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Abstract. This study examines the functional and physi-
ologic outcomes of treatment in a group of 10 patients
with chronic dysphagia subsequent to a single brainstem
injury. All patients participated in a structured swallow-
ing treatment program at a metropolitan teaching hospi-
tal. This program differs from more traditional swallow-
ing treatment by the inclusion of surface electromyogra-
phy biofeedback as a treatment modality and the
completion of 10 hr of direct treatment in the first week
of intervention. A retrospective analysis of medical re-
cords and patient questionnaires was used to gain infor-
mation regarding medical history, site of lesion, prior
interventions, and patient perception of swallowing re-
covery. Physiologic change in swallowing treatment, as
measured by severity ratings of videofluoroscopic swal-
lowing studies, was demonstrated in nine of 10 patients
after 1 week or 10 sessions of treatment. Functional
change was measured by diet level tolerance after 1 week
of treatment, at 6 months, and again at 1 year posttreat-
ment. Eight of the 10 patients were able to return to full
oral intake with termination of gastrostomy tube feed-
ings, whereas two demonstrated no long-term change in
functional swallowing. Of the eight who returned to full
oral intake, the average duration of tube feedings follow-
ing treatment until discontinuation was 5.3 months, with
a range of 1–12 months. Six patients who returned to oral
intake maintained gains in swallowing function, and two
patients returned to nonoral nutrition as the result of a
new unrelated medical condition.
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Individuals with brainstem injury are particularly suscep-
tible to oral pharyngeal swallowing deficits. Although
dysphagia secondary to cortical stroke frequently im-
proves to functional levels or resolves completely as a
function of time and spontaneous recovery, this trend is
not as frequently observed in the dysphagia subsequent
to brainstem injury [1–3]. The compact clustering of cra-
nial nerve nuclei, nerve tracts, and reticular interneurons
within and between brainstem structures that are critical
to swallowing [4] has the potential to produce dysphagia
that is severe and resistant to spontaneous recovery.
Thus, the need for development and substantiation of
behavioral and rehabilitative interventions is of particu-
lar consequence to this population.

Current state of the art in the management of
dysphagia includes a wide variety of multidisciplinary
practices. These practices range from simple diet adjust-
ment to more invasive surgical interventions, depending
on the nature and severity of the disorder. Because man-
agement of dysphagia is a relatively new specialization,
the direct therapeutic interventions offered by the speech
language pathologist have consisted largely of compen-
satory mechanisms by which the patient compensates for
disordered swallowing with adjustments in diet consis-
tency or behaviorally based maneuvers. These behavior-
ally based maneuvers include techniques designed to im-
prove airway protection, such as the supraglottic swal-
low, and maneuvers designed to facilitate transfer of the
bolus through the pharyngeal cavity by maximizing
gravitational forces and minimizing resistance to the bo-
lus, such as chin-tuck posturing [5]. These interventions,
although serving an important role, provide an immedi-
ate but only transient approach to the underlying physi-
ologic deficit. They are compensatory in nature. Devel-
opment of rehabilitative exercises and substantiation of
efficacy are needed to address long-term changes in
swallowing physiology.

Several techniques have been proposed as com-
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pensatory in intent, but clinical experience suggests that
these techniques, when repeated in the context of an
exercise regime, may facilitate overall change in swal-
lowing physiology. The effortful, or modified valsalva,
swallow consists of a normal swallow in duration and
sequence but with greater effort or force during the
muscle contraction [6,7]. This technique was initially
conceptualized to facilitate bolus clearance from pharyn-
geal recesses as a result of increased tongue-base ap-
proximation to the posterior pharyngeal wall. However,
no identified study has documented the long-term effects
of the maneuver. The Mendelsohn maneuver [8] was
designed to address deficits associated with reduced
opening of the upper esophageal sphincter. Execution
involves the prolongation of a pharyngeal swallow when
the thyroid cartilage is at its point of highest excursion,
with the intent of maintaining opening of the upper
esophageal sphincter. More recently, a tongue-holding
maneuver, or the Masako manuever, was developed
based on the observation that patients with base of
tongue resection demonstrate spontaneous increase in
posterior pharyngeal wall excursion to compensate for
the resected base of the tongue [9]. Further research has
indicated that in normal swallowers, execution of this
maneuver significantly facilitates posterior pharyngeal
wall movement and thus may provide a direct rehabili-
tative exercise to address pharyngeal contraction [10].
The head-lifting exercise is the newest technique in the
arsenal of interventions for dysphagia, presented by Sha-
kir et al. [11,12]. This study demonstrated that a very
simple technique of isotonic and isometric head-lifting
movements from a supine position resulted in facilitation
of cricopharyngeal sphincter opening and decreased bo-
lus pressure when compared with a nontherapeutic pla-
cebo exercise.

Although the immediate, short-term effects of the
Mendelsohn and tongue-holding maneuvers and the
long-term effects of the head-lifting maneuver have been
documented in isolation, there have been few studies that
document the cumulative effects of a rehabilitation pro-
gram on abnormal swallowing physiology. This is par-
ticularly the case in the patient population with chronic
brainstem dysphagia given its resistent nature to sponta-
neous recovery [2].

Logemann and Kahrilas [13] provided a case re-
port of a single 45-year-old patient with severe dyspha-
gia secondary to medullary infarct who presented months
postonset at the initiation of intervention. A series of
compensatory maneuvers, including head rotation, su-
praglottic swallow, and the Mendelsohn maneuver, was
provided sequentially, beginning at 4 months postonset
and continuing over the course of 4 years. The short-term
physiologic effects of these techniques were documented
by videofluoroscopy. Ultimately the patient was able to

return to a full oral diet with discontinuation of gastros-
tomy tube feedings at 50 months postonset. Although
this study provides valuable information about the ef-
fects of isolated compensatory maneuvers on swallowing
efficiency in a single patient with chronic dysphagia sub-
sequent to brainstem injury, it does not address cumula-
tive effects from rehabilitative efforts.

Neumann and colleagues published a series of
papers reporting on the efficacy of intervention in a large
group of patients with dysphagia of neurogenic origin
[14–16]. The initial study [14] reported on a group of 66
patients with dysphagia subsequent to a broad range of
neurologic etiologies, including brainstem and cortical
stroke, tumor, trauma, Parkinson’s disease, amyotrophic
lateral sclerosis (ALS), and cerebellar ataxia. At the ini-
tiation of intervention, 61% were on exclusive tube feed-
ings with no oral intake. Using a combination of reha-
bilitative and compensatory mechanisms, only 8% re-
mained on full nonoral feedings, with 74% tolerating full
oral feedings posttreatment. The median duration of
treatment was 17 weeks, with a range of 1–60 weeks.
The time postonset at the initiation of treatment ranged
from 2 weeks to 32 years, with the median time postonset
of 18 weeks. Five of the patients were reported to be
between 5 and 32 years postonset. Although it was not
specifically reported how this subgroup responded to in-
tervention, chi-square analysis suggested that time
postonset did not correlate with outcome of treatment.
Although functional outcome in terms of diet adjustment
is valuable information, this study did not provide infor-
mation about physiologic outcomes or severity pre- and
posttreatment. No information was provided about long
term follow-up.

These findings were supported in an additional
study by Neumann et al. [15] in which the outcome of
treatment on 58 patients who were on nonoral feedings
secondary to neurologic disease was presented. For this
study, the median time postonset was 10 weeks, with a
range of 3–156 weeks. Provision of treatment was better
controlled in this study, with subjects recieving therapy 5
days weekly for 1-hr sessions. Again, by using a com-
bination of rehabilitation and compensation in the treat-
ment plan, 67% of the patients returned to oral feedings
after a median of 15 weeks of treatment (range4 2–52
weeks). A subset of 11 patients with time postonset of
greater than 2 years had a similar success rate of 64%,
again supporting that lengthy time postonset is not con-
traindicated for swallowing recovery. As with the prior
study, no information was provided about long-term fol-
low-up, severity of the disorder, or physiologic effects of
intervention based on videofluoroscopy.

