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General Introduction

General Introduction

Head and neck cancer accounts for approximately 5% of all malignancies

and is the fourth most commoncancer in males.’ In the United States there

are approximately 30,000 new cases yearly. The functional deficits and de-

formities that often occur by the disease due to the treatment underline

the importance of headand neckcancer. Sensory functions oftaste, smell,

hearing, balance and vision are, depending on the tumorlocation, at risk.

Voice, speech quality and swallowing are frequently effected. The air-con-

ditioning effect of the upper airway may be temporarily (tracheotomy) or

permanently (total laryngectomy) lost. Deformities in the head and neck

can create profound debilitation on the physical and psychosocial func-

tions.? From this point of view, successful treatment of this group of malig-

nancies cannot be measuredsolely in terms of survivalrate.*

Laryngeal Cancer

Within the group of head and neck malignancies, laryngeal canceris the

most common. Ninety percent of laryngeal cancers are squamouscell car-

cinomas originating from the epithelial lining of the laryngeal mucous

membrane.The etiology of squamouscell carcinomasis mainly related to

smoking and alcohol intake, particularly the combination of both.

Aclear distinction needs to be made between glottic cancer(the true vocal

cords), cancer of the supraglottic part of the larynx (false vocal cords,

arytenoids, aryepiglottic folds and the epiglottis) and subglottic cancer.

Cancer involving the glottis accounts for approximately 65% of the laryn-

geal cancers. Subglottic cancer is rare (5%). This distinction is made be-

cause of the differences in symptoms, tumorspreading patterns and therapy

modalities of these differentsites.

The most important symptom in this patient group with glottic canceris

persistent hoarseness. In a more advanced stage dysphagia and dyspnea

occurs. Referred otalgia may be present but generally indicates deep sup-

raglottic involvement. Cervical lymphadenopathyis more frequent in sup-

raglottic cancers than in glottic lesions. The supraglottic area has a rich
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lymphatic drainage while the true vocal cords are devoid oflymphatic drain-

age. As aresult cancer confinedto the vocal cord rarely presents with lymph

node involvement. Since hoarsenessis a relative early symptom in glottic

cancer, these tumors are generally smaller than supraglottic cancersatfirst

detection.

The overall 5 year survival of glottic cancer is 85%. When looking at the

different stage groups, the 5 years survivalis for stage I: 95%, II: 85%,III:

60% and IV: 35%. The overall 5 year survival of supraglottic cancer is 55%.

For stage I this is: 65%, IT: 65%, 55% and 40%.

The risk of second primary tumors, especially if the patients continues

smoking and drinkingalcohol, has been reported as high as 25%.* Further-

more, patients who smoke during radiation therapy appear to have lower

response rates and shorter survival times than those who donot.®

Treatment Modalities ofLaryngeal Cancer

As with any cancer, precise staging is of utmost importanceas it dictates

the treatment modalities. These treatment modalities differ to some extent

for the sub-sites within the larynx and also for the institution involved.

Depending on the stage the therapy will consist of radiation or surgery

(including laser treatment) or a combination of the two. Chemotherapy, as

of yet, has no place in curative treatment.

The larynx has three major functions: phonation,air passage and a sphinc-

ter function with which it protects the lower airways. Conservation laryn-

geal surgery has emphasized the importance of the larynx as an airway

and sphincter. Loss of voice due to disease or treatmentis a serious handi-

cap, but an ineffective airway or inefficient sphincter maybefatal.®

It is impossible to determine a standard treatment for each tumorstage and

sub-site because many factors play a role in the final decision which therapy

is best. Anatomic considerations and the patient’s health and preference,

are a few additional factors that can play a decisive role in therapy choice.

Total laryngectomy is mostly performed in the more advancedstages of

disease and in radiation therapy failures. For glottic and supraglottic can-

cer this would be stages IJ and III, depending of course on location and

spread. More conservative surgical procedureslike supraglottic horizontal
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laryngectomy, vertical hemilaryngectomyand frontolateral hemilaryngec-

tomy each have their specific indications.

Total Laryngectomy

Total laryngectomy includes resection of the hyoid bone, pre-epiglottic

space, thyroid cartilage, cricoid cartilage, and one to four tracheal rings.

The hypopharynx constrictor muscles are sectioned from the lateral edge

of the thyroid cartilage and cricoid insertions. After removal of the speci-

men, the trachea is sutured to the skin of the neck, either in the original

skin incision or in a separately madeincision. The constrictor muscles are

usually reconstructed in the midline to support a one or two layer mucosal

closure in a effort to reduce fistula formation.” During this procedure a

myotomy and/or a unilateral neurectomy of the pharyngeal nerve plexusis

performedtofacilitate tracheoesophagealvoice rehabilitation whichis later

discussed in moredetail.

Impact of Total Laryngectomy

For the person whohas had a laryngectomyas treatmentfor laryngeal cancer,

postoperative recovery includesphysical, psychological andsocial adjustments.

The physical aspects will be discussed in moredetail in the following chapters.

It is well recognized that psychological sequelae of head and neck surgery

include anxiety, depression and decreased vigor*"" Theloss ofthe naturalvoice

is one of the greatest sources of psychological distress."

There have been numerous attempts to assess the psychosocial functioning

and quality oflife of laryngectomized patients. Mathieson et al, described

that significant predictorsofpatient distress are pre-/post surgical counseling

(ie. pre-surgicalvisit by laryngectomee),illness factors(i.e. presence of cur-

rentillness), patient satisfaction with social support from family and friends

andlifestyle concerns(i.e. changes in relationships with friends).”

A fair numberoflaryngectomizedpatients return to employmentafter their

operation. Romney found that post surgical employment does help suc-

cessful rehabilitation.Richardson pointed out however, that post surgical

employmentdid notstatistically relate to other measures of social func-

tioning.!* Therefore, clinicians should be aware that return to employment
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is not a conclusive indicator of the patient’s social functioning.

The importanceof including the spouse in the pre- and post operative

counseling has been confirmed by researchers.“ Spouses have been de-

monstrated to have higher scores on psychological tests concerning depres-

sion, fatigue and tension, during the courseofthe disease and its treatment."

History

The history of the first laryngectomy and the attempts to restore voiceis

fascinating. A brief chronological summaryof eventsis given. In the second

half of the 19" century, the main German industries were chemicals and tex-

tiles. These were important to medicine becauseof industrial complimen-

tary productslike aniline dyes and anaesthetic gases. Thefirst time that an-

aesthetic gas was applied to a human being was about 1848.” Although the

microscope was invented by Van Leeuwenhoek in the 17" century its use

in medicinestarted only after Gehrlach showed, around 1850, that tissues

could be stained differently with natural dyes. Aniline dyes further improved

the quality of tissue staining which boostedhistology and histopathology

to new heights. Histology was started under Henle, Schwann and others.

Virchow started histopathology in 1856.

During this era, laryngeal pathology could only be “diagnosed” on clinical

grounds but not by visualization, let alone by pathological examination.

Therefore, any laryngeal disease was rarely diagnosed. Important to the

advancesin laryngology was the discovery ofthe laryngoscope by Manual

Garcia, a Spanish singing teacher, in 1854. Its usefulness in medicine was

soon realized and people like Morell MacKenzie (1837-1892) and Czermak

used this technique to explore the larynx. Garcia was invited to London in

1855 to demonstrate his technique of visualization of the larynx for the

medical profession.

Indirect laryngoscopy to biopsy the larynx was perfected by MacKenzie in

the 1870's. Before the discovery of cocaine as an anesthetic in the 1880’s ice

chips were used to suppress the gagging of the patient being examined.

MacKenzie wasthefirst to write a standard textbook on the throat.

Thefirst laryngectomy, reported to the German Surgical Society in 1874 by

Gussenbauer, was performed on a 36 year old religious instructor by
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Theodore Billroth (1829-1894).2! The patient had been hoarse for a period

of 3 years and had been treated by cauterization with silver nitrate and

liquor ferri injections. As the tumor grew it caused stridor which disap-

peared after removalofbits of tumor. The patient had a subglottic tumor

that was mainly located on theleft side. From the tissue samples, taken out

of the larynx, the diagnosis epidermoid carcinoma washistologically made.

The patient was admitted to Professor Billroth’s clinic in November 1873.

Cautious, partly because of the prior work doneby his assistant Vincenz

Czerny, who in 1870 experimentally laryngectomized five dogs of which

four died, Billroth decided to carry out a laryngofissure on November21,

1873. The tumor was excised while preserving the right vocal cord. Unfor-

tunately, by the middle of December laryngoscopy revealed massive

granulations in the larynx. These were originally regarded as benign, but

duringBillroth’s second operation on December31, 1873, tumor recurrence

was apparent. The patient was woken up andafter explanation ofthe situ-

ation consensus was reached. The larynx was removed and the superior

thyroid arteries ligated and the hyoid bone and epiglottis were left in place.

The trachea was sutured to the skin. During this procedure the patient

cleared blood from the trachea himself. The total operation took 1 hour

and 45 minutes. Four hours after the operation bleeding occurred and was

dealt with by compression with sponges. The patient was nourished with a

gastric feeding tube through which supposedly mostly wine was passed.

The 8day the patient started to eat even though the pharynx was not

surgically closed.

Four monthsafter surgery, the patient was discharged,after having learned

to speak with an artificial larynx designed by Gussenbauer. Thisartificial

larynx shunted air from the trachea past a reed into the pharynx. The pa-

tient had a loud and clear monotonousvoice. Billroth’s patient died one

year after surgery due to tumor recurrence.

Manysurgeonsrealized this procedure had great potential and the second

laryngectomy soonfollowed.” Heine’s patientdied after six months. In 1881,

Foulis reported on 27 recorded cases of total laryngectomy. Half of these

patients died of pneumoniaorotherinfections within thefirst week of sur-

gery, another 25%died of tumor recurrence within ten months.”
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Crown Prince Frederick of Germany, troubled by hoarseness, consulted a

Berlin laryngologist in May 1887. The doctor found a lesion ofthe left vocal

cord andtheclinical diagnosis of cancer was made. MacKenzie wascalled

from England to perform biopsies by indirect laryngoscopy. It is probable

that MacKenzie advised the emperor, who had been a regular pipe smoker

for more than 30 years, to stop smoking.” He believed that nicotine was a

systemic poison: it was hot smoke that harmedthe voice.** Virchow person-

ally studied the slides and reported the tissue as benign. A secondbiopsy,

performed in London five weeks later, gave the same result. Histology

opposedthe clear clinical diagnosis of cancer. The professors of surgery

at the University of Berlin advocated laryngectomy onclinical grounds.

Several monthslater the diagnosis of cancer was obvious. At the time of

the definitive diagnosis, a tracheotomy was needed for subglottic obstruc-

tions which merely delayed Frederick’s death.

By the beginning of the 20century, Gluck reported the mortality of laryn-

gectomy being 8.5%. An extreme low mortality rate when considering the

major problems that occurred with anesthesia, woundinfection and shock.

In 1906, the mortality rate for radical neck dissections was 13%.76

The tragic story of Frederick underlined the long lasting disagreement be-

tween advocatesof laryngeal biopsy andits skeptics. As late as 1922, prac-

titioners opposed laryngeal biopsy being misleading and inducing spread

of cancer.”

The importance of radiation therapy in modern treatmentof laryngeal can-

cer has been well established. One ofthe pioneersin radiation therapyis of

course Roentgen who discovered new rays that could penetrate opaque

materials and which were emitted from a special vacuum tube in 1895. These

rays could penetrate human tissue without direct pain or otherfeelings.It

was recognized that these new rays did induce rednessof the skin,blister-

ing and ulcerations. The Curies isolated radium chloride in 1898, which

wasfirst used in 1901 in patients. X-rays were, in the early days, used for

various ailments. In the beginning of this century, the low voltage X-ray

machines were developedfollowed by the ortho-voltage machines. In 1922,

the first laryngeal cancers were treated successfully with radiation therapy.”

During a regular meeting of the Chicago Laryngological and Otological

General Introduction

Society Dr, M. Reese Guttman reported on thedifficulties of voice rehabili-

tation and one remarkable patient.”* In Guttman’s report the difficulties of

electromechanical speech aids are discussed followed by esophageal speech

related problems. He realized that certain anatomic conditions helped in

regaining esophageal voice. “ Roughly, patients can be divided into two

classes, those that will talk and those that will not. Those that will talk ap-

parently have the anatomic parts that are necessary to carry on conversa-

tion; by that is meant that they are able to swallow air into the esophagus

and then belchit forth. They also have a well functioning cricopharyngeus,

which apparently acts as a vicarious larynx.”

During the same meeting Guttmanalso described oneof his patients that

was unable to communicateafter his total laryngectomy. This patient how-

ever, used a heated ice pick with which he had madea fistula from the

trachea into the hypopharynx. Whenever the patient occluded his

tracheostoma air was shunted from the trachea towards the hypopharynx

inducing resonance which madeclear loud speech possible. The physicians

were amazed. To avoid leakage of esophageal content into the airway and

to avoid spontaneousclosure ofthefistula the patient used a goose quill.”

Inspired by his patient Guttman started performing this fistula technique

using a diathermy needle. Nevertheless, results were disappointing. Fis-

tula stenosis formed a recurrent problem.”

Types of Voice Rehabilitation

Basically, there are three voice rehabilitation techniques after total laryn-

gectomy: electromechanical speech, esophageal speech and tracheo-

esophageal(shunt) speech. Eachof these techniqueshasits strengths and

weaknesses. The external air shunting devices with or without a reed are

not being discussed since they do not play a role in current voice rehabili-

tation these days.

Electromechanical Speech

Within this group, there are transcervical and intraoral devices. Both rely

on the principle of introducing an electromechanical vibration that can be

heard as a tone. The transcervical device (e.g. Servox) is placed against
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tissue of the neck that will transmit the tone to the oral cavity (figure 1.1).

The remaining intact structures of the vocaltract (tongue,lips and teeth) will

modulate the tone. This articulation will than produce speech. Deviceslike

the Servox are rechargeable and have volume andpitch control(figure 1.2).

The intraoral device (e.g. Cooper-Rand) introduces the sound source

through a tubedirectly into the oral cavity. Voice generation occurs in the

same way as with the transcervical devices.

The major advantage ofboth devicesis that basic speech is learned quickly

by most patients and does not interfere or delay the mastering of other

formsof alaryngeal speech. Furthermore, this form of voice rehabilitation

producesa loud voice. However, certain patient conditions prevent the use

of these devices. Severe surgery and radiation therapy induces fibrosis of

the neck hampering the transmitting of the tone towards the oral cavity.

Limited dexterity also determines the successful use of an electrolarynx.

 

    
Figure |.1: Drawing ofvoice rehabilitation following total laryngectomy using a electrolarynx.
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Although these devices are quite expensive, this voice rehabilitation tech-

niqueis still considered to be one of the cheaper options.

The major disadvantages of these electromechanical devicesis the distinct

voice quality. The voice production sounds mechanical and even robotlike,

distracting the listeners attention. The electrolarynx requires the use of a

hand and has a conspicuous appearance.

Electromechanical devices can be a useful treatment option in the early

post-operative phase whenthe patient can not use other voice rehabilita-

tion techniques, thereby limiting the frustration of speechlessness.

Electrolarynx devices can also be of value in addition to other voice reha-

bilitation methods

 

 

  
 

Figure |.2: Photograph of the Servox electrolarynx.

Esophageal Speech

Esophageal speech is based on the technique in which the patient trans-

ports a small amount (+75 ml) of air into the esophagus. Probably due to

an increased thoracic pressure, the air is forced back past the pharyngo-

esophageal (PE) segment to induce resonance. This resonanceis the sound

source that allows speech. Rapid repetition ofthe aforementionedair trans-
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Figure 1.3: Schematic drawing of esophageal speech.

port can produce understandable speech (figure 1.3).

There are various techniques to transport air to the esophagus. With the

injection technique the tongue forces air back into the pharynx and

esophagus.In the first phase ofthis technique the tongueforces air in the

mouth back into the pharynx. In the second phase the back of the tongue

torces the air into the esophagus. The right synchronization of these two

phasesis of great importance transporting the air into the esophagus. With

the inhalation methods of esophageal speech the patient creates a pressure

in the esophagusthat is lower comparedto the atmospheric pressure. Since

there is a lower pressure in the esophagus,air will flow through the mouth

past the PE-segment into the esophagus. The patient will need to inhale to

be able to create a low endo-thoracic and esophageal pressure. Thelast tech-

nique of capturing air is by means of swallowingair into the stomach.

20
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Advantages of esophageal speech are the cost aspect since it does not re-

quire expensive devices and prostheses, hands-free speech and a more natu-

ral sounding voice compared to electrolarynx assisted speech.

The main disadvantageis its success rate of acquiring useful voice produc-

tion whichis reported to be as low as 25%." Furthermore, esophageal speech

results in low-pitched (60-80 Hz) and low intensity speech which frequently

results in poorintelligibility.”

Tracheoesophageal Speech

Starting from thefirst total laryngectomy, devices that shunted air from the

lungs towards the pharynx werethefirst used as meansofvoice rehabilita-

tion. The philosophy behind the developmentofthese devicesis logical. The

lungs provide a “large” air volumethat can be used to generate voice.”All

tracheoesophageal speech methods are based on this concept. Previously,

relatively big devices were used to shunt air from the lungs towards the

pharynx, until the introduction of surgicalfistulas in the late 1950s.

Surgical Tracheoesophageal Fistulas

By constructing a tracheohypopharyngeal or tracheoesophageal shuntin

a laryngectomee,the potential for a new voice can be developed. Conley

and Asai, were the pioneers who developed surgical techniques to create a

shunt. Conley in 1959 described a surgical technique with which he used a

autogenousvein graft as a fistula towards the pharynx.” Asai, used a der-

mal tube from trachea towards the hypopharynx.** Since the late 1950s a

variety of shunt procedures has been devised or modified for vocal reha-

bilitation+

Staffieri formed what he called a “neoglottis phonatoria”. During larynge-

ctomy, he draped the anterior pharyngeal wall over the endof the cut tra-

chea and madea slit in the draped part.*

Amatsu, used a technique with which he constructed a tracheoesophageal

fistula using the membranouspart of the trachea and if needed the

subperichondrial plane of the tracheal cartilage to make the fistula inner

lining. In oneofhis articles, he described 30 patients of which 23 obtained

conversational abilities. However, 9 patients had aspiration problems due

2|
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to incontinence for esophageal content.“ A high percentage whichis con-

sidered unacceptable nowadays.In this patient group 5 patients ended up

with a stenosis of the surgical fistula.

