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Summary

A tracheostomy tube decreases the ability of the patient to communicate effectively. The ability to
speak provides an important improvement in the quality of life for a patient with a tracheostomy.
In mechanically ventilated patients, speech can be provided by the use of a talking tracheostomy
tube, using a cuff-down technique with a speaking valve, and using a cuff-down technique without
a speaking valve. Speech can be facilitated in patients with a tracheostomy tube who are breathing
spontaneously by use of a talking tracheostomy tube, by using a cuff-down technique with finger
occlusion of the proximal tracheostomy tube, and with the use of a cuff-down technique with a
speaking valve. Teamwork between the patient and the patient care team (respiratory therapist,
speech-language pathologist, nurse, and physician) can result in effective restoration of speech in
many patients with a long-term tracheostomy. Key words: speaking valve, speech, talking tracheos-
tomy tube, tracheostomy, mechanical ventilation, complications. [Respir Care 2005;50(4):519-525.
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Introduction

Placement of a tracheostomy facilitates long-term me-
chanical ventilation, minimizes large-volume aspiration,
and bypasses upper-airway obstruction. However, it also
decreases the ability of the patient to communicate effec-
tively. It is possible to restore voice in many patients with
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tracheostomy who are cognitively intact and free of laryn-
geal or pharyngeal dysfunction. The ability to speak pro-
vides an improvement in the quality of life for a patient
with a tracheostomy. In order to achieve adequate voice, a
subglottic (tracheal) pressure of a least 2 cm H,O is re-
quired.!-3 In normal persons the tracheal pressure is 5—10
cm H,O during speech. Flow through the upper airway
during normal speech is 50-300 mL/s (3—-18 L/min).*>
There are a variety of techniques to achieve this in trache-
ostomized patients who are either ventilator-dependent or
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Fig. 1. Talking tracheostomy tube. Note that gas flow exits above
the cuff and provides flow through the upper airway to facilitate
speech. The arrow indicates the point of gas flow into the trachea
above the cuff. (Adapted from illustrations provided courtesy of
Smiths Medical, Keene, New Hampshire.)

breathing spontaneously. The purpose of this paper is to
describe these methods.

Facilitation of Speech in the Ventilator-Dependent
Patient With a Tracheostomy

Talking Tracheostomy Tube

The talking tracheostomy tube (Fig. 1) was designed to
assist the patient to speak in a low, whispered voice.o-13
With the cuff inflated, a gas line with a thumb port is
connected to a gas source. The flow is adjusted to 4—6
L/min and the thumb port is occluded by the patient or
caregiver. Gas passes through the larynx, allowing the
patient to speak in a soft whisper. Note that the talking
tracheostomy tube allows the use of voice with the cuff
inflated. Thus, this technique decouples speech and breath-
ing. There is no loss of ventilation during speech with this
device, and the inflated cuff reduces the risk of aspiration.

There are several limitations to the use of the talking
tracheostomy tube, and for these reasons this tube is not
commonly used. Unless this tube is inserted at the time of
the tracheostomy procedure, the use of this tube requires a
tube change. In many cases, the voice quality is not good—a
whisper at best. Voice quality may improve with higher
flows,!%!! but this can be associated with a potentially
greater risk of airway injury. If the resistance to airflow
retrograde through the stoma is less than that through the
upper airway, much of the added flow may leak from the
stomal site and not be available for speech.'?> One study
reported stoma complications associated with a talking
tracheostomy tube, but the tube used in that study is no
longer commercially available (Communi-Trach I).!3 Up-
per-airway secretions can interfere with the quality of voice,
and secretions above the cuff can lead to a clogged gas
flow line.!"-'> An important limitation is the need for an
assistant to control gas flow in many patients.!? It has also
been observed that several days of use may be necessary
before the patient is able to develop voice with this de-
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Fig. 2. The voice tracheostomy tube. The cuff expands with pos-
itive pressure from the ventilator, which results in inflation of the
lungs without a leak through the upper airway. On exhalation, the
cuff deflates and some of the exhaled gas exits through the vocal
cords, allowing the patient to speak. (From Reference 14, with
permission.)

vice.!0-11 Practice and training may be necessary to master
the use of this device, and even with such, some patients
cannot develop adequate voice.!!