A third study by Bartolome and Neumann [16]
reported on a subgroup of the neurologically impaired
patients in their previous study [14], with specific dys-
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function associated with cricopharyngeal sphincter open-
ing. Of this subgroup of 28 patients, treatment was ini-
tiated from 5 weeks to 5.3 years postonset, with a median
of 17.5 weeks. Nonoral feeding was required in 21 of the
patients due to the severity of the disorder. Treatment
was provided for a median of 16 weeks (range4 2–52
weeks) and included the Mendelsohn maneuver, supra-
glottic swallow, dietary adjustment, and head position-
ing. Of this group, 65% demonstrated gains as shown by
upgrades in diet or route of nutrition, and an additional
25% reported subjective improvement without associ-
ated improvement in diet tolerance. Although this study
provided useful information, no information was pro-
vided about long-term follow-up, severity of the disorder
pre- or posttreatment, or physiologic effects of interven-
tion based on videofluoroscopy.

The afore-mentioned studies, particularly those
with data from large clinical samples, provide valuable
information regarding efficacy of dysphagia manage-
ment services. In particular, data collected from a rela-
tively large sample of neurologically impaired patients is
valuable. However, further questions beg to be addressed
directly. Efficacy research that includes mixed diagnoses
and a wide variation in time postonset cloud the issue of
spontaneous recovery versus the rehabilitative effects.
Although several of the prior studies have addressed this
statistically, efficacy research limited to patients with
‘‘chronic’’ dysphagia would be of benefit to factor out
spontaneous recovery. More specifically, defining the
nature and frequency of the treatment provided would
also be helpful. There is support that some type of inter-
vention provides positive outcomes, but replication in
clinical practice with similar results will be more diffi-
cult without greater control and definition. Outcome of
treatment as measured by functional tolerance of diet is
of benefit in the clinical realm; however, concomitant
documentation of physiologic change is needed to spe-
cifically identify the neuromuscular effects of the treat-
ment. Finally, documentation of long-term follow-up
would be advantageous. Are the benefits derived from
therapy stable or, after the return to oral feeding and
discontinuation of treatment, is there a regression in
swallowing function?

Cracy [17] addressed many of these issues in a
report on the outcome of a direct intervention program
for chronic neurogenic dysphagia secondary to brainstem
stroke. Six patients with time postonset ranging from 5 to
54 months were on gastrostomy tube feeding prior to
intervention. Specific findings from clinical and video-
fluoroscopic examinations were reported. All received
dysphagia treatment using surface electromyographic
(SEMG) biofeedback monitoring of swallowing rehabili-
tation exercises. Frequency of treatment was initially
daily treatment for all but one patient, and duration of

treatment ranged from 3 weeks to 7 months. Of the six
patients, all had received some prior swallowing therapy.
At the conclusion of treatment, five of the six patients
had resumed total oral nutrition. At follow-up, between
18 and 24 months posttreatment, all patients continued
with full oral feedings with the gastrostomy tube removed.

An adequate understanding of swallowing recov-
ery as a response to intervention optimally requires four
criteria, according to Logemann [18]. These criteria in-
clude (a) quantification of the disorder and outcome of
treatment, (b) standardization of the testing procedures,
(c) careful selection of the patient population to be stud-
ied, and (d) definition of the treatment protocol. Crary
[17] addressed more of these criteria than did prior stud-
ies by documenting pretreatment physiology on video-
fluoroscopy, addressing a single etiologic population that
was past the acute recovery period, standardizing the
nature of the treatment, and documenting maintenance of
gains through long-term follow-up. However, despite the
significant contribution of the Crary study in addressing
these criteria, there remain some unanswered questions.

Although Crary documented pretreatment status
on videofluoroscopy, posttreatment status was not simi-
larly evaluated; thus, the functional gains that were re-
ported cannot be specifically attributed to a change in
underlying physiology and may be explained by com-
pensatory swallowing behaviors. Crary attempted to ad-
dress this issue by evaluating patterns of SEMG activity
during swallowing recovery. However, so little is known
about SEMG recordings and their direct correlation with
physiologic features that the interpretation of this infor-
mation is questionable. No report has been provided re-
garding functional change in terms of pulmonary func-
tion. Functional change regarding diet was addressed at
the termination of treatment. Although the patients in this
study were reported to return to full oral intake and the
duration of treatment was reported, the duration of time
until return to full oral intake was not clearly defined.
Three patients in that study were reported to receive
subsequent interventions following the discontinuation
of treatment, suggesting an incomplete recovery subse-
quent to the rehabilitation program. Clarification of ex-
tent and duration of recovery would be of interest.

The purpose of the present report, therefore, was
to provide a partial replication and extension of the study
by Crary [17] to evaluate additional relevant clinical is-
sues. The present retrospective report documents out-
comes of swallowing rehabilitation in a group of patients
with chronic dysphagia subsequent to brainstem injury.
This study provides further information regarding the
severity of dysphagic physiology pre- and posttreatment
as measured by videofluoroscopy, duration of tube feed-
ing following intervention, documentation of pulmonary
status pre- and posttreatment, and controls for the fre-
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quency and intensity of treatment provided. Data were
collected through a retrospective review of medical re-
cords, videofluoroscopic swallowing studies, and a fol-
low-up patient questionnaire.

Methods

Research Participants

Ten patients with chronic dysphagia subsequent to brainstem injury
served as participants in this study. These patients were selected to
meet several criteria. To eliminate the contaminating effects of spon-
taneous recovery on treatment efficacy, all patients selected for inclu-
sion in the study were at least 8 months postonset, with no substantial
recovery of swallowing function. No patient had a history of preexist-
ing dysphagia or neurologic disease prior to the onset of the current
disorder.

The characteristics and diagnosis of each patient are summa-
rized in Table 1. There were seven men and three women, ranging in
age from 42 to 76 years, with a mean age of 62 years. Seven of the 10
patients were diagnosed with dysphagia subsequent to brainstem in-
farct. Two of those were confirmed by magnetic resonance imaging
(MRI) and five were determined by neurodiagnosis of the attending
neurologist. Neurodiagnosis by the physician was based on presenta-
tion of symptoms in the absence of confirmatory radiographic findings
on computed tomography (CT) when MRI was not available. The three
remaining patients presented dysphagia subsequent to tumor compres-
sion and/or resection. Two were diagnosed and received resection of a
foramen magnum meningioma, and the final patient was diagnosed and
received resection of a large foramen of Luschka choroid plexus pap-
illoma with involvement of cranial nerves 9–12. Seven of the 10 pa-
tients had received prior swallowing therapy services without measur-
able change in swallowing physiology or functional return to oral in-
take. The three patients who did not receive prior treatment were those
with the shortest time postonset. At the initiation of the Outpatient
Accelerated Swallowing Treatment program, the mean time postonset
of dysphagia was 26.9 months, with a range of 8–84 months. Eight of
10 patients were greater than 1 year postonset of dysphagic symptoms.

Procedures

Data for this retrospective report were collected through a review of
medical records, videofluoroscopic swallowing studies, and a patient
completed questionnaire (Appendix 1). All patients participated in a
near identical outpatient rehabilitation program at a major university
teaching hospital. The Outpatient Accelerated Swallowing Treatment
Program was developed to target those patients with chronic dysphagia
who had failed prior intervention efforts. The primary differentiating
features of this program were the requirement of 10 hr of direct reha-
bilitation within the first week of treatment, paired with a rigorous
home program and the utilization of SEMG biofeedback monitoring as
an adjunct to treatment. The treatment program policies and procedures
are fully outlined in Appendix 2.