Two key complications that all tracheoesophageal shunt procedures share

are (1) subsequent leakage from the esophagusinto the trachea dueto in-

continence ofthe surgicalfistula and (2) stenosis of the fistula making voice

production impossible.

Mark Singer and Eric Blom experienced the same complications in pa-

tients that had had Amatsu fistula surgery. Combining past experiences

like Guttman reported, they developed their endoscopic puncture tech-

nique with insertion ofa silicon voice prosthesis.»

 

   
 

Figure 1.4: Schematic drawing of tracheoesophageal voice rehabilitation using a voice prosthe-
sis. Manual stoma occlusion or tracheostomavalve occlusion is needed to divert air towards the

esophagus.
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Tracheoesophageal Puncture (TEP)

Singer and Blom werethefirst to introduce an efficient and safe tracheo-

esophageal puncture technique, with insertion of a silicone voice prosthe-

sis, for voice rehabilitation after total laryngectomy (figure 1.4).*° In their

first publication on this technique, they described 60 patients who under-

went this procedure. All patients had an insufflation test before the sec-

ondary puncture. Ninety percentof the patients had a fluent speech,a re-

markable high percentage that was never achieved before with other tech-

niques of voice rehabilitation. They also reported no operative complica-

tions and frequent leakage from the esophagus to the airway was non ex-

istent. This technique meant a major break through andis still considered,

apart from modifications, to be the method ofchoice for voice rehabilita-

tion in most patients. Later, they showed that there is some decrease over

time in success rate from 94%to 83%." High voice rehabilitation success

rates were also reported by others."""*

The original voice prosthesis was a hand crafted piece of tubing which

worked as a one wayvalve.It allowed air to pass towards the esophagus to

enable voicing and kept esophageal content out of the airway. The com-

mercially available Duckbill, which was a derivative of the hand grafted

device, followed shortly. The Duckbill prosthesis is inserted into thefistula

through the tracheostoma (antérograde or frontloading insertion) andis

taped to the peristomal skin.

Soon others jumped onto the bandwagonandstarted modifying and deve-

loping their own voice prosthesis.“

Panje introduced a prosthesis that was quite similar but which had an ad-

ditional flange that helped the voice prosthesis to stay in thefistula, a con-

cept refined with the Groningen prosthesis. This fixation methodis cur-

rently knownas indwelling or semi-permanentfixation.”

Since the Duckbill prosthesis, that has a relatively high resistancetoairflow,

the emphasis on making low resistance prostheses started in the second half

of the eighties.

The main advantages of this methodare: the relatively good voice quality

comparedto the other voice rehabilitation techniques, and the high suc-

cess rate of achieving usable voice requiring limited teaching.

23
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Major disadvantagesof this methodare:the daily maintenanceof the pros-

thesis by the patient, the recurrent leakage of the prosthesis after a period

oftime and the therefore required replacementby theclinician, the costs,

andfor most patients needing a handto occlude the tracheostoma. Although

complications associated with TEP are infrequent, they may occur, Leak-

age around the prosthesis due to TEF enlargementis reported in 5-8% of

the patients.**** Occurrenceofgranulation tissue formation aroundthe voice

prosthesis is reported in approximately 5%. The more serious complica-

tion of aspiration of the voice prosthesis is seen in 1-5%.5""8§ The last com-

plication is dependentof the type of voice prosthesis used.

Good voice prostheses nowadays have the following characteristics: reli-

able andsafe use, frontloading insertion technique, indwelling fixation and

low resistanceto airflow.

Frontloading versus Backloading Insertion

The first voice prosthesis that Eric Blom introduced was a frontloading

device: the Duckbill voice prosthesis.It is inserted through the tracheostoma

into the TEP This methodofinsertionis relatively patient “friendly” com-

pared to later on developed, backloading (retrograde insertion) devices.

The latter devices are passed through the mouth with a guidewire towards

the tracheoesophagealfistula (TEF). The drawback of a backloading de-

vice lies mainly in the fact that many patients experience gagging during

replacement. Using topical anesthetics in the mouth reducesthis gagging

but that by itself is not patient “friendly”. The early Dutch voice prostheses

were backloading devices. From a design point of view, backloading de-

vices have the advantage that the esophagealflangeis thicker or morerigid

so the retention of the device into thefistula is better. It can be safely con-

cludedthatall frontloading devices compromiseslightly on the esophageal

flange that is thinner and morepliant. This is necessary to allow for the

frontloading insertion into the fistula. This compromise nonetheless re-

duces the retention capabilities of the device. It is doubtful, however, that

this reduced retention would lead to significantly increased extrusion of

the voice prosthesis since the forces acting uponit are generally low.

24
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Indwelling versus Non-indwelling

Non-indwelling prostheses are more easily inserted into the TEF They can

be safely removedfor cleaning or replacement by some patients themselves.

This has an obvious advantage: the patient is more independentfrom his

or her clinician. The patient needs teaching by the clinician to assure safe

handling. Non-indwelling prostheses have low retention capabilities which

make them morelikely to be extruded and dislocated. The patient needs

to be awareofthis possibility since the complications can be severe,like

obliteration of the TEF or aspiration of the device.

Indwelling prostheses have two flanges enabling semi-permanentfixation.

This type of prosthesis is not intended for removal and replacement by the

patient. The patient needs to see a clinician for these tasks. This makes

indwelling prosthesesrelatively “carefree” as long as they function. When

leakage through the device occurs the patient needs to visit a clinician.

Indwelling prostheses are commonly used in the Netherlands,in other coun-

tries like the United States their use is not as widely accepted.

Frontloading Indwelling Voice Prostheses

The Blom-Singerlow resistance voice prosthesis, Provox 2 voice prosthesis

and VoiceMaster voice prosthesis are discussed in moredetail in appendix.

Surgery to Promote Tracheoesophageal Voice Rehabilitation

It has long been recognized that the initial surgery to remove cancer has

great influence on the outcome of esophageal and tracheoesophageal voice

rehabilitation. In 1934, Kallen wrote: “the surgeon should be interested in

preparingthe patient as favorably as possible for the phonetician. He should

save as muchtissueasis safely possible”.

It is well known that certain patients that have had a total laryngectomywill

have problemswith tracheoesophageal voice production. The method ofPE-

segment reconstruction (neoglottis) and stomasize are two examples.

Whenair passes from the trachea through the voice prosthesis into the

esophagus it should pass upwards through the PE-segment to produce

sound. Several factors may hamperthe passageofair past the PE-segment,

such as PE-segment spasm. In non operated individuals the upper
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esophageal sphincter (cricopharyngeal muscle) protects the airway from

esophageal contents. This physiological reflex has proven to be counter

productive in about 12% up to 32% of the laryngectomized patients who

encountered hypertonicity or spasm when attempting TE-speech.®

Esophagealinsufflation testing before total laryngectomy may beofhelp to

identify voice failures. Fluoroscopy in these cases will show a posterior bulge

of the pharyngeal constrictors indicating muscle contractions.”* Blom et

al., report that almost 40% of patients assessed for secondary voice reha-

bilitation require a pharyngeal myotomy.’

Myotomy of the pharyngeal constrictors and cricopharyngeal muscle was

used successfully to eliminate PE-segment spasm. Although myotomyis a

successful method there are somereports on complicationsassociated with

the procedure.**!** Complication rates range between 17% and 32% and

include hematoma,infection, gastro-esophagealreflux etc.™"' Post-surgery

fistula formation seemsto increase with myotomyandis reported between

7-9%. A possible reason for this increase can be the disturbance of

vascularity which may cause ischemia or a small lesion of the feedingtract.

Disappointing voice results may also occur when a myotomyis too exten-

sive, which will cause hypotonic voice results or too conservative which

will not eliminate the spasm." It is difficult to decide how far the myotomy

should extend in the individual patient. Those surgeons that do not close

the constrictor muscle frequently do not need to do a myotomy, however

the incidenceoffistula formation in theoryis likely to increase.

Hemi-neurectomy of the nerves innervating the cricopharyngeal and con-

strictor muscles is another method to avoid spasms during air passage.

During total laryngectomy, these nerves are relatively easy to access. Ina

prospective study researchers showedthat 87.5% developed fluent speech

after pharyngeal plexus denervation.’ In a later study, Blom et al., reported

mean fundamental frequency to be significantly higher for patients who

received a neurectomy (111.1 Hz) only compared to those who received a

myotomy (82.7 Hz) or a combination of the two (90.4 Hz) during reading

tasks.” They assume that this finding is likely to be caused by the PE-seg-

ment that keeps more tension with neurectomy. In the samearticle, they

report that after 9 months 33% of the neurectomy patients experience less

GeneralIntroduction

fluent speech compared to 10% for the myotomy group. Re-innervation

may be an explanation for this observation. Neurectomyis also compli-

cated by the fact that it is very difficult, if not impossible, to identify all

innervating nerve branches without intra-operative EMG.

Neurectomy also seemsto effect lower oropharyngoesophageal swallow

efficiencies more than myotomyduring radiographic examinations. None-

theless, different patient groups do not seem to suffer from significantly

different swallowing problems.™

The most recent development is the larynx transplant. In January 1998,

Marshall Strome led a team of Cleveland Clinic physicians who performed

what maybe a successful total larynx transplant on a patient who’s larynx

was destroyed due to a motor accident 19 years earlier. Even though,this

patient spoke a few words3 daysafter surgery, it remains to be seen whether

the long term results will be satisfactory. The immuno-suppressors needed

to avoid organ rejection are likely to stay contraindicated in the patient

group that has had a total laryngectomy as a therapy for cancer. Total

larynx transplant will not be a treatment option in the near future for the

total laryngectomized patient group.

Effects ofLost Nasal Functions

The functions of the nose that are of importance for respiration arefilter-

ing and conditioningair during inspiration, preserving heat and waterloss

during expiration andits air flow resistance. The noseis an effective filter

for particles larger than 30 mm.Theseparticles are deposited in the mucus

covering the nasal epithelium and are transported towards the hypopharynx.

The nose and nasopharynx are also effective in increasing the water con-

tent and temperatureofinspired air. This conditioning is necessary to main-

tain a healthy mucosaof the tracheobronchealtree.

The mucosallining of the tracheobronchealtree consists of secreting and

ciliated epithelial cells that transports mucus to the hypopharynx. This

epithelial lining is covered by a mucuslayer which is produced by the se-

creting cells. The mucusis transported to the hypopharynx.It consists of

two layers: the upper viscous gel layer which is transported along the tips

of the cilia and a watery, low viscosity sol layer which surroundsthecilia.”
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Figure |.5: Schematic drawing ofthe trachea, tracheostoma and esophagus. During expiration,
the laryngectomized patient loses heat and moisture to the ambient air. During inspiration, rela-

tively dry and cool air enters the airway. Thermometers and circles indicate temperature and

relative humidity respectively.

Alteration ofthe mucuslayer, especially the sol layer will decrease the ciliary

beat and thereby the escalator transport function towards the hypopharynx.

The constitution of the mucuslayer can be affected by systemic hydration

and by air humidification and air heating.

Laryngectomized patients have lost their respiratory functions of the nose

since they breath through their tracheostomain the neck. Figure 1.5 illus-

trates the problem that laryngectomees encounter. During expiration, a

relatively high amountof the heat and moisture contained in the expired

air is lost. During inhalation, relatively cool and dry ambientair enters the

tracheobronchealtree.

The trachea and conducting airways are now highly involved in the air

conditioning process. Consequently, the mucus composition becomes more

viscous decreasing the escalator transport. This process has clearly been
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Figure 1.6: Schematic drawing of the airway of a laryngectomized patient using a Heat and
Moisture Exchanger (HME). During expiration, air passes through the HMEthat traps the heat
and moisture. During expiration, dry ambient air passes through the HME,picking up heat and

moisture. Thermometers andcircles indicate temperature and moisture respectively.

demonstrated in animalstudies.

Many laryngectomized patients complain about excessive amounts of

phlegm production. This can partly be explained by the lost air condition-

ing andfiltering that has occurred as well as the epithelial changes dueto

the years of smoking that most of these patients have done.

Airway Protection After Total Laryngectomy

Aheat and moisture exchanger (HME)partly restores the important respi-

ratory functions of the nose. This simple filter captures heat and moisture

from the expired air. During inhalation,the air picks up someofthe depos-

ited heat and moisture from the HME, thereby raising the temperature

and water contentofthe air entering the tracheobroncheal tree. Figure 1.6

is a schematic drawingof this process.
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Aimofthis Thesis

Prosthetic and surgical factors are part of a complex multi-factorial web

that determines successful voice rehabilitation after total laryngectomy.

Little is known about the physical aspects of the prosthetic devices used in

this patient group. A better understanding of these physical aspects may

allow the clinician to increase the successful rehabilitation and ultimately

help the patient to cope better with his or her disabilities. Further develop-

ment or complete new prosthetic designs may be necessaryiftheir intended

application area requires better or different physical properties.

The general aim can be divided into a numberofspecific questions:

Ts there a technique available that allows an anatomic study, with the em-

phasis on the physical dimensions,ofthe region of interestin living patients?

Is stereolithography a usable technique to construct three-dimensional

models of the trachea, esophagus and voice prosthesis?

What are the advantages and disadvantagesofusing a tracheostoma valve

especially the Blom-Singer Adjustable Tracheostoma Valve (ATV)? What

percentage of our patients is successful using an ATV? What are the fac-

tors that determine success rate and failure? How do patients rank their

own voice when using the ATV compared to manual occlusion? Whatis

the effect of heat and moisture exchangeruse in our patient group?

Whatare the aerodynamic characteristics relevant in a tracheostomavalve?

How do tracheostoma valves compare and differ when measuring these

physical aspects? What are the shortcomingsof these valves and can they

be improved?

Is there an objective method with which the performanceof heat and mois-

ture exchangers is measured? Whathas to be modified to create a measure-

ment setup suitable for the type of HMEsused in our patient group? Are

there efficiency differences between the common HMEsusedby the laryn-

gectomized patient’? What are the construction and daily cost differences?

Is it possible to design a computer instrumentation setup that simulates

the human situation in the sense that the pressure determines flow op-

posed to flow controlled measurement setups? Is it possible to measure

pressure/airflow curves, pre-load, valve leakage and inter-prostheses dif-
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ferences? What are the aerodynamic differences of the five low pressure

voice prostheses?

Howto design an instrumentation setup that measures in vivo aerodynam-

ics of alaryngeal speech? How do in vitro and in vivo measurements com-

pare? Can differences be explained? What are the average airflows, pres-

sures and intensities during different phonation tasks? Is it possible to de-

termine pressure, flow and intensity relationships?

Can we measuretheefficiency of energy transformation during phonation?

What is the average powerloss caused by the voice prosthesis? At what

aerodynamic powerlevels do laryngectomized patients phonate?

Contents of this Thesis

In chapter 2, anew techniqueof rapid prototyping is discussed. We needed

three-dimensional models of tracheostomas including their surrounding

tissue. Models that reveal the physical dimensions and relations between

important structures were needed for prosthesis prototyping (voice pros-

thesis & tracheostoma valve) and measurement apparatusdesign.

The Blom-Singer adjustable tracheostoma valve is currently the only

tracheostoma valve that allows simplealteration of its aerodynamic char-

acteristics and that allows the simultaneous use of a heat and moisture

exchanger.

In chapter3, the first experiences with this device are discussed.

It is well recognized that tracheostoma valves can be a valuable addition

for laryngectomized TEP speakerssince they allow speech withoutdigital

stoma occlusion. There are currently three different tracheostoma valves

easily available. These valves differ in construction and use.

In chapter 4 aerodynamic measurements and design differences are dis-

cussed. As discussed earlier laryngectomy causes fundamental changes in

anatomy. Oneofthese changesis the disconnection between the upper and

the lower airways. The air conditioning effect of the nose is lost. Heat and

moisture exchangers are designed to compensate for this lost air-condi-

tioning nasal function.
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In chapter5, the differences of four heat and moisture exchangers are dem-

onstrated using a modified ISO 9360 standard.

In the tracheoesophageal speaking patient, the air from the lungs passes

through the voice prosthesis, the PE-segment and hypopharynx to exit from

the mouth and nose. Theintra tracheal pressure needed for phonation is

the sumof resistances of each part of the tract at a given airflow rate. The

voice prosthesis is the first flow limiting part in line in this phonatory tract.

Chapter 6 discusses the in vitro aerodynamic properties of five different

voice prostheses.

In chapter 7, the in vivo aerodynamic and intensity measurement tech-

nique is described. The averageairflows, pressures and soundintensities

at different phonation tasks are discussed and compared.

In chapter 8, aerodynamic and acoustic powercalculations are used to de-

termine the vocal efficiency of tracheo-esophageal phonation. These re-

sults are compared with the laryngeal vocalefficiencies.
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Abstract

The availability of an accurate three-dimensional (3-D) model of the

tracheostoma and trachea of the laryngectomy patient would be of great

help in prototyping of endotracheal prostheses. Stereolithography has been

described for skull and jaw models but never for soft-tissue reconstruc-

tions of the trachea.

CT was performed on tracheostomasof eight patients. The CT data were

used to make 3-D models by meansof stereolithography. Inverted CT data

were used to create air contour models of the same tracheostomas.

Eight soft-tissue and eight air contour models were reconstructed from CT

data, showing accuracy and great detail.

In this paper, we present a previously unreported application of the

slereolithography technique. Measurements and prosthesis prototyping,

which are impossible to perform on tracheostomasin patients, can now be

executed safely. We are using the 3-D tracheostoma models in our research

project to develop an endotrachealfixation method for tracheostoma valves.
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Introduction

Patients who lose their vocal cords due to laryngectomy can regain speech in

several ways. Following laryngectomy, the best quality of speech is obtained

using a voice prosthesis also knownas tracheoesophageal speech.'* The voice

prosthesis is a one-way valve that is placed in an artificial fistula between

the trachea and esophagus. After occlusion of the tracheostoma,the pros-

thesis allows air to be forced towards the esophagus, inducing resonance

facilitating speech. Saliva, other liquids and food can not pass through the

one-way valve leading to the trachea. This form of speech requires the pa-

tient to use his hand to occlude the tracheostoma. Consequently, the pa-

tient needs to maintain at least one hand clean to be able to speak, which

limits his movements.

