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Abstract

Background: Dysphagia is common after stroke, affecting up to 50% of patients initially. It can lead to post-
stroke pneumonia, which causes 30% of stroke-related deaths, a longer hospital stay and poorer health outcomes.
Dysphagia care post-stroke generally focuses on the management of symptoms, via modified oral intake textures
and adapted posture, rather than direct physical rehabilitation of the swallowing function. Transcutaneous neu-
romuscular electrical stimulation (NMES) is a promising rehabilitation technology that can be used to stimulate
swallowing; however, findings regarding efficacy have been conflicting.
Aims: This pilot randomized controlled study involving three UK sites compared the efficacy of the Ampcare
Effective Swallowing Protocol (ESP), combining NMES with swallow-strengthening exercises, with usual care in
order to clarify evidence on NMES in the treatment of dysphagia post-stroke. A further objective was to pilot
recruitment procedures and outcome measures in order to inform the design of a full-scale trial.
Methods & Procedures: Thirty patients were recruited and randomized into either (1) usual speech and language
therapy dysphagia care; or (2) Ampcare ESP, receiving treatment 5 days/week for 4 weeks. Outcome measures
included: the Functional Oral Intake Scale (FOIS), the Rosenbek Penetration-Aspiration Scale (PAS) and patient-
reported outcomes (Swallow Related Quality of Life—SWAL-QOL).
Outcomes & Results: Thirty patients were recruited; 15 were randomized to the Ampcare ESP intervention arm and
15 to usual care. A greater proportion (75%, or 9/12) of patients receiving Ampcare ESP improved compared with
57% (or 8/14) of the usual-care group. Patients receiving Ampcare ESP also made clinically meaningful change (a
comparative benefit of 1.5 on the FOIS, and on the PAS: 1.35 for diet and 0.3 for fluids) compared with usual
care. The intervention group also reported much better outcome satisfaction.
Conclusions & Implications: The pilot demonstrated successful recruitment, treatment safety and tolerability and
clinically meaningful outcome improvements, justifying progression to a fully powered study. It also showed
clinically meaningful treatment trends for the Ampcare ESP intervention.
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What this paper adds
What is already known on the subject
There is a growing movement to identify dysphagia interventions that can restore swallow function rather than
simply manage symptoms. One method under evaluation is NMES; however, research to date on its efficacy has
yielded conflicting results, although there is a growing consensus on its benefit as an adjunct to therapy. Therefore,
we conducted a trial to work towards greater clarity to inform clinical practice.
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What this paper adds to existing knowledge
This paper presents the results of a pilot randomized controlled trial (RCT) of a new treatment, Ampcare ESP,
combining evidence-based dysphagia exercises (against resistance) in combination with simultaneous NMES against
a control group receiving usual dysphagia care. Significantly more patients in the intervention group improved
compared with usual dysphagia care; also, these patients made greater improvement in their swallow function and
progress towards safe oral intake. They also reported significantly greater satisfaction with their progress.

What are the potential or actual clinical implications of this work?
This study presents promising data of measurable clinical swallow rehabilitation and justifies progression towards
a full-scale trial. It also showed there were no adverse treatment effects and all patients found the treatment to be
tolerable. We are now building funding applications for a full-scale trial and in the interim are carrying out a case
series in seven NHS Trusts collecting data for National Institute for Health and Care Excellence (NICE) (using an
approved NICE audit tool) on a series of cases using this intervention.

Introduction

Stroke is one of the top three causes of death and the
largest cause of adult disability in England, and costs the
National Health Service (NHS) over £3 billion a year
(Department of Health/National Audit Office 2010).
One of the common sequelae of stroke is dysphagia;
Singh and Hamdy (2006: 389) reported that ‘dysphagia
affects up to half of acute stroke patients and carries a
threefold to sevenfold increased risk of aspiration pneu-
monia’. This includes direct and informal healthcare
costs and productivity losses due to mortality and mor-
bidity. Stizmann and Mueller (1988) found that 60% of
deaths due to pneumonia are secondary to aspiration;
while Doggett et al. (2001) estimated that approximately
37% of dysphagic patients will develop pneumonia, and
3.8% of these will die if not included in a dysphagia
programme.

Dysphagia also impacts on quality of life and psy-
chological well-being. Social activities and daily routines
are disrupted, resulting in isolation and social exclusion
(Ekberg et al. 2002, Farri et al. 2007).

Usual speech and language therapy (SLT) manage-
ment includes exercise regimes, modified oral intake and
postural adaptations; however, most UK SLT services
are not resourced to provide treatment on an intensive
basis (Kilbride et al. 2014). There is also variation in
SLT staff resources, resulting in different levels of pro-
vision (Rudd et al. 2009). Consequently, dysphagia care
is often restricted to symptom management rather than
direct rehabilitation of swallow function.

Variation in care provision increases along the care
pathway, and treatment for persistent dysphagia is often
limited, although there is evidence for the persistence
of dysphagia longer term (Mann et al. 1999). Conse-
quently, patients who do not improve in the acute stage
are likely to experience long-term health complications
and care needs (Kilbride et al. 2014).