Prior to acceptance in this outpatient program, history informa-
tion and a video copy of the most recent diagnostic swallowing study
were reviewed to determine the appropriateness of treatment and de-
velop the treatment plan. Patients who were accepted into the program
received 1 hr of direct therapy each morning and 1 hr of direct therapy
each mid-afternoon, with an intervening 3–4 hour rest period, for 5
consecutive days. Thus, this accelerated treatment course consisted of

10 sessions within a 1-week period. A rigorous home program was
prescribed which included three additional independent sessions of 15
min duration. Home programming activities during the week of inten-
sive treatment were reviewed daily through discussion with the patient
and family and review of computer-stored biofeedback tracings saved
after each home session. Although specific treatment plans for the
patients in this study were individualized to reflect the needs of each
patient, the physiologic deficits were quite similar for all patients; thus,
the treatment provided was likewise quite similar. The following physi-
ologic abnormalities were prevalent across patients: weakened and or
inefficient pharyngeal contraction with postswallow diffuse residual,
severely impaired passage of the bolus through the upper esophageal
sphincter with pronounced postswallow pyriform sinus residual, post-
swallow aspiration of liquids and occasionally puree, and strong voli-
tional airway protection in the absence of a consistent reflexive cough.
As appropriate for each patient’s impaired physiology, treatment fo-
cused on concentrated repetition of swallowing rehabilitative maneu-
vers including the effortful, or modified valsalva, swallow [6,7], the
Mendelsohn maneuver [8], and for some patients the Masako maneuver
[10] and head-lifting maneuver [11,12]. For all patients, SEMG bio-
feedback was heavily used to facilitate teaching and execution of the
therapy tasks. For some patients, auditory feedback of the acoustic
signal associated with swallowing was also provided. Because instru-
mental biofeedback modalities are not typical components of rehabili-
tation of swallowing, they will be discussed in further detail in the next
paragraph. In addition to the execution of rehabilitative exercises, di-
rect oral intake was included as a component of the treatment regime as
soon as possible for airway protection. This component of treatment
was considered critical for the neurosensory stimulation it provided to
the oropharyngeal cavity and the sense of meaningful progress it pro-
vided the patient. Attempts at oral intake also provided the benefit of
early incorporation of transfer of training to functional tasks. During
therapeutic oral feeding, airway-protection maneuvers and compensa-
tory strategies were reinforced to maximize airway protection and bo-
lus transfer. All patients were realistically counseled regarding the risks
associated with aspiration pneumonia and were requested to make an
independent decision as to whether oral trials would be included as a
component of their treatment. All patients expressed a desire to proceed
with oral trials with compensatory strategies. After the initial first week
of concentrated rehabilitation, a repeat videofluoroscopy was per-
formed to assess changes in swallowing physiology. If measurable
change was documented, the patients were recommended for follow-up
treatment on a schedule of once or twice weekly. Despite recommen-
dations for follow-up and referrals to clinicians in the geographic re-
gion of the patients, only three of the 10 patients continued formal,
direct treatment after the initial week. All patients, however, reported
that they continued rehabilitative exercises independently through a
home program.

To foster rapid mastery of rehabilitative exercises and provide
measurable short-term objectives, exteroceptive biofeedback was used
extensively. Biofeedback modalities have been evaluated extensively
in other realms of physical medicine and rehabilitation, with numerous
studies demonstrating clinical efficacy for a variety of neuromuscular
disorders. Wolf documented more than 300 clinical studies addressing
the efficacy of SEMG biofeedback in physical rehabilitation of neuro-
muscular disorders, not including associated disorders of pain [19].
Wolf further posited that utilization of SEMG during motor relearning
provides an alternative sense of proprioception for the patient with
neurological disorders, by allowing the patient greater insight into the
sensory recognition of motor patterns [19]. Kasman [20] added that
biofeedback serves as ‘‘an extension of the patients or clinicians
senses.’’ As the patient begins to reestablish sensory mechanisms, the
necessity for external feedback diminishes with increased reliance on
internal feedback mechanisms. This type of information may be par-
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ticularly useful in the patient with brainstem injury to facilitate inte-
gration of sensory information into the executable motor program for
swallowing.

These theories of biofeedback application have been supported
by empirical research. Adrian and Bonk [21], in a study of normal
subjects, determined that the electrical responses in individual muscles
provide an accurate reflection of the actual functional activity of the
muscle, i.e., there is a direct linear correlation between the EMG trac-
ing and muscle force. Reliable measurements of functional activity are
prerequisite for clinical usefulness. Two other studies have provided
early documentation of the subject’s ability to consciously control the
biofeedback tracing. Lindsley [22] and Smith [23] in a series of similar
studies documented that subjects could exert conscious control on even
smallest motor unit potential and at rest demonstrated no inherent mus-
cular tension. In addition, they documented that normal subjects could
achieve complete relaxation as demonstrated by no measurable motor
response with little difficulty.

Evidence of the physiologic correlation of the SEMG signal and
swallowing was provided by Sonies et al. [24] at the Fifth Annual
Meeting of the Dysphagia Research Society. Using simultaneous ul-
trasound imaging and submental SEMG measurements, a very high
correlation (R 4 0.99) was noted between peak EMG amplitude and
maximal hyoid elevation during all bolus consistencies. This observa-
tion suggests that the peak EMG waveform indicates maximum sub-
mental muscle contraction and maximal hyolaryngeal elevation.

Two biofeedback modalities were emphasized with the patients
described in the present report. SEMG biofeedback as an adjunct to
dysphagia rehabilitation used primarily submental surface electrodes to
monitor activity of the collective suprahyoid muscle group or those
muscles largely responsible for laryngeal excursion during swallowing
[25,26]. Using this electrode placement, the relative strength and timing
of contraction of this muscle group was visually displayed on a com-
puter screen for observation by the patient and clinician during treat-
ment. The effortful swallow and Masako maneuver were optimally
represented by a high peak amplitude of short duration, representing the
rapid contraction and relaxation of the suprahyoid muscle group asso-
ciated with swallowing. In contrast, the Mendelsohn maneuver was
optimally represented with a rapid onset rise in amplitude, followed by
a sustained high amplitude tracing for several seconds before the abrupt
offset of amplitude associated with completion of the maneuver and
return to resting posture. Although there are no valid normative values
for SEMG signals at this location, for rehabilitative purposes the patient
served as his or her own referent. The relative shape of the waveform
targeted minimization of extraneous, nonfunctional motor activity,
whereas the amplitude of the waveform targeted progressively in-
creased peak thresholds until the dysphagic symptoms were resolved or

the patient reached a clinical plateau in waveform and amplitude. Au-
ditory feedback was paired with the visual tracing of the waveform,
with an electronic auditory signal, or ‘‘reward,’’ provided when the
patient achieved the targeted EMG threshold.

Additional auditory feedback of the acoustic signal associated
with swallowing was provided for most patients by using an amplified
stethoscope bell as a transducer. An inexpensive amplified speaker
served as the output for a lapel microphone that was connected through
flexible plastic tubing to the housing of a stethoscope bell. The stetho-
scope bell was placed over the lateral lamina of the thyroid cartilage to
monitor the acoustic signal associated with swallowing. Although
‘‘cervical auscultation’’ has been the focus of significant recent re-
search as a clinical diagnostic tool [27–31], its application as a bio-
feedback modality is significantly less complex and has not previously
been reported in the literature. Execution of a Mendelsohn maneuver
requires sustaining laryngeal excursion during the swallow or prolong-
ing the swallow. Acoustic feedback was used to monitor tracheal
sounds, in particular evaluating for the absence of air flow, during
completion of this maneuver to facilitate correct execution. Acoustic
feedback was also used during execution of supraglottic swallow to
provide feedback regarding vocal fold adduction. The decision to use
acoustic biofeedback was based primarily on the patient’s response to
the feedback and personal preference. In addition, the device for acous-
tic feedback was created and included in the therapeutic repertoire after
some of the patients had already been seen for treatment, thus limiting
its availability for the first patients accepted into the program.

Outcome–Assessment

Pretreatment status and posttreatment progress were measured by using
a combination of radiographic documentation of swallowing physiol-
ogy and evaluation of functional ability to safely consume oral intake.
Videofluoroscopic swallowing studies were obtained on all subjects
before treatment and after 1 week of intensive treatment, or 10 thera-
peutic sessions. Additional videofluoroscopic swallowing studies after
the immediate posttreatment were not available because they could not
be justified based on the patient’s clinical presentation. The admission
videofluoroscopic swallowing study was completed within 2 weeks
prior to onset of treatment for the two patients less than 1 year poston-
set, within 1 month for those patients between 12 and 28 months
postonset, and within 6 months for the two patients who presented for
treatment more than 28 months postonset of dysphagia. The posttreat-
ment videofluoroscopy was completed on the afternoon of the last day
of the intensive week of treatment. Videofluoroscopic swallowing stud-

Table 1. Summary of research participant characteristics

Subject

Age at
start of
treatment

Months
after
onset Etiology

History of
pulmonary illness

Prior
therapy

1 68 12 Brainstem CVAa Yes Yes
2 74 18 Brainstem CVAa Yes Yes
3 76 13 Brainstem CVAa Yes Yes
4 61 84 Brainstem CVAa Yes Yes
5 72 60 Brainstem CVAa No Yes
6 51 8 Brainstem CVAa No No
7 74 26 Brainstem CVAa Yes Yes
8 48 28 Foramen magnum meningioma Yes Yes
9 54 12 Foramen of Luschka papilloma No No

10 42 8 Foramen magnum meningioma No No

aCVA 4 cerebrovascular accident.
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ies were evaluated by using a 9-point equal-appearing interval scale,
with a rating of 0 representing no significant dysphagia and a rating of
8 representing profound dysphagia. The overall severity rating was
derived by selection of a series of 17 very specific physiologic severity
descriptors, associated with impairment in oral, oral pharyngeal transit,
pharyngeal, cricoesophageal, and laryngeal parameters. The overall
severity rating thus represents an estimated ‘‘clinical average’’ of the
physiologic severity ratings [32].