In 1982, the first tracheostoma valve was introduced by Blom and Singer

reducing the need for manual occlusion of the tracheostoma. This

tracheostomalvalve is positioned over the tracheostoma and is open during

normal respiration. When the patient wants to speak, he forces air through

the tracheostomal valve, resulting in its closure. A well-known problem of

tracheostomal valve useis the fixation method: adhesives are used to at-

tach the valve housing to the peristomal skin, creating an air-tight seal.

The duration of this air-tight attachment is highly variable and is deter-

mined, for example, by phlegm production, back pressure, peristomal

anatomy etc.* To make the usage of tracheostomalvalves less cumbersome

and applicable in a greater numberof laryngectomy patients, a new fixa-

tion method and a better understandingofthe anatomyalteredafter laryn-

gectomy are needed,

An endotrachealfixation of the tracheostomal valve might eliminate some of

the drawbacks of the peristomalfixation. For this reason, a precise anatomi-

cal study of the tracheostomal region is needed. Ourinitial attempts in making

compoundsilicone molds of the tracheostomato visualize shape; contour and

size were unsuccessful. The risk of not being able to remove the mold from

the tracheostoma on completion andtherisk ofsilicone spillage in the air-

ways were the major grounds for exploring alternative methods of recon-

struction.
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CT-scans or MRI data as a basis for three-dimensional (3-D) on-screen re-

constructionsare of limited value becauseofthe difficulty of interpretation

andthe lack of prototype testing. These limitations forced us to investigate

techniques that allow 3-D modeling from CT-scans or MRIdata.

The manufacture of 3-D models (reconstructions) based on CT-scans or

MRdata has been possible for some years. Probably the best-known tech-

nique is the computerized milling process. The CT or MR data are used to

manufacture two half-axis milled models often made of polyurethane foam.

Milling tools are limited in their usefulness for reproducing complex ana-

tomical structures.’

Recently another technique, stereolithography, has become available:

stereolithographyoriginated in the aerospace industry as a prototype-manu-

facturing tool and offers a unique way to display patient anatomy.® This

technique has received someattention in the medicalliterature for its use

in reconstructions of bony tissues, especially the skull.*” The wide range

of its possible uses is illustrated by articles reporting this technique for

coronary artery reconstructions, stereovectorcardiography and the skull

reconstructions of a 5,300-year-old mummy.** This technique has the ad-

vantage that more complex structures can be reconstructed in one piece

and that the accuracy is high.*° It seems to work especially well with bone

reconstruction, but its applicability on soft-tissue and air contour recon-

structions, such as those needed for the tracheostoma and the esophagus,

has been unknown.

In this paper, we present a previously unreported application of the stereo-

lithography technique: the reconstruction of the tracheostoma, esophagus

and trachea of laryngectomy patients. Since the start of this project started

in July 1993 and eight 3-D models madeofartificial resin of the patients’

tracheostomas, have been reconstructed using this technique.
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Materials & Methods

Computed Tomography

In eight laryngectomized patients, the tracheostoma was imaged with con-

ventional CT (Somatom Plus, Siemens Medical Systems, Erlangen Germany).

Calibration of the CT-scanner is needed to be able to check the accuracy of

the stereolithographic process. To achieve a 1:1 ratio on the scan, an object

of known shape andsize was usedfor the calibration. After calibration, the

CT-scans had the same dimensionsas the scanned object.

CT-scanning started just cranially ofthe patient’s tracheostoma and stopped

5 cm caudally, using contiguous 2-mm-thickslices. This resulted in 25 CT-

scans per patient. The CT-scan parameters were 120 kVp, 125 mA, 2.2 s,

scan time and zoom factor 6.0. The 2-D images were archived on a mag-

netic data carrier. This data carrier was used as the input medium for the

image-processing computerof the stereolithographic system.

Stereolithography

After reading the CT-scan data in the image-processing computer, the

threshold is set, using the intrinsic high contrast between the soft tissue

andair, resulting in the segmentation of the airway andotherair-filled struc-

tures. Manual drawing is not necessary. The CT-Modeller™ software per-

forms an interpolation on the data, which results in 0.25-mm-thicklayers.

A computer-directed laser draws the digital CT scan information onto a

platform in a basin of synthetic liquid resin (figure 2.1;1). Wherever the

ultraviolet laser light intersects the liquid resin, the resin solidifies due to

polymerization: long molecules are formed. Once one layer is drawn, the

platform is loweredslightly beneath the liquid resin surface again, followed

by the next interpolation of the CT-scan image whichis drawn by the com-

puter on top of the previous layer (figure 2.1;2).

Layerafter layeris built this way, resulting in a 3-D reconstruction (figure

2.1;4) of this soft tissues of the tracheostoma.

After the soft-tissue reconstruction of the tracheostoma, the CT-scan im-

ages of the patients are inverted. After the reconstruction, the CT-scansof

the patients are inverted. The inverted images then highlight the air con-
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Figure 2.1: A schematic illustration of a skull drawn by a laser in a basin withliquid resin. CT-
scans and MRI-images can be transformed into 3D-models using this stereolithographic tech-
nique. Illustration 1-4 showsthe logic sequence of the reconstruction process. Figure used with
permission from Materialise N.V.

tours of the scanned area, whichfacilitates the construction of 3-D models

of the air contours.

To validate the accuracy claimedin the literature, we tried to compare the

models with the patient in two ways:first, the 3-D models were compared

with the patient’s anatomy, then with the calibrated CT-seans.

Results

The tracheostomas of eight patients were scanned, resulting in eight 3-D

soft-tissue models. Figure 2.2 demonstrates the 3-D model of a tracheostoma

in one of the scanned laryngectomy patients. In these models, the contour of

the trachea as well as the Provox voice prosthesis are visible" In someofthe

3-D models, the air-containing esophagusis clearly visible.

Thefollowing step was the inversion of the CT-images from which eight 3-D
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air contours were made. These air contours reveal the air column of the

tracheostoma, the esophagus and their connection, the voice prosthesis

cavity. Figure 2.3 is a photographof one of the inverted 3-D models of the

tracheostomalarea.

 

Figure 2.2: 3-D model of a tracheostomaofa laryngectomizedpatient (soft-tissue). Peristomal
anatomy (a), voice prosthesis (b), trachea (c), and theleft lung apex (d) arevisible.

In an attempt to validate the accuracy of the technique, we tried to com-

pare the 3-D models with the patients’ anatomy and to measure the photo-

graphs and the 3-D models. Comparison of the 3-D models with the pa-

tients revealed a few apparentdifferences, which seem to be related to the

patients’ movements during the scanning process. Comparison of the 3-D

models with the calibrated CT-scans was only possible for the first and last

CT-scans. Any other comparison turned out to be impossible. The shape,

size and dimensionsofthe first and last scans appear to be identical.
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Figure 2.3: A 3-D modelof the tracheostoma made of inverted CT data. Right lateral view of

the air-figure ofthe trachea(a), voice prosthesis (b) (tracheoesophageal shunt) and the esophagus
(c) are visualized.

Discussion

For laryngectomy patients with a voice prosthesis, speech without the use

of a hand is possible using a tracheostomal valve. One of the drawbacks in

using the tracheostomal valve is the cumbersome valve and the limited

time in which somepatients can maintain a leak-proof seal, which is essen-

tial for the use of the tracheostoma valve. We believe that an endotracheal

fixation may resolve someof the current disadvantages of the peristomal

fixation method. For the development of an endotracheal fixation, a pre-

cise anatomical study is needed of the tracheostoma and its surrounding

tissues. Our attempts to make molds of the tracheostoma using compound

silicone failed mainly because ofthe risks involved for the patient.

Computer screen 3-D reconstructions are of limited value because of the

impossibility of prototype testing and the difficulty of interpretation.

3-D modeling has been described in theliterature, as have milling and

stereolithography. Stereolithographyis superior over milling because it makes
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the manufacture of more complex models and one-piece models possible.

We decided to make 3-D models of an area, which had not been reported

previously. Computer techniques makeit possible to reconstruct air con-

tours after inverting the CT data. The tracheostomasofeight patients were

reconstructedin 3-D soft-tissue and air contour models. The details of the

models are of good quality.

In our models, we attempted to check the accuracy of stereolithography

reported in the literature. Thisis a difficult task because of the complexity

of the anatomical structures involved. Our study would not have been done

if the anatomy could have been visualized in an other way; this implicated

that the testing of the accuracyis difficult.

We comparedthe 3-D model with the patient’s anatomy: the accuracy seems

high, although movementartifacts are visible. These movementartifacts

occur during the CT-scanning phase. A helical CT-sean, which wasnot used

in this study, could further limit the movementartifacts and make overlap-

ping thinnerslices possible because ofits higher speed.

We compared the 3-D models with the calibrated CT-scans. Due to the com-

plexity of the models and the interpolation of the contiguous scans, only

the first and last CT-scans are comparable. We could not measure anysize

and shape differences with a marking gauge and concluded that the 3-D

models are accurate but reveal movementartifacts.

The 3-D modelsofthe air and soft tissue contours are consideredto be help-

ful in the anatomical study of the tracheostoma andthe related structures

and will furthermore assist us in the future design of endotracheal prosthe-

ses for laryngectomy patients. The proportions and relations between the

tracheostoma and the esophagusarestriking. Even thesilicone voice pros-

thesis can be clearly seen in the tracheoesophagealfistula (figure 2.3).

At this moment, we considerthe high costs (US $ 1,000) involved in making

3-D models a limitation for routine clinical use. However, this techniqueis

useful for research projects in which very detailed 3-D models are required.

The reconstructed 3-D models of the tracheostomas prove that stereo-

lithography can be a useful technique in makingsoft-tissue air contours.

The tracheostoma models are ideal for measuring and prototyping, which

are difficult, inaccurate or even impossible to perform safely without this
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technique. Stereolithography is a promising tool in 3-D modeling of upper

airway soft-tissues,.
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Abstract

The Blom-Singer®adjustable tracheostomavalve is anew tracheostomavalve,

introduced in 1992 to improvevoice rehabilitation after total laryngectomy.

Little research has been doneto evaluate the benefits of this valve.

Our study evaluates the advantages and disadvantagesofusing this device.

Eighteen laryngectomized patients with a low-resistance Provox® voice

prosthesis received an ATV, using minimalselection criteria. The patients

are evaluated according to a specific protocol. The effectiveness of the

HumidiFilter, valve and fixation method and the benefits are evaluated.

Approximately 66%of the 18 patients arestill using the ATV. We report the

differences between the current users and the dropout group.

Patient factors are discussed that seem to have an impact on the effective

use of the valve, such as age and mucus production. We consider the ATV to

be a valuable devicefor fingerless speech in the laryngectomized patient.
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Introduction

Following the introduction ofthe first successful laryngectomy by Billroth

in 1873, the need for voice rehabilitation became important. Esophageal

speech andelectrolarynx devices were the most common methods used to

produce alaryngeal speech. The success rate of mastering esophageal

speechis relatively low, although the percentages vary considerably.** An

other drawback of esophageal speech is that the voice is often hoarse.

Electrolarynx speech is easier to master, but the voice is very monotone

and unnatural. These drawbacks have motivated researchers to find im-

proved methodsfor creating speech after laryngectomy.

During a meeting of the Chicago Laryngological and Otological Society in

1931, Dr. M. Reese Guttman introduced a puncture with a needle, from the

tracheostoma to the hypopharynx. This procedure wasinspired by a des-

perate patient whom had madea fistula with a red hotice pick, and subse-

quently produced a good voice. **

In the 1970s, many surgical techniques were performed attempting to pro-

duce voice, but not many gave acceptable results.

In 1980, Singer and Blom introduced a tracheoesophageal (TE) puncture

technique andsilicone voice prosthesis. This endoscopic technique cre-

ates a tracheoesophageal puncture in whichthevoice prosthesisis placed.°

After digital occlusion of the tracheostoma, air passes through the voice

prosthesis to the esophagus, inducing resonanceof the hypopharynx. This

resonancecan be heard as a tone,facilitating speech. The quality of voice

prosthesis speech is higher than other methods currently employed. ”*

In 1982, Blom at al.’ introduced a tracheostomavalve, to be used with a

low-resistance voice prosthesis, whichis placed over the tracheostoma. With

forced expiration, the valve closes, causing occlusion of the tracheostoma.

Tracheostoma valves eliminate the need for the patient to use digital

tracheostomaocclusion. Althoughnotall tracheostoma valves are glued to

the peristomal skin, the majority is.

Someauthors havereported fixation problemsof the tracheostoma valve

to the peristomal skin. These authors describe alternative methods of

tracheostomavalvefixation, ">"
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Another advancement by Blom and Singer (Inhealth) in 1992 was the in-

troduction of the adjustable tracheostoma valve (ATV). The ATV offers

two enhancements over their previous device: 1) the closing pressure of

the ATV is adjustable by the patient without removing the valve from the

tracheostoma; the adjustment is made by a simple rotation of the valve.

2) The ATV features a Humidifilter (heat and moisture exchanger) which

is attached to the outsideofthe valve. Thisfilter collects heat and moisture

from expirated air. Duringinspiration,air flows throughthe filter, gaining

heat and moisture from the Humidifilter. Studies show that heat and mois-

ture exchangershelp to condition the inspirated air, thereby partly func-

tioning as a normal nose."

The introduction ofthis new tracheostomavalve allowed usto test the value

of this valve in laryngectomized patients using a Provox® voice prosthesis.

This voice prosthesis is a low-resistance biflanged indwelling device thatis

installed during laryngectomy and replaced approximately every 5 months

in an out patient setting."

In April 1993, a cooperative project started between the Academic Medical

Center, Amsterdam, the Dr. Daniel Den Hoed Cancer Center and the Uni-

versity Hospital Rotterdam to evaluate the Blom-Singer® ATV.

Materials and Methods

The ATV is a plastic valve with an adjustable silicone diaphragm. When

the silicone valve diaphragm is adjusted by rotation of the faceplate the

closing pressureis altered (figure 3.1). This adjustment can be performed

while the tracheostomavalve stays attached to the tracheostoma. The Blom-

Singer” Humidifilter is a foam filter treated with chlorhexidine and lithium-

chloride and is placed on the faceplate, on the outside of the valve. The

Humidifilter is a heat and moisture exchanger that has an air-conditioning

effect on the inspiratedair.

The valveis attached over the tracheostoma and housedin fixation ring.

This ring is attached to the skin with adhesives, double sided foam or tape

First Experiences with the ATV
 

dises and glue. Thefixation ring and the foam and tape disks are available

in twosizes.

To evaluate the value of the new ATV in laryngectomized patients with a

voice prosthesis, we used a minimum setof criteria: the laryngectomized

patient is currently using a voice prosthesis with adequate speech;the pa-

tient is physically and mentally capable to managethe daily care and use of

the ATV valve, either by himself or with help of family; the patient is moti-

vated to use the tracheostomavalve. Patients with previous tracheostoma

valve use were excluded from this study, as they would cause a bias in the

total study population.

Since April 1993, laryngectomized patients with a Provox® voice prosthesis

have received the new ATV in a specially developed outpatient program.

The doctor gives instructionsas to the use of the ATV and how to apply the

valve to the skin around the tracheostoma. Patients are advised not to

sleep with the valve in place. The fixation ring can remain in place during

 

Figure 3.1: Photograph of two Blom-Singer Adjustable Tracheastoma Valves seen from the
trachealside. A:silicone diaphragm,B: valve opening, C:plastic notch, that determines the posi-

tion ofthe silicone diaphragm. Left valve has the silicone diaphragm in its most open position,
resulting in a higher closing pressure. Right valve has thesilicone diaphragm in its most closed
position, resulting in easier closure during expiration. The plastic notch (C) pushesthesilicone

diaphragm asillustrated in the right valve, determining the position of thesilicone diaphragm.
Clock wise rotation of the silicone diaphragm, when the valve is attached to the tracheostoma,

results in closure of the valve, as shownin the right valve.
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the night, if the patient prefers this. The patient is regularly evaluated and

supplied with Humidifilter, glue and other necessities for the use and main-

tenance of the valve. During eachvisit to the outpatientoffice, patients are

evaluated accordingto a specific protocol. On thefirstvisit, the patient was

asked abouthis level of mucus production prior to valve use. The patient

is evaluated with a questionnaire that assesses the effectiveness of the

Humidifilter, valve, fixation method andthe benefits of the valve usage.

After this interview, the speech pressure is measured during normal con-

versation. This speech pressure is measured with a manometer (Portex).

The speech pressurereflects the average endotracheal pressure on the seal

and the tracheostoma valve. The assumption was madethat a higher speech

pressure (back pressure) increases the chanceof air leakage around the

seal attachment.

In addition to the ENT examination,patients are also examined by a speech

therapist. These results are not discussedin this article.
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Results

Our study includes18 patients, ofwhich 12 still use the valve. Five patients

stopped and one patient died of a non-related disease. The patient that

died is excluded from further calculation.

The average age ofthe current user is 56.5 years, compared to 66.0 years

for the drop-out group, making the user group on average 9.5 years younger

Table 3.1: Overview of non-users (drop-out group) and users data S=sex (f=female & m=male),

Age in years, Surgery =Surgery date, TNM=according the TNM classification,

RT=Radiotherapy, Start=Starting date, Use=Weeks of ATV use, Pressure=Pressure during
normal speech in cm H,O, Seal=average amount of hours daily of air tight seal of ATV,
Usage=usage per day of the ATV, Mucus=mucus production indicated by patient, Prod.=
mucus production after period of ATV use with Humidifilter (= equal / - decrease / + increase),
Application=application ease (easy = easy / diff. = difficult / help = help is needed during
application), Voice=voice quality judged by the patient, Comp.= speech with valve related to
speech with manual stoma occlusion (better / same / worse), Benefit =benifit of using the ATV
indicated by the patient. Note: patient no, 6 is omitted from the table because of death of a non-
related disease (6 weeks follow-up).

