
Pharyngeal Electrical Stimulation –

success story or dead end? 

Rainer Dziewas

Department of Neurology

University Hospital Münster, Germany

1



Overview

• Introduction

– Physiology and pathophysiology of sensory feedback

• Pharyngeal electrical stimulation (PES)

– Peripheral and central targets

• STEPS & Co.

– How to survive a negative multicenter trial

• PHAST-TRAC

– Adressing dysphagia in tracheostomized stroke patients
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Impact of sensory feedback
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Lowell et al., Neuroimage 2008

Swallowing

Right-sided oropharyngeal air-pulse stimulation



Pathophysiologie

Sensible Afferenzen

Muhle et al., Neurosignals 2017



Impact of sensory feedback

→Sensory input drives motor output!
Teismann et al., BMC Neuroscience 2007



Disturbed sensory feedback
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Disturbed sensory feedback
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Sensory feedback & Dysphgia severity

• 84 acute stroke patients

– 41 MCA left

– 43 MCA reicht

• FEES based rating of

– Pharyngo-laryngeal 

sensory defitic

– Dyshgia severity
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Spearman, r=.452, p<.01

Marian et al., submitted



Sensory feedback & Complications
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Setzen et al., Otolaryngol Head Neck Surg 2003

Onofri et al., Dysphagia 2014

Aviv et al., Ann Otol Rhinol Laryngol 1996



Sensory feedback & Complications
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Pharyngeale Elektrostimulation (PES) 

• PES:

– An 3 aufeinanderfolgenden 

Tagen 

– für je 10 Minuten



PES

im Labor
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PES

Basic principles (1)

• Facilitation of cortical reorganization!

Hamdy et al, Nature Neurosci 1998 

Suntrup et al., Neuroimage 2015



PES

Basic principles (2)

• Substance P is

– a neuropeptide (“Neurokinine family”)

– ubiquitary in the CNS and PNS

– found within the sensory nerve fibres innervating the
pharynx, larynx, and trachea (Hauser-Kronberger, et al. 1994)

– known to enhance cough and swallow reflex in animal model 
(Kohrogi, et al., 1988; Jia, et al., 1998) 

• Blocking pharyngeal receptors for substance P impairs
the swallowing reflex (Jin et al., 1994)

• Dysphagia after stroke may be related to reduced 
levels of substance P in saliva (Arai et al., Neurology 
2003)



PES

Basic principles (3)

Suntrup-Krueger et al, Neurogastroenterol Motil 2016
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PES

Proof-of-Principle Study

•Methods:

– 23 severly dysphagic

tracheotomized stroke

patients

– PES on 3 consecutive days

– Saliva SP samples pre and

post PES

• Analysis:

– Comparing groups with

and without treatment

success

17Muhle et al, in preparation



PES

Proof-of-Principle Study

18Muhle et al, Neurosignals 2017
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PES

Meta-analysis of first trials

p=0.04p=0.02

Stroke Res Treat 2015



PES

Large multicenter RCT
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Aims:

• Assess safety and efficacy of pharyngeal electrical stimulation 

(PES) in subacute post-stroke dysphagia

• Assess feasibility of treatment

Design:

• International multicentre parallel-group single-blind phase III trial 

of PES versus sham

Bath et al. Stroke 2016;47:1562



STEPS

Outline
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• Primary Endpoint:

• Penetration Aspiration Score (PAS) on VFS at 2 weeks, adjusted 

for baseline and covariates

• Secondary endpoints (active vs sham treatment):

• PAS on VFS at 12 weeks

• Dysphagia Severity Rating Scale (DSRS)

• Impairment (NIHSS)

• Function: modified Rankin Scale, Barthel Index

• Death, serious adverse events



STEPS

Results

23

→STEPS was a negative trial, primary endpoint was 

completely missed

• Potential reasons:

• Undertreatment of patients

• Wrong patient selection
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PES

New Multicenter RCT
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Benefit of  PHAryngeal electrical STimulation for 

early decannulation in TRACheotomised stroke 

patients with neurogenic dysphagia: a 

prospective randomized single-blinded 

interventional study (PHAST TRAC study)



PES

New target population

• 1-2% of all stroke patients and 30% of stroke

patients treated on the ICU receive a trachostomy



PES

New target population

• Putative advantages of the tracheal cannula:

– Prevention of laryngeal or tracheal damage

– Shorter duration of mechanical ventilation

– Reduction of ICU LOS

– Reduction of related health care expenditures

• Disadvantages:

– Delay of rehabilitation

– Patient discomfort

– Higher rate of complications and increased mortality when

the patient is discharged from the ICU with a tracheal 

cannula in place.