Functional outcome was measured by a rating of method of
nutritional intake by using a 5-point scale and notation of respiratory
symptomatology in the medical record. Nutritional level ratings were
made at the initiation of the intensive treatment program, at the con-
clusion of 1 week of treatment, at a 6-month follow-up, and at the
conclusion of data gathering for this project. The time after treatment
of the final rating differed among subjects. All subjects were at least 1
year posttreatment, and several were more than 4 years posttreatment.
The rating scale used is presented in Table 2. Indications of respiratory
symptomatology related to aspiration were noted as either present or
absent based on information gleaned from a review of medical records
and patient reports of status posttreatment. In the pretreatment condi-
tion, those patients with pneumonia were diagnosed with aspiration
pneumonia by their attending physician. In this retrospective study, no
controls were provided for how that diagnosis was derived. In the
posttreatment data, no incidence of pneumonia was reported, regardless
of etiology.

Results

Pretreatment Characteristics

Table 3 summarizes the pretreatment characteristics of
this group of subjects prior to completion of the Outpa-
tient Accelerated Swallowing Treatment program. Vid-
eofluoroscopic severity levels ranged from moderate
(level 4) to profound (level 8), with a median level of 6.5,
or severe impairment. All 10 subjects demonstrated ra-
diographic evidence of aspiration on the pretreatment
videofluoroscopic swallowing study. The median diet
level was 1, with all of the subjects fed via gastrostomy
or jejunostomy. Only one of the 10 was able to tolerate
oral intake of any texture, placing that subject at diet
level 2 on initiation of treatment. With significant effort,
this patient (no. 5) was able to ingest approximately 4 oz.
of thin liquid in successive gulps but relied on nonoral
feedings as the primary route of nutritional intake. Six of
the 10 subjects reported at least one episode of diagnosed
pulmonary symptoms related to aspiration which oc-
curred following their discharge from acute rehabilita-
tion, as diagnosed by their attending physician.

Posttreatment Characteristics

Table 4 summarizes the characteristics of the subjects
after 1 week, or 10 sessions of direct treatment. Based on
the end-of-week videofluoroscopic swallowing study,
nine of the 10 subjects demonstrated a measurable
change in swallowing physiology. A comparison of pre-

and posttreatment swallowing severity based on video-
fluoroscopic studies is shown in Figure 1. Severity levels
ranged from mild (level 2) to severe–profound (level 7),
with a median severity level of 5.5, or moderate to se-
vere.

Functional changes in recommended and toler-
ated diet levels were measured after 10 sessions, again at
6 months and at final outcome. Figure 2 summarizes
these findings. At the conclusion of 10 treatment ses-
sions, all but one subject (patient 5) demonstrated a
change in diet level. The range of diet level ranged from
feeding tube for primary nutrition with secondary oral
intake (level 2) to oral intake for primary nutrition with
feeding tube for secondary (level 3), with a median diet
level of 2.0. Interestingly, the patient who failed to in-
crease diet level after the initial week of treatment was
the same patient who tolerated small quantities of oral
nutrition at the initiation of treatment. The second post-
treatment measurement at 6 months indicated that seven
of the 10 patients continued with measurable progress
and had their feeding tubes removed, two subjects re-
mained at the same diet level, and one subject discon-
tinued trial feedings and returned to full nonoral status.
At 6 months, the range of diet level ranged from feeding
tube for primary nutrition with secondary oral intake
(level 2) to full oral intake of minimal texture restriction
with feeding tube removed (level 5), with an median diet
level of 4.0. The final diet level rankings, at long-term
follow-up, indicated that six of the 10 subjects continued
further progress and achieved full oral nutrition of a
minimally restricted diet, two of the subjects who had
achieved full oral intake with feeding tube removed re-
quired reinitiation of the tube feeding, and two patients
demonstrated no long-term change in functional oral in-
take. Given that some patients continued to progress
whereas others declined, the median diet level ranking
was essentially unchanged from the prior measurement
at 6 months (median level4 5.0).

As a measure of pulmonary tolerance of oral in-
take, the occurrence of pulmonary symptoms related to
aspiration was noted (Table 4). Subsequent to participa-
tion in the swallowing treatment program, no patient re-
ported symptoms of pulmonary illness as assessed at the

Table 2. Scale for functional outcomes related to nutritional route

Level Description

1 Feeding tube only; no oral intake
2 Feeding tube for primary nutrition; oral intake secondary
3 Oral intake for primary nutrition; feeding tube secondary
4 Oral intake only, feeding tube removed; restricted diet

texture
5 Oral intake only, feeding tube removed; minimal texture

restriction
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final outcome (1–4 years posttreatment). This result is in
contrast to that in six subjects who reported at least one
episode of diagnosed pulmonary symptoms related to
aspiration since their discharge from acute rehabilitation
but prior to the initiation of treatment.

Statistical Analyses

Due to the small sample size and the nominal and ordinal
nature of the data, nonparametric statistical procedures
were employed. Statistical analyses of the data included
Wilcoxon signed-ranks analysis of changes in pre- and
posttreatment videofluoroscopy severity ratings. As diet
level changes were measured over several ratings, a non-
parametric Friedman test for several related samples was
used to evaluate the presence of overall significance in
diet level changes. Post hoc Wilcoxon signed-ranks tests
were then used to identify sources of differences within
the dataset. To evaluate the significance of time poston-
set and severity, a series of Spearman rho correlation
coefficients were computed. A binomial sign test was
used to evaluate for the significance of changes in pres-
ence or absence of pulmonary symptomatology.

Physiologic changes in swallowing based on a
shift in severity level ratings were found to be highly
significant. When comparing pretreatment and posttreat-
ment severity scores, Wilcoxon signed-rank test pro-
duced aZ score of −2.739,p 4 0.006 (n 4 10). Figure

Table 3. Summary of subject pretreatment characteristics

Subject
Severity at start of treatment based on
videofluoroscopy

History of aspiration-related
pulmonary symptoms

Pretreatment
functional diet level

1 Moderate level 4 Yes Level 1, NPOa

2 Moderate level 4 Yes Level 1, NPOa

3 Moderate to severe level 5 Yes Level 1, NPOa

4 Severe to profound level 7 Yes Level 1, NPOa

5 Severe to profound level 7 No Level 2, with a tube, then orally
6 Severe to profound level 7 No Level 1, NPOa

7 Profound level 8 Yes Level 1, NPOa

8 Profound/absent level 8 Yes Level 1, NPOa

9 Severe level 6 No Level 1, NPOa

10 Severe level 6 No Level 1, NPOa

aNPO 4 nothing by mouth.

Table 4. Summary of subject posttreatment characteristics

Subject
Severity rating at end of 10
sessions

Pulmonary
symptoms by final
outcome

Diet at 1
week

Diet at 6
months

Diet
final

Feeding
tube
removed (months)

1 Mild level 2 No 3 4 5 4
2 Mild level 2 No 2 4 1 5
3 Mild to moderate level 3 No 2 5 1 4
4 Severe level 6 No 2 1 1 —
5 Severe to profound level 7 No 2 2 2 —
6 Severe level 6 No 2 2 5 13
7 Severe to profound level 7 No 2 4 5 6
8 Severe level 6 No 3 4 5 6
9 Moderate level 4 No 2 4 5 5

10 Moderate to severe level 5 No 2 4 5 5

Fig. 1. Summary of change in swallowing physiology as measured by
the severity level rating on videofluoroscopic swallowing studies. MBS
1 4 admission videofluoroscopy; MBS 24 posttreatment videofluo-
roscopy.
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3 illustrates changes in severity ratings on consecutive
videofluoroscopic swallowing studies.