 

 

 

   

 

 

 

 

 
 
 

Non-users
No, s Age Surgery TNM RT Start Use Pressure Seal Usage Mucus Prod. Application Voice Camp. Benefit

| f 62 17/9/92 TONOMO 70 Gy 15/7/93 0 40 0 0 high = easy bad Worse none
2 m 65 2/4/93 TINOMO 66 Gy 15/7/93 9 30 24 8 high = diff. + help reasonable same min,
5 m 80 19/7/9 | T2ZNOMO 70 Gy 15/7/93 13 30 3 6 high = easy reasonable same none
7? m 60 18/1/93 TINOMO 68 Gy 313/93 12 18 5 5 High = diff. + help reasonable same min,
9 f 63 11/9/90 T3NOMO 70 Gy 15/7/93 2 20 48 6 High = easy good sarne none
Average 66.0 Ted, BG 16.0 5.0

Users
No. S Age Surgery TNM RT Start Use Pressure Seal Usage Mucus Prod. Application Voice Comp. Benefit

3 m 44 W/11/92  T3NIMO 70 Gy IS/793 (39 30 5 5 min. - diff, + help good better high
4 m 74 21/7/92  T2NOMO 70 Gy I5/793 39 25 54 24 min. - easy good better high
8 m 32 10/2/93 n/a na 28/7/9337 22 4) 12 min. = easy reasonable better high
10 m 73 4/| 2/92 T2NOMO 50 Gy 14/4/93 52 25 30 \4 Intermed. - easy + help reasonable better high
| m Al 30/10/92, T3NOQMO 68 Gy 31/3/93 54 35 12 |2 min. - easy good better high
12 f 64 24/11/92 =T2NOMO 70 Gy 15/7/93 39 22 24 24 High - easy good better high
13 m  6i 27/5/92 T3NOMO 70 Gy IS/l0/93 26 25 5 4 Intermed. = easy reasonable same min.
|4 m 65 183/9| TAN2M0 70 Gy 15/10/93 26 25 48 14 Intermed. - easy good better high
15 m 56 | 0/5/88 T3NOMO 60 Gy | 5/10/93 26 25 48 5 High + easy good same high
16 m 49 1/6/93 T3NOMO 70 Gy 24/1/94 iI 35 5 5 min = easy good better high
\7 m 46 26/5/92 TINOMO 70 Gy 24/1/94 | 18 18 18 min, = easy good same high
18 f 73 [5/12/92 T4NOMO 50 Gy |/10/93 28 30 24 12 min, - easy good same hign
Average 56.5 32.326.4 26.3 12.4
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than the dropout group (table 3.1).

The average time of use ofthe ATVin the current user groupis 32.3 weeks,

compared with 7.2 weeks in the dropout group.

There is only a marginal difference in the speech pressure between the

two groups. The current user group, the pressureis 26.4 cm H,O compared

to 27.6 cm H,O in the dropout group.

The average time that the seal adheres well to the skin in the current user

group is 26.3 h, while this is 16.0 h for the dropout group.

The total average daily valve use for the current user group is 12.4 h. The

dropout group patients used the valve only 5.0 ha day.

Seven patients of the current user group have minimal mucus production

before using the ATY, 3 intermediate and 2 high.All patients in the dropout

group have high mucus production,prior to the valve use.

Alter use ofthe valve with the Humidifilter, six current users noticed a sub-

stantial decrease in mucus production,five patients noticed no difference at

all and one patient an increase. Noneof the patients of the dropout group

observed any effect on the mucus production, while using the Humidifilter.

The application of the valve to the tracheostomais easy for 10 of our pa-

tients from the current users and requires no assistance from the family.

Two patients in the group need assistance with the application. One finds

the application easy, while the other experiences somedifficulty. The ap-

plication of the valve in the dropout group is considered easy by three and

difficult by two of the patients.

The adjustability of the ATVis one of the new features of this valve. The

patient can easily adjust the ATV, while staying on the tracheostoma, by

rotation of the valve.

In spite of the ease of adjustability, our patients only occasionally usethis

feature. In general, a patient adjusts the valve to a preferred closing pres-

sure without readjusting it for the rest of the day. The design of the ATV

was intended to be this way according to Blom (pers. commun.). During

prolonged exercise some patients open the ATV fully or remove the ATV

from the tracheostoma.

Nine patients in the current user group considertheir voice to be of ‘good

quality’, while 3 patients say that their voice is of ‘reasonable quality’. In
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the nonusergroup, three patients claim to have a ‘reasonable voice’ quality,

one a ‘bad voice’ quality and one a ‘good voice’ quality.

In the user group, the influence of the ATV gives eight patients a better

voice quality and four patients notice no difference. Of the nonusers, four

patients notice no difference and one a decreasein voice quality.

Eleven patients of the current user group express good benefits by using the

new ATV, and onepatient observes only minimal benefit. All patients in the

dropout group seem to have no or minimal advantage from the ATV valve.

Discussion

Approximately 66%ofall the patients are still using the ATV (one patient

died of a non-related disease). The current user group is on average 9.5

years younger than the nonuser group. Age might have an influence on the

successful use of the ATV, since the patient needs someskill to be able to

handle the ATV effectively. A possible explanation for the relative high drop-

out rate is the limited selection criteria used. No selection on speech pres-

sure, age or mucus production was made.

Blom (pers. commun.) has shown that the lower the speech pressure, the

longer the ATV seal duration, with usersin the 20-35 cm H,0 range achiev-

ing the desired 10-15 h/day.

The average use of the ATV is 12.4 h a day for the current users. This is

certainly influenced by the fact that it is advised not to sleep with the valve,

as a precaution. Two patients, however, have reported that they do sleep

with the valve, with no apparent complications.

Speech pressure

A speech pressure (endotracheal phonation pressure) between 20 - 30 cm

H,0, during normal conversation, is considered by our group to be opti-

mal. In the total group, no one has extremely high speech pressure. The

speech pressure found in the dropout groupis not considered to be a factor

for patient dropout. However, the person with the highest average speech
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pressure of 40 cm H,O droppedout. This individual later received a myo-

tomy of the cricopharyngeal muscle but was not reentered into this study.

Fixation

The average time for the leak-proof seal attachment was approximately

10.3 h longerfor the user group than the nonuser group. The length of time

the seal maintains a leak- proof attachment to the tracheostoma influences

the usage of the ATV. There is a tendency for patients not to reapply the

seal the samedayafter it starts leaking. Only one patient out of the total

group reapplies his seal twice a day.

Skin irritation, characterized by redness and painful areas, occurred in

four of the total patient group. A short period of nonuse healed all skin

problems with these patients.

Mucus production & coughing

Mucus production is an important issue in the success of tracheostoma

valve use. High mucus production makes tracheostoma valve usage more

difficull and inconvenient. Every time a patient needs to cough or clear

mucus, he must removethe valve from thefixation ring. Ifthe patient does

not remove the valve from thefixation ring prior to coughing, he increases

the chancesofcreating air leakage of the seal or valve malfunction. In both

situations, the patient needs to reapply the seal or readjust the valve, re-

spectively. All patients have indicated that the tracheostoma valve closes

automatically during coughing and sometimes with high physical activity.

The patients of the current user group have on average less mucus produc-

tion prior to starting with the ATV than the nonuser group.All patients in

the nonuser group are prone to high amounts of mucus production. The

use of the Humidifilter gives no reduction in mucus preduction in the

nonuser group. A possible explanation for this is the limited hourly use of

the valve and Humidifilter per day. Another possible explanation is that

the Humidifilter is unable to alter the mucus production because of the

irreversible pulmonary damage due to years of smoking.

Six of the 12 current users notice a mucus reduction within thefirst 10

days of use of the ATV with the Humidifilter. This particular mucus pro-
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duction is probably caused by irritation of the airways by unconditioned

air and is therefore influenced by using the Humidifilter. The increase in

mucus production in one patient lacks explanation.

Patients’ view

Applying the seal and valve to the tracheostoma is considered easy with

most current users, while the nonusers experienced moredifficulties. Fear

of getting the glue into the trachea was the main reason for patients to ask

for assistance from family members during the application of the ATV.

All patients in the nonuser group, as was expected, say they experience no

or minimal benefit using the ATV. All remaining patients, except one were

very enthusiastic about the new valve. Some patients say they never want

to speak without the ATV again.

Bynot using a finger or the thumbfor occlusion of the tracheostoma,less

attention is drawn from thelisteners to the tracheostoma during speech.

This is considered by the patients to be an important addition in the suc-

cessful process of voice rehabilitation.

All patients in the current user group experience more spontaneous speech

although they feel they lost some intensity of speech comparedto digital

occlusion speech. Voice analyses performed on the speechof first Blom-

Singer® tracheostoma valve users showednosignificant differences of in-

tensity or other parameters.'*'® Williamset al.,however reported differ-

ences in perceptual characteristics between prosthetic (first Blom-Singer®

tracheostoma valve) and digital tracheostoma valve occlusion speakers,

whenjudgedby different groups. Others suggest that the intelligibility with

tracheostoma valve voice prosthesis speakers is less during conversation

because of tracheostoma valve noises.'® We feel voice analysis on the ATV

is required to evaluate speech with the ATV.

Apart from the mucus production, patients indicate they like to use the

Humidifilter for reasons such asless cold air in their trachea during inspira-

tion and the subjective beliefof increased protection against bacteria. The size

of the valve, extraneous noises during speech from the valve and high prices

for parts and Humidifilters are drawbacks pointed out by most patients.

The use of the ATV by voice prosthesis speakers is a valuable addition fora
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considerable groupof patients. We observe that severe mucusproduction,in

our groupof patients, is a major contraindication in ATV use. Selecting ac-

cording to mucus production would makethe successrate ofATV use higher.

Someof the drawbacks of the ATV suchassize, fixation and the extrane-

ous noises should be subject to further improvementin a next-generation

tracheostoma valve design.
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Abstract

Tracheoesophageal speakers can achieve speech withoutdigital occlusion

by using a tracheostomavalve. Laryngectomized patients who are successful

with this device can regain considerable freedom. However,little is known

about which valve suits the patient best. Valve aerodynamics may give a

guideline for its use. Three major tracheostoma valves, each divided in 4

subtypes, were repeatedly measured in this study. Dynamic pressure and

airflow rate signals were sampled through an analog-digital interface into

a computer. Considerable aerodynamic differences were observed between

the tested valves. The maximum airflow rates, closing pressures and

resistances at low velocities were compared. The presented data may help

increase the successful use of tracheostoma valves in tracheoesophageal

speakers. Patient factors and additional valve factors should always be taken

into account. Furtherclinical study to validate the clinical relevance ofthese

data is needed.

Aerodynaiies of tracheastomavalves

Introduction

After total laryngectomy, voice rehabilitation becomes a very importantissue.

Tracheoesophagealspeechis currently the best method of postlaryngectomy

voice rehabilitation.”A voice prosthesis is positioned in a tracheoesophageal

puncture. The prosthesis consists of a one-way valve that allowsair to pass

from the trachea to the esophagus, inducing resonance andtherebyfacili-

tating speech. One of the drawbacks of voice prosthesis speech is that it

requires digital tracheostoma occlusion.

In 1982, Blom andSingerintroducedthefirst tracheostomavalve that elimi-

nated the need for digital tracheostomaocclusion.’ This tracheostoma valve

is contained in a special housing thatis glued to the peristomal skin. Using

the tracheostomavalve helps the patient regain considerable freedom,be-

cause it leaves both handsfree. Further, the patient acquires more sponta-

neousspeech,and drawsless attention to the stoma from the listener. Since

the initial introduction of the first Blom-Singer® tracheostomavalve, other

tracheostomavalves have been introduced.

Unfortunately, not all laryngectomized tracheoesophageal speakers are

successful in using a tracheostoma valve. Successful tracheostoma valve

use is dependenton patient factors, physician and speech pathologist fac-

tors, and tracheostomavalve factors. As reported earlier by our group,im-

portant patient factors are phlegm productionprior to valve use, back-pres-

sure, age, motivation etc.’ Teaching the patient how to use the tracheostoma

valve may certainly influence his or her ability to work with the device.

Valve-related factors such as the aerodynamics,price and availability may

be important for successful use,also.

A tracheostoma valve needs to meet certain aerodynamic characteristics.

During normal respiration, the tracheostoma valve must remain open to

allow air to pass through. At the sametime,the resistanceto airflow of the

tracheostoma valve needs to be relatively low so it will not cause discom-

fort. When a patient wants to speak, the tracheostoma valve must close

through forced expiration, enabling theair to pass through the voice pros-

thesis to the esophagus.
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To date, aerodynamic characteristics of the three commercially available

tracheostomavalves have notbeen investigated. Knowledgeofthe valves aero-

dynamics may help to determine whichvalve best suits a specific patient.

In this article, we present the various aerodynamic characteristics of the

Tracheostoma Valve I (hereinafter referred to as the “Bivona I’’; Bivona

Medical Technologies, Gary, Ind), the Blom-Singer® Adjustable Tracheo-

stoma Valve (“Blom-Singer ATV”; Inhealth Technologies, Carpinteria,

Calif), and the Tracheostoma Valve Il large (“Bivona II”; Bivona Medical

Technologies). Dynamic flow and pressure measurements were performed

on each ofthese valves and their subtypes.

Materials

Three different commercially available tracheostoma valves were evaluated.

These valves were the Bivonal, Blom-SingerATV and the BivonaII. These

three tracheostomavalves were tested in four subtypes as described below.

Tracheostoma valve description:

Bivona I: The BivonaI (figure 4.1a) valve consists ofa plastic housing with

a silicone diaphragm. Thevalve has four subtypes, which are determined

by the thicknessof the silicone diaphragm. This valve is not adjustable, so

when a patient requires different valve characteristics, a changeofvalveis

required. The thickerthe silicone diaphragm, the higher the closing pres-

sure. The subtypesare called ultralight, light, medium andfirm.

Blom-Singer®Adjustable Tracheostoma Valve: The Blom-SingerATV is a rela-

tively new valve that was introduced in 1992 (figure 4.1b). There is one con-

figuration of this valve andit is adjustable by rotating the faceplate, thereby

determining the position of the silicone diaphragm. Theposition ofthe sili-

cone diaphragm determines the valve aerodynamic characteristics.

The Blom-SingerATV is the only valve thatfacilitates the use of a heat and

moisture exchanger (HME; Humidifilter). To allow comparison between
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the three valves we excluded this HME option during the valve measure-

ments because ofits possible influence on the valve characteristics.

The measurements of this valve were performed with the faceplate at

0°, 30°, 60° and + 90° rotation resulting in four different valve conditions

(0° being the most open valve position).

Bivona II: The Bivona II valves consist of a flat valve with a spring mecha-

nism. The strength of the spring determines the closing pressure.Fourdif-

ferent springs are provided with the valve,ie., 15, 20, 25, 30 g. The Bivona

II valves have a pressure relief mechanism that should keep the valve to

malfunctioning during high-pressure occurrences, e.g., during coughing.

The pressure relief mechanism was nottestedin this study.

 

Figure 4.1: A photograph of the tested tracheostomavalves, a = Bivona| (light), b = Blom-
SingerATV at+90° and c = BivonaIl large (15 g spring). (Ratio |:1)

Methods

Figure 4.2 is a schematic drawing of the experimental setup. A valve is

placed in the universal valve housing before each measurement. The valve

housingis of the same type used in the patient.
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Figure 4.2: Schematic diagram of the instrumentation setup for the dynamic measurements.
| = air supply (pump), 2 = pneumotachograph, 3 = pressure transducer, 4 = valvefixation
point (universal valve housing).

The airflow for the measurements was generated by a variable electric air

pump. A pressure transducer (Statham) and a pneumotachograph (Sie-

mens) were connectedin front of the tracheostoma valve,as illustrated in

figure 4.2. The pressure and flow meter were linked to an IBM compatible

computer through an analog-digital (AD) interface, sampling the analog

transducers outputs at 100 Hz. A software data acquisition program was

used. The raw signal, containing an excess of high-frequency components,

was low-passfiltered after the measurements.

The airflow rate was increased gradually while the pressure and flow were

simultaneously registered. The airflow rate was increased until the valve

closed, instantly reducing the flow ofair to zero. The resistancefor airflow

rates of 4, 4%, %4 and 1 L/s were calculated for all valves, because these flow

rates are representative of flows during normal rest breathing and breath-

ing during mild exercise. From these data, the approximate closing pres-

sure and maximumairflow were derived. Additional measurements were

performed to determine the opening pressures. The measurements were

repeated four times to check reproducibility.
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Results

The aerodynamic characteristic curves derived from these measurements

allow calculation of the maximum airflow through the devices, the

resistances at given airflow rates, and the closing pressures.

Maximum Airflow. These values indicate the maximum airflows that these

tracheostomavalvesallow to pass through without closing. Table 1 contains

the averaged maximum flowrates(in liters per second) of the valves tested

and their standard deviations. The results show a high reproducibility, as

indicated by the low standard deviation. The BivonaI allows the highest

airflow (3.41 L/s) through the device before closing; the Bivona II with the

15g spring showsthe lowest maximum airflow (1.28 L/s).

      
 

ultra light

 

 
025 68 0.78 1

fow bis

   Bivonall &
3  

Figure 4.3: Resistances of various valves with subtypes measured at 4, ', 7 and | L/s. Bivona

| = Bivona TracheestomaValve |, ATV = Blom-Singer Adjustable TracheostomaValve and Bivona

Il = Bivona TracheostomaValveII large. Standard deviation is shownin each graph.

Resistance. The resistances of these tracheostoma valves were calculated

to the patient-relevantairflow rates (rest and mild exercise breathing). The

resistance (pressure/flow) ofall valves at /%, %, %4 and 1 L/s airflow rate are
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shownin figure 4.3. In all the graphs, the standard deviationis also illus-

trated. These values are highly reproducible.

Closing Pressure. This closing pressure (in centimeters [H,O]) represents

the total pressure neededto result in complete tracheostoma valve closure

(see table 4.1). This pressureis an indicationof the expiratory effort the pa-

tient needs for achieving tracheostomavalve closure to allow phonation. The

closing pressure is a summation of the opening pressure and the pressure

needed to overcomethe resistance of the tracheostoma valve an instant be-

fore closure. The measurements duringthe closing phase are less reproduc-

ible becauseoftheir highly transient nature and because of the resonance of

silicone valves (Bivona J and Blom-Singer ATV) duringthis phase.

