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Objectives

• Review chronic pain mechanisms in 
relation to functional GI disorders 

• Non-invasive vagal nerve stimulation 
therapies 
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• Persistent or recurring GI symptoms caused 
by abnormal functioning of the GI tract​


• No structural or biochemical abnormality​

• Medical tests are normal​

• Prevalence: 10-20%​

• Not psychiatric disorders​


• Stress may worsen symptoms

What are Functional GI Disorders 
(FGIDs)?



Functional Abdominal Pain Disorders 
• IBS 
• Functional Dyspepsia 
• Abdominal Migraine 
• Functional Abdominal Pain-NOS 

Functional Nausea & Vomiting Disorders 
• Cyclic Vomiting Syndrome 
• Functional Nausea & Functional Vomiting 
• Rumination  
• Aerophagia

Disorders of Gut-Brain Interaction: Rome IV



FGIDs: pathophysiology
“aberrant brain-gut” 
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“visceral 
hyperalgesia”“genetically susceptible”“coping

” “stress” Message: “absence 
of identifiable 
disease”



Is there absence of 
identifiable disease?
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Brain connectivity & 
networks

• Earlier studies: 
whole brain/regional 
activation


• MRI modalities: 
maps of brain 
connectivity


• Resting state fMRI, 
task fMRI, diffusion 
MRI


1) Salience  2) Default Mode  3) Executive 
Control 



Genetics
Early Life 

Events

Complex Cocktail
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• Repeated aberrant brain-gut signaling can induce 
chronic brain functional connectivity changes
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How is this constant aberrant 
emotional reactivity and repeated 

signaling re-structuring brain 
functional connectivity? 




• Efficiency of attentional network functioning during 
fMRI in IBS vs healthy controls 


• IBS: abnormalities in attentional network 
functioning 


• Symptom-related anxiety, pain catastrophizing and 
fear of uncertainty 


• !hypervigilance and visceral hypersensitivity…





Psychological therapies, 
hypnotherapy…

Pharmacological 
neuromodulation



Raynaud’s

Sleep disorder 

Restless Leg syndrome

Fibromyalgia 

Chronic fatigue

POTS

Joint hypermobility

       A few diagnoses we may 
see…

Intractable migraine 

Gastroparesis

Chronic constipation 

Functional Nausea 

GERD

Chronic neck and muscle pain 

Anxiety



Pain is CENTRAL

GASTROINTESTINAL Multisystem 
Disorders!

BENIGN???



Ehlers-Danlos Syndrome
Maneuver

A Passive dorsiflexion of fifth 
metacarpophalangeal joint to >=90O

B Opposition of thumb to volar aspect of 
ipsilateral forearm

C Hyperextension of elbow >= 10O

D Hyperextension of knee >= 10O

E Place hands flat on floor without bending knees



ANS disorders & EDS

96% GI symptoms! 



CNS

EMOTIONAL 
AROUSAL ANS

CNS and ANS are 
connected…via 

VAGUS…

..and then 
there is the 
GUT!



Autonomic abnormalities in children 
with functional abdominal pain: 
coincidence or etiology? JPGN. 
2001;33(1):47–53

Chelimsky et al.



BRAIN

GASTRIC 
DYSFUNCTION

ANS 
IMBALANCE



Cholinergic Anti-inflammatory 
Pathway

Therapeutics to inhibit immune cell 
activation?
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Centrally Mediated Therapies: Neuromodulation

Deep brain stimulation   Spinal cord stimulation

How could we target both ANS and CNS non-
invasively? 

Vagus nerve stimulationGastric electrical stimulation



Mechanism: Percutaneous 
Electrical Nerve Field Stimulation 
(PENFS) 
• CNS effects via the 

AURICULAR BRANCH 
OF VAGUS NERVE 

• Brainstem nuclei: NTS 
& DMNV


• Vagal nerve 
stimulation?


• CNS effects?

Efficacy over placebo; RCT 
in complex FAPDs 



Animal & Human 
StudiesANIMAL MODEL 
• Intracolonic TNBS ! PENFS vs sham 

• Visceromotor response (VMR) to colon 

distention 

• Baseline/post-TNBS/post-PENFS


• Recordings from single neurons in 
amygdala and lumbar spinal cord


• Baseline firing and responses to 
paw compression pre and post 
therapy






• Brainstem mediates gastric function

• Gastric inhibitory and excitatory vagal 

motor circuits




Transcutaneous VNS



• ECG: heart rate variability measurements before 
and after therapy


• Vagal tone: respiratory sinus arrythmia (RSA)

• RSA: brainstem control of heart

Porges & Bohrer, 1990 
Lewis et al., 2012



Vagal Efficiency metric


• Effectiveness of the vagal brake in regulating heart 
rate during posture shifts


• Low vagal efficiency = predictor of improved 
pain after neurostimulation therapy
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Vagal neuromodulation is a plausible 
mechanism 



FGIDs, ANS dysfunction & EDS

Higher Beighton score (joint hypermobility) = lower vagal 
efficiency



Ongoing research at MCW
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• NIH: Brain-gut physiology and neuromodulation for 
chronic nausea


• Multi-center clinical registry

• Pilot study of PENFS for Cyclic Vomiting Syndrome

• Mechanistic studies

• Ehlers-Danlos Syndrome


– PENFS

– Acoustic VNS

– ANS measures, Immune fxn, GI motor function



Summary
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• Functional GI disorders= aberrant brain-gut 
signaling


• Neuroimaging research is expanding our 
knowledge of abnormal functional connectivity in 
DGBI


• Aberrant ANS signaling is a key concept 

• Brainstem mediates gastric function via vagal 

pathways

• Ongoing research suggest promising effects of 

non-invasive auricular neuromodulation
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