Evidence is urgently required into techniques
for rehabilitating swallow function. One method,

Table 1. Summary of the current literature on transcutaneous
neuromuscular electrical stimulation (NMES) in dysphagia

rehabilitation post-stroke

There is conflicting evidence that NMES alone is effective in
treating dysphagia post-stroke

In favour:
Freed et al. (2001)
Permsirivanich et al. (2009)
Gallas et al. (2010)
Rofes et al. (2013)
Against:
Bulow et al. (2008)

There is evidence that NMES as an adjunct is more effective
than traditional post-stroke dysphagia therapy alone

Lim et al. (2009)
Park et al. (2012)
Kushner et al. (2013)
Sun et al. (2013)
Lee et al. (2014)
Lim et al. (2014)
Terre and Mearin (2015)
Chen et al. (2016)
Zhang et al. (2016)
Guillen-Sola et al. (2017)

transcutaneous neuromuscular electrical stimulation
(NMES), is based on improving the function of in-
nervated but paretic/paralytic muscles by electrical
stimulation of corresponding intact peripheral nerves.
Low-level stimulation provides sensory feedback,
whereas increased current intensity or pulse duration
produces muscle contraction, provided the peripheral
nervous system is intact (Doucet et al. 2012).

The role of NMES within dysphagia rehabilitation
is controversial. Previous research using VitalStimTM

(utilizing different electrodes and parameters) has
yielded conflicting results. These are summarized in
table 1.

Several systematic reviews and meta-analyses have
attempted to clarify the evidence. However, some
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authors felt unable to reach firm conclusions due to
heterogeneity in methods used, the small number of
studies and study design weaknesses (Clark et al. 2009,
Geeganage 2012). As illustrated by the evidence sum-
mary table 1, the consensus to date is that there is
insufficient robust evidence that electrical stimulation
alone is more effective than traditional dysphagia ther-
apy, but that where it is used as an adjunct, then there
is a growing body of evidence that NMES plus tradi-
tional therapy is more effective than traditional exercises
alone—although they also acknowledge limitations im-
posed by the quality of the available evidence (Langdon
and Backer 2010, Tan et al. 2013, Kushner et al.
2013, Chen et al. 2016). Calls, therefore, remain for
further robustly designed randomized controlled tri-
als (RCTs) to clarify evidence for clinical guidelines
and optimal patient outcomes (Geeganage 2012, Na-
tional Institute for Health and Care Excellence (NICE)
2014).

This study is based upon the findings that NMES
appears most effective when used in combination with
traditional swallow-strengthening exercises. It also draws
upon the growing literature supporting the use of re-
sistance training in muscle strengthening in dysphagia
(Smead 2008, Watts 2013). It is the first to report on the
Ampcare Effective Swallowing Protocol (ESP), which
specifically targets the suprahyoid musculature, simul-
taneously combining transcutaneous electrical stimula-
tion with exercise against resistance.

Aims

The long-term aim of this research is to evaluate the
effectiveness of the ESP in persistent dysphagia post-
stroke. This study was a pilot RCT designed to eval-
uate recruitment feasibility, treatment tolerability and
outcome measure suitability in order to inform a fully
powered study.

Methods

This study was a parallel randomized controlled trial.
Participants were randomized (detail below) either to
group A: intervention with Ampcare ESP, or to group
B: usual SLT care.

Selection criteria

Inclusion

Participants were selected if they:
� were medically stable;
� experienced dysphagia incorporating reduced

laryngeal elevation (confirmed by videofluo-
roscopy) since the treatment protocol targets im-
proved laryngeal elevation;

� were > 1 month post-stroke; and
� had no other neurological disease.

Exclusion

Participants were excluded if they:

� were under 18 years of age;
� had a pacemaker or other serious cardiac disease;
� had severe cognitive/communication difficulties

(assessed by treating SLT on the American
Speech–Hearing Association Functional Com-
munication Measure); and

� had lesions/infections in the treatment site.

Thirty participants were recruited from three NHS
Trusts across England including a large teaching hos-
pital, an in-patient rehabilitation unit and a community
service.

Randomization

Having given informed consent, participants underwent
videofluoroscopy (by a specialist SLT and radiographer)
to confirm reduced laryngeal elevation. They were then
allocated using a randomized block design to achieve
balanced group size. Randomization was achieved re-
motely by a medical statistician, using a computer al-
gorithm selecting the cohort consecutively from date of
referral. The sample size of 15 per group struck a balance
between pragmatism and sufficient sample size to pro-
vide estimates of effect size and variability for the power
calculation for a future fully powered RCT (Julious
2005).

Outcome measures

Three outcome measures were used in order to gather
both quantitative and qualitative data:

� Functional Oral Intake Scale (FOIS; Crary et al.
2005): a well-used and validated scale quantifying
the amount and variety of oral intake versus tube
feeding.

� Rosenbek Penetration-Aspiration Scale (PAS;
Rosenbek et al. 1996): used during videofluo-
roscopy to evaluate the presence and severity of
any penetration/aspiration of contrast. The scores
used for analysis represent the worst-rated swal-
low attempt for boluses given of each viscosity
attempted during assessment.

� Swallow Related Quality of Life (SWAL-QoL;
McHorney et al. 2002): captures patients’ ratings
of domains of dysphagia and its impact on their
QoL.
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Figure 1. Placement of electrodes. [Colour figure can be viewed at
wileyonlinelibrary.com]

Assessments were conducted at three points:

� Baseline: on study entry; measures included FOIS,
PAS and SWAL-QOL.

� Post-treatment: following a 4-week treatment pe-
riod; FOIS and PAS were repeated, plus a ques-
tionnaire regarding treatment tolerability.

� Follow-up: 1 month post-end of treatment; FOIS
and SWAL-QoL measures were conducted; vide-
ofluoroscopy was not repeated to minimize radi-
ation exposure and patient burden.

Clinical assessments were completed by a team of three
experienced SLTs, and a blinded SLT assessor and radio-
grapher undertook the videofluoroscopy assessments.