Opening Pressure. The opening pressure (in centimeters H,O) represents

the pressure at which the valve opens spontaneously after being closed

(see table 4.1). The clinical meaningofthis value is that when the endotra-

cheal pressure (backpressure) dropsto this value, the valve will open spon-

taneously, making speech impossible. Table 4.1 shows a considerable dif-

ference in opening pressure between the tracheostoma valves and the

subtypes of the BivonaI. The opening pressure of the Blom-Singer ATV is

the samefor all subtypes, as is inherent to its design. Adjustablility is

achieved, not by changing the valve compliance, but by merely changing

the position of the diaphragm.

Discussion

The results of the study indicate that there weresignificant differences in

aerodynamic characteristics between tracheostoma valves and their respec-

tive subtypes. These differences are not unexpected, because of the differ-

encesin valve construction.

MaximumAirflow Rate. The maximum airflow rate represents the maximum

airflow rate that a tracheostomavalve will allow without closing. This maxi-

mum airflow rate represents the threshold that a patient can breathe with-
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Table 4.1: The maximum airflow rates (Max. Flow) of the three tracheostomavalves with their
subtypes. The standard deviation of the repeated measurements (SD) of each valve has been

 

 

 

 

calculated and given in the second column. Biv | = Bivona TracheostomaValve type |, ATV =
Blom-Singer Adjustable TracheostomaValve, Biv Il = Bivona TracheostomaValve typeII large.

Max. Flow Closing Pressure Opening Pressure

Valve Type (L/s) sD (cm H,O) (cm H,O)

Biv | Firm 34\ 0.05 2/ 21.5
Biv | Med 2.68 0.05 16 10.2
Biv |i 2.50 0.13 12 9.0
Biv | UL 2.31 0.06 10 7.1

ATV 0° 2.38 0.02 18 12.5
ATV 30° 2.24 0.05 18 12.5
ATV 60° 1.72 0.01 18 12:5
ATV 30° | .68 0.02 \8 12.5

BnIl 30g 1.67 0.02 12 6.9
By |i 25g |.94 0.06 10 52.

Biv || 20g 1.39 0,04 6 4.2
Biv Il [5¢ 1.28 0.04 45 3.0
 

out closing the valve. During exercise, the patient can breathe up to this

threshold without having unwanted spontaneousvalve closure. Patients

need to be able to reach this maximum airflow rate during forced expira-

tion, however, to make the valve closure possible when wanting to speak.

Therefore, a very high threshold does not necessarily identify a better valve,

since it may require much effort by the patient to close the valve. A low

threshold may be disadvantageous because of the tendency for spontane-

ous closure during normaldaily activities, although speech would berela-

tively effortless.

Clinically, the knowledgeofthe maximum airflow rates can help to deal with

patient complaints about unwanted spontaneous closure during exercise,

or, conversely, complaints about valve closure that requires too mucheffort.

The Blom-Singer ATV and Bivona type II large are adjustable valves. The

former is adjusted by simple rotation of the faceplate, and the latter, by

replacing the spring within the valve. For a patient with a Bivona I valve,

changing the maximum flow characteristics involves changing of the valve
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to another subtype.

The maximum airflow rate of the Bivona II with the 25g spring is unex-

pectedly higher than with the 30g spring. Comparison of the springs re-

vealed the 30g spring is shorter than the 25g spring. The springs were not

erratically exchanged, since the pressure needed for total closure of the

valves are in accordancewith their relative strength (figure 4.3C).

The 30¢ spring does require a higherpressure for total closure than the 25-

g spring: approximately 12 cm H,O versus 10 cm H,0O,respectively. The

reproducibility of the maximum airflow rates is good, as can be seen from

the standard deviationsin table 4.1.

Resistance. We looked at the resistance (pressure/airflow) of the tracheo-

stoma valves using four different airflow rates (4, %, %4 and 1 L/s). These

airflow rates were used because they represent airflow rates from rest to

mild exercise for healthy individuals.

The resistances of the tested valves are shownin figure 4.3, The reprodu-

cibility is good for the resistances measured,as illustrated by the standard

deviationsin figure 4.3.

For reference, we looked at the reported expiratory resistance of the upper

airway in the literature. Although the patient is no longer able to breathe

through the nose, the comparisonis logical. Cole et al., report the upper

airway (larynx, pharynx, and nose) expiratory resistance at rest to be 4.1

em H,O/L per second in healthy individuals.’ Wheatley et al., report an

expiratory nasal resistance of 3.2 and 2.0 cm H,O/L persecondat rest and

during exercise, respectively.®

This comparison with the upper airway is important, because the

tracheostoma valve should not exceed the upper airway resistance. When

the resistance of a tracheostoma valveis too high, the patient will experi-

ence discomfort such as dyspnea. No data are available indicating at what

airway resistance discomfort is experienced, and there is certainly great

interpatient variability.

The Bivona I and the Blom-Singer ATV at 0° both have the lowest air

resistances. When the Blom-SingerATV is turned to the most closed posi-

tion (+ 90°) the resistance increases, as can be seenin figure 4.3. The inner

diameter in the Blom-SingerATV at 90° is considerably smaller than in the
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0° position, accountingfor the increasein resistance. The Bivona II has, on

average, a higherresistanceforall its subtypes comparedto the othervalves.

All valves haveresistances well below the reported resistance of the nose,

for the four flow rates measured.

Closing Pressure. The closing pressure (in centimeters H,O) serves as an

indication of the effort needed for tracheostoma valve closure. The closing

pressure is a combinationofthe airflow resistance through the device just

before closure and the pressure needed to overcomethesilicone diaphragm

compliance. The closing pressure is one parameter that indicates the ease

of tracheostoma valve closure. The higher the closing pressure, the more

effort a patient needs to use to close the tracheostomavalve.

Each Bivona I subtype has a different silicone diaphragm thickness. These

different thicknesses result in different compliances and therefore differ-

ent closing pressures. The Bivona I valve (firm subtype) has the thickest

silicone diaphragm and,as a result, the highest closing pressureofthe valves

tested (approximately 27 cm H,O).

The Blom-SingerATVhas oneclosing pressureforall of its subtypes, which

is consistent with its design. The adjustability of the Blom-SingerATV is

achieved by altering the position of the silicone diaphragm. This position-

ing does not affect the compliance of the diaphragm itself; therefore, the

closing pressure of the Blom-Singer ATV remainsunaltered.

The closing pressure of the BivonaII is determined by the strength of the

spring used within it. The 30g spring has the highest closing pressure.

Opening Pressure. The opening pressure (in centimeters H,O) represents

the pressure at which the valve opens spontaneously after being closed

(see table 4.1). The clinical meaningof this value is that when the endotra-

cheal pressure (backpressure) dropsto this value, the valve will open spon-

taneously, making speech impossible. A patient should not be given a

tracheostoma valve with an opening pressure that exceeds the phonation

pressure (endotracheal pressure needed to phonate). The phonation pres-

sure is determined by the resistance of the voice prosthesis, the resist-

ance of the PE segment, hypopharynx, and mouth, and the loudness of

phonation. A phonation pressure of 20 to 30 em H,0 is generally accepted

75



Chapter 4
 

as being desirable. The Bivona I] is the only tracheostoma valve that may

exceed the phonation pressurein certain patients, because its opening pres-

sure is 21.5 em H,O.If the opening pressure were higher than the phonation

pressure, the patient would be unable to phonate, because ofunwanted spon-

taneous openingof the tracheostomavalve. The other tracheostoma valves

have a sufficiently low opening pressure and this problem should not occur.

Additional valve factors. There are other factors to be considered when

choosing a tracheostomavalve. The Blom-SingerATV currently is the only

valve that allows the use of an HME. Heat and moisture exchangershelp to

condition the inspired air.’* The air inspired through a HME is warmer

and has a higher humidity, somewhatlike air inspired through a normal

nose. Pleghm production can often be reduced by an HME. Using the HME

with the Blom-SingerATV does however, increase the airflow resistance of

the valve. Whether the combined air resistance of the Blom-Singer ATV

with a HME will be higher than the airflow resistance of the normal noseis

unclear at this point.

All tracheostoma valves produce noise while closing, and this noise influ-

ences theintelligibility of the laryngectomized patients.’ The extraneous

noise level produced by the valves during closure was not simultaneously

measured in this study. Our clinical experience with these valves does indi-

cate differences; the Bivona valves appear to make more noise during clo-

sure. Currently, the extraneous noise production, ofthe tracheostoma valves

is underinvestigation.

The Bivona valves could be improved by clearly indicating the subtype.

The Bivona I would be improved by havingthe silicone diaphragm thick-

ness printed on the valve or on thesilicone diaphragm itself. The Bivona II

would be improvedby havinginsertable springs with different colors. With

these small changes, the patient would be visually assisted in determining

what valve subtype he or sheis using, whichis difficult at the present time.

Clinical implications. There are numerous complaints expressed by laryn-

gectomized patients that are related to aerodynamic tracheostoma valve

factors. However, the most frequent complaints are related to non-aerody-

namic factors, like peristomalfixation problemsofthe valve housing. None-

theless, aerodynamic-related complaints can be dealt with by using the
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presented data from this study. The two most frequently heard complaints

in this category are unwanted spontaneous closure and complaints of too

high a resistance of the tracheostoma valve during normal breathing, re-

sulting in shortness of breath.
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Figure 4.4: Graph with the maximum flow ranges for each valve. Biv | = Bivona Tracheostoma
Valve type l, ATV = Blom-Singer Adjustable Tracheostoma Valve, Biv Il = Bivona Tracheostoma
Valve typeII large. Low airflow rates indicate passive patients and higher flow ranges indicate
more active patients.

Figure 4.4 can assist the clinician, when the tracheoesophageal speakers

complain about unwanted spontaneousclosureofdifficulty closing the valve

during speech.Figure4.4 displays the maximumairflow rangesfor the three

tracheostoma valves. When unwanted spontaneous closure occurs fre-

quently, a tracheostoma valve should be chosen that is located further to

the right in figure 4.4 comparedto the valve currently being used (higher

maximum airflow rate). When the patient is frequently unable to close the

tracheostoma valve for speech, the opposite applies (lower maximum air-

flow rate). A valve with a high closing pressure sometimes also results in

complaints of speech that takes too much effort. Table 4.1 showsthe clos-

ing pressuresfor the different tracheostoma valves and subtypes.

A valve with a high closing pressure sometimesalso results in complaints

of speech that takes too mucheffort. Table 4.1 showsthe closing pressures

for the different tracheostoma valves and subtypes.
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If the patient complains about too high a resistance, a valve is needed that

has a lowerresistance. Figure 4.3 gives guidelines on what valves have a

low resistance during resting breathing and which have a relatively high

resistance. Some patients experience shortness of breath as soon as a

tracheostoma valve is in place over the stoma, even with valves with low

airflow resistances. This population may not be able to work with any

tracheostoma valve at present.

Spontaneous frequent openingofthe tracheostoma valve during speech is

uncommon,but maytheoretically occur with the Bivona I. Table 4.1 shows

all the opening pressures; alternative tracheostoma valves maybe tried.

Conclusion

Knowledge of the aerodynamics of the tracheostoma valves, as presented

in this report, combined with good understanding of the patients needs

such as daily physical activity, pulmonary status, peak flow capabilities,

and phlegm production, may increase the successrate of tracheostomavalve

use. In our clinic, the valve usage successrate is approximately 66%,"

Aerodynamic characteristics of tracheostoma valves, however, are addi-

tional factors that need to be considered in the attempt to optimize the

process of speech without digital occlusion.It is very important to identify

factors that will allow a broader use of tracheostomavalves for laryngec-

tomized patients and allow them to regain considerable freedom and more

spontaneous speech. Successful voice rehabilitation involves not only as-

sisting the laryngectomized patient with speech, but also improving the

ease and quality of speech.

Aclinical studyis further needed to evaluate the contribution of valve aero-

dynamicsrelative to the individual patient factors that determine success-

ful tracheostomavalve use.
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Manufacturers

Listed below in alphabetical order are the manufacturers of the

tracheostomavalves used in this study.

Valve Manufacturer Address/Phone
 

Adjustable Tracheostoma Valve

TracheostomaValve &
TracheestomaValveII large
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Abstract

Bypassing the upperairway places the burden of humidification on the lower

airway. For this reason passive heat and moisture exchangers (HMEs) are

used in the laryngectomized patient in an attempt to minimize the effect of

lost upper airway function. We measuredefficiency, airflow resistance and

caleulated the costs of four HMEs used in the laryngectomized patient. The

HMEs were measuredaccording a modified International Standards Organi-

zation (ISO) 9360 standard. The airflow resistance was measuredatflow rates

of 15, 30 and 60 L/min. The measurements were repeated three times. Costs

were calculated with two realistic scenarios. The study found that there are

significant differences in moisture output and airflow resistance between

the HMEstested. There are major daily cost differences between these de-

vices also. This study showsthatfilter material and size influence the HME’s

moisture outputefficiency andairflow resistance considerably. The construc-

tion differences, filter, and housing type have great influence on the daily

HMEscosts. We believe that knowledgeofthe efficiency in combination with

the average daily costs of the HMEsallowsthe clinician to make a balanced

choice of whichfilter to use.
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Introduction

Air humidification in the normal respiratory tract is remarkably efficient,

even at extremes of ambient temperature. The exquisite architecture of

the nose and nasopharynx assures that air reaching the carinais 34°C to

35°C and relative humidity of 90%to 100%. Further warming occurs through

the expanseof the lower airways until air reaches 100% saturation at 37°C

in the alveolus. During exhalation, the upper airways reclaim much of the

added heat and moisture, losing only a small amount to the atmosphere.

During a typical day, the normal respiratory tract will lose approximately

350 keal of heat and 250 ml of water?

Total laryngectomy causes major degradation to speech and nasal func-

tions. Speech can be regained by tracheoesophageal puncture with inser-

tion of a silicone voice prosthesis, esophageal speech,or use ofelectrolarynx.

Tracheoesophageal puncture is rapidly becoming the voice rehabilitation

method of choice.’ Singer and Blom first introduced an endoscopic tech-

nique for tracheoesophageal puncture and a silicone valved prosthesis in

1980.2 The introduction of thefirst tracheostomavalve in 1982 (Blom-Singer)

allowed some of the patients to regain speech without finger occlusion of

the tracheostoma.* Unfortunately, not all laryngectomizedpatients are able

to effectively use this valve mainly because of excessive phonation pres-

sure, phlegm production anddifficult peristomalfixation.’ To date, a small

numberof different tracheostomavalvesis available. These valvesdiffer in

valve mechanism, aerodynamic characteristics, and the ability to simulta-

neously use a heat and moisture exchanger.

Total laryngectomy bypasses the upper airway, diminishingfiltration and

placing the burden of humidification on lower airway structures. This re-

sults in greater heat and water loss from the respiratory tract, increased

mucus secretions and loss of normalciliary function.’ It has been well es-

tablished that the use of a heat and moisture exchanger (HME)partly com-

pensates for the loss of upper airway function.**

The working mechanism of a passive HMEisillustrated in figure 5.1. The

expired air passes through the HME, whichis positioned in front of the

airway. The expired air passes through thefilter and deposits someofits
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moisture and heatin thefilter (figure 5.1A). During theinspiration the air

passes back throughthefilter, picking up the previously deposited mois-

ture and heat from thefilter (figure 5.1B).

In the laryngectomized patient, these passive HMEsare placed over the

tracheostoma by peristomal adhesion.

 

A: Expiration B; Inspiration

HME. HME

=? trachea .

© = tum b>

Figure 5.1: The working mechanism of a passive heat and moisture exchanger (HME) during
expiration (A) and inspiration (B).

 

 

    

   
   
In this study we present a laboratory efficiency measurementoffour HMEs

according to a modified version of the International Standards Organiza-

tion (ISO) 9360 test setup.” For each HME we measure the moisture pres-

ervation efficiency and pressure drop overthe device at knownairflow rates

to calculate its resistance and the dead space volume. Finally, we assessed

the differences in fixation and construction and calculated the costs of av-

erage daily use.

Materials

The HMEsusedin this study are discussed in alphabetical order by product

name(see table 5.1),

Blom-Singer HumidiFilter

This HMEis a synthetic open-cell foam disc of 1% inches in diameter and

\% inch thickness(figure 5.2). Thefilter is impregnated with chlorhexidine
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and lithium-chloride. The formeris used to control bacterial colonization,

the latter to enhance moisture collection. Thefilter is used in a special Blom-

Singer HumidiFilter holder that allows easy manual occlusion. Further-

more, the samefilter can be used simultaneously with the adjustable

tracheostomavalve.

 

Figure 5.2; The tested devices. A, Blom-Singer HumidiFilter; B, Free Vent; C, Provox Stomafilter;

and D, Stom-Vent 2.

Free Vent

The Free Vent HMEis a spun-fiberfilter impregnated with calcium chlo-

ride salt (figure 5.2). This hygroscopic salt is used to enhance the water

preservation during expiration. Thefixation of the housingis achieved with

an adhesive tape that is prefixed to the disposable housing.

The Provox Stomafilter System

The Stomafilter is an open-cell foam filter impregnated with calcium chlo-

ride salt and an unknownantibacterial substance (figure 5.2). Calcium is a

85



Chapter 5

hygroscopic salt used to enhancethe filter’s efficiency. The Provox

Stomafilter has a manual valve feature to facilitate stoma closure by the

patient. The patient muststill use a finger to operate the valve to achieve

stoma closure. The valve with the HMEinsideis disposable. The prefixed

adhesive tape on the housing makesit an easily applied device, but it also

is disposable, which causes additional costs.

Stom-Vent 2

The Stom-Vent 2 HMEis an absorbent corrugated paperfilter that is not

impregnated with salts (figure 5.2D). This makes the total device dispos-

able. This is the onlyfilter that cannot be removed from its housing in cases

in which the patient requires a filter change or wants the clear phlegm

from the tracheostoma.

Table 5.1 Manufacturers of Heat and Moisture Exchangers Listed Alphabetically by Product.
 

Device Manufacturer Address (Phone)
 

Blom-Singer HumidiFitter Inhealth Technologies 1110 Mark Avenue,
Carpinteria, Ca 93013-2918

USA (800-477-5969)
Free Vent Pharma Systems AB Rubanksgaten 9,

74171 Knivsta,
Sweden (800-306-0594)

Provox Stomafilter Atas Medical AB RO. Box 183,

S-242 22 HGrby,
Sweden (800-306-0594)

Stom-Vent 2 Louis Gibeck AB PO, Box 711,

194 27 Upplands Vasby,
Sweden (800-306-0594)

Methods

All devices were tested using a modified version of the International Stand-

ards Organization (ISO) 9360 test apparatus.

