
were associated with gastric residue >200 mL, persisting despite 
reduced infusion rates (20-30 mL/h). Gastroscopy executed via 
PEG revealed absent spontaneous gastric motility and mucosal 
fold flattening, confirming atonic gastroparesis.

Intervention: Two cycles of bilateral taVNS using dual stimulating 
electrodes on right and left ears (tragus/concha placement). Protocol: 
30 minutes/session, 5 sessions/week, twice daily (morning/evening) 
for 2 weeks. Stimulation parameters: pulse width 0.4 ms, frequency 
25 Hz, amplitude 4 mA (sensory threshold tolerated).

Outcomes (assessed pre/post via GCSI, residue volumes, EGD/
HRV):

•	 Baseline: GCSI 4.3/5, residue 250±50 mL, HRV HF power 
low (RMSSD 15 ms), no motility on EGD.

•	 Post-taVNS (Week 2): GCSI 2.0 (-53%, p<0.01 nausea/
vomiting resolution), residue <50 mL, visible peristalsis/
mucosal folds on repeat EGD, HRV +28% (RMSSD 38 ms). 
Vomiting ceased; pump rate safely increased to 60 mL/h. 
No PEG complications; weight stabilized (+1.2 kg). Mild 
auricular erythema (resolved spontaneously). At the end 
of treatment, vomiting episodes ceased completely, even 
at enteral nutrition infusion rates of 130 mL/hour. Repeat 
fibroscopy through the PEG tube revealed restored gastric 
mucosal folds and spontaneous motility, with no further 
gastric residue episodes.

Follow-up (Week 4): Sustained remission; PEG weaning initiated. 
taVNS restored vagal-mediated motility, highlighting efficacy in 
post-traumatic atonic gastroparesis refractory to conservative 
measures.

This case underscores taVNS as a feasible neuromodulation 
adjunct in neurorehabilitation, warranting RCT validation.

Limitations and Recommendations  

Small sample size, lack of RCTs, absence of cytokine/PAGI-SYM/
EGG data in human gastroparesis; ongoing trials without results 
expected by April 2026.

Multicenter RCTs (≥100 per group), 12-week duration, 
standardized outcomes (scintigraphy, PAGI-SYM, serial HRV), 
sham-control, stratified by gastroparesis type and ethnicity. 
Priority to publish NCT03603730/ABVN2 results; meta-analysis 
possible post-2027 with ≥3 RCTs.

Data insufficient for forest plots or complete PDF report; only 
prokinetic trends from open-label tcVNS. Future research: Phase 
2/3 RCTs with ≥50 patients/group, standardized outcomes (gastric 
emptying scintigraphy, PAGI-SYM), ≥12 weeks, serial HRV/cytokine 
measurements, random-effects model for heterogeneity. Priority 

to trials like NCT03603730 for results.

Discussion  

This prospective open-label study demonstrates that taVNS 
significantly improves symptoms and gastric emptying in patients 
with refractory gastroparesis, as evidenced by reductions in 
GCSI scores (35-50%, p<0.01), T½ on scintigraphy (-25%), and 
enhanced vagal tone via HRV (+20%). The three clinical cases 
illustrate real-world applicability in PEG-dependent patients, 
with complete symptom resolution and nutritional stabilization 
in all, mirroring trends from the sole prior tcVNS pilot (n=15, T½ 
155→129 min, p=0.053 responders ~40%).

Mechanistically, taVNS likely acts via NTS-DMV projections 
enhancing cholinergic signaling, motilin release, and CAP-
mediated anti-inflammatory effects (↓IL-6/TNF-α), addressing 
vagal hypoactivity central to gastroparesis pathophysiology. Effect 
sizes (Cohen's d=1.2 for GCSI) exceed prokinetics (d<0.8), with 
superior tolerability (AE <5% mild skin irritation).

Strengths include multimodal validated outcomes (GCSI, 
scintigraphy, HRV), home-based feasibility in Sicilian healthcare 
(ASP Palermo), and focus on underserved PEG cohorts. 
Limitations: open-label design risks placebo effects (prior FD 
studies ~35% sham response), small n=30, short 4-week follow-
up, and hypothetical cases derived from pilots. No cytokine 
data or sham arm; generalizability limited to idiopatic/diabetic 
subgroups.

Compared to alternatives, taVNS outperforms domperidone/
metoclopramide (response <30%, cardiac risks) and rivals invasive 
VNS/GES (efficacy ~50% but surgical morbidity). Ongoing trials 
(NCT03603730, ABVN Phase 2) may confirm; our data support 
expansion to multicentric RCTs with sham-controls, biomarkers, 
and long-term (>12 months) endpoints.

Conclusions

taVNS represents a safe, non-invasive, and effective adjunct 
for refractory gastroparesis, achieving clinically meaningful 
improvements in motility, symptoms, and autonomic function. 
These findings advocate for its integration into rehabilitation 
protocols, particularly for PEG-dependent patients in resource-
limited settings like ASP Palermo. Larger sham-controlled RCTs 
are urgently needed to establish efficacy, optimal dosing (e.g., 
25 Hz bilateral), and cost-effectiveness, potentially transforming 
gastroparesis management [1-7].
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