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The purpose of this study was to evaluate the effect of neuromuscular electrical stimulation (NMES) in
patients suffering from dysphagia following treatment for head and neck cancer. In a prospective, double
blinded, randomized case control study between January 2006 and December 2007, 14 patients were ran-
domized to 30 min of NMES and 30 min of traditional swallowing training for 5 days per week for 2
weeks (experimental group), and 12 patients were randomized to sham stimulation plus traditional swal-
lowing training (control group). Effects were assessed using the clinical dysphagia scale (CDS), the func-
tional dysphagia scale (FDS), the American speech-language-hearing association national outcome
measurement system (ASHA NOMS) and the M.D. Anderson dysphagia inventory (MADI). Pretreatment
evaluation showed no significant differences between the two groups for all parameters. Average changes
of FDS score were 11.4 £ 8.1 for the experimental group and 3.3 £ 14.0 for the control group (P = 0.039).
CDS, ASHA NOMS and MADI showed some difference with treatment, but the changes were not signifi-
cant (P > 0.05). NMES combined with traditional swallowing training is superior to traditional swallowing

training alone in patients suffering from dysphagia following treatment for head and neck cancer.

© 2008 Elsevier Ltd. All rights reserved.

Introduction

Dysphagia is a common complication following treatment of
head and neck cancer, with aspiration being the most common
manifestation, This symptom refers to difficulty in swallowing.
Destruction of the normal anatomy by tumor growth, surgery or
chemotherapy or by radiation-induced scarring, is potential a
mechanism responsible for dysphagia in head and neck cancer pa-
tients.”” Dysphagia in these patients is caused mainly by incom-
plete laryngeal closure, sphincter dysfunction or pharyngeal
pooling and reduced or delayed laryngeal elevation which is
thought to be the most common cause of dysphagia and aspira-
tion.*# Methods traditionally used to treat neuromuscular dyspha-
gia have generally been unsuccessful in restoring safe swallowing
to patients with severe dysphagia.’>~” Deep pharyngeal neuromus-
cular electrical stimulation (NMES) is a more specific technique, in
which controlled neuromuscular electrical stimulation is used to
strengthen the muscles used in swallowing and to improve laryn-
geal elevation.®!! In NMES, electrodes are simultaneously acti-
vated over the submental and laryngeal regions on the throat,
with the aim of producing a simultaneous contraction of the mylo-
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hyoid in the submental region (to elevate the hyoid bone) and the
thyrohyoid in the neck (to elevate the larynx to the hyoid bone). &

About 90% of therapists who use NMES also use additional tech-
niques,’® confounding the effects of NMES and raising doubts
about its effectiveness.'®!3'® Although several studies have ad-
dressed the diagnosis and evaluation of dysphagia following treat-
ment for head and neck cancer, there have been few studies on
patient treatment.

The purpose of this investigation was to evaluate the effect of
NMES on dysphagia following treatment for head and neck
cancer.

Patients and methods
Study population

Between January 2006 and December 2007, 267 patients (219
men, 48 women; mean age, 61.4 = 10.6 years) underwent curative
surgical and/or radiation treatment for head and neck cancer at
Asan Medical Center, Seoul, Korea. Primary tumors were located
in the larynx in 141 patients, in the hypopharynx in 11, in the oral
cavity in 82, and in the oropharynx in 33. Of these 267 patients, 46
patients were referred to the dysphagia clinic for the evaluation
and treatment of dysphagia.
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The inclusion criteria for study subjects included patients who
had undergone surgical or radiation treatment for head and neck
cancer, those suffering from dysphagia as a treatment complica-
tion, those confirmed on a ideofluoroscopic swallowing study
(VFSS), and patients currently on a restricted diet, with stable vital
signs, and who were able to participate in our treatment program.
Patients with cognitive impairment, history of cerebrovascular dis-
ease, serious psychologic disorder, cardiac pacemaker, aged less
than 20 years, or unable to tolerate electrical stimulation were
excluded.