The modifications to the ISO 9360 standard consist of the following:

1. ISO 9360 uses a ventilator to push gas into the system andallowsit to

passively exhale. In order to simulate spontaneous breathing, our sys-
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tem draws gas through the system and pushes gas back out. This is

achieved by putting the ventilator on the opposite side of the lung model.

2. ISO hastidal volumeand respiratory frequencies of 500 mL/20 bpm,

1.0 L/10 bpm, and 1.0 L/20 bpm. To more accurately represent the pa-

tients in whom weare interested, we chose a more normal tidal volume

and respiratory frequency for these studies (400 mL/15 bpm).

3. Because we use a calibrated piston ventilator to simulate breathing,it is

not necessary to measure tidal volume. The ventilator has a set stroke

that controls volume. For this reason, we excluded the pneumotacho-

graph. No other modifications of the ISO 9360 standard were used.

 

 

     

 

  
  
 

HME
UNDER
TEST

oS
a&N

\

TEMPERATURE
MEASUREMENT

sf
“ae

TEMPERATURE
CANNISTER CONTROLLER

WITH
TEST LUNGS aT

SCALE    
Figure 5.3: Simplified drawing of the modified International Standards Organization (ISO) 9360

test rig.

A lung model wasconstructed per the ISO standard, consisting of a heated

water bath (Puritan Bennett, Cascade I), two rubbertest lungs in a rigid

chamber, and a piston ventilator (figure 5.3). The entire apparatus was

mounted on a balance to determine weight loss from the water bath. Tem-

perature of the water bath was controlled so that gas exiting the lung model

was at 34 °C and 100%relative humidity. Measurements of water loss and
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returned humidity were made as follows. The system was run without a
device in place to establish a control for water loss (37.6 + 1.0 mg H,O/L).

To check product consistency three of each of the devices were tested fora

period of three hours each.

At the end of the 3 hourperiod, water loss was recorded. Moisture output

was then calculated according to ISO 9360:

water loss with HME
moisture output =1 [

water loss without HME
x “%,] 37.6 (mg H20/1)

V, equals inspired minute ventilation, V, equals expired minute ventila-

tion, and 37.6 is the absolute humidity of expired gas at 34°C. The ISO 9360

standard does not supply a guideline on measuring the heat preservation

of HMEs. Forthis reason we did not measure the heat preservation of the

filters. However, heat preservation is inexorably related to the water pre-

servation therefore the moisture output supplies an indication for the heat

preservationalso.

Pressure drop overthe device was measured by directing knownair flow-

rates of 15 L/min, 30 L/min, and 60 L/min through the devices and measur-

ing pressure dropusing a differential pressure transducer. These flow-rates

represent breathing at rest and with light exercise in humans. From the

pressure drop the device resistance can be calculated.

Average daily costs were calculated using the realistic daily needs. These

consisted of: one HMEfilter per day and applicationof one fixation every
day. To calculate the influence of prolonged use of the peristomalfixation
wecalculated the daily costs when changingthe fixation only once every 4

days. The estimated use of nondisposable fixation housings was assumed
to be 6 months. After this period of 6 months the semipermanent housing

typically needed replacement becauseofcracks and stiffened material. The
Blom-Singer HumidiFilter holder is a device that is considered to be a
nondisposable device also, therefore the price of this holder was only in-
cluded oncein the averagedaily costs calculation. Where possible, the least
expensive fixation adhesives were chosen for the cost calculation. The

. average total costs were calculated over a period of1 year.
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Statistics

We used an one-wayanalysis ofvariance (ANOVA)to calculate significance

of the differences in moisture output and the pressure dropat various air

flow rates between the devices. In addition we used the Student-Neuman-

Keuls test to identify which of these filters differ significantly. The SPSS

6.1 version for MS-Windows was used.

Results

Moisture Output

The Free Vent hasa significantly lower moisture output compared with the

three otherfilters. The Provox Stomafilter has a significantly lower moisture

output performance than the Blom-Singer HumidiFilter and the Stom-Vent

2. There is no significant difference betweenthe last twofilters (table 5.2).

Table 5.2 Moisture Output and Pressure Drop of the Four Heat and Moisture Exchangers

Measured.”

 

 

Moisture Output Pressure Drop (cm H,O}
Device (mg H,O/L) 1S Limin 30 L/min 60 L/min

HumidiFilter 23.8 0.19 0.54 1.88
HumidiFitter 24.0 0,19 0.59 |.67
HumidiFikter 24,2 0.21 0.60 1.63
Free Vent 20.6 0.25 0.67 1.90
Free Vent 20.1 0.23 0.63 1.76

Free Vent 21.2 0.25 0.64 1.99
Stomafilter 23.1 0.20 0.61 1.93

Stomafilter 22.8 0,23 0.64 2.0|
Stomafilter 23.5 0.24 0.63 |.98

Stom-Vent 2 24.5 0.16 0.47 1.09
Stom-Vent 2 24.1 0.14 0.51 1.06
Stom-Vent 2 24.7 0.17 0.48 L.14
 

Pressure Drop

There are significant differences in pressure drop at 15 L/min, 30 L/min

(P < 0.001) and 60 L/min (P < 0.0001) between the HMEs. The Stom-Vent 2
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has a significantly lower pressure drop at 60 L/min than the three other

filters. The Blom-Singer HumidiFilter has a significantly lower pressure

drop compared with the Provox Stomafilter at 60 L/min.

Costs

Thedaily costs of the four devices are shownin table 5.3. The daily costs of

changingboththefilter and the fixation to the tracheostoma once a day are

listed in column one. The daily costs in column two represent the costs

when changingthefilter daily and changingthe fixation once every 4 days.

Table 5.3 Average Daily Costs of Various Heat and Moisture Exchangers (US$).

 

  
Device Changingfilter and fixation every day Changingfitter every dayandfixation every 4 days

Humidiitter 131 [.14 _
Free Vent 3.75 | .88
Stomafilter 4.80 2.89
Stom-Vent 2 2.25 NA
 

In figure 5.4, the cumulative costs are calculated for each device over a

period of 1 year. The solid markers represents the cumulative costs when

changingthefilter and the fixation daily. The hollow markers represents

the cumulative costs when changing thefilter once a day and the fixation

every 4 days. The Stom-Vent2 filter cannot be changed separately from the

fixation housing, therefore there is no line with hollow markersin figure

5.4 for this device.

Discussion

The addition of a HME increases the amount of water vapor in the pa-

tient’s inspired gas. For example,in our laboratory setting the absolute

humidity in the room (23°C and 35% relative humidity) would be 5.0 mg

H,O/L.In order to raise the temperature and water contentofthis gas to

37 °C and 100% relative humidity, the respiratory tract would have to add

39 mg H,O/L gas. With a HME in place the temperature and humidity of
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Figure 5.4: The cumulative annual costs of using heat and moisture exchangers. Solid marker
representsfilter and fixation change once a day; open marker representsdaily filter change and
fixation change every 4 days. Note that the Stom-Vent 2 does not have a separatefixation hous-
ing, meaning the housing must be changed daily.

the patient’s inspired gas increases resulting in an absolute humidity of

22.8 mg H,O/L, more than quadrupling environmental conditions. In this

situation the burden on the lowerrespiratory tract is considerably less and

integrity of the respiratory mucosa should be maintained. However, notall

laryngectomizedpatients benefit from a HME, because some patients cannot

maintain a HMEovertheir tracheostomabecause ofextreme phlegm produc-

tion. Others do not seem to react to the HME duringuse, which is probably

because of the permanent damage to the lungs from years of smoking.

Whenadvising a patient to use a HMEit is probably best to use one witha

high water preservation efficiency (high moisture output). None of thefil-

ters tested here are as efficient in water preservation as the nose. In addi-

tion, aspects like ease of use and daily costs are important factors to con-

sider.

Moisture Output

In our measurementsetup, according to the modified ISO 9360 standard,a

hypothetical perfect HME (100%efficiency) would result in a moisture out-

putof 37.6 mg H,O/L. This HME would notlose any waier. On the contrary,

a HMEwithout water preservation capabilities would result in a moisture
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output of 0. Therefore, a higher moisture output from an HME implies better

water preservation in the patient.

The Stom-Vent 2 and the Blom-Singer HumidiFilter have the highest wa-

ter preservation abilities, on average: 24.4 mg H,O/L and 24.0 mg H,O/L,

respectively. These twofilters show a significantly better moisture out-

put performance than the Provox Stomafilter and the Free Ventfilter (ta-

ble 5.2). The Stom-Vent’s absorbent corrugated paperproves to be a very

efficient water preservation concept, despite the absence of hygroscopic

salt impregnation. The Blom-Singer HumidiFilter has the largest total

filter volume, which mayexplain its high moisture output characteristics.

This filter uses lithium chloride, a hygroscopic salt, to improve the water

preservation abilities.

The Provox Stomafilter has a better performance than the Free Vent,

23.1 mg H,O/L and 20.6 mg H,O/L on average, respectively. Both of these

filters contain calcium chloride as the hygroscopic salt.

Our data suggest that the filter’s water preservation abilities mainly de-

pendonfilter design and not so much on the use of hygroscopic salt. This

study shows that the absorbent corrugated paperfilter is very effective,

even in a relatively small device. The open cell foam filters measured in

this study worked well, but use hygroscopicsalts. We believe that the Blom-

Singer HumidiFilter outperforms the Provox Stomafilter mainly because

of the total filter volume. Apparently, the spun fiberfilter (Free Vent) is not

as efficient a principle as the otherfilters.

Pressure Drop

The pressure dropis the pressure needed to achieve a certain airflow rate

through the HME.The pressure drop overthe filters was measured using

airflow rates of 15 L/min, 30 L/min and 60 L/min which represent breath-

ing at rest and light exercise. The Stom-Vent 2 has a significantly lower

pressure drop when comparedwiththe three otherfilters. The Blom-Singer

HumidiFilter has a significantly lower pressure drop compared with the

Provox Stomafilter. No significant differences in pressure drop were found

between the Provox Stomafilter and the Free Ventfilter.
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Device resistance can be calculated by the following formula:

pressure drop
resistance = 5;

airflow - rate

The average device resistance at 60 L/min for the Blom-Singer HumidiFilter

is 1.7 cm H,O/L/s,for the Free Vent 1.9 cm H,O/L/s, for the Provox Stomafilter

2.0 cm H,O/L/s and for the Stom-Vent2 1.1 cm H,O/L/s.

For reference and comparison, we obtained the reported expiratory resist-

anceof the upper airway from literature. Cole et al., report the upperair-

way(larynx, pharynx, and nose) expiratory resistance at rest to be 4.1 cm

H,O/L/s,in healthy individuals.'* Wheatley et al., report an expiratory nose

resistance of 3.2 and 2.0 cm H,O/L/s at rest and during exercise, respec-

tively." The comparison with the upper airway is important because the

HME’s resistance should not exceed the upper airway resistance. When

the resistance of a HMEis too high,the patientis likely to experience dis-

comfort such as dyspnea.All of the devices tested do not exceed the physi-

ological upper airwayresistance.

It has been reported that some airway resistance increasesthe tissue oxy-

gen saturation. These authorsexplain their findings by the shift of the equal

pressure point because of increased airway resistances resulting in open-

ing up of collapsed lower airways, thereby improving the ventilation to

perfusion ratio.

Construction & Costs

The daily cost of using a HMEis important because the laryngectomized

patient often uses such a device for a prolonged period of time or even for

the remainderofhislife. If the use of a HME is not fully or partly paid for

by a health insurance company the expense can be high. Therefore, we

looked at the daily and annual costs during two estimated average sce-

narios, the first being daily filter and fixation change, the second beingdaily

filter change and housingfixation change every 4 days. The Stom-Vent2 is

the only one-piece device (filter and housing being one), therefore the

second scenario is not applicable forthisfilter.

The Blom-Singer HumidiFilter has the most time-consumingfixation
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method of the tested devices. When a patient needs to reapply thefixation

housing he needs to remove the double-sided tape disc from the semiper-

manent housing. After the removal of the old double-sided tape disc, the

patient needsto apply a new tapedisc to the housing before placingit over

the tracheostoma.It is cost-effective to use a semipermanent housing while

only changing the adhesive tape, but it implies a sacrifice on ease of use.

This is the least expensive of the measured devices in both hypothetical

cost scenarios. Changing the housing every 4 days haslittle effect on the

daily costs because the fixation tape disc is inexpensive (table 5.3). The

annual costsfor this filter would be $479.37 and $415.49for both situations,

respectively.

The Free Vent filter uses disposable fixation housings and is therefore easy

to apply to the peristomal skin. One disadvantage of this device is the re-

movalof the filter from the fixation housing when in place. The manual

advises to use a special metal hook to removethefilter from the housing,

but this makes the procedure more complicated for the patient. The Free

Vent HMEis the second most expensivefilter during scenario one. How-

ever, when thefixation is changed every 4 days the daily costs drop, be-

coming the second cheapest device. The annual costs for this filter would

be $1368.75 and $684.38 for both situations, respectively.

The Provox Stomafilter is the most expensive device among the HMEs

tested. In both scenariosthis filter turns out to be the most expensive, how-

ever this device has a manualvalveto assist the patient in closing his stoma

for speech. The annualcosts for this filter would be $1752.00 and $1053.94

for both situations respectively.

The Stom-Vent 2 is an one-piece, totally disposable device. This HME is

probably the easiest to apply to the peristomal skin. Because of this one-

piece concept, the patient cannot removethefilter from the housing when

he wants to clean phlegm from his stoma. The patient has to remove the

entire device and reapply it again afterwards. The Stom-Vent 2 costs could

only be calculated according scenario one. The annual cost of using this

filter is $821.25.

Asindicated in this article, we like to stress the importanceto take multiple

HMEfactors into consideration before choosing a HME.
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Abstract

Since the introduction ofthe total laryngectomy for extensive or recurrent

laryngeal cancer, voice restoration has become important. Voice prosthe-

ses are widely used for this purpose. The prostheses vary in characteris-

tics: there are differencesin insertion andfixation but also the aerodynamic

characteristics of the prostheses are important. We measuredfive different

types of low-pressure voice prostheses in a newly developed test setup.

This computerized setup automatically measures and accurately calculates

the aerodynamic characteristics.

The results show differences betweenthe tested types of voice prostheses

in pressure/flow profiles, pre-load and in one prosthesis inadequate clo-

sure of the valve.

The data presentedin this article will help the clinician to decide on which

prosthesis to use and hopefully to increase the success rate of trache-

oesophageal speech in the laryngectomized patient.
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Introduction

It is generally accepted that tracheo-esophageal speech with a voice pros-

thesis results in the best voice quality after total laryngectomy. This method

ofvoice rehabilitation wasfirst introduced by Blom-Singerin 1979.' Further-

more, tracheo-esophageal puncture (TEP) has a high success rate of 80 per-

cent and morewith relatively few complications.** One of the drawbacks of

TEPassisted speechis the requirementofdigital occlusion ofthe tracheostoma,

neededto divert the air from the lungs to the esophagus.Realizing this disad-

vantage, Blom-Singerintroduced a tracheostoma valve in 1982 that allowed

speech without digital stoma occlusion.’ In the years that followed other

tracheostomavalves have been introduced.

Unfortunately, not all laryngectomized patients are able to use a tracheostoma

valve. Prior work done by our group showed that approximately 60%of the

laryngectomized patients could successfully use a tracheostomavalve. Fac-

tors that determine successful tracheostoma valve use are, among others,

low phlegm production and low endotracheal phonation pressure.

High phlegm productionis frequently seen in the laryngectomee because

of the absence of air conditioning by the nose and mucosal damageto the

lungs due to years of smoking.

The endotracheal phonation pressureis the pressure neededto enable air

shunting from the trachea throughthe voice prosthesis into the esophagus

to produce voice. This endotracheal phonation pressure is determined by

three factors: voice prosthesis aerodynamics, pharyngo-esophageal re-

sistance for airflow and loudness of speech. A low endotracheal phonation

pressureis beneficial for the patient because it results in less effort to speak

and improvesthe chanceofsuccessful use of tracheostomavalves. In order

to achieve the lowest endotracheal phonation pressure in the individual

patientit is important for the clinician to know the different aerodynamic

characteristics of the available voice prostheses.

In this manuscript we present the in vitro aerodynamic characteristics of

five low resistance voice prostheses used in voice rehabilitation after total

laryngectomy.
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Materials

Thefollowing low-pressure voice prostheses were used:

Blom-Singer indwelling low-pressure voice prosthesis (Geleap): This device is

a low resistance flap valve prosthesis that is inserted into the tracheo-

esophageal (TE)fistula through the tracheostoma(frontloading)(figure 6.1A).

Groningen Ultra Low resistance (thick): This device is a modified version of

the low resistance Groningenslit valve prosthesis (figure 6.1B). This pros-

thesis is inserted into the fistula through the mouth with the aid of a

guidewire (backloading).

Provox prosthesis: This flap valve device is inserted through the mouth with

the aid of a guidewire(figure 6.1C).

Provox2 prosthesis: This prosthesis is a modified version of the Provox de-

vice. The Provox2 allows for both the backloading and frontloadingprinci-

ple (figure 6.1D).

VoiceMaster: This is a recently developed ball-valve frontloading device(fig-

ure 6.1E).

 

Figure 6.1: Photograph of the 5 prostheses types used in this study. A) Blom-Singer Gelcap
(indwelling low resistance) prosthesis, B) Groningen Ultra Low resistance (thick), C) Provox
prosthesis, D) Provox 2 prosthesis and E) VoiceMaster prosthesis.
Ten prostheses of each type were usedin this study to enable us to calculate the mean values and
standard deviations of the aerodynamic characteristics of each prosthesistype. All devices were
directly obtained from the manufacturers.
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Methods

Voice prostheses contribute to the endotracheal phonation pressurein the la-

ryngectomized patient. We simulatedthe in vivo situation with a custom made

setup, in order to determine the aerodynamic characteristics of several types

of voice prostheses and their contribution to the endotracheal phonation

pressure.