Functional change in diet level across the four
ratings (pretreatment, after 1 week, after 6 months, and
final outcome) was also significant, as indicated by a
Friedman chi-square result (df 4 3) of 14.422,p 4
0.002. Post hoc Wilcoxon signed-rank tests were con-
ducted to identify the source of this difference. The
change in diet level from the pretreatment rating to the
rating at the end of 1 week (10 sessions) was statistically
significant (Z 4 −2.810, n 4 10, p 4 0.005). The
median change in diet level across subjects from the
measurements taken after 1 week and at 6 months was
also statistically significant (Z 4 −2.280,n 4 10, p 4
0.023), suggesting that the research participants contin-
ued to improve during this period. The change in diet
level across subjects from the pretreatment measurement
to the final outcome measurement was also statistically
significant (Z 4 −2.449,n 4 10,p 4 0.014), despite the
loss of oral intake for two subjects associated with new
onset diagnoses. These results are depicted in Fig-
ure 4.

Functional change in patient status, pre- and post-
treatment as measured by the presence or absence of
pulmonary symptomatology, was also evaluated by using
the sign test. The reduction in pulmonary symptomatol-

ogy was significant, with ap value of 0.031, with six
patients reporting pulmonary complications prior to on-
set of treatment and no patients reporting pulmonary
complications subsequent to treatment.

Spearman rho correlation coefficients were used
to further evaluate the data for trends in the patterns of
recovery and to identify features that may influence re-
covery. Time postonset did not significantly correlate
with any measurement of the recovery process. Pretreat-
ment severity level and posttreatment severity level (i.e.,
videofluoroscopy after 10 sessions) were significantly
correlated with one another (r 4 0.918,n 4 10, p <
0.001). These two severity level ratings did not signifi-
cantly correlate with any measurement of the recovery
process, with the exception of the duration of time after
treatment until the gastrostomy tube was removed. Pre-
treatment severity correlated with time of gastrostomy
tube removal (r 4 0.811,n 4 8, p 4 0.014), as did
posttreatment severity (r 4 0.825,n 4 8, p 4 0.012).
A significant negative correlation was identified between
duration until gastrostomy tube removal and diet level at
the 6-month evaluation (r 4 −0.736,n 4 8, p 4 0.037).

Discussion

Of this group of patients with chronic dysphagia second-
ary to single brainstem injury, the majority responded
well to rehabilitative management. Statistically signifi-
cant improvements were observed in swallowing physi-
ology, diet level, and pulmonary status. Despite these
changes, individuals with more severe initial impair-
ments tended to be relatively more severely impaired
immediately after treatment. Further, the more severe the
physiological impairment, the longer the time until gas-
trostomy tube removal. Longer times until gastrostomy
removal were, predictably, associated with poorer diet
levels at 6 months posttreatment. It was noteworthy,

Fig. 3. Summary of median change in swallowing physiology as mea-
sured by the severity level rating on videofluoroscopic swallowing
studies across subjects. WilcoxonZ 4 −2.739,p 4 0.006.

Fig. 2. Summary of change in functional diet level
across measurement periods.
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however, that diet levels continued to improve beyond
the 6-month interval.

Eight of the 10 subjects were able to return to full
oral intake with termination of gastrostomy tube feed-
ings, and only two demonstrated negligible changes in
swallowing physiology. Of the eight who returned to full
oral intake, the average duration of tube feedings follow-
ing treatment until discontinuation was 5.3 months, with
a range of 1–13 months. Interestingly, all but two sub-
jects had gastrostomy tube feedings discontinued 5–6
months posttreatment. The subject who was able to re-
move the gastrostomy tube after 1 month was subject 1
who was 12 months postonset and demonstrated one of
the milder initial disorders. The other outlier in terms of
tube feed discontinuation at 13 months was subject 6
who had the shortest time postonset (8 months) and dem-
onstrated severe dysphagia. Six of these eight maintained
their gains and continued progress until reaching a near
normal diet. At final outcome, the only restrictions re-
ported included dry bread and heavy meats by three sub-
jects and rapid ingestion of thin liquids by three subjects.
They all reported weight gain and denied pulmonary
symptoms. Two of those who had reached full oral intake
subsequently experienced onset of a new etiology and
associated dysphagic symptoms. Subject 2 was in an au-
tomobile accident and was diagnosed with Parkinson’s
disease within 1 month of the accident, resulting in a
decline in swallowing function and necessitating a return
to nonoral feedings. Subject 3 was diagnosed with an
atypical variant of Sjo¨gren’s disease and likewise re-
turned to full nonoral feedings. Thus, in this group of 10
patients, if substantial progress was demonstrated after 1
week of intensive treatment, gastrostomy tube feedings
were ultimately discontinued, and the patients returned to
near normal diet and maintained their gains, unless their
course was complicated by new onset of medical condi-
tions.

Two of the original 10 subjects did not respond
favorably to intervention (subjects 4 and 5). Although
time postonset and severity and initiation of treatment

were not found to be significant predictors of outcomes,
these two patients were the longest time postonset at the
initiation of treatment (84 and 60 months) and demon-
strated severe to profound dysphagia at the initiation of
treatment. Subject 4 appeared to demonstrate slight im-
provement both functionally and radiographically after
the initial treatment week. However, the gains in this
patient were not as pronounced as those in the other
subjects who continued to progress. This patient had a
history of depression and did not follow up regularly
with home programming and per oral trials according to
the report of his spouse. In addition, this patient demon-
strated an atypical SEMG waveform characterized by an
elevated and unstable resting EMG tracing. This appar-
ent inability to relax suprahyoid musculature raises the
question of oral–pharyngeal spasticity as a contributor to
dysphagia [33]. This EMG pattern was not observed in
the other nine subjects. One could argue that the progress
observed by subject 4 was not a direct effect of inter-
vention but rather reflected further spontaneous changes
that occurred, but were not documented, in the 6-month
period after the most recent pretreatment videofluoros-
copy. Subject 5 entered treatment with the ability to in-
gest large quantities of liquid rapidly and continued with
that ability throughout the treatment course. No substan-
tial functional or radiographic changes were noted in this
patient subsequent to the first week of treatment. He
continued on limited oral intake of rapidly ingested liq-
uids.

Despite the severe impairments initially exhibited
by subjects 4 and 5, the severity of the disorder does not
appear to necessarily predict outcome. Three other sub-
jects (subjects 6–8) who did recover demonstrated dys-
phagic physiology that was at least as severe as that of
the two who did not recover. Time postonset may be an
issue in recovery. However, from these data it appears to
be a complex issue. Although the two patients who did
not respond to treatment were at the longest time poston-
set (subjects 4 and 5), the subject who took the longest to
have the tube feeding discontinued in the recovered

Fig. 4. Summary of median change in functional
diet level across subjects. Diet before treatment
and after 1 week: Wilcoxon signed rank sum test,
Z 4 −2.810,p 4 0.005; Diet after 1 week and
after 6 months: Wilcoxon signed rank sum test,
Z 4 −2.280,p 4 0.023; Diet before treatment and
at the final treatment: Wilcoxon signed rank sum
test,Z 4 −2.449,p 4 0.014.
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group was among those with the shortest time postonset
(subject 6).

What accounts for recovery in this group of
chronic patients? At a functional level, the combination
of intensive treatment paired with maximal auditory and
visual feedback facilitated recovery in eight of the 10
patients in this study. Five of the eight patients had failed
prior rehabilitation efforts. Crary [17] used a very similar
treatment approach by combining intensive treatment
with SEMG biofeedback. When functional outcome data
from the present study are combined with those from the
study by Crary [17], 13 of 16 patients with chronic dys-
phagia were able to respond to rehabilitation by using a
combination of intensive treatment and exteroceptive
biofeedback modalities.