Group A: Intervention

Treatment sessions lasted 30 min, 5 days/week for 4
weeks. Ampcare ESP involves NMES delivered via elec-
trodes placed under the chin, targeting the suprahyoid
muscles. This electrode placement differs from that used
in earlier studies and is based on work by Burnett et al.
(2003) to determine which muscle groups were most
closely associated with laryngeal elevation. Figure 1 il-
lustrates electrode placement.

A pulse rate of 30 Hz was used, providing muscle
contraction without fatigue or muscle spasm. This set-
ting follows the EMPI 1998 NMES Parameter Guide-
lines. During pulses of stimulation, participants were
required to perform three sets of exercises (10 min for
each exercise in each treatment session).

Each exercise (table 2) was selected based on evi-
dence relating to efficacy in improving swallow function.
During each 5-s pulse of stimulation, participants were
instructed to undertake a repetition of the exercise for
that 10-min section. Each exercise was completed whilst

pressing down lightly into a postural neck brace to pro-
duce a resistive force during the exercise programme
(figure 2). Participants in this group received usual
SLT input for their communication difficulties where
relevant, but no other SLT intervention for their dys-
phagia other than monitoring.

After each 10-min period, participants were asked
‘can you tolerate more?’ to facilitate a gradual increase
in pulse intensity, optimizing treatment effect and mus-
cle strength. The rate and degree of the increase of the
electrical stimulation was tailored according to each par-
ticipant’s tolerance.

In week 1, stimulation pulses were separated by rest
periods of 25 s; producing 60 swallow attempts per
session. In week 2, the periods were reduced to 20 s,
producing 72 swallow attempts. In weeks 3 and 4, the
rest periods were reduced to 15 s, increasing the swallow
attempts to 90. This represents a gradually increasing
challenge on the swallowing musculature.

Group B: Usual care

We were keen to ensure that the study captured data
from patients in different care contexts, e.g., acute hos-
pital care, in-patient rehabilitation units and in domi-
ciliary settings. Inclusion criteria included a minimum
limit of 1 month post-stroke in order to control for
initial spontaneous recovery, but we set no upper limit
to length of time post-stroke. This resulted in a mixed
group of patients for time from onset of dysphagia to
intervention. Consequently, ‘usual care’ varied as deter-
mined by the local Trust Stroke Care Pathway protocols
of each site and by the length of time post-onset of
stroke. It was therefore not possible to prescribe what
usual care should be across all sites. Usual care varied
from periodic reviews primarily focusing on posture and
diet modification to weekly visits with home-practise
regimes. These regimes included exercises and postural
adaptations based on videofluoroscopy findings.

Analysis

As this was a pilot RCT, no hypothesis tests were per-
formed. Summary statistics were used to examine treat-
ment tolerability, sensitivity to change of the outcome
measures, and estimates of the size of the potential treat-
ment effect and variability. These estimates were used to
inform the sample size calculation for a full-scale trial.

Quantitative outcomes are summarized using means
and standard deviations and the effect of treatment is
presented as mean difference between groups (95% con-
fidence interval) at final assessment adjusted for baseline.
This was achieved using a linear regression model of the
final values, with baseline fitted as a covariate.

All results are presented by intention to treat. For
those participants who withdrew before completing the
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Table 2. Exercise schedule with supporting evidence

Exercise programme (10 min per
section) Evidence

Chin to chest against resistance,
followed by effortful swallow

Effortful swallow produces earlier onsets and peaks of pharyngeal pressures, greater driving force to
move boluses through the pharynx and reduced pharyngeal residue (Burnett et al. 2003)

Resistance training combined with effortful swallow improves strength, range of motion and timing
of a swallow (Steele 2007)

Chin to chest against resistance produced more muscle activity than shaker head lift (Smead 2008,
Watts 2013)

Chin to chest, followed by
Mendelsohn manoeuvre, followed
by effortful swallow

Mendelsohn manoeuvre improves laryngeal and hyoid elevation (Lazarus et al. 2002, McCullough
and Kim 2013)

Chin to chest, followed by jaw
opening and closing, followed by
effortful swallow

Jaw opening against resistance produced significant improvements in hyolaryngeal movement and
wider upper oesophageal sphincter opening (Wada et al. 2012)

Figure 2. Ampcare Effective Swallowing Protocol (ESP) equipment
showing the postural device used to provide resistance during exer-
cise. [Colour figure can be viewed at wileyonlinelibrary.com]

full protocol, all data were included up to the point at
which they withdrew (table 4). For some participants,
data on some but not all the outcome measures were
available at the end of study and/or 1 month follow-up,
e.g., the FOIS measure, as this information can be ob-
tained from medical notes, and was therefore accessible
if participants did not want to attend additional hospital
visits for videofluoroscopy.

Calculations of unit change were also made for the
FOIS and PAS outcome measures in order to evaluate
any clinically meaningful change between baseline and
outcome scores. Qualitative data on patient reported
outcomes and on treatment tolerability are reported.
Figure 3 shows a flow chart of the RCT.

Ethical approval

Approval was obtained from the Yorkshire and Hum-
ber National Research Ethics Committee (13/YH/0100)
and local ethical and governance approval from each re-
cruitment site.

Results

Thirty participants were recruited and their characteris-
tics at baseline are reported in table 3. Whilst some dif-
ferences existed between groups, this is not unexpected
given the small sample size. A total of 295 treatment ses-
sions were completed. There were no adverse events and
all participants in the intervention arm reported that the
treatment was tolerable.

Recruitment to the trial and loss to follow-up is
illustrated in figure 3. The overall attrition rate was
20%.

As can be seen from table 3, patients in the inter-
vention group tended to be further post-stroke than the
usual-care group; however, being a pilot study with only
30 participants, the research team felt it was not appro-
priate to carry out subgroup analysis.