The built setup consists of an airflow regulating pressure controller, a mass

flow meter, an accurate pressure transducer and a personal computer

equipped with data acquisition software to analyze the generated data.

voice- differential ymass-flow pressure-
prosthesisMpressure meter/§ sensor controller

 

 

 

 

 

     
 

Figure 6.2: Simplified schematic drawing of the setup used. The small arrows indicate the com-
munication between controlling and sensor devices and the computer. The big arrow indicates
the air flow direction,

  
 

Specific characteristics ofthe setup (figure 6.2):

Pressure controller (Brooks Rosemount): used to regulate the airflow

through the prosthesis to achieve a similar condition as in humans. The

pressure controller regulated the airflow to obtain a semi-saw-tooth pres-

sure pattern with one-minuteintervals. Airflow used in this study ranged

from 0 l/s. to 0.35 I/s.

Mass flow meter (Honeywell & Sierra Instruments): used because this de-

vice is independentfor pressure and temperature changes and has a high

accuracy.
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Accurate pressure transducer (Setra model 206): differential pressure-meas-

uring device, used to measure the pressure-drop over the prostheses.

Personal Computer: Pentium 200 MHz with an analog-digital digital-ana-

log converter (National Instruments).

Data acquisition software (LabVIEW 4 for Windows 95, National Instru-

ments): used to control the pressure controller and thus regulate the air

flow through the devices and to acquire the multi-channel input from the

sensors used and to perform the data analyses. Each prosthesis underwent

a ten-minute period of testing before the data from the sensors was re-

corded into the computer. Furthermore, each prosthesis was measured ten

times to see whether anyvariations in the measurements occurred.

Because of the high accuracyof the test setup the following aerodynamic

data can be measured:air flow/pressure curves,differences within one pros-

thesis type and betweendifferent prostheses, pre-load (the pressure needed

to open the valve of the voice prosthesis), inadequate valve closure (air

leakage).

Results

From the acquired data of the performed in vitro measurements theair-

flow — pressurerelations can be determined. The acquired data have been

plotted into graphs, generating airflow — pressure curves,asillustrated in

figure 6.3.

The plotted dataillustrate the pressure decrease (em H,Q) caused by the

voice prosthesis at different airflow rates(l/s). The standard deviations, an

indication of production variability of a prosthesis type, have been incor-

porated into the plot. Furthermore, pre-load and inadequate valve closure

can be read from the graph.

Air flow/pressure curves and standard deviations:

Asillustrated in figure 6.3, the differences in pressure-drop between the
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Figure 6.3: Graphs of aerodynamic curves of5 different voice prostheses. Pressure drop (cm

H,O) overthe prosthesis is plotted against the airflow rate (liters per second), The standard

deviation is included for each prosthesis. The arrow indicates non-closure of the Groningen

Ultra Low resistance (thick) prosthesis. 0.15 on the X- axis is boxed to indicate the average air

flow rate during comfortable speechin the patient.

devices become more apparentat higher airflow rates. These differences

are most pronounced between the Provox and the VoiceMaster. When com-

pared, the Provox2 has an improved airflow/pressure-drop curve to the

Provox. The VoiceMaster prosthesis causes the lowest overall pressure drop,

the Blom-Singer Gelcap prosthesis the second lowest.

All standard deviations are limited; the Groningen Ultra Low resistance

(thick) has the lowest standard deviations.
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Pre-load:

The Provox and the Provox2 are the only two devices with a pre-load, re-

spectively 3.0 and 4.9 em H,O. Variations in pre-load were measured and

when Provox and Provox2 are compared a higher variation is seen for the

latter,

Inadequate valve closure:

Only one prosthesis failed to close completely after valve opening: the

Groningen Ultra Lowresistance (thick). The arrow in figure 6.3 indicates

the inadequate valve closure.

Discussion

Voice prosthesis assisted speech is a very successful method of voice reha-

bilitation after total laryngectomy. This technique gained wide acceptation

after its introduction by Blom and Singer in 1979. In the years that fol-

lowed many improvements in prosthetic aspects and surgical procedures

have allowed the patient to regain a better voice production.

Several enhancementson theprosthetic side have been madeoverthe years,

these include tracheostomavalves,first introduced by Blom-Singerin 1982,

and modifications in voice prostheses design.*>" Important aspects to pur-

sue in voice prosthetic design are frontloading easy insertion, indwelling

(semi-permanentfixation of the voice prosthesis in the TE-fistula of the

patient) and low resistance to airflow.

The ease of voice productionin the voice prosthesis using laryngectomized

patient, is dependent on the endotracheal phonation pressure (EPP). The
height of the EPP is formed by the sum of the pressure drops over the

voice prosthesis, the PE-segment, mouth and nose as a function ofairflow.

Asthe voice prosthesis influences the EPP a prosthesis with low resistance

to airflow is favorable and will decrease the effort needed for phonation.

It has been stated in previous publications!*that minimal resistance to

airflow through a voice prosthesis is expected to enhance theefficiency of
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tracheoesophageal voice production. Also, a low endotracheal phonation

pressure is one of the prerequisites to allow tracheostoma valve assisted

speech, because there will be less traction to the airtight fixation of the

valve to the peristomal skin.“ On the otherside, a certain device resistance

is assumedto be critical because of gastric distention due to esophageal

insufflation with low resistance voice prostheses.” The exact reason for

this observation is not well understood.

Previously, EPPs in patients using a low resistance voice prosthesis have

been reportedto range from 20 to 30 cm H,O during comfortable phonation.

To be able to estimate the relative contribution of the voice prosthesis to the

endotracheal phonation pressure, we need to know the average airflow in

the patient. Furthermore, we need to assume that the in vitro obtained data

are applicable for the in vivo situation.

In vivo measurements have indicated that the average flow rate through

the prosthesisis 0.15 (0.07-0.30) liters per second (LPS)at comfortable pho-

nation.® Others report that the average air flow at comfortable phonation

ranges from 0.10 to 0.30 LPS."

We presentthe in vitro aerodynamic data offive different low resistance

voice prostheses that are currently available on the market. The airflow

range used in this study is from 0.0 to 0.35 LPS to ensure the full range of

flow rates as seen in the patient.

Airflow/pressure curves:

The introduction of low resistance voice prostheses has greatly improved

the successful rehabilitation of the laryngectomized patient. All the meas-

ured prostheses are of the low resistance type. There are evident differ-

ences between the prostheses as can be seen in the curvesin figure 6.3.

These differences are most notable in the low airflow ranges between 0 to

0.05 l/s and in the high airflow ranges above 0.3 l/s. It is most desirable to

have a voice prosthesis that has a minimalraise in pressure-dropas the air

flow increases, thus resulting in a horizontal graph.

The variability between prostheses of the same type is indicated by the

standard deviation plotted in figure 6.3. Minimal variability between one

prosthesis type in highly desirable because that makes the device more
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predictable for the clinician and patient. All standard deviations are lim-

ited; especially those of the Groningen low resistance prosthesis.

According to the literature the average in vivo air flow rate during comfort-

able speech throughthe prosthesis is 0.15 I/s. If indeed the average airflow

during comfortable phonation in voice prosthesis assisted speech is 0.15 l/s

and the average endotracheal phonation pressure is approximately between

20 and 30 cm H,0O,the relative prosthesis contribution can be calculated

using figure 6.3.'4" At an airflow of 0.15 l/s the pressure drop of the Provox

prosthesis is 8.7 cm H,O. This corresponds with 43%and 29%of 20 and 30

em H,O endotracheal phonation pressure measured during comfortable

speech with this prosthesis. This meansthat if the assumptionsare valid

this prosthesis accounts for respectively 43% and 29% of the total resist-

ance of the phonatory tract during comfortable phonation. With these re-

sults one can conclude that the voice prosthesis still contributes consider-

ably to the endotracheal phonation pressure. Nonetheless, we need to be

careful to translate in vitro measurements to the in vivo situation until

accurate in vivo measurements have been published.

Pre-load:

The pre-load is the pressure needed to openthe voice prosthesis valve.

Ouraverage pre-load (opening pressure) value of 3.9 cm H,O for the Provox

voice prosthesis is not in agreement with the value of 0.3 em H,O found by

others.!’ We believe that our setup is more accurate than those used in

earlier studies. In our study we have used a very accurate pressure con-

troller to vary the pressure in front of the prosthesis, enabling us to deter-

mine the pre-load. Other researchershave used airflow controlling devices

to perform the in vitro measurements that make it nearly impossible to

measure the prosthesis pre-load. Heaton et al. measured the pre-load (which

they called the forward opening pressure) using prostheses that were taken

straight out of their boxes.'* We believe that the values obtained from a

prosthesis that is taken directly out of its box are not representative be-

cause we observedthat pre-load values are lowerafter the initial measure-

ment. For that reason we insufflated the prosthesis for a period of ten min-

utes to obtain a steady state before recording the measurements.
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The importanceof the pre-load of prosthesesis not well understood. A pre-

load may help prevent unwanted valve opening during swallowing and

normalrespiration which frequently can be seen in patients using a device

without a pre-load. Currently, there are no data available on the role of

valve opening during swallowingor respiration and the occurrence of aero-

phagia. A slight pre-load may be of further importancefor the lifespan of

the prosthesis as it may prevent early leaking. This needs further clinical

assessment. A slight pre-load may be desirable, but a too high pre-load

would be counter productive in voice production as it would require more

effort from the patient to pass air through the prosthesis.

Inadequate valve closure:

A voice prosthesis should close adequately to prevent leakage of esophageal

contents into the trachea. The Groningen Ultra Low resistance (thick) pros-

thesis does on average not fully close as indicated by the arrow in figure

6.3. The fact that this prosthesis leaks air does not directly imply thatit

would also leak fluids from the esophagusinto the trachea since fluids need

a bigger opening comparedto air. However, our data suggest that this pros-

thesis is prone to leakage. Another problem with a prosthesis leaking air

would be that it makes esophageal speech difficult. The ingestion of air

needed for esophageal speech is difficult because the air leaks from the

esophagus away throughthe voice prosthesis.

Conclusions

There are many aspects of a voice prosthesis to consider before choosing

onefor the laryngectomized patient. The aerodynamic characteristics are

just one aspect to take into account.It is generally assumed that a low

resistance prosthesis is beneficial for voice production.It is not understood

whether aerophagia increases whenusing prosthesis with a lower resistance

although there has been a report on this.

We developed a setup to perform in vitro tests with different types of low
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resistance voice prostheses. The results revealed different aerodynamic

characteristics for all of these types.

As the airflow resistance influences the endotracheal pressure neededfor

comfortable voice production,it is important that the clinician is aware of

these aerodynamic differences.

Two of the measured prostheses have a pre-load but the exact benefit of

the pre-load is for as yet not well understood. It may be favorable in pre-

venting the aerophagia detected in users of the low resistance prostheses.

One of the measured prostheses showed inadequate valve closing.
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Abstract

One of the reasons why tracheoesophageal voice results in a better voice

quality when comparedto the other voice rehabilitation methodsis that

the lungs supply the driving force and air volume. We built a computer

assisted setup to measure the aerodynamics in tracheoesophageal voice

production. We measured endotracheal phonation pressures,

endoesophageal pressures, sound intensity and trans-sourceairflow.

We compared our prosthesis pressure drop values with in vitro data and found

that there are somedifferences. We also foundthat the “low resistance” voice

prostheses contribute up to 40% of the total pressure drop during phonation.

Different tracheostoma occlusion methods did not have effect on the aerody-

namics. One patient that had had a jejunal graft for reconstruction showed,

not unexpectedly, extremely different aerodynamic values.

In this paper we present the average trans-source airflows, endotracheal

phonation pressures, endoesophageal pressures and soundintensities for

various phonatory tasks.

We were unable to define optimal airflow rates or optimal resistance values

for sound production in the pharyngo-esophageal segment.
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Introduction

Following total laryngectomyvoice rehabilitation becomes very important.

Tracheoesophageal voice (TE-voice) generally gives a better voice quality

compared to esophageal voice. This has been demonstrated by various

authors who used computervoice analysis to measure the voice character-

istics in different voice rehabilitation methods.!? An encountered problem,

is the semi-periodic characteristics ofthe sound producedin the pharyngo-

esophageal segment (PE-segment): the new sound source in voice pros-

thesis assisted and esophageal speech. When the soundsignalis displayed

onscreenit is possible to visually recognize the fundamental frequency of

the semi-periodic waveforms. Once the periodic signal is manually deter-

mined, the computerwill calculate the usual voice characteristics like shim-

merandjitter.

Oneof the reasons whyvoice prosthesis assisted speech results in a better

voice quality than esophagealspeechis that the lungs supply the air needed

to induce the resonance in the PE-segment. Esophageal speechrelies on

air swallowed into the esophagus. However, the air volume swallowed in

esophageal speechis limited to approximately 75 ml a time with average

airflow rates of 27-72 ml/sec., frequently resulting in a non-fluent speech.’

In an attempt to quantify the aerodynamicsin voice prosthesis speech we

built a computer setup. Our goal was to measure the airflow through the

voice prosthesis and phonatory tract, measure sound pressure levels and

calculate pressure drops over the voice prosthesis and PE-segment.

Key questions were: How much doesthe voice prosthesis contribute to the

overall pressure drop of the phonatory tract?, What is the average airflow

rate in voice prosthesis assisted speech as a function of the sound pressure

levels?

If the aerodynamicsof voice prosthesis assisted voice production are bet-

ter understood it may be possible to suggest alterations in prosthetic de-

sign or surgical procedures in order to improve TE-voice, although surgi-

cal proceduresare of course mainly dictated by oncological considerations.
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Materials

A specially built computer setup consisting of pressure transducers, mass

flow meter and soundintensity meter, was used for the acquisition of the

aerodynamics. In the following the setup is described in more detail.

Computer and software.

A computer (Pentium 200 MHz) with a National Instruments 16 bit AD-DA

interface card was connected to all the sensors. The software (LabVIEW

4.01, National Instruments, Texas) sampledall the unfiltered signals at

1 kHz. After the acquisition the same software was used to analyze the

data. Figure 7.1 is a screen capture of the analyzing software designed for

this study. The position of the sensors needed to acquire the necessary data

is showninfigure 7.2.

  
 

   

    

Figure 7.1: Screen capture of the data analysis software (LabVIEW) used in this study.
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Tracheal pressure. The endotracheal phonation pressureis the driving force

behind the airflow generated throughthe voice prosthesis and the phonatory

tract. This measurement is needed to calculate the pressure drop over the

voice prosthesis and the remaining phonatory tract. The tracheal pressure

was measuredusing a pressure transducer (Setra Systems, Inc., Acton, MA

USA) connected to the tracheostoma using a modified Blom-Singer

tracheostoma valve housing.

Endo-esophageal pressure. To be able to calculate the pressure drop over

the voice prosthesis and the PE-segment and remainderof the phonatory

tract the endo-esophageal pressure is needed. A Mikrotip pressure trans-

ducer (Millar Instruments, Texas) was placed at the level of the voice pros-

thesis in the esophagus. The correct position of the pressure sensor tip was

visually verified using a scope throughthe voice prosthesis.

Oral airflow meter. We needed to measurethe oral and nasalairflow

since it equals the airflow through the voice prosthesis and phonatory

tract (trans-sourceairflow). In stead of using a pneumotachometer, which

has inherent resistance to airflow, mass flow sensors were used (Sierra

Instruments, California and Sensor Medics, New York) that show no

pressure drop within the airflow range generated by laryngectomees

during voicing and therefore do not influence the pressure recordings

made.

Soundlevel meter. In voice recording a 30 cm mouth to microphonedis-

tance is normally used. In our measurement setup the sound would we

damped by the mask and flow meter that is placed over the mouth and

nose whichis mandatoryfor the trans-sourceairflow recording. This would

result in an inaccurate sound intensity recording. Recognizing this prob-

lem we placed a microphoneinto the maskitself at 5 cm distance from the

mouth, By placing a microphonecloser to the mouth the dB levels recorded

would be significantly higher compared to a microphone place at 30 cm

mouth-microphonedistance. However, we calibrated the sound intensity

recording in such a way that the microphone appeared to be at 30 cm

11S



Chapter 7
 

 ptt

we

~esophageal pressure
( he catheter     

  SCHR :

— Bethea: -  
 

Figure 7.2: Drawing of the sensor array placement. The esophageal! pressure is measured with a
Mikrotip pressure transducer on a catheter through the nose with the actual sensor placed in the
esophagus at the level of the voice prosthesis. Trans-source airflow is measured with a mass flow
meter attached to the facemask. Sound intensity is measured with a microphoneplaced inside the

facemask at 5 cm distance from the mouth. Endotracheal phonation pressure is measured with a
pressure sensor attached to a tracheostomavalve housing.

distance from the mouth. The microphonesignal was passed through the

dB meter (FJ electronics, Denmark) into the computer.

All sensors were calibrated. The Mikrotip pressure catheter wascalibrated

in a 37°C water column before each measurement because these devices

show the highest tendencyto shift.
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Methods

All patients had to be tracheostoma valve users in daily life since we also

wanted to measure the aerodynamiceffects of different stoma occlusion

methods. When a laryngectomized patient came to our out patient office

for oncological follow up, the patient was asked to participate.

The measurementprocedure was explained to the patient and no attempt

to persuadethe patient was made.All laryngectomeesincludedin this study

participated on a voluntary basis. One wasincludedin this study even

though she was not a tracheostomavalve user. This patient had a jejunal

graft reconstructionwith a typical hypotonic voice. Table 1 is asummary of

the patient data. After calibration and placement of the sensors,asillus-

trated in figure 7.2, the patient performed various phonatory tasks.

Table I: Patient group data. m/f = gender, m = male, f = female. Age = current age. Tumor=
tumororigin, G = glottic, SG = supraglottic, E/H = esophageal & hypopharynx. RT = radiation
therapy in Gray (Gy), Operation: TL = total laryngectomy, FND = functional neck dissection,
Pha & je} = laryngopharyngotomy + jejunum graft. Neurectomy = neurectomy of the plexus

pharyngeus. EMG = intra-operative EMG controlled neurectomy. Myotomy = myotomyofthe
cricopharyngeal muscle and or constrictor muscles. Prosthesis = prosthesis used by the patient,
VM = VoiceMaster, P2 = Provox 2.