A voice tracheostomy tube, not yet commercially avail-
able, has been described.'* It is specially configured so
that the cuff inflates with positive pressure and deflates
during the expiratory phase (Fig. 2). This tube was used in
16 patients, and all but one were able to speak with this
tube. There were no changes in P, or P, with the use
of this tube.

Cuff Down With Speaking Valve

When using a speaking valve with the cuff deflated or
with a cuffless tube, gas flows from the ventilator into the
tracheostomy tube during inhalation but exits through the
upper airway during exhalation (Fig. 3). In other words,
the speaking valve is a one-way valve designed to attach to
the proximal opening of the tracheostomy tube. Before
placing the speaking valve, the cuff must be completely
deflated. It may be necessary to increase the tidal-volume
delivery from the ventilator to compensate for volume loss
through the upper airway during the inspiratory phase.
Some patients are able to control oropharyngeal muscle
tone sufficiently to minimize the leak through the upper
airway during the inspiratory phase.

The alarms on most critical-care ventilators are intoler-
ant of a speaking valve. This can be addressed by using a
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ventilator

Fig. 3. Placement of a speaking valve between the ventilator and
the tracheostomy tube results in the exhaled gas passing through
the upper airway (rather than into the ventilator circuit). (Adapted
from illustrations courtesy of Passy-Muir, Irvine, California.)

ventilator with a speaking valve mode (eg, Puritan Bennett
760) or a portable home-care ventilator. Heated humidifi-
ers can be used with a speaking valve. However, a heat-
and-moisture exchanger should not be used, because no
exhaled gas passes through it if a speaking valve is in
place. If an in-line closed suctioning system is used, the
speaking valve should be connected to the side port to
allow the catheter to easily pass into the tracheostomy
tube. The volume of dead space in the ventilator circuit is
unimportant when a speaking valve is used, because there
is no potential for rebreathing in the circuit.

Adequate cuff deflation, tracheostomy tube size, trache-
ostomy tube position, and upper-airway obstruction should
be assessed if the patient is unable to exhale adequately
through the upper airway. Some patients complain of dis-
comfort due to airflow through the upper airway when the
speaking valve is in place. This can result from drying of
the pharyngeal membranes, inability to ventilate ade-
quately, and increased noise levels. This may be the result
of decreased pharyngeal or laryngeal tone due to weakness
or atrophy from lack of flow through the upper airway
during prolonged mechanical ventilation. This can be ad-
dressed by using a slow cuff deflation over several min-
utes. Initial placement of the speaking valve may stimulate
coughing, which may be the result of secretions pooled
above the cuff. This can be minimized by clearance of
pharyngeal and tracheal secretions before the cuff is de-
flated. Some patients can communicate during both the
inspiratory and expiratory phase of the ventilator. This is
only problematic if it results in inadequate ventilation dur-
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Fig. 4. Airflow during ventilator-supported speech. The black cir-
cles represent occlusions and the gray circle represents higher-
than-usual impedance. During inhalation (left), air flows both to-
ward the lungs and through the larynx. During usual exhalation
(center), most of the air flows toward the ventilator. This is be-
cause the impedance of the ventilator circuit is much lower than
that of the laryngeal pathway during speech production. With pos-
itive end-expiratory pressure (PEEP) (right), the impedance of the
ventilator circuit is higher than usual, so that more air flows through
the larynx. (From Reference 18, with permission.)
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Fig. 5. Left: Changes in speaking rate (syllables per minute) for
lengthened inspiratory time (T)), positive end-expiratory pressure
(PEEP), and lengthened T, plus PEEP. Right: Changes in speaking
rate with 5, 8, and 12 cm H,O PEEP. (From Reference 18, with
permission.)
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Fig. 6. Tracheal pressure waveforms generated during speech pro-
duction with a one-way valve and with a positive end-expiratory
pressure (PEEP) valve set to 15 cm H,0. (From Reference 18, with
permission.)

ing speech. A speech-language pathologist can help pa-
tients who have difficulty adjusting to the speaking valve.