Analysis of the results

Functional Oral Intake Scale (FOIS) outcomes

The comparative difference in outcomes between the
intervention and control groups is illustrated in figure 4
and discussed further below.
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Assessed for eligibility (n=41)

Excluded (n= 11)
- Not meeting inclusion criteria (n=6)
- Declined to participate (n=4)
- Other reasons (n=1 travel sickness)

Analysed (n=12)
- Excluded from analysis (n=3 – lost to 
follow up )

Lost to follow-up (n=3)

Allocated to intervention (Group A) 
(n=15)
- Received allocated intervention (n=12)
- Did not receive allocated intervention 

(n=3: 1 participant died, 1 became 
unwell due to secondary diagnosis of 
cancer and 1 was unable to complete 
treatment due to deterioration in a pre-
existing mental health condition)

Lost to follow-up (n=3)
Patients reached different time points on 
the study therefore results are reported for 
the data available

Allocated to control (Group B) 
(n=15)
- Received allocated intervention (n=14)
- Did not receive allocated intervention 

(n=1: participant died)

Analysed (n=14) 
- Patients were analysed according to the 
data gathered

Randomized (n=30)

Allocation

Analysis

Follow-Up

Enrollment

Figure 3. Flow chart of a randomized controlled trial (RCT).

Baseline to post-intervention

After treatment, the mean difference between the
groups, adjusted for baseline values, was 0.50 (95%
CI = –0.72 to 1.72) a positive difference in favour
of the intervention. Clinical assessment of the partici-
pants showed that a greater proportion: 62% (8/13) of
group A (intervention) had improved compared with
50% (7/14) of group B (usual care).

One-month follow-up

The difference in FOIS seen post-treatment persisted to
1 month post-end of treatment, 0.59 (95% CI: –0.98

to 2.15). Both groups had made further progress; how-
ever, the differential had increased, with 75% (9/12) of
group A achieving better scores on the FOIS compared
with 57% (8/14) of group B. None of the intervention
group showed deterioration in FOIS scores either post-
treatment or at 1 month follow-up compared with 14%
(2/14) of the control group.

The research team determined that a change of 1
point on the FOIS scale would constitute clinically
meaningful change. Unit changes were calculated for
the FOIS and showed the usual-care group improved
by a mean change of 0.5, while the intervention group
improved by 2 units, i.e., an overall comparative benefit
of 1.5 units.
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Table 3. Patient characteristics at baseline

Patient characteristics at baseline Control (n = 15) Intervention (n = 15)

Age (years): mean (SD) 81 (11.0) 73 (15.3)
Median (IQR) 83 (74–88) 77 (63–83)
Sex male 9 (60%) 10 (67%)
Female 6 (40%) 5 (33%)
First stroke 10 (67%) 11 (73%)
> 1 stroke event 5 (33%) 4 (27%)
Time post-stroke (months): mean (SD) 9.8 (19.7) 14.0 (23.1)
Event to baseline median: (IQR) 1.0 (1–5) 3.0 (1–25)

Patient characteristics at baseline for those patients
who completed the study (per protocol) Control (n = 12) Intervention (n = 12)

Age (years): mean (SD) 79 (11.4) 76 (11.4)
Median (IQR) 83 (73–86) 76 (64–83)
Sex male 8 (66.7%) 8 (66.7%)
Female 4 (33.3%) 4 (33.3%)
First stroke 8 (66.7%) 8 (66.7%)
> 1 stroke event 4 (33.3%) 4 (33.3%)
Time post-stroke (months): mean (SD) 9.1 (20.5) 17.3 (25.0)
Event to baseline median: (IQR) 1.5 (1–4.5) 3.0 (1–33)

Figure 4. Functional Oral Intake Scale (FOIS) outcomes.

Rosenbek Penetration-Aspiration Scale (PAS) outcomes

The comparative difference between the intervention
and control groups for diet and fluids is illustrated in
figure 5 and discussed below. The analysis is based on the
worst bolus swallow for each viscosity attempted during
each assessment.

Assessment of videofluoroscopy data by a single
(blinded) assessor showed a greater proportion of group

A (intervention)—58% (7/12) made progress on fluids
compared with 50% (6/12) of group B, though looking
at the mean change adjusted for baseline it was very close
to zero, 0.40 (95% CI: –2.13 to 2.92) and the confi-
dence interval included the null value. On diet, 58%
(7/12) of group A made progress compared with 17%
(2/12) of group B, and for this measure the difference
was in favour of group A compared with group B, –0.62
(–2.77 to 1.54), as this was a negatively scaled measure,
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Figure 5. Rosenbek Penetration-Aspiration Scale (PAS) outcomes.

Table 4. Summary of the results for those who completed the study (per protocol)

Control
N mean (SD)

Intervention
N mean (SD)

Difference between groups,
adjusted for baseline (95% CI)

FOIS
Baseline 15 4.3 (1.8) 15 3.5 (2.0)
After treatment 14 5.1 (1.9) 13 5.1 (2.0) 0.50 (−0.72 to 1.72)
1 month post-treatment 14 5.1 (2.2) 12 5.3 (1.9) 0.59 (−0.98 to 2.15)

Rosenbek PAS
Fluids Baseline 15 5.2 (2.7) 15 6.4 (2.3)
After treatment 12 3.4 (2.7) 12 4.3 (3.0) 0.40 (−2.13 to 2.92)

Diet Baseline 15 2.5 (2.4) 15 4.6 (3.1)
After treatment 12 1.8 (2.1) 12 2.5 (2.6) −0.62 (−2.77 to 1.54)

SWAL-QoL
Baseline 13 118 (22.8) 14 107 (17.8)
After treatment 13 119 (23.6) 13 115 (15.1) 9.7 (−0.9 to 20.3)
1 month post-treatment 12 121 (24.9) 12 128 (14.3) 20.5 (4.2–36.7)

a negative difference indicates a change in favour of the
intervention. There may be a ceiling effect to the
data for diet as group averages for severity of pene-
tration/aspiration scores showed the usual-care group
were less severely dysphagic initially (table 4). (A total of
12/15 of the intervention group had scores of 6–8, indi-
cating laryngeal penetration/aspiration compared with
7/15 of the usual-care group.)