• Decannulation is important to enable

– verbal communication

– oral feeding



PES

New target population

• Rate of decannulation in prospective studies:

– Schneider et al, Neurocrit Care 2017:

• 0% (n=53) at discharge

• 26% (14/53) after 3 months

• 36% after 12 months

– Catalino et al., J Intensiv Care 2018:

• 19% (9/48) at discharge

• Main obstacle to decannulation:

– Severe dysphagia (30-70% of patients)

➢Related pathophysiology is complex

➢No established treatment options



PHAST-TRAC

Methods

• Aim

– Safety & efficacy of PES in accelerating readiness for 

decannulation

• Patients

– Supratentorial stroke (IS or ICH)

– Prior artificial ventilation and tracheotomy; 

– Safely weaned from mechanical ventilation

– persistent neurogenic dysphagia with unsafe airway 24-72h prior to

randomization

– No sedation for ≥3 days

– Germany, Italy, Austria

• Intervention

– Early PES (Phagenyx)

– Recurrent PES in persisting dysphagia



PHAST-TRAC

Design (1)



PHAST-TRAC

Design (2)



PHAST-TRAC

Endpoints

• Primary endpoint

– Readiness for decannulation according to FEES

• Secondary endpoints

– Re-cannulation within 48 hours

– Effect of re-treatment

– LOS, dysphagia severity

• Design

– International, prospective, randomised, single-blind parallel group 

trial 

– sequential design

– N=70-140

• Sponsor

– Phagenesis Ltd (UK)



PHAST-TRAC

Blinding
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Active PES

Phagenyx Base Station

Patient Simulator

Disposable 
“Blinding Pouch” Patient with PES catheter in-situ

Sham

Phagenyx Base Station

Patient Simulator

Disposable 
“Blinding Pouch” Patient with PES catheter in-situ



Decannulation algorithm

• FEES-based procedure, previously established

• Endpoint assessment at study sites

• Re-evaluation of FEES-videos by FEES review board

Adapted from: Dziewas et al. Int J Stroke 2017; 12: 430-7

 = 1-3 

Punkte

+1

+1

+1



PES

Decannulation assessment
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• Prospective observational study

• FEES 4,75 d after weaning

• Clinical swallow evaluation blinded to
FEES

• Main findings in FEES:
– Saliva pooling with aspiration (42)

– No spontaneous swallow (29)

– Severe pharyngeal hypesthesia (20)

• Decannulation after FEES: 
– 54 patients

– Necessity of recannulation: 1 patient

• Decannulation deemed possible by
CSE: 29 patients

Warnecke et al., Crt Care 2013



PHAST-TRAC

Dekanülierungsprotokoll



PHAST-TRAC

Dekanülierungsprotokoll



PHAST-TRAC

Baseline Data

All PES Sham

Patients 69 35 34

Age, years) 64.2 (11.9) 61.7 (13.0) 66.8 (10.3)

Sex, female, % 25 (36.2) 11 (31.4) 14 (41.2)

Premor. mRS>0, % 3 (4.6) 1 (3.0) 2 (6.2)

mRS>4, % 67 (98.5) 34 (100) 33 (97.1)

Previous stroke/TIA 10 (14.5) 7 (20) 3 (8.8)

Smoking, % 8 (11.6) 5 (14.3) 3 (8.8)

OTR, days 28.0 [22] (11-120) 28.0 [29] (11-120) 28.0 [22] (11-95)

Ventilation, days 15.0 [13] (3-131) 15.0 [15] (5, 131) 13.5 [13] (3, 60)

PEG tube, % 9 (20.5) 5 (22.7) 4 (18.2)

NIHSS, /24 17.5 (4.6) 17.6 (5.0) 17.5 (4.3)

Ischaemic stroke 49 (71.0) 27 (77.1) 22 (64.7)



PHAST-TRAC

Sequential Analysis

• Two analyses performed: futility at N=50, efficacy at N=70

• Trial continued at N=50, not futile

• Trial stopped at N=70, for efficacy

• 1 patient excluded since catheter not be inserted, so N=69
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49%