Passy et al!> reported their experience in a series of 15
ventilator-dependent patients in whom a speaking valve
was used. In all 15 patients there was an improvement in
speech intelligibility, speech flow, elimination of speech
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Fig. 7. Left: Recording from a patient during a vowel-holding trial with continuous mandatory ventilation (CMV) and pressure-support
ventilation (PSV). Note the increase in inspiratory time during speech and the improvement in speech duration during both inhalation and
exhalation with PSV, compared with CMV. P = tracheal pressure. Right: Distribution of maximum speech duration over the phases of the
respiratory cycle during a reading test with CMV and PSV. (From Reference 21, with permission.)

hesitancy, and speech time. In a series of 10 chronically
ventilator-dependent patients, Manzano et al!® reported that
a speaking valve was effective in improving communica-
tion in 8 of the 10 patients. In one patient, use of the
speaking valve was not possible because adequate venti-
lation was not possible with the cuff deflated. In a second
patient, the speaking valve was not effective because of
laryngopharyngeal dysfunction.

Cuff Down Without Speaking Valve

Hoit et al'7-2% have published several papers related to
cuff-down techniques to facilitate speech without the use
of a speaking valve. They have shown that simple manip-
ulations on the ventilator allow the patient to speak during
both the inspiratory phase and expiratory phase. More-
over, the lack of a speaking valve may increase safety
should the upper airway become obstructed.

If the cuff is deflated, gas can escape through the upper
airway during the inspiratory phase (Fig. 4). During speech,
this has been shown to be about 15% of the delivered tidal
volume, which may cause a small increase in Peg (<5
mm Hg).!7 This leak results in the ability to speak during
the inspiratory phase. It has been shown that increasing the
inspiratory time setting on the ventilator increases breath-
ing rate (syllables per minute) (Fig. 5).!8:1° If the positive
end-expiratory pressure (PEEP) setting on the ventilator is
zero, most of the exhaled gas exits through the ventilator
circuit rather than the upper airway. In this situation, there
is little ability to speak during the expiratory phase. If
PEEP is set on the ventilator, then expiratory flow is more
likely to occur through the upper airway, which increases
speaking rate. The use of a longer inspiratory time and
higher PEEP are additive in their ability to improve speak-
ing rate (see Fig. 5).'® Tracheal pressure (important for
speech) is similar with the use of PEEP and the use of a
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speaking valve (Fig. 6). By prolonging the inspiratory time
and using PEEP, mechanically ventilated patients with a
tracheostomy may be able to use 60—80% of the breathing
cycle for speaking.!7-2° Anecdotally, I have observed such
patients who are able to speak throughout the entire ven-
tilatory cycle without any pauses for breathing. This is
unlike normal subjects without tracheostomy tubes, who
speak only during the expiratory phase.

The ventilator is normally flow-cycled during pressure-
support ventilation. In the presence of a leak through the
upper airway, the ventilator may fail to cycle appropri-
ately, and thus result in a prolonged inspiratory phase.
Although this would usually be considered undesirable, it
might facilitate speech. Prigent et al?! reported that pres-
sure support with PEEP and the cuff deflated resulted in an
increase in inspiratory time during speech, and this im-
proved speech duration during both the inspiratory and
expiratory phase (Fig. 7). This occurred with minimal ef-
fect on gas-exchange variables.

Patients Not Mechanically Ventilated
Talking Tracheostomy Tube

Although not common practice, a talking tracheostomy
tube can be used in a patient with a tracheostomy who is
not mechanically ventilated. For example, this may be
considered in a patient who is cognitively able to speak but
is at risk for aspiration if the cuff is deflated.

Cuff-Down Finger Occlusion
With the cuff down (or with a cuffless tube), the patient
(or caregiver) can place a finger over the proximal opening

of the tracheostomy tube to direct air through the upper
airway and thus produce speech (Fig. 8).22 Some patients
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Fig. 8. Finger occlusion technique to direct exhaled gas through
the upper airway rather than through the tracheostomy tube. (From
Reference 22, with permission.)
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Fig. 9. Speaking valves for use with a tracheostomy tube. Arrows
indicate gas flow during inhalation and exhalation. (Adapted from
illustrations courtesy of Passy-Muir, Irvine, California and Tyco
Healthcare, Pleasanton, California.)

are quite facile with this technique, but many do not have
the coordination to master this method.