As with the FOIS scale, the research team deter-
mined that a change of 1 point on the PAS would
constitute clinically meaningful change. Unit changes
for diet showed a mean reduction of reduction in
severity of penetration-aspiration of 2.1 points for the

intervention group and 0.75 for the usual-care group.
This constitutes a comparative benefit of 1.35 points
for the intervention group. Unit changes for fluids
showed a mean reduction of 2.1 points for the inter-
vention group and 1.8 for the usual-care group. This
is a comparative benefit of 0.3 for the intervention
group.

Swallow-related Quality of Life (SWAL-QoL) outcomes

The comparative differences between the groups is illus-
trated in figure 6 and discussed below.
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Figure 6. Swallow Related Quality of Life (SWAL-QoL) outcomes.

Post-treatment a greater proportion of group A, 83%
(10/12), scored their quality of life as better compared
with 38% (5/13) of group B, and the mean difference
adjusted for baseline was 9.7 (95% CI: –0.90 to 20.3)
in favour of group A (intervention).

At follow-up 1 month post-treatment end, both
groups showed continued improvement, and again, the
differential had increased, with 100% (12/12) of inter-
vention group reporting improved SWAL-QoL scores
compared with 42% (5/12) of group B. The mean dif-
ference in quality of life had increased such that the
adjusted difference was 20.5 (4.2–36.7) in favour of the
intervention.

There were significant differences in participants’
ratings of swallow-related quality of life. This is
particularly evident when looking at data from patients
who reported a reduction in SWAL-QoL scores. In
group A, 17% (2/12) reported lower SWAL-QoL scores
compared with 54% (7/13) in group B.

This distinction was magnified by 1-month follow-
up. In group A, 0% (0/12) reported a reduction in
SWAL-QoL compared with 50% (6/12) of group B.

A further finding, across all outcome measures, was
that there were notable differences between groups in the
proportion of patients who showed any deterioration
in swallow function. As can be seen in table 5, there
was much less deterioration in swallow function in the
intervention group. This was a supplemental finding of
the study which the research team identified during data
analysis. Consideration will be given to the study design

of a future full-scale trial in order to see whether this
finding is replicated in a larger study and to explore the
potential causes for the differences between the groups.

Qualitative data

All group A (intervention) participants reported that
the treatment was tolerable. None found it disrup-
tive to their lifestyle, however one patient would have
preferred the treatment slightly less intensively,
preferring three times per week rather than five. Other
quotations from group A included:

Participants

� ‘I feel better at swallowing—no problems swal-
lowing at all now.’

� ‘I thought the treatment was very good and I
would recommend it to anybody.’

� ‘I’ve enjoyed taking part. It’s given me a positive
feeling about my swallow.’

Carers:

� ‘He can drive short distances without having to
pull over to use the pot (to expectorate secretions)
and sleep through the night now without waking
up coughing.’

� ‘She’s definitely not coughing anywhere near as
much now’.
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Table 5. Summary showing differences between groups in any deterioration in swallowing

Control Intervention

Outcome measure N No. Patients % of group N No. Patients % of group

FOIS
After treatment 14 2 14% 13 0 0%
1 month post-treatment 14 2 14% 12 0 0%
Rosenbek PAS
Fluids 12 3 25% 12 0 0%
Diet 12 1 8% 12 0 0%
SWAL-QoL
After treatment 13 7 54% 12 2 17%
1 month post-treatment 12 6 50% 12 0 0%

Discussion

The main findings of this study were that a greater pro-
portion of the intervention group made progress in re-
covery of swallow function compared with the usual-care
group. They also made comparatively greater progress as
determined by clinically meaningful change on a range
of accepted quantitative and qualitative outcome mea-
sures. Additionally, the intervention group tended to
be longer post-stroke than the usual-care group (mean
= 23.1 months compared with 19.7 months—also the
longest period post-stroke in the usual-care group was
5 months, whereas for the intervention group it was
55 months).

The particular intervention protocol used in this
study is novel in incorporating NMES with resistance
exercises using a specifically developed resistance neck
brace and novel electrodes, which have a larger surface
area that those used with other NMES systems. They are
also shaped specifically to fit in the submental area, as
shown in figure 1. This permits distribution of the elec-
trical stimulus more evenly than the smaller electrodes
used in previous NMES studies, making the treatment
more tolerable for patients.

Group A (intervention) showed greater improve-
ment overall on most measures. This shows con-
sensus with the previous research shown in table 1
which employed NMES as an adjunct to other
therapeutic interventions (from traditional swallow
strengthening exercises to respiratory muscle strength
training).