9%

Decannulation No Decannulation

Δ 40%

p < 0.001

PHAST-TRAC

Primary Endpoint

PES Sham



PHAST-TRAC

Primary Endpoint
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PHAST-TRAC

Meta-Analysis



PHAST-TRAC

Randomized & Open-label Parts

All PES Sham

Participants, open-label part 45 15 30

Ready for decannulation (%) 20 (44.4) 4 (26.7) 16 (53.3)

Participants, randomised & open-label parts 69 35 34

Ready for decannulation (%) 40 (58.0) 21 (60.0) 19 (55.9)

Participants 69 35 34

SAEs 18 (26.1) 10 (28.6) 8 (23.5)

Device-related SAEs 0 (0) 0 (0) 0 (0)

Randomised    Open-label    Overall

part part

PES    Sham    PES    Sham     All

1                    2         1



PHAST-TRAC

Clinical Case

• 72 yrs patient

• Left-sided MCA

• Secondary ICH

• Decompressive surgery

• Tracheostomy day 12 post stroke

• Weaning finished day 27 post stroke

• Start of PES at day 30 post stroke



PHAST-TRAC

Subgroups



PHAST-TRAC

Serious Adverse Events

• p=0.79

• No Device-related SAE

SAE PES SHAM Prior 

randomization

Prior 

randomization

5 events/

4 patients

0 – 1 month 

after 

randomization

3 events/3 

patients

5 events/5 

patients

1-3 months after 

randomization

9 events/8 

patients

3 events/3 

patients

TOTAL study 12 events/10 

patients

8 events/8 

patients

5 events/ 4 

patients



PHAST-TRAC

Lengths of stay



PHAST-TRAC

Stimulation Intensities
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Day 1 Day 2 Day 3 Mean

Patients 35 35 34* 104*

Threshold (mA) 16.7 (9.8) 15.4 (9.9) 13.6 (8.1) 15.2 (9.3)

Tolerance (mA) 40.3 (8.8) 40.0 (8.6) 38.9 (10.2) 39.7 (9.2)

Stimulation (mA) 34.5 (8.3) 33.6 (8.1) 32.7 (8.7) 33.6 (8.3)

mA PES responders PES non-

responders

Diff (95% CI) P

Patients 17 18

Threshold (mA) 12.1 (6.6) 18.5 (8.7) -6.3 (-11.7, -1.0) 0.0212

Tolerance (mA) 37.0 (8.7) 42.3 (7.3) -5.3 (-10.9, 0.2) 0.0600

Stimulation (mA) 31.2 (7.5) 36.0 (6.8) -4.8 (-9.8, 0.2) 0.0581



PHAST-TRAC

Conclusion

Limitations

• Small: sequential analysis led to early stopping

• Single-blind: treater was unblinded

• Design meant no long-term follow-up

Strengths

• Multicenter, sham-controlled, well-defined participants

• Robust findings, blinded outcome

• External consistency (with pilot trial)

• Most patients offered PES irrespective of randomisation



PES

More to come…

† Mixed neurogenic dysphagia: Stroke – ventilation; Stroke – no ventilation; Traumatic brain injury or 

spinal cord injury; Other – ventilation; Other – no ventilation

Hosp: hospital; ITU: Intensive Care Unit; RCT: randomised controlled trial; SU: Stroke Unit; Obs: 

Observational study

Condition Stage Site Design Size Status Name Type

Stroke Subacute SU RCT x3 73 Published Hamdy et al Academic

Subacute SU RCT 162 Published STEPS Commercial

Subacute SU RCT ≤225 started PhEED Commercial

Subacute ICU RCT 30 Published Suntrup et 
al

Academic

Subacute ICU Obs 23 Published Muhle et al Academic

Subacute ICU RCT ≤126 Completed PHAST-
TRAC

Commercial

Chronic RCT 18 Published Michou et al Academic

MS Chronic RCT 20 Published Resitvo et al Academic

Mixed Subacute Hosp Register ~300 Completed † PHADER Commercial

Subacute ICU RCT About to start Commercial



Summary

• A tracheostomy is frequently required in stroke patients

treated on the ICU.

• Impaired sensory feedback critically contributes to dysphagia

in these patients.

• PES facilitates cortical plasticity and release of Substance P 

from peripheral laryngeal nerves.

• PES is considered in addition to other TK-management 

strategies.

• PES effectively treats dysphagia in tracheotomized stroke

patients. 

• A second cycle of PES should be given in patients not 

responding to the first one.
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