In support of the inclusion of biofeedback mo-
dalities in swallowing rehabilitation, the literature pro-
vides considerable discussion regarding the role of bio-
feedback in motor learning. Rubow [34] identified two
models of learning that represent conceptually different
approaches to the rehabilitative process, the cybernetic
model of learning and operant conditioning. He elabo-
rated that a critical issue in differentiating these two
models and applying them to treatment is the relative
importance assigned to reinforcement and dynamic feed-
back. The cybernetic model of learning relies in concept
on a continuous, closed-loop learning process. This
model requires that continuous and immediate reinforce-
ment regarding performance is the key to perceptual–
motor learning. The cybernetic model thus reflects the
immediacy of instrumental feedback in that the feedback
is continuously integrated into the patients ongoing mo-
tor control processes. Conversely, the operant condition-
ing model implies that learning and behavioral adapta-
tion occur as a consequence of reinforcement or punish-
ment that is provided in temporal association with a
given task. This model of learning suggests that rein-
forcement is effective if it is provided within a few sec-
onds of a desired response. Thus, the operant condition-
ing model of learning would typically represent a clini-
cian-guided treatment wherein the patient’s rehabilitative
behavior is followed by initially consistent, albeit de-
layed, feedback provided by the clinician. The consis-
tency of the feedback is progressively withdrawn as the
patient assumes greater independence in the learning
process. Rubow suggested that feedback in accordance
with the cybernetic model is important in the early stages
of rehabilitation; however, the role of delayed and even
intermittent reinforcement, via operant conditioning, in-
creases in later stages.

Another model of motor learning has been pro-
vided by Wolf [19], which further supports the benefits
of biofeedback monitoring in rehabilitation processes.
He outlined two stages of motor learning, the acquisition

and transfer phases, that correlate well with the cyber-
netic models and operant conditioning models. In his
review of motor learning theory, Wolf acknowledged
data that suggest that normal learning and retention are
enhanced with periodic rather than with continuous re-
inforcement. However, he questioned the validity of
these data when applied to the initial motor relearning
process in patients with neurologically based disorders.
He suggested that the feedback signal in the initial
phases of treatment may serve as a substitute for a pa-
tient’s inadequate proprioceptive signals, which in nor-
mal settings are instantaneous and consistent, and that
these exteroceptive signals ultimately engage the internal
sensorimotor networks. Thus, the acquisition phase of
relearning a motor skill requires continuous reinforce-
ment, whereas the transfer phase begins with engage-
ment of the internal sensorimotor networks, thus requir-
ing less immediate or continuous external feedback. The
success of rehabilitative programs, when following this
model, is considered to be secondary to a relearned
appreciation of internal cues and to potential ‘‘recalibra-
tion’’ of the proprioceptive system [19]. The use of bio-
feedback modalities is thus considered a temporary ad-
junct to treatment, with the inherent goal of internaliza-
tion of the feedback signal and extinction of the need for
external feedback. Given the disruption of sensorimotor
integration, largely mediated by nucleus solitarius and its
interconnections [35], in hindbrain lesions such as these,
relearning and recalibration may represent a type of in-
trasystemic reorganization [36].

Although the effects of audiovisual biofeedback
appear to be favorable, the recovery of this group of
patients may also reflect the frequency with which treat-
ment was provided. It will require further study to de-
termine whether the additional information provided by
biofeedback modalities, the frequency of treatment, or a
combination of the two influenced outcome of swallow-
ing treatment. Although in this group of chronic patients,
an argument may be made for using each patient as his or
her own control, no studies have systematically com-
pared this treatment regime with a more typical therapy
approach. A prospective, randomized study of chronic
patients which carefully evaluates the variables of inten-
sity of treatment and modalities used would be of benefit
to factor out the most efficacious approach. By using this
approach, an ‘‘optimal treatment approach’’ in terms of
both ultimate outcome and cost effectiveness could be
determined.

Although efficacy data are critically needed,
there is also a need to explore the neurobiologic mecha-
nisms responsible for recovery in the dysphagic popula-
tion. In the present sample, the subjects who were able to
return to full oral intake demonstrated physiologic
change as seen radiographically and reported that com-
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pensatory techniques were no longer needed to maintain
safety and bolus transfer following tube feeding discon-
tinuation. Can one reasonably say that these patients re-
covered instead of compensated? If so, what is the neu-
robiologic foundation for that recovery in these patients,
many of whom were past the presumed point of sponta-
neous recovery or rehabilitation? Subject 8 raises very
puzzling questions. At more than than 2 years postonset,
this patient presented profound dysphagia, with total ab-
sence of a synergistic response to the bolus, despite a full
year of rehabilitation efforts that included many of the
exercises that were used in the accelerated program.
However, after 1 week of treatment, she demonstrated
well-coordinated, although weakened, swallowing and
was able to ingest up to 4 oz. of a puree consistency. She
continued to make rapid progress without formal treat-
ment until she returned to a near normal diet with mini-
mal compensatory maneuvers and discontinued tube
feedings at 6 months. Because she had failed treatment
previously, a question could be raised as to whether there
is a ‘‘critical period’’ for neurologic recovery that is
perhaps not within the first year of treatment. Moreover,
rehabilitation efforts in this case appeared to influence
not only the strength but also the synergy of the swal-
lowing response. At this late point in the postoperative
course, it would seem reasonable to improve muscular
strength, but what accounts for the improved synergy in
swallowing?

The neuroscience literature offers some explana-
tions for neural recovery [37,38]. However, little attempt
has been made to incorporate this information into an
explanation for recovery in patients traditionally seen for
speech pathology services. Keefe [39] reviewed much of
this information and speculated as to how known neural
recovery mechanisms may influence rehabilitation of the
aphasic patient. Three categories of neural change are
summarized below that may be susceptible to behavior-
ally based treatments: changes in synaptic function,
structural adaptations, and alteration of neural networks.
According to Keefe [39], optimizing the temporal rela-
tionship between stimulus presentation of impaired and
nonimpaired modalities may facilitate the process of
long-term potentiation, which may influence alteration in
synaptic function. Structural changes of the nervous sys-
tem, such as collateral sprouting, have been demon-
strated to be highly influenced by experience and use and
thus may be heavily influenced by the selection and se-
quencing of treatment modalities. Keefe speculated that
reorganization of neural networks, or cortical reorgani-
zation, will require intensive task repetition or a directly
trained task with rigorous carryover. Although the con-
cepts presented by Keefe have yet to be systematically
validated with controlled research, scholarship of this
nature is needed to formulate hypotheses and guide fu-

ture research. With respect to swallowing, an introduc-
tion to this line of research has been presented by Hamdy
et al. [40,41]. An initial study [40] using magnetic cor-
tical stimulation and topographic mapping documented
interhemispheric cortical asymmetry associated with
swallowing. Furthermore, in comparison with normal
swallowers, dysphagia appeared to be associated with
smaller cortical pharyngeal representation of the intact
hemisphere. A subsequent study by the same group
documented, in a group of eight dysphagic patients, a
significant trend toward an increase in cortical pharyn-
geal representation in the unaffected hemisphere as a
function of swallowing recovery [41].

The data presented in this retrospective report
raise some interesting questions regarding the provision
of dysphagia management services, which will require
further prospective evaluation. As with management in
other areas of speech and language pathology, manage-
ment of the dysphagic patient has typically been to ini-
tiate rehabilitation efforts within the first months after
onset of the disorder to maximize spontaneous recovery.
These initial rigorous attempts at rehabilitation are then
characteristically discontinued if progress is not identi-
fied within 6 months after initiation of treatment. This
approach is driven by the conventions of clinical practice
and third-party reimbursement. Data such as those pre-
sented in the study by Crary [17] and in the present report
challenge this approach by identifying the potential for
recovery of swallowing function in patients who are well
past the initial subacute period of their illness and have
entered the chronic phase. Thus, it may be prudent to
reconsider the timing of intervention, and schedule the
dysphagic patient for brief trials of treatment that are
discontinued if the patient does not respond and resched-
ule at a later date to determine if there may be an ultimate
response to treatment. In addition, only three patients in
this sample continued formal treatment after the initial
intensive treatment program. Five of the patients who
returned to full oral intake did not receive any formal
treatment after the intensive treatment program, relying
instead on continued home programming. Thus, the
question could be posed as to the necessity of continuing
direct treatment in this population. Further research is
needed to identify prognostic factors and systematically
compare treatment regimens. This type of research will
be critical to drive the patterns of tightening reimburse-
ment that we currently practice under. For the patients
included in this study, reimbursement was procured for
all through a series of lengthy letters of justification and
patient advocacy. However, with the ever-shrinking
health care dollar, reimbursement may no longer be
available for programs such as this unless prospective
studies can strongly support their efficacy. It behooves us
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to identify rehabilitation programs that provide maximal
results in a limited number of treatment sessions.