We also found that at the 1-month end of treat-
ment follow-up, improvement was not only sustained
but continued. This was less evident in the results of the
usual-care group (some of whom in fact deteriorated).
We wonder whether the continued progress may indi-
cate plasticity triggered by the intervention or greater
improvement due to practise effects as this group were
swallowing more frequently. This is an interesting find-
ing and we compared this trend with results of the pre-
vious research into NMES as an adjunct. Of the studies
shown in table 1, nine describe original research. Chen

et al. (2016) is a systematic review and meta-analysis. Of
the nine original research studies, five did not investigate
follow-up post-end of treatment (Lim et al. 2009, 2014,
Park et al. 2012, Kushner et al. 2013, Zhang et al. 2016).
Of the four studies that did look at long-term follow-up,
two found no long-term effect at 12 weeks (Terre and
Mearin 2015, Guillen-Sola et al. 2017) and two found a
lasting effect: Sun et al. (2013) found sustained benefit
at 24 months post-treatment (in a ‘preliminary case se-
ries’) and Lee et al. (2014) at 12 weeks post-treatment.
We would therefore prioritize data collection on long-
term effects in a full-scale study in order to clarify this
issue in a larger group of patients.

We found that the FOIS, PAS and SWAL-QoL
scales were well tolerated by patients as outcome mea-
sures and these pilot study data suggest that they
offer acceptable sensitivity to change for this inter-
vention. We also achieved successful recruitment to
target.

Participants in the intervention group also judged
that the Ampcare ESP treatment was tolerable and no
immediate/long-term adverse effects of the intervention
were found. Our attrition rate of 20% was deemed com-
parable with other studies of this kind.

These findings justify progression to a full-scale clin-
ical trial and we have additionally calculated that we
would require a sample size of 220 patients to power a
full-scale study.

Limitations

Sample size

Thirty patients is a small sample, thus we cannot deter-
mine as yet with certainty whether the Ampcare ESP
achieves better treatment outcomes when compared
with usual care. The small sample size also meant we
were unable to match for severity of stroke, severity
of dysphagia, age and time post-onset of stroke; how-
ever, we would look to exclude baseline differences or
to evaluate statistically any differences that could not be
controlled for in a future, larger trial.
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Complexity of intervention

This pilot trial involved a complex intervention and
aimed to validate a new protocol that uses synergistic
application of NMES plus exercise against resistance,
and so it was not possible to determine which element—
the NMES, exercises or treatment intensity—might
comparatively have the greatest impact on outcomes.
However, Bonell et al. (2012) suggested that RCTs of
complex interventions, conducted within a critical real-
ist framework, can produce pragmatic and useful eval-
uations. Furthermore, the majority of recent studies of
NMES have concluded that NMES is of greater benefit
when used as an adjunct to traditional swallowing reha-
bilitation exercises. Our findings therefore support this.
A larger-scale trial should involve use of strengthening
exercises alone as a control in order to compare effects
with the use of combined NMES plus exercises in the
intervention arm.

Heterogeneity of usual care

This is a genuine limitation but pragmatically a necessity
of a multi-centre study focusing on persistent dysphagia,
as local variation in care increases as time post-stroke
increases. Acceptance of local procedures at each site was
a requirement in order to recruit sufficient participants
within the available time period.

Characteristics of stroke

We did not collect data in this pilot study on the stroke
aetiology, severity or vascular territory. We would build
collection of this data into a further full-scale study.

Follow-up measures

Videofluoroscopy was carried out at baseline and im-
mediately post-treatment; however, it was omitted at
1 month follow-up post-end of treatment. Some may
consider this a limitation in terms of omission of this
measure at the final data point, but the research team
determined that the burden to study participants out-
weighed the value of this measure as it would expose
them to a further dose of radiation and necessitate a fur-
ther hospital out-patient visit. It was therefore decided
that we would repeat only the FOIS and SWAL-QoL
measures at the final data point.

Conclusions

This pilot study demonstrated clinically meaningful im-
proved swallow outcomes for a greater proportion of
intervention group participants, together with signifi-
cantly improved quality of life for participants receiving
Ampcare ESP compared with those receiving usual care.

These findings support previous research into the use of
NMES as an adjunct to therapy and support progression
to a fully powered RCT.

A full-scale trial is required in order to help answer
the calls that have been made for research (NICE 2014)
and to clarify guidance for dysphagia practitioners. This
trial should be sufficiently powered to address the ques-
tion of treatment efficacy and also include evaluation of
data on long-term benefit as prior research on this has
been lacking in rigour.

Acknowledgements

The authors gratefully acknowledge funding from the Sheffield
Teaching Hospitals NHS Foundation Trust; Ampcare LLC; NIHR
Devices for Dignity HTC; Collaboration for Leadership in Applied
Health Research (South Yorkshire); and Royal College of Nursing
(Lady Foley Award). Declaration of interest: Ampcare LLC con-
tributed a small percentage of funding; however, the authors guaran-
tee complete study independence and integrity of study design, data
analysis and interpretation. Full ethical approval of all aspects was
secured from the Yorkshire and Humber National Research Ethics
Committee. The views expressed are those of the authors and not
necessarily those of the funders.

References

BONELL, C., FLETCHER, A., MORTON, M., LORENC, T. and MOORE,
L., 2012, Realist randomised controlled trials: a new approach
to evaluating complex public health interventions. Social Sci-
ence and Medicine, 75, 2299–2306.

BULOW, M., SPEYER, R., BAIJENS, L., WOISARD, V. and EKBERG,
O., 2008, Neuromuscular electrical stimulation (NMES) in
stroke patients with oral and pharyngeal dysfunction. Dys-
phagia, 23, 302–309.

BURNETT, T. A., MANN, E. A., CORNALL, S. A. and LUDLOW,
C., 2003, Laryngeal elevation achieved by neuromuscu-
lar stimulation at rest. Journal of Applied Physiology, 94(1),
128–134.

CHEN, Y. W., CHANG, K. H., CHEN, H. C., LIANG, W. M., LIN, Y. N.,
2016, The effects of neuromuscular electrical stimulation on
post-stroke dysphagia: a systematic review and meta-analysis.
Clinical Rehabilitation, 30(1), 24–35.