Cuff Down With Speaking Valve

In the spontaneously breathing patient, a speaking valve
directs the exhaled gas through the upper airway, which
may allow the patient to speak (Fig. 9). This is probably
the most common method used to facilitate speech in spon-
taneously breathing patients with tracheostomy tubes. Al-
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Table 1.  Speaking Valve Contraindications

Unconscious or comatose patient

Inflated tracheostomy tube cuff

Foam-cuffed tracheostomy tube

Thick and copious secretions

Severe upper-airway obstruction

Abnormal lung mechanics that prevent sufficient exhalation (high
resistance, high compliance)

Speaking valves are not intended for use with endotracheal tubes

tracheostomy
tube™~

speaking
~ valve

Fig. 10. Equipment used to measure tracheal pressure when a
speaking valve is applied.

though many patients can use this method effectively, there
are several contraindications to the use of a speaking valve
(Table 1). The speaking valve should be used only for a
patient who is awake, responsive, and attempting to com-
municate. The patient must be able to exhale around the
tracheostomy tube and through the upper airway. The pa-
tient should be medically stable and must be able to tol-
erate cuff deflation. Although the speaking valve may fa-
cilitate oral expectoration of secretions, airway clearance
issues may occur if the patient has abundant secretions.
The patient’s risk for aspiration should be evaluated before
the speaking valve is placed. The speaking valve is gen-
erally considered inappropriate in a patient at risk of gross
aspiration. However, silent aspiration may occur even with
the cuff inflated.?® The input of a speech-language pathol-
ogist and use of techniques such as fiberoptic endoscopic
evaluation of swallowing can be valuable to assess the risk
of aspiration with cuff deflation.

The patient must be able to exhale effectively around
the tracheostomy tube when the speaking valve is placed.
This can be assessed by measuring tracheal pressure with
the speaking valve in place (Fig. 10). If the tracheal pres-
sure is > 5 cm H,O during passive exhalation (without
speech) with the speaking valve in place, this may indicate
excessive expiratory resistance.?* The upper airway should
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Fig. 11. Pressure and flow through a tracheostomy tube with 3 brands of speaking valve. Note that the bias-open design (Olympic) allows
flow through the valve during exhalation, whereas the bias-closed design does not. The bias-closed design thus directs more gas flow
through the upper airway to facilitate speech. (From Reference 26, with permission.)

be assessed for the presence of obstruction (eg, tumor,
stenosis, granulation tissue, secretions). The size of the
tracheostomy tube should be evaluated and consideration
given to downsizing the tube. The cuff on a tracheostomy
tube can also create an obstruction, even when deflated.
Consideration should be given to the use of an uncuffed
tube or a tight-to-shaft cuff. The use of a fenestrated tra-
cheostomy tube can also be considered.

Before placing the speaking valve, the cuff must be
completely deflated. Before cuff deflation the upper air-
way should be cleared of secretions. A slow cuff deflation
often facilitates a smoother transition for the patient to
airflow in the upper airway. The lower respiratory tract
may need to be suctioned after cuff deflation because of
aspiration of secretions from above the cuff. The ability of
the patient to tolerate the speaking valve can be briefly
assessed by finger occlusion of the tracheostomy tube after
cuff deflation. Once the speaking valve is placed, carefully
assess the patient’s ability to breathe. Many patients ini-
tially tolerate short periods of speaking-valve-placement
until they become acclimated. If the patient experiences
difficulty with airway clearance when the speaking valve
is in place, the valve should be removed to allow the
patient to be suctioned. If the patient exhibits signs of
respiratory distress, remove the speaking valve immedi-
ately and reassess upper-airway patency.

Oxygen can be administered while the speaking valve is
in place, using a tracheostomy collar or an oxygen adapter
on the speaking valve. The patient may inhale through the
upper airway when the speaking valve is in place. This is
most likely with a small tracheostomy tube, in which in-
spiratory resistance through the tube may be greater than
the resistance through the upper airway. When this occurs,
oxygen administration to the upper airway may be re-
quired (eg, nasal cannula). Humidity can be applied using
a tracheostomy collar, but a heat-and-moisture exchanger
filter should not be used, because the patient will not ex-
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hale through the heat-and-moisture exchanger. If inhaled
aerosol medications are given, the speaking valve should
be removed during this therapy.