Summary

This paper retrospectively reviews the outcomes of a
clinical swallowing treatment program for 10 patients
with chronic dysphagia secondary to single brain-
stem injury. Although these data provide support for
the implementation of an intensive treatment program
with multimodality biofeedback technology, there
are many unanswered questions that are not addressed
through retrospective reporting methods. These will
need to be addressed in future prospective research
endeavors. Specifically, the following questions are
posed:

1. What accounts for the recovery in this group of pa-
tients, the intensity of the treatment regime, or the
inclusion of instrumental biofeedback modalities? A
prospective comparison of treatments that isolate the
intensity of treatment and the inclusion of biofeed-
back would be very informative.

2. What affect do the variables of home programming
and follow-up treatment have on outcomes? Would a
program including only the intensive program be as
effective and less expensive as an intensive program
that encourages follow-up treatment?

3. Do the slight variations in the treatment provided that
were dictated by patient physiology influence out-
comes? A retrospective study, by nature, reports on
the treatment provided to a group of patients based on
the clinical needs of those patients. Prospective treat-
ment efficacy studies will require more rigorous con-
trols of the treatment provided and clearer definitions
of other potentially influential variables.

4. This paper addresses only patients with brainstem in-
jury. How applicable would a program such as this be
for patients demonstrating dysphagia secondary to
other etiologies?

Of the group of 10 patients reported on in this
paper, six provided comments on their patient question-
naire similar to those of subject 8: ‘‘Since I equated
eating with living, I thought I was just marking time until
I died.’’ The impact of chronic dysphagia on the emo-
tional, physical, and financial well-being of the indi-
vidual is significant. Thus, further prospective research is
critical to justify ongoing clinical practice in this area so
that patient needs can be met. In the interest of those
patients who have demonstrated little return of swallow-
ing as a function of spontaneous recovery or who have
failed initial attempts at rehabilitation, clinical practice

and efficacy research should include study of long-term
rehabilitation and recovery patterns.

Appendix 1: Patient Questionnaire (Reformatted
for Purposes of Publication)

Patient ID: DOB:

Relationship to patient of person completing this ques-
tionnaire?

1. When did your swallowing problem begin?
2. What was the diagnosis associated with the start of

your swallowing problem (be as specific as pos-
sible)?

3. If you had surgery associated with the onset of your
swallowing problem, what was the type of surgery
and the date of your surgery?

4. How long was the hospitalization associated with
your swallowing problem?

5. During this hospitalization, did you suffer from re-
spiratory failure?

6. Did you require intubation (a tube through your
mouth and into your airway to help you breathe)?

7. Did you have a tracheostomy (a tube through an
incision in your throat)?

8. If so, how long did you have your tracheostomy?
9. Have you had pneumonia since your discharge from

the hospital?
10. Did you receive any surgical intervention to treat

your swallowing disorder?
11. If so, what surgery did you receive and what was the

date of the surgery?
12. Was the surgery helpful?
13. Did you receive therapy for your swallowing disor-

der prior to your treatment in the Outpatient Accel-
erated Swallowing Program (OASP)?

14. If so, how long did this therapy last?
15. How often were you seen for therapy?
16. Did you consider this therapy to be helpful?
17. Why did you discontinue this treatment?
18. Were you ever told that your swallowing would

come back on its own?
19. Were you ever told that your swallowing would not

improve and you would never eat again?
20. Did you consider your week of therapy in the OASP

to be helpful?
21. Following your week of therapy in the OASP, did

you begin any oral eating?
22. Did you receive any therapy after your treatment in

the OASP? If so, for how long and how often?
23. Did you follow the recommendations regarding oral

feeding and treatment given to you in the OASP?
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24. Did you have any medical complications after your
treatment in the OASP (pneumonia due to aspira-
tion, further neurologic injury, etc.)?

25. How do you receive your nutrition now (feeding
tube, oral feeding, combination)?

26. Have you had your feeding tube removed? If so,
please give the date if was removed.

27. If you are eating by mouth, what kind of diet are you
on? Please list specific foods/liquids that you cannot
eat.

28. Have you had any significant weight loss or weight
gain since you completed your swallowing treat-
ment? If so, approximately how many pounds loss or
gain?

29. Are you still going to swallowing therapy? If not,
when did you discontinue therapy and why?

30. Have you had any complications since your treat-
ment in the OASP that you feel affected your ability
to return to oral intake (i.e., any other medical prob-
lems, stressors, etc.)?

31. In your own words, how has your swallowing prob-
lem affected your life?

32. Please add any additional information regarding the
course of your illness that you think may be helpful.

Appendix 2: Outpatient Accelerated Swallowing
Treatment Program; Clinical Policy and Procedures

Focus of the Program

This program is conceptually intended to provide pa-
tients with chronic and often severe pharyngeal phase
dysphagia the opportunity to benefit from an intensive
course of directed rehabilitation. The combination of
highly concentrated rehabilitation and instrumental vi-
sual and auditory feedback provides maximal opportuni-
ties for swallowing recovery.

Treatment Candidacy

Prior research has suggested that intensive, daily reha-
bilitation efforts result in significant changes in swallow-
ing physiology and functional diet tolerance in a signifi-
cant number of patients with chronic dysphagia subse-
quent to brain stem injury [17,32]. Thus, the targeted
patient population for this program includes patients
who:

• are more than 9 months postonset
• demonstrate pharyngeal phase dysphagia secondary to

a single unilateral neurological event
• exhibit adequate strength and stamina to tolerate the

rigors of an outpatient intensive rehabilitation pro-
gram.

Data are limited regarding prognosis for recov-
ery. Given this limitation, patients with long-standing
dysphagia should not be excluded on the basis of time
postonset. The data support that patients with even pro-
found deficits may respond to intervention; thus, the se-
verity of the disorder should not necessarily influence
admission to the program. Further-intact cognition is not
necessarily a prerequisite to benefit from treatment be-
cause the additional visual and auditory feedback and the
intensity of intervention have the potential to overcome
the barriers of poor language and cognition in many pa-
tients.

In addition to these criteria, all patients who are
considered appropriate candidates for rehabilitation of
pharyngeal-phase deficits are considered appropriate for
SEMG-facilitated treatment, although the intensity of in-
tervention may be adjusted to reflect the needs of the
individual patient. For example, an acute patient may be
appropriate for intervention, but the intensity of 2 hr of
treatment daily may likely exceed the patient’s ability to
participate. Patients who are undergoing radiation treat-
ment may benefit from the visual feedback and the struc-
tured repetition of swallowing to maintain flexibility, but
the intensity of treatment should be significantly reduced
with much more relaxed goals.

Exclusionary criteria would include patients who:

• are diagnosed with neurodegenerative disease pro-
cesses underlying the swallowing disorder (e.g., ALS,
multiple sclerosis, myasthenia gravis)

• demonstrate swallowing physiology that is not consid-
ered amenable to rehabilitative efforts, in particular the
literature does not support anyrehabilitativemaneuver
that will significantly alter the timing of onset of swal-
low; patients with this type of physiologic deficits are
appropriate for compensatory rather than rehabilitative
management

• do not exhibit adequate strength or stamina to tolerate
the full treatment regimen

• are undergoing radiation treatment for oral pharyngeal
carcinoma

• have failed a brief trial of intensive intervention sec-
ondary to inadequate cognition or attention.

In addition, careful consideration and specific,
written physician’s orders should be obtained for patients
who are:

• currently are exhibiting unstable cardiac or neurologic
function

• immediately postoperative oral pharyngeal surgery for
resection of carcinoma or repair of traumatic injury.
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Treatment Regimen

Prior to acceptance into the program, history information
and a video copy of the most recent instrumental swal-
lowing study will be reviewed by the dysphagia team to
determine the appropriateness of rehabilitation and de-
velop the treatment plan (refer to previous section on
Treatment Candidacy). The admission videofluoroscopic
swallowing study should be completed:

1. within 2 weeks prior to onset of treatment for patients
less than 1 year postonset

2. within 1 month for patients between 12 and 28
months postonset, or

3. within 6 months for patients who presented for treat-
ment more than 28 months postonset of dysphagia.

The dysphagia team should consist minimally of
the patient, family, referring physician, and treating
speech pathologist and should include, as appropriate
and available, the dysphagia team physician, dietician,
and social worker. The treatment plan will be further
developed and reviewed at length with the patient and
appropriate caregivers with acceptance into the program
or during the initial session.