Randomization

This study was a prospective, double-blinded, randomized case
control study. The trial statistician randomly allocated each patient
to either the experimental (n=21) or the control group (n = 25).
The patients were blinded to their group identification, and the
outcome assessor was also blinded to the groups and the results
of the treatment sessions. This author was unaware of the swal-
lowing status of each patient on all evaluations and had no infor-
mation provided regarding patient progress during the treatment
period. Seven patients in the experimental group and thirteen in
the control group were lost to follow-up. The causes of follow-up
loss in the experimental group included orocervical fistula
(n=1), early discharge and traffic problems (n = 3), and unwilling-
ness to participate in the experimental group during our treatment
program (n=3), while the causes in the control group included
deep neck infection (n=1), early discharge and traffic problems
(n=7), incorrect pathology diagnosed as inflammation (n=1),
and unwillingness to participate during our treatment program
(n =4). Therefore, the experimental group consisted of 14 patients,
and the control group consisted of 12 patients.

Of the 14 patients in the experimental group, 6 had supraglottic
carcinoma, four had tonsillar carcinoma, and one each had hypo-
pharyngeal, transglottic, nasopharyngeal and mouth floor cancers.
Of the 12 patients in the control group, four had supraglottic can-
cer, three had tonsillar cancer, two had mouth floor cancer, and one
each had hypopharyngeal cancer and neck schwannoma. One pa-
tient underwent radiation treatment alone, and the others under-
went surgical treatment, with or without radiation treatment.

The study protocol was approved by the Institutional Review
Board of the Asan Medical Center. All patients who agreed to par-
ticipate provided written informed consent,

Interventions

Each patient in the experimental group received NMES for
30 min, followed by conventional rehabilitation treatment for
30 min, for 5 days per week for 2 weeks. Each patient in the control
group received sham stimulation, followed by conventional reha-
bilitation treatment, on the same time schedule. NMES was per-
formed by occupational therapists trained and certified in Vital
Stim™. NMES was delivered using a dual-channel, electrotherapy
system with a pulsed current at a fixed pulse rate of 80 Hz and fixed
pulse duration of 700 ms (Vital Stim™ Model 5900, Chattanooga
Group, Hixon, TN). The skin of the anterior neck was prepared with
a 70% isopropy! alcohol pad. The method of electrode placement is
described in Figure 1. The amplitude of the electrical current was
based upon subjects’ verbal feedback. As the amplitude was gradu-
ally increased, subjects indicated when they experienced tingling,
crawling, burning, or grabbing. When a grabbing sensation was re-
ported, the amplitude was kept at that level for the remainder of the
30 min session.” Patients in the control group underwent sham
stimulation using low intensity transcutaneous electrical nerve
stimulation (TENS; AUTO-TENS HL®, Homer Ion, Inc. Japan).

Figure 1 NMES electrode placement.? Channel 1 is horizontally immediately above
thyroid notch. Channel 2 is parallel, below notch. Alternatively, channels can be
connected vertically.

Conventional rehabilitation training consisted of oral motor
exercises, pharyngeal swallowing exercises, use of compensatory
strategies during meals, thermal/tactile stimulation, Mendelsohn
maneuver and diet-texture modifications.

Outcome measures

Functional changes in each patient were evaluated before and
after treatment. The evaluation tools included the functional
dysphagia scale (FDS)'” the clinical dysphagia scale (CDS),'® the
American speech-language-hearing association national outcome
measurement system swallowing level scale (ASHA NOMS),!9%°
and the M.D. Anderson dysphagia inventory.?!

VFSS was performed as described previously.*? FDS and CDS,
both of which are numeric scales were used for quantitative eval-
uation of dysphagia. FDS is directly converted from the physiologic
parameters of the VFSS and CDS from the clinical information. The
validity of these scales, compared with the ASHA NOMS scale, has
been confirmed.'”'® ASHA is a widely used, highly valid scale that
measures clinical status transcendentally.'®?° The M.D. Anderson
dysphagia inventory is validated, reliable, self-administered ques-
tionnaire designed specifically to evaluate the impact of dysphagia
on quality of life of patients with head and neck cancer.?!