There have been several evaluations of the aerodynamic
characteristics of speaking valves.?>-27 The inspiratory re-
sistance through speaking valves has been reported at about
2.5 cm H,O/L/s at a flow of 0.5 L/s, and is similar among
valves from several manufacturers.?¢ Speaking valves can
be either bias open or bias closed. The bias-open design
may result in incomplete closure during exhalation, result-
ing in expiratory flow through the valve (Fig. 11), which
limits flow through the upper airway and the ability to
speak.26-27

In addition to allowing speech, the use of a speaking
valve may have other benefits. Some studies have sug-
gested that the speaking valve may improve swallow and
decrease the risk of aspiration,?$-33 although this has been
debated by others.?* Because the patients inhales through
the tracheostomy tube and exhales through the upper air-
way, rebreathing (dead space) may be reduced, but this has
not been studied. The use of a speaking valve may also
allow the patient to control exhalation (eg, pursed lips in
the patient with chronic obstructive pulmonary disease),
but this also has not been adequately studied. Improve-
ments in olfaction have also been reported with the use of
a speaking valve.?

Summary

The ability to speak is an important aspect of the quality
of life for patients with a tracheostomy. A variety of tech-
niques to achieve this are available for either mechanically
ventilated or spontaneously breathing patients. Teamwork
between the patient and the patient care team (respiratory
therapist, speech-language pathologist, nurse, physician)
can result in restoration of speech in many patients with
long-term tracheostomies.

RESPIRATORY CARE ¢ APRIL 2005 VoL 50 No 4



FACILITATING SPEECH IN THE PATIENT WITH A TRACHEOSTOMY

ACKNOWLEDGMENT

I wish to thank the patients and staff in the Respiratory Acute Care Unit
(RACU) of the Massachusetts General Hospital, who have taught me
most of what I share in this paper.

REFERENCES

. Draper MH, Ladefoged P, Whitteridge D. Expiratory pressures and

air flow during speech. Brookhaven Symp Biol 1960;5189:1837—
1843.

. Lieberman P, Knudson R, Mead J. Determination of the rate of

change of fundamental frequency with respect to subglottal air pres-
sure during sustained phonation. J Acoust Soc Am 1969;45(6):1537—
1543.

. Murry T, Brown WS Jr. Subglottal air pressure during two types of

vocal activity: vocal fry and modal phonation. Folia Phoniatr (Basel)
1971;23(6):440-449.

. Holmberg EB, Hillman RE, Perkell JS. Glottal airflow and trans-

glottal air pressure measurements for male and female speakers in
soft, normal, and loud voice. J Acoust Soc Am 1988;84(2):511-529.
Erratum in: J Acoust Soc Am 1989;85(4):1787.

. Bard MC, Slavit DH, McCaffrey TV, Lipton RJ. Noninvasive tech-

nique for estimating subglottic pressure and laryngeal efficiency.
Ann Otol Rhinol Laryngol 1992;101(7):578-582.

. Safar P, Grenvik A. Speaking cuffed tracheostomy tube. Crit Care

Med 1975;3(1):23-26.

. Saul A, Bergstrom B. A new permanent tracheostomy tube: speech

valve system. Laryngoscope 1979;89(6 Pt 1):980-983.

. Kluin KJ, Maynard F, Bogdasarian RS. The patient requiring me-

chanical ventilatory support: use of the cuffed tracheostomy “talk”
tube to establish phonation. Otolaryngol Head Neck Surg 1984;92(6):
625-627.

. Levine SP, Koester DJ, Kett RL. Independently activated talking

tracheostomy systems for quadriplegic patients. Arch Phys Med Re-
habil 1987;68(9):571-573.

. Leder SB, Traquina DN. Voice intensity of patients using a Com-

muni-Trach I cuffed speaking tracheostomy tube. Laryngoscope 1989;
99(7 Pt 1):744-747.

. Leder SB. Verbal communication for the ventilator-dependent pa-

tient: voice intensity with the Portex “Talk” tracheostomy tube. La-
ryngoscope 1990;100(10 Pt 1):1116-1121.

. Sparker AW, Robbins KT, Nevlud GN, Watkins CN, Jahrsdoerfer

RA. A prospective evaluation of speaking tracheostomy tubes for
ventilator dependent patients. Laryngoscope 1987;97(1):89-92.

. Leder SB, Astrachan DI. Stomal complications and airflow line prob-

lems of the Communi-Trach I cuffed talking tracheotomy tube. La-
ryngoscope 1989;99(2):194-196.

. Nomori H. Tracheostomy tube enabling speech during mechanical

ventilation. Chest 2004;125(3):1046-1051.