CLARK, H., LAZARUS, C., ARVEDSON, J., SCHOOLING, T. and FRY-
MARK, T., 2009, Evidence-based systematic review: effects of
neuromuscular electrical stimulation on swallowing and neu-
ral activation. American Journal of Speech–Language Pathology,
18, 361–375.

CRARY, M. A., MANN, G. D. and GROHER, M. E., 2005, Initial
psychometric assessment of a functional oral intake scale for
dysphagia in stroke patients. Archives of Physical Medicine
Rehabilitation, 86, 1516–1520.

DEPARTMENT OF HEALTH/NATIONAL AUDIT OFFICE, 2010, Progress
in Improving Stroke Care (London: National Audit Of-
fice (NAO)) (available at: https://www.nao.org.uk/wp-
content/uploads/2010/02/0910291.pdf).

DOGGETT, D. L., TAPPE, K. A., MITCHELL, M. D., CHAPELL,
R., COATES, V. and TURLELSON, C. M., 2001, Preven-
tion of pneumonia in elderly stroke patients by systematic
diagnosis and treatment of dysphagia: an evidence-based

https://www.nao.org.uk/wp-content/uploads/2010/02/0910291.pdf
https://www.nao.org.uk/wp-content/uploads/2010/02/0910291.pdf


416 Lise Sproson et al.

comprehensive analysis of the literature. Dysphagia, 16(4),
279–295.

DOUCET, B. M., LAM, A. and GRIFFIN, L., 2012, Neuromuscular
electrical stimulation for skeletal muscle function. Yale Journal
of Biology and Medicine, 85(2), 201–215.

EKBERG, O., HAMDY, S., WOISARD, V., WUTTGE-HANNIG, A. and
ORTEGA, P., 2002, Social and psychological burden of dyspha-
gia: its impact on diagnosis and treatment. Dysphagia, 17(2),
139–146.

FARRI, A., ACCORNERO, A. and BURDESES, C., 2007, Social impor-
tance of dysphagia: its impact on diagnosis and therapy. Acta
Otorhinolaryngolica Italica, 27(2), 83–86.

FREED, M. L., FREED, L., CHATBURN, R. L. and CHRISTIAN, M.,
2001, Electrical stimulation for swallowing disorders caused
by stroke. Respiratory Care, 46(5), 466–474.

GALLAS, S., MARIE, J. P. and LEROI, A. M., 2010, Sensory transcu-
taneous electrical stimulation improves post-stroke dysphagic
patients. Dysphagia, 25, 291–229.

GEEGANAGE, C., BEAVAN, J., ELLENDER, S. and BATH, P. M.,
2012, Interventions for dysphagia and nutritional support in
acute and subacute stroke. Cochrane Database System Review,
October, 17, Issue 10.

GUILLEN-SOLA, A., SARTOR, M. M., SOLER, N. B., DUARTE, E.,
BARRERA M. C. and MARCO E., 2017, Respiratory muscle
strength training and neuromuscular electrical stimulation in
subacute dysphagic stroke patients: a randomized controlled
clinical trial. Clinical Rehabilitation, 31(6), 761–771.

JULIOUS, S. A., 2005, Sample size of 12 per group rule of
thumb for a pilot study. Pharmaceutical Statistics, 4(4),
287–291.

KILBRIDE, C., DRUMMOND, A., HANCOCK, N. J., POWNALL, S., ED-
MANS, J., BRIGGS, L. and CUNNINGHAM, R., 2014, Measuring
the 45 minute quality standard of therapy intensity using data
from the UK Sentinel Stroke National Audit Programme (SS-
NAP). Poster presentation at the 9th World Stroke Congress,
22–25 October.

KUSHNER, D. S., PETERS, K., EROGLU, S. T., PERLESS-CARROLL, M.
and JOHNSON-GREENE, D., 2013, Neuromuscular electrical
stimulation in acute stoke feeding tube-dependent dysphagia
during inpatient rehabilitation. American Journal of Physical
and Medical Rehabilitation, 92(6), 486–495.

LANGDON, C. and BACKER, D., 2010, Dysphagia in stroke: a
new solution. Stroke Research and Treatment, art. 570403.
https://doi.org/10.4061/2010/570403

LAZARUS, C., LOGEMANN, J. A., SONG, C. W., RADEMAKER, A.
W. and KAHRILAS, P., 2002, Folia Phoniatrica et Logopaed-
ica 54(4), 171–176.

LEE, K. W., KIM, S. B., LEE, J. H., LEE, S. J., RI, J. W. and PARK, J. G.,
2014, The effect of early neuromuscular electrical stimulation
therapy in acute/subacute ischaemic stroke patients with dys-
phagia. Annals of Rehabilitation Medicine, 38(2), 153–159.

LIM, K. B., LEE, H. J., YOO, M. D. and KWON, M. D., 2014, Effect
of low-frequency rTMS and NMES on subacute unilateral
hemispheric stroke with dysphagia. Annals of Rehabilitation
Medicine, 38(5), 592–602.

LIM, K. B., LEE, H. J., LIM, S. S. and CHOI, Y. I., 2009, Neuromus-
cular electrical and thermal-tactile stimulation for dysphagia
caused by stroke: a randomized controlled trial. Journal of
Rehabilitation Medicine, 41, 174–178.

MANN, G., HANKEY, G. J. and CAMERON, D., 1999, Swallowing
function after stroke: prognostic factors at 6 months. Stroke,
30, 744–748.