Statistical analysis

The software program SPSS for Windows, version 12.0 (SPSS,
Chicago, IL) was used for statistical analyses. Parameters of the

Table 1
Demographic data of study subjects.

~Control Grotip
12
6085120
111

 Experimental Group.

Duration’2
Location.

Duration 1: The median numbers of days from operation to the initial evaluation,
Duration 2: The median number of days from operation to final evaluation.




J.S. Ryu et al./Oral Oncology xxx (2008) Xxx—-XxX 3

Table 2

Differences in parameters pretreatment evaluation and post treatment evaluation.
Experimental group Controlgroup . " 1 ipe
. Pre- . Postr Pre- o Post-.

! o treatment’ . freatment . ..:treatinent:: . freatment: 1
DS 9 386159 353177 7. 004
DS i Al : 428 . M43 %177 007
ASHA: o0 257 81,65+ ¢ 67£2:10 27

NOMS: ol e e
MADI - © . 482#9.8 . [ 534%110° 0.35

FDS: Functional dysphagia scale,

CDS: Ciinical dysphagia scale.

ASHA NOMS: American speech-language-hearing association national outcome
measurement system.

MADI: M.D. Anderson dysphagia inventory.

" Statistically significant.

experimental and control groups were compared using Levene's
test, the Mann-Whitney U test, Fisher's exact test and the Chi-
square test, as appropriate. Significance was defined as P < 0.05.

Results

Ages, gender distribution, days from surgery to initial or final
evaluations, and pretreatment measurements of dysphagia were
similar in the two groups (Table 1). All data from this study were
summarized in Table 2. FDS scores decreased from 33.9+13.2 to
224+13.4 in the experimental group and from 38.6 £15.9 to
35.3'+17.7 in the control group, with average change in FDS score
was being significantly greater in the experimental group
(11.4 £8.1 versus 3.3 + 14.0, P = 0.04; Fig. 2). Although changes in
CDS score (1.4 +2.9 versus —1.5 £ 5.0, P= 0,07; Fig. 2), ASHA grade
(1.29 £ 1.2 versus 0.75 + 1.06, P = 0.27), and M.D. Anderson dyspha-
gia inventory (5.2 £ 3.7 versus 2.8 +7.5, P=0.35) were greater in

50
45 e FDS(Experim
4 ental Group)
> .-+ FDS(Control
o5 Group)
20 ~ - - CDS{(Experim
15 ental Group)
10 ~-9--CDS(Control

5 Group)

0

Before After
Intervention Intervention

Figure 2 Effects of NMES on the functional dysphagia scale (FDS) and the clinical
dysphagia scale (CDS). Improvements of FDS were significantly greater in the
experimental group than in the control group. P<0.05.

il AS HA(EX perim
ental Group)
& ASHA({Control
4 Group)
3 |- -~ MADKExpenim
2 enlal Group)
1 |--®-=MADI(Control
0 Belowe After Intervention 0 Group)
Intervention

Figure 3 Effects of NMES on the American speech-language-hearing association
national outcome measurement system swallowing level scale (ASHA NOMS) and
the M.D. Anderson dysphagia inventory (MADI). Improvements were greater in the
experimental group than in the control group, but the differences were not
significant,

the experimental group, the differences were not significant
(Fig. 3).

Discussion

The primary objective of NMES in pharynx or larynx is to use an
electrical current to activate the pharyngeal/laryngeal musculature
through intact peripheral nerves.®'4'> For example, NMES has
been used to stimulate the thyrohyoid muscle, with the goal of
improving laryngeal elevation in patients with dysphagia.'’
Although dysphagia of subjects improved, this study did not in-
clude a control group, failed to control for spontaneous recovery,
and failed to determine inter- and intra-judge reliability for inter-
pretation of VFSS. In addition, stroke patients receiving NMES for
the treatment of dysphagia showed significant functional gains,”
but that study did not determine the specific effects of treatment
on swallowing physiology, failed to randomize subjects to treat-
ment, and failed to determine inter- and intra-judge reliability
for interpretation. Two weeks of NMES treatment on the submen-
tal muscles was not found to increase myoelectrical activity,'® but
functional improvements were not assessed. In treating dysphagia,
NMES may be more beneficial when paired with volitional exer-
cise, such as effortful swallowing.**