. Passy V, Baydur A, Prentice W, Darnell-Neal R. Passy-Muir trache-

ostomy speaking valve on ventilator-dependent patients. Laryngo-
scope 1993;103(6):653-658.

. Manzano JL, Lubillo S, Henriquez D, Martin JC, Perez MC, Wilson

DJ. Verbal communication of ventilator-dependent patients. Crit Care
Med 1993;21(4):512-517.

RESPIRATORY CARE ¢ APRIL 2005 VoL 50 No 4

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

. Shea SA, Hoit JD, Banzett RB. Competition between gas exchange

and speech production in ventilated subjects. Biol Psychol 1998;
49(1-2):9-27.

. Hoit JD, Banzett RB, Lohmeier HL, Hixon TJ, Brown R. Clinical

ventilator adjustments that improve speech. Chest 2003;124(4):1512—
1521.

. Hoit JD, Banzett RB. Simple adjustments can improve ventilator-

supported speech. Am J Speech Lang Pathol 1997;6(1):87-96.
Hoit JD, Shea SA, Banzett RB. Speech production during mechan-
ical ventilation in tracheostomized individuals. J Speech Hear Res
1994;37(1):53-63.

Prigent H, Samuel C, Louis B, Abinun MF, Zerah-Lancner F, Le-
jaille M, et al. Comparative effects of two ventilatory modes on
speech in tracheostomized patients with neuromuscular disease. Am J
Respir Crit Care Med 2003;167(2):114-119.

Godwin JE, Heffner JE. Special critical care considerations in tra-
cheostomy management. Clin Chest Med 1991;12(3):573-583.
Leder SB. Incidence and type of aspiration in acute care patients
requiring mechanical ventilation via a new tracheotomy. Chest 2002;
122(5):1721-1726.

Minh H, Aten JL, Chaing JT, Light RW. Comparison between con-
ventional cap and one-way valve in the decannulation of patients
with long-term tracheostomies. Respir Care 1993;38(11):1161-1167.
Fornataro-Clerici L, Zajac DJ. Aerodynamic characteristics of tra-
cheostomy speaking valves. J Speech Hear Res 1993;36(3):529-532.
Zajac DJ, Fornataro-Clerici L, Roop TA. Aerodynamic characteris-
tics of tracheostomy speaking valves: an updated report. J Speech
Lang Hear Res 1999;42(1):92-100.

Leder SB. Perceptual rankings of speech quality produced with one-
way tracheostomy speaking valves. J Speech Hear Res 1994;37(6):
1308-1312.

Dettelbach MA, Gross RD, Mahlmann J, Eibling DE. Effect of the
Passy-Muir Valve on aspiration in patients with tracheostomy. Head
Neck 1995;17(4):297-302.

Eibling DE, Gross RD. Subglottic air pressure: a key component of
swallowing efficiency. Ann Otol Rhinol Laryngol 1996;105(4):253—
258.

Stachler RJ, Hamlet SL, Choi J, Fleming S. Scintigraphic quantifi-
cation of aspiration reduction with the Passy-Muir valve. Laryngo-
scope 1996;106(2 Pt 1):231-234.

Elpern EH, Borkgren Okonek M, Bacon M, Gerstung C, Skrzyn-
ski M. Effect of the Passy-Muir tracheostomy speaking valve
on pulmonary aspiration in adults. Heart Lung 2000;29(4):287—
293.

Suiter DM, McCullough GH, Powell PW. Effects of cuff deflation
and one-way tracheostomy speaking valve placement on swallow
physiology. Dysphagia 2003;18(4):284-292.

Gross RD, Mahlmann J, Grayhack JP. Physiologic effects of open
and closed tracheostomy tubes on the pharyngeal swallow. Ann Otol
Rhinol Laryngol 2003;112(2):143-152.

Leder SB. Effect of a one-way tracheotomy speaking valve on the
incidence of aspiration in previously aspirating patients with trache-
otomy. Dysphagia 1999;14(2):73-77.

Lichtman SW, Birnbaum IL, Sanfilippo MR, Pellicone JT, Damon
WIJ, King ML. Effect of a tracheostomy speaking valve on secre-
tions, arterial oxygenation, and olfaction: a quantitative evaluation. J
Speech Hear Res 1995;38(3):549-555.

525