MCCULLOUGH, G. H. and KIM, Y., 2013, Effects of the Mendel-
sohn manoeuvre on extent of hyoid movement and UES
opening post-stroke dysphagia. Dysphagia, 28(4), 511–519.
https://doi.org/10.1007/s00455-013-9461-1

MCHORNEY, C. A., ROBBINS, J., LOMAX, K., ROSENBEK, J. C.,
CHIGNELL, K., KRAMER, A. E. and BRICKER, D. E., 2002,
The Swal-QoL and Swal-Care outcomes tool for oropharyn-
geal dysphagia in adults: III. Documentation of reliability and
validity. Dysphagia, 17(2), 97–114.

MOORE, G., AUDREY, S., BARKER, M., BOND, L., BONELL, C.,
COOPER, C., HARDEMAN, W., MOORE, L. O’CATHAIN, A.,
TINATI, J., WIGHT, D. and BAIRD, J., 2014, Process evalua-
tion in complex public health intervention studies: the need
for guidance. Journal of Epidemiology and Community Health,
68(2), 101–102. https://doi.org/:10.2013-202869

NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE (NICE),
2014, Transcutaneous Neuromuscular Electrical Stimulation for
Oropharyngeal Dysphagia. NICE Interventional Procedure
Guidance No. IPG490.

PARK, J. W., , OH, J. C. and LEE, H. J., 2012, Effortful swallowing
training combined with electrical stimulation in post stroke
dysphagia: a randomized controlled study. Dysphagia, 27,
521–527.

PERMSIRIVANICH, W., TIPCHATYOTIN, S., WONGCHAI, M., LEE-
LANMIT, V., SETTHAWACHARAWANICH, S., SATHIRAPANYA,
P., PHABPHAL, K., JUNTAWISES, U. and BOONMEEP-
RAKOB, A., 2009, Comparing the effects of rehabilita-
tion swallowing therapy vs. neuromuscular electrical stim-
ulation therapy among stroke patients with persistent
pharyngeal dysphagia: a randomized controlled study.
Journal of the Medical Association of Thailand, 92(2),
259–265.

ROFES, L., ARREOLA, V., LOPEZ, I., MARTIN, A., SEBASTIAN, M., CIU-
RANA, A. and CLAVE, P., 2013, Effect of surface sensory and
motor electrical stimulation on chronic post stroke oropha-
ryngeal dysfunction. Neurogastroenterology and Motility, 25,
888–e701.

ROSENBEK, J. C., ROBBINS, J. A., ROECKER, E. B., COYLE, J. L. and
WOOD, J. L. A., 1996, Penetration-aspiration scale. Dyspha-
gia, 11, 93–98.

RUDD, A. G., JENKINSON, D., GRANT, R. L. and HOFFMAN, A., 2009,
Staffing levels and patient dependency in English stroke units.
Clinical Medicine, 9, 110–115.

SINGH, S. and HAMDY, S., 2006, Dysphagia in stroke patients. Post-
graduate Medical Journal, 82(968), 383–391.

SMEAD, K., 2008, Strengthening the swallow through resistance
exercise. Advance Healthcare Online Network for Speech and
Hearing (available at: speech-language-pathology-audiolo-
gyadvanceweb.com).

STEELE, C. M., 2007, New rehabilitation research from Toronto
Rehabilitation Institute discussed. Life Science Weekly, 3706
(available at: www.newsrx.com).

STIZMANN, J. and MUELLER, R., 1988, Enteral and par-
enteral feeding in the dysphagic patient. Dysphagia, 3(1),
38–45.

SUN, S. F., HSU, C. W., LIN, H. S., SUN, H. P., CHANG, P. H., HSIEH,
W. L. and WANG, J. L., 2013, Combined neuromuscular elec-
trical stimulation (NMES) with fibreoptic evaluation of swal-
lowing (FEES) and traditional swallowing rehabilitation in
the treatment of stroke-related dysphagia. Dysphagia, 28(4),
557–566.

TAN, C., LIU, Y., LI, W., LIU, J. and CHEN, L., 2013, Transcutaneous
neuromuscular electrical stimulation can improve swallowing
function in patients with dysphagia caused by non-stroke
diseases: a meta-analysis. Journal of Oral Rehabilitation, 40,
472–480.

TERRE, R. and MEARIN, F., 2015, A randomized controlled study of
neuromuscular electrical stimulation in oropharyngeal dys-
phagia secondary to acquired brain injury. European Journal
of Neurology, 22, 687–696.

https://doi.org/10.4061/2010/570403
https://doi.org/10.1007/s00455-013-9461-1
https://doi.org/:10.2013-202869
file:speech-language-pathology-audiologyadvanceweb.com
file:speech-language-pathology-audiologyadvanceweb.com
http://www.newsrx.com


RCT: NMES plus exercise for dysphagia post-stroke 417

WADA, S., TOHARA, H., IIDA, T., INOUE, M., SATO, M.
and UEDA, K., 2012, Jaw-opening exercise for insuffi-
cient opening of upper oesophageal sphincter. Archives
of Physical Medicine Rehabilitation, 93(11), 1995–
1999.

WATTS, C. R., 2013, Measurement of hyolaryngeal muscle activa-
tion using surface electromyography for comparison of two

rehabilitative dysphagia exercises. Archives of Physical Medicine
Rehabilitation, 94(12), 2542–2548.

ZHANG, M., TAO, T., ZHANG, B. Z., ZHU, X., FAN, W. G., PU,
L. J., CHU, L. and YUE, S. W., 2016, Effectiveness of neu-
romuscular electrical stimulation on patients with dysphagia
with medullary infarction. Archives of Physical and Medical
Rehabilitation, 97(3), 355–362.