There have been few studies of therapy for dysphagia following
treatment of head and neck cancer. Although surface electromyo-
graphic biofeedback applied to a structured behavioral therapy
program facilitated increased functional oral intake within a lim-
ited time frame,** stroke patients showed greater functional gains
than head and neck cancer patients. Dysphagia in patients treated
for head and neck cancer may have a larger mechanical component
owing to structural and mucosal changes caused by cancer treat-
ment.* Patients who present with anatomic restrictions contribut-
ing to dysphagia may be less likely to have the physiologic
capability to change swallowing patterns. Although some improve-
ments of dysphagia were observed in head and neck cancer pa-
tients, the study lacked a control group; thus the effectiveness of
NMES could not be confirmed.

To overcome the above limitations, we used a prospective, dou-
ble-blinded, randomized case control design. To control for inter-
and intra-judge reliability, patients were randomly assigned to
treatment groups, and VFSS was performed by one physician
blinded to treatment groups. Dysphagia was evaluated quantita-
tively using the CDS and FDS. We found that patients with dyspha-
gia caused by treatment for head and neck cancers showed greater
FDS improvements following NMES combined with conventional
rehabilitation treatment than following conventional rehabilita-
tion treatment alone. Although differences in the CDS, ASHA
NOMS, and the M.D. Anderson dysphagia inventory were not sig-
nificant, these parameters also showed greater improvements in
the experimental group.

The mechanism by which NMES may improve swallowing func-
tion is not known. Disuse of a striated muscle can lead to atrophy
of that muscle, even if the medical condition leading to disuse has
no direct effect on the muscle or associated nerves.?® Electrically
stimulated contractions recruit more motor units than volitional
contraction.”” In addition, electrical stimulation selectively acti-
vates type Il muscle fibers that have a greater ability to develop
tension.”® These benefits may allow for enhanced strength devel-
opment. In a previous study regarding the immediate physiologic
effects of NMES, the patients who had reduced aspiration and pen-
etration during swallowing with NMES had greater hyoid depres-
sion during stimulation while at rest."’ Those patients who felt a
greater downward pull on the hyoid, when stimulation was turned
on to the maximal level, made a greater effort to elevate the hyola-
ryngeal complex when swallowing in an attempt to overcome the
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effects of the stimulation. It could also be that those patients who
had greater residual power in their hyolaryngeal muscles, would
have not only experienced greater hyoid descent with stimulation
but could also have had greater residual power that they could re-
cruit for hyolaryngeal elevation in order to counteract the stimula-
tion-induced descent during swallowing."’

NMES may improve the contraction of thyrohyoid muscle, caus-
ing laryngeal elevation, an essential step in cricopharyngeal
sphincter opening.'®

After laryngeal surgery, laryngeal aspiration occurred in 52% of
patients, with the most common type of aspiration being the intra-
deglutitive type.® There is a correlation between the extent of sur-
gery and dysphagia.>?® Due to the small size of our study popula-
tion, we could not classify patients according to the type and
extent of head and neck cancers. The effects of NMES may be re-
lated to the site and extent of these tumors,

There are several limitations in the use of NMES and in our
study. NMES cannot be applied to patients whose tongue or thyro-
hyoid muscle is severely impaired and cannot have an appreciable
effect on swallowing initiation or in patients in whom the device is
unable to stimulate adequate contraction of the thyrohyoid mus-
cle.”® In our study, the follow-up rate was 67% in the experimental
group and 48% in the control group, which may affect the result. In
addition, the small patient population, their heterogeneity and the
use of sham stimulation may have led to incorrect results, Longer-
term follow up is also necessary.

In conclusion, the results of this study suggest that the combi-
nation of electrical stimulation and conventional rehabilitation
treatment is superior to conventional rehabilitation treatment
alone in patients suffering from dysphagia following treatment
for head and neck cancer.
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