Patients admitted into the program will be sched-
uled for treatment for 5 consecutive days, two sessions
per day, for a total of 10 hr per week of direct therapy.
Patients will be scheduled for 1 hr of therapy in the
morning and 1 hr in the afternoon, with an intervening
3–4 hr for rest. These hour-long sessions will include a
combination of direct rehabilitative training and compen-
satory management of oral feeding trails. These two
components will be approximately evenly divided during
each therapy session in 15-min increments. As an ex-
ample, the beginning of each session will focus on ap-
proximately 15 min of rehabilitative training, following
by an approximate 15 min or oral trials. This sequence
will then be repeated, allowing for rigorous completion
of exercises interrupted by frequent repetition of com-
pensatory techniques. In addition, education and review
of home programming will be incorporated into the
therapeutic hour.

Although specific treatment plans for the patients
in the program will be individualized to reflect the needs
of each patient, treatment for pharyngeal phase deficits
will tend to focus in on the following areas, as appropri-
ate:

• mastery of compensatory mechanisms to improve air-
way protection and facilitate transfer of the bolus
through the pharyngeal cavity by maximizing gravita-
tional forces and minimizing resistance to the bolus

• relaxation of musculature involved in swallowing (in-
hibition of extraneous movement, spasticity)

• increasing strength and efficiency of the oral pharyn-
geal swallow

• maximizing sensory input and response to the oral
pharyngeal cavity

• initiation of trials of oral intake and a return to oral
diet.

SEMG and cervical auscultation biofeedback will
be used to facilitate teaching and execution of the thera-
peutic exercises, including:

1. effortful, or modified valsalva, swallow: used when
the patient demonstrates radiographic evidence of
weakened or dyscoordinated pharyngeal contraction
or reduced laryngeal excursion resulting in postswal-
low vallecular residual or diffuse pharyngeal residual
and inadequate epiglottic deflection for airway pro-
tection

2. Mendelsohn maneuver: used when the patient dem-
onstrates radiographic evidence of weakened or dys-
coordinated pharyngeal contraction or specific im-
pairment of upper esophageal sphincter opening re-
sulting in postswallow diffuse pharyngeal residual or
residual isolated to the pyriform sinuses with im-
paired bolus transport into the cervical esophagus

3. vocal adduction exercises: used when the patient
demonstrates deficits in laryngeal airway protection
and/or vocal dysphonia

4. oral motor exercises: used when the patient clinically
demonstrates oral motor weakness or dyscoordination
with radiographic evidence of poor bolus manipula-
tion, formation, and noncohesive transfer secondary
to poor oral control

5. head-lifting manuever: used when the patient demon-
strates radiographic evidence of impairment in upper
esophageal sphincter opening resulting in postswal-
low pyriform sinus residual; this technique is used
primarily as a home programming task and does not
use instrumental biofeedback modalities.

In addition to the execution of rehabilitative ex-
ercises, direct oral intake will be included as a compo-
nent of the treatment regimen as soon as possible with
respect to assurance of airway protection. This compo-
nent of treatment is considered critical for the neurosen-
sory stimulation it provides to the oropharyngeal cavity
and the sense of meaningful progress it provides the
patient. During therapeutic oral feeding, airway protec-
tion manuevers and compensatory strategies will be re-
inforced to maximize airway protection and bolus trans-
fer. All patients will be realistically counseled regarding
the risks associated with aspiration and potential subse-
quent pneumonia and will be encouraged to make an
independent decision as to whether oral trials would be
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included as a component of their treatment. Compensa-
tory mechanisms that may be used include, but are not
limited, to:

1. supraglottic swallow
2. pharyngeal expectoration
3. vocal quality checks
4. head rotation
5. chin-tuck posturing
6. head tilt
7. dry swallow
8. cyclic ingestion
9. liquid wash

If the patient begins oral intake during the treat-
ment week, calorie counts should be taken to monitor
intake and adjust tube feedings. Consultation with a di-
etitian is thus strongly recommended. In addition, respi-
ratory sounds should be carefully monitored by appro-
priately trained personnel. General precautions should be
taken to minimize risk of pulmonary infiltrate. After all
oral trials, patients should be encouraged to be upright
and ambulatory for at least 30 min and should monitor
temperature at the same time daily.

Home Programming

Home programming is considered an integral component
of a successful treatment regimen. As the patients learn
rehabilitative and compensatory maneuvers during the
treatment session, these techniques will be carried out in
an independent program. Optimally, patients who are
attending treatment twice daily will complete additional
three 15-min sessions independently. The patient’s fam-
ily or caregiver is considered to be an integral component
of the home program to aid the patient in completing
exercises, monitoring progress, and documenting oral in-
take. Compliance with the home program will be re-
viewed daily during direct treatment. If the patient is able
to safely tolerate oral intake, nutritional intake should be
scheduled to follow all home programming sessions. Pa-
tients will keep an intake diary including amounts, tex-
tures, and relative tolerance of oral intake. A portable
biofeedback device will be available to all patients for
use during the home program. Education regarding elec-
trode placement and device set-up will occur during di-
rect treatment session prior to independent use. Compli-
ance with completion of exercises will be monitored by
reviewing stored SEMG data on the portable biofeed-
back device.

Follow-up

After the first week of concentrated rehabilitation, a re-
peat videofluoroscopy will be performed to assess

changes in swallowing physiology. If a measurable
change is documented, the patients will be scheduled for
follow-up treatment at a rate of once or twice weekly, but
will continue rigorous home programming five times
daily for 15 min each prior to oral intake, if tolerated. If
no measurable change is identified on posttreatment vid-
eofluoroscopy and no functional clinical gains are noted,
the patients candidacy for continued treatment will be
discussed by the patient, family, clinician, and physician.

Documentation

Careful documentation is required to assure reimburse-
ment from third-party payors and to gather departmental
program efficacy data. The videofluoroscopic swallow-
ing study that is evaluated for admission into the pro-
gram should be rated by using a departmental evaluation
form or some objective rating instrument, even if a report
for the examination is generated from another referring
facility. Subsequent studies should use the same format.
The initial diagnostic summary and treatment plan
should be comprehensive and include history informa-
tion, prior treatment attempts, diagnostic information,
and a detailed treatment plan with long-term and short-
term objectives. Daily progress notes should include a
statement of the treatment objectives and a subjective
measure of progress toward those objectives. It is impor-
tant that progress notes reflectclinically measurableob-
jectives that are supported by objectives measured with
SEMG biofeedback.

A final treatment summary and diagnostic report
should include a summary of progress toward short-term
objectives and long-term goals. Posttreatment videofluo-
roscopic findings should be detailed, with particular em-
phasis on changes in physiology. The treatment plan
should be revised and updated to reflect changes in swal-
lowing physiology.

Copies of all documentation and any additional
referral sources should be forwarded to the patient/
caretaker and to the referring physician with the patient’s
signed consent.

Billing

Patients should be billed for speech pathology services.
Using CPT coding for biofeedback treatment may reduce
the likelihood of reimbursement. The treatment regimen
includes many other facets of treatment, with biofeed-
back serving only as an adjunct to facilitate the process.
It may be beneficial from a marketing perspective to
develop a package price for two diagnostic examinations
and 10 treatment sessions.

Private insurance companies may require precer-
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tification for treatment. Medicare may make the request
for chronic patients. Points to highlight:

• prior research that documents improvement in chronic
patients

• costs of maintaining patients on tube feedling
• availability of new techniques (head lifting, Masako)

and new technologies (SEMG) that may improve the
patients chances of recovery.

The patient and family member should advocate for
themselves by requesting the treatment.

Portable devices, if elected for use, are generally
reimbursable under a “durable medical equipment”
clause of the insurance company. Medicare will not re-
imburse for a portable device. If the patient’s insurance
company will not reimburse for a portable device, the
patient can rent it directly from the biofeedback distribu-
tor. It is unlikely that the patient will require or desire a
portable device for more than 1 month.

Biofeedback electrodes can be considered con-
sumable materials and must be purchased by the depart-
ment on an ongoing basis. Expense for electrodes can be
either absorbed by the department or offset by separating
standard packs of 100 electrodes into packages of 10 and
bill a portion of the total cost to the patient.
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