 

mf Age Tumor ,TNM RT (Gy) Operation Neurectomy Myotomy Prosthesis
 

m 50 G I.NM, 56 TL&FND Yes (EMG) No P2
m 55 G TIN, 66 TL Yes Yes VM
m 64 SG T.N.M, 70 TL&FND Yes No P2
f 69 SG T.NM,  - TL Yes No P2
m 67 SG T,NM, 68 TL&FND Yes No VM
m 77 SG T,NoM, 56 TL&FND No Yes P2
m 7 #G T,N,M, 60 TL&FND No Yes VM
f 58 E/H T,NM, 60 Pha & je] n/a na vM
 

The patient was asked to phonate /a/ at a for him or her comfortable loud-

ness level with manual occlusion of the tracheostoma. Consecutively, the

patient was asked to phonate/a/ as loud as possible andas soft as possible.

All recordings were repeated 3 times.

For the seven patients who use a tracheostomavalvein daily life, the whole

recording was repeated using this valve instead of using manual
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tracheostomaocclusion. Since manual occlusion requires a finger to push

on the tracheostoma and a tracheostoma valve has the tendency to push

away from the tracheostoma we wanted to measure whetherthese differ-

ent occlusion methods had any effect on the pressure drop at the level of

the PE-segment. In total the average duration of the recording, including

the placement of the sensors, was 20 minutes.

With the data collected from these recordings we calculated the average

endotracheal phonation pressure, endoesophageal pressure and airflow at

comfortable, maximum and minimum /a/ phonation, The average prosthe-

sis pressure dropis the subtraction of the average endotracheal phonation

pressure and the average endoesophagealpressure.

Results

The average endotracheal and endoesophageal pressures, the phonatoryair-

flows (trans-sourceairflows), sound pressurelevels and voice prosthesis pres-

sure dropsfor 3 different phonatory tasks during manual occlusion are shown

in table 7.2. The standard deviations are in parenthesis.

Table 7.2: Summary of the average values for minimum, comfortable and maximum phonation
during manual occlusion. Standard deviations are in parenthesis.

 

 

Phonation Endo-tracheal Endo-esophageal Phonatory Sound pressure Pressure drop
Task pressure pressure airflow Levels voice prosthesis

an HO om HO mipersecond G8 SPL om HO

Minimum 27 (6.5) 18 (7.8) 133 (S5) 68 (6.4) 10 (3.1)
Comfort, 33 (8.7) 22 (9.5) 167 (72) 73 (5.6) 12 3.6)
Maximum 67 (7.3) 52 (21) 267 (122) 81 (6.5) 16 (4.5)
 

To determine whetherthereis a relationship between the trans-sourceair-

flow and generated sound intensity we plotted the data (figure 7.3). Six

patients show an increase in sound intensity with increased trans-source

airflow. It is apparent that there is considerable variability between the

patients. One patient showed an increased sound intensity with a trans-

source airflow decrease.
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Figure 7.3: Intensity as a function of trans-sourceairflow. Lines are plotted forthefirst 7 individuals.

Comparison between in vivo andin vitro voice prosthesis data

In an earlier study, we measured the in vitro aerodynamic characteristics

of various voice prostheses.’ When we comparethe in vitro aerodynamic

data with the data presented in this study there are some differences.

Figure7.4 illustrates the in vivo measurements with a best linear curvefit.

In addition the in vitro data is also plotted to illustrate the differences.

Voice prosthesis share in airway resistance

The overall contribution of the voice prosthesis pressure drop to the total

endotracheal phonation pressure varies for different phonation tasks. The

percentage of pressure drop caused by the voice prosthesis decreases as

the patients talk louder. At minimal/a/ phonation the overall voice pros-

thesis share of the total endotracheal phonation pressure is 37%. At com-

fortable phonation this percentage decreases to 36% while at maximum

phonation loudnessits share is 24%.
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Figure 7.4: A plot of the airflow in liter per second (LPS) and pressure (cm H,O) curves ofin
vitro and in vivo measurements. For the in vive and in vitro measurements the bestlinearfits
were used,

Aerodynamic differences in a laryngectomee with a jejunal graft
One patient in this study had

a

total laryngectomy in combination with a
pharyngectomy withjejunum reconstruction. As expected,the average air-
flow through the phonatory tract is higher comparedto theairflow seen in
the “normal” laryngectomee. The values range from 298 ml/s for comfort-
able phonation up to 773 ml/s at maximum phonation. Endotracheal pho-
nation pressures are 19 cm H,O and 40 cm H,0 for comfortable and maxi-
mum phonation respectively. In this patient the voice prosthesis accounts

for approximately 80% of the total pressure drop during phonation. Air-
flow resistances (table 7.3) are lower than those of the other patients. The

last column of table 7.3 showsthe airflow resistance of the jejunal graft,
mouth and nose.
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Table 7.3: Airflow resistance in laryngectomized patient with jejunal graft reconstruction. Re-
sistance of phonatory tract includes the voice prosthesis resistance. The voice prosthesis resist-
ance is excludedin thejejunal graft resistance column. LPS = liter per second.
 

Phonation Task Flow Airflow resistance Airflow resistance

 

phonatary phonatory tract jejunal graft only
intper sec om HOPS om H,O/LPS

Minimum 368 34.6 10.9

Comfort. 298 62.6 13.1
Maximum 773 51.5 6.7
 

Influence ofdifferent tracheostoma occlusion methods

Seven of the patients use a tracheostoma valve on a regular daily basis.

These 7 patients were measured once with manual tracheostoma occlu-

sion and once with tracheostomavalve occlusion. We wanted to determine

whetherthese different occlusion methods would influence the airflow and

pressure drop over the PE-segment.

Table 7.4: Summary of the average values for minimum, comfortable and maximum phonation
during tracheostomavalve occlusion.
 

  

Phonation task  Endo-tracheal Endo-esophageal Phonatory airflow Sound pressure
(n=7) pressure pressure levels

om H,O am HO mipersecond 8B SPL

Minimum 28.4 20.| 143 69.3
Comfort. 32.1 24.2 150 73.0
Maximum 66.0 54.2 245 80.2
 

When we comparethe data obtained during the twodifferent stoma occlu-

sion methods(table 7.2 and 7.4) we do not calculate a statistical difference.

Discussion

The main advantage of tracheoesophageal voice over esophagealvoiceis

that the lungs are the driving force behind the new voice source. As the

TEP patient phonates, air passes through the voice prosthesis past the PE-

segment (neoglottis) towards the mouth and nose. In the PE-segment, the
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airflow induces resonance whichis the new voice source.In this study we

present aerodynamic data obtained from TEP speaking laryngectomees.

Table 7.2 is asummary of the average values foundin our study. We found

an average intensity level at comfortable speech of 73 dB SPL and a inten-

sity range of 13 dB. Robbinset a.l, found a mean intensity for vowel phona-

tion of 88.1 dB SPL which seems substantially higher but needs to be ad-

justed before comparingit with our data.’ They used a mouth-microphone

distance half of that of ours (approximately reducing the difference by 6

dB). The intensity range they found was approximately 10 dB for/a/ pho-

nation. For laryngeal vowel phonation, they found an average intensity of

76.9 dB SPL. Pauloskiet al., found a mean intensity of 74.41 for reading

again at a mouth-microphonedistance of 15 cm.’

In healthy laryngeal speakers, the average airflow during comfortable

speech is approximately 200 ml/s. In our group the average airflow rate at

comfortable voicing is 167 ml/s with an average endotracheal phonation

pressure of 33 cm H,0,resulting in a airway resistance of 198 em H,O/LPS

(liter per second). The resistance of the PE-segment and remaining

phonatory tract without a voice prosthesis is 132 cm H,O/LPS.Theseval-

ues are much higher than the ones found in healthy subjects (on average

35.7 cm H,O/LPS).*’ Since the airflow rates are comparable, these differences

are mainly contributed to the difference of trans-source pressure drop.

Theindividual variations of sound intensity versus airflow or pressure drop

of the PE-segmentare too great to draw any definite conclusions. Figure

7.3 showsthe intensity (dB SPL) as a function to trans-sourceairflow. One

of the seven patients showed an increased intensity with a decrease of the

trans-source airflow. We cannot explain this observation. The individual

variations are of course dictated by the extent of the surgery, myotomy or

neurectomy and radiation therapy. A considerably larger patient group is

needed to define the PE-segment aerodynamicsin relation to surgery ex-

tent, myotomy of the cricopharyngeal & constrictor muscles, neurectomy

of the plexus pharyngeusand radiation therapy.

In vivo and in vitro prosthesis differences

Since thefirst introduction of a voice prosthesis researchers and manufac-
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turers have improved designs. One of the improvements has been the re-

duction of voice prosthesis resistance to airflow. Nowadays,all voice pros-

theses are so called low resistance devices. The differences between these

devices have been measuredin vitro.4*"* It is more challenging to measure

voice prosthesis performancein the patient. It requires the cooperation of

the patient and a more complex sensor array setup. Our data show that

voice prostheses measurementscarried out in patients have approximately

a 4cm H,0Ohigher pressure dropatall airflows (figure7.3). However, the

differenceis limited and can be explained by the following reasons.

All prostheses measured in vivo were not new. The average age of these

devices was 6 weeks andit is well knownthat prosthesis resistance increases

with age. The reasonforthis is the deterioration of the silicone by micro-

bial attack and possibly by the wear and tear of the prosthesis due to usage.

This can be verified by removingthe prosthesis from the patient and measure

it ina in vitro laboratory setup. In order to minimize the burdento the patient

we have rejected this procedure. Another possible explanation for the dif

ferenceis that in vivo measurementsareless accurate since the small trans-

ducers are inferior to the ones used in vitro. Small transducers appear to

have inherent inaccuracies partly because of temperaturescale shift and

their tiny design.

Furthermore, the voice prosthesis valve may be affected by the moist

esophageal environment. A wet voice prosthesis is likely to show an in-

creasedresistance.

Voice prosthesis share in airway resistance

The share of voice prosthesis pressure drop in the total pressure drop varies

with the airflow rate. At low airflow rates, like those generated during mini-

mum and comfortable phonation, pressure drop overthe voice prosthesis is

approximately 37%of the endotracheal phonation pressure. At higherair-

flow, as observed during maximum phonation,voice prosthesis pressure drop

is 16 cm H,O atanairflow of 267 ml/sec. At these airflow rates the voice

prosthesis accounts for 24%of the endotracheal phonation pressure (= total

pressure drop).

During /a/ phonation the PE-segmentis the narrowest part of the phonatory
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tract. The physical aspects of the PE-segment are mostly dictated by sur-

gery and radiotherapy. It has been recognized that tracheoesophageal voice

rehabilitation is enhanced by surgical procedures as neurectomy and myo-

tomy which avoid hypertonicity of the cricopharyngeal and inferior constric-

tor muscles. In our patient groupit is apparent that the PE-segmenthas the

greatest share ofthe total pressure drop especially at higherairflow rates.

Aerodynamic differences in a laryngectomee with ajejunal graft

One patient had a reconstruction with a jejunal graft and therefore has a

typical hypotonic voice which is substantially worse than that of a “nor-

mal” laryngectomee. This is the only patient in this study unable to use an

adjustable tracheostomavalve since the closing and opening pressures are

in the range of the endotracheal phonation pressures. This is in agreement

with our earlier work on tracheostoma valve aerodynamics in which we

explain that the endotracheal phonation pressure needsto be higher then

the opening and closing pressuresofthe tracheostoma valve to keep it closed

during phonation.»

At these high averageairflow rates, the maximum phonation time (not

measured in this study) has to be shorter, simply because the estimated

maximum phonation time is the generated airflow divided by the maxi-

mum expiratory long volume. The airflows generated during speech are

substantially higher while the pressures needed to generate these flows

are substantially lower.

Influence of different tracheostoma occlusion methods

The seven patients who use a tracheostomavalvein daily life were recorded

twice. First, a recording with manual occlusion was made followed, by a

recording using tracheostoma valve occlusion. Since manualocclusion re-

quires a finger to push on the tracheostoma and a tracheostoma valve shows

the tendency to push awayfrom the tracheostoma we wanted to measureif

these different occlusion methods had any effect on the pressure drop at

the level of the PE-segment.

Patients and doctors often have the impression that vocal intensity with

manual occlusion at times is higher than with occlusion with the aid of a
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tracheostoma valve. This subjective observation could not be substanti-

ated since all parameters measuredin this study showed nostatistical sig-

nificance. This is in accordance with earlier acoustic research that showed

no acoustic differences between the two occlusion methods.”

Conclusion

Even though tracheoesophageal voice generally results in an acceptable

and usable voice quality our data clearly show that the effort. needed to

speak is relatively high.

We evaluated soundintensity and aerodynamic characteristics. Voice quality,

however, also is determined by many other parameters such as fundamental

frequency(f,), f, range, phonation time are important parametersalso.

The aerodynamic characteristics of voice production are determined by

prosthetic factors and PE-segmenttissue factors. Lowering voice prosthe-

sis resistance decreases the effort needed for voice production. Myotomy

of the cricopharyngeal and constrictor muscles and neurectomy of the

plexus pharyngeus diminishes the chance of spasm and hypertonicity of

the PE-segment. Unfortunately, it is difficult to predict to what extent the

aerodynamic and voice characteristics are influenced by these procedures.

The great variability of pharyngeal tissue quality which is dictated by the

extent of the surgery and radiotherapy makesit very difficult to define the

optimal PE-segment aerodynamic properties. We were unable to define

optimalairflow rates or optimal airflow resistance for sound intensity pro-

duction in the PE-segment.
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Abstract

In tracheoesophageal voice, the pharyngo-esophageal segmentis the new

sound source or neo-glottis. Within this neoglottis aerodynamic energy is

transformed into acoustic energy. The vocal efficiency is a value that ex-

presses howefficient this energy transformation takes place.

In this paper we describe how we measuredthe necessary data to be able

to calculate aerodynamic powerand acoustic power. From these values we

calculated the vocal efficiencies and compared them with normallaryn-

geal vocal efficiencies. We also looked at the effect of different sound

intensities on vocal efficiency.

Vocal efficiency in laryngectomized patients is lower compared to laryn-

geal speakers. Tracheoesophageal voice requires much moreeffort from

the patient, to phonate compared to the normalsituation. For this reason

we looked at the energy loss caused by the voice prosthesis andits influ-

ence on the vocalefficiency. Vocal efficiency increases with lowering the

airflow resistance of voice prostheses. Apart from allowing air passage to-

wards the esophagusa voice prosthesis needs to keep esophageal content

out of the trachea. Lowering the resistance to airflow of voice prosthesis

may very well diminishits other functions.

Vocal efficiency in TEphonation
 

Introduction

Laryngeal voice production is an aerodynamic-myoelastic event.! In other

words, voice production is determined by the interaction of glottal airflow,

subglottic pressure and position and tension of the vocal cords. Following

total laryngectomy a neoglottis or pharyngo-esophageal (PE) segmentis cre-

ated. Although the precise boundaries of this PE-segment are not well de-

fined,it is the new location of voice production. Alaryngeal voice production,

as is the case in tracheoesophageal (TE)voice, has been reportedto be solely

an aerodynamic event.’ Researchers have stated that “there is no evidence

to support the view that laryngectomized individuals are capable of altering

the level of muscularactivity within the PE-segment on a systematic basis to

pretune, control, or influence the vibratory rate of this sphincter”.’ At a later

date, researchers found some evidence for incon-sistent fundamental!fre-

quency (F,) modulations contributed to aerodynamic-myoelastic events.

However, they concluded F, modulation is always mediated on an aerody-

namic basis and variably by additional myoelastic events.*

The superior TE-voice quality compared to esophagealvoice quality has

been demonstrated in the past.>* The difference in voice quality between

these two alaryngeal voice production methods is mostly contributed to

the origin of the driving force. Esophageal voice production is based on

swallowing air (approximately 80 ml) followed by reversing the airflow

direction which induces resonance.’ Esophageal voice production allows

little intentional aerodynamic control. In TE-voice, the lungs are the driv-

ing force behind the pressure resulting in the airflow needed to induce

resonance in the PE-segment. The obvious advantage is the greater air

volumebutalso the intentional driving pressure control. The vibratory seg-

ment is supposed to be at the same level for both methods.

Voice production can be seen as a process ofenergy transformation. Aerody-

namic power generated by the lungsis transformed into sound energyat the

level ofthe PE-segment. This transformed energyis passed as sound through

the remaining vocal tract and exits the mouth. From sound intensity record-

ings the acoustic power can be calculated. Theefficiency of this process of

energy transformation is called vocal efficiency. We describe the vocaleffi-
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ciency of TE-voice and compareit with laryngeal vocalefficiencies. In addi-

tion we measured the aerodynamic powerloss by the voice prosthesis.

Materials

To achieve our goal of measuring aerodynamic power and acoustic power

we built a computer setup. In the following section the setup is discussed

in detail.

Computer and software. A computer (Pentium 200 MHz) with a National

Instruments 16 bit AD-DA interface card was connected to all the sensors.

The software (LabVIEW 4.01, National Instruments, Texas) sampled all the

unfiltered signals at 1 kHz. After the acquisition the same software was

used to analyze the data.

Endo-tracheal pressure. The endotracheal phonationpressureis the driv-

ing force behind the airflow generated through the voice prosthesis and

the phonatory tract. This measurement is needed to calculate the aerody-

namic power. The endo-tracheal pressure was measured using a pressure

transducer (Setra Systems, Inc., Acton, MA USA) connected to the

tracheostoma using a modified Blom-Singer tracheostomavalve housing.

Endo-esophageal pressure. To be able to calculate the powerloss over the

voice prosthesis and calculate the aerodynamic powerdirectly below the

PE-segment we had to measurethe pressureat the levelof the voice pros-

thesis in the esophagus. A Mikrotip pressure transducer (Millar Instru-

ments, Texas) was placed through the nose in the esophagusat the level of

the voice prosthesis. The correct position of the pressure sensor tip was

visually verified using a scope.

Oral airflow meter. We needed to measurethe oral and nasalairflow since

the sum of these values is essential for the aerodynamic powercalcula-

tions. Instead of using a pneumotachometer, which has inherentresistance
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to airflow, mass flow sensors were used (Sierra Instruments,California and

Sensor Medics, New York) which show no pressure drop within the airflow

range generated by laryngectomees during voicing and therefore do not

influence the pressure recordings made.

Sound intensity meter. In our measurementsetup, we placed a mask with

airflow sensor over the mouth and nose to record the trans-source airflow.

Due to the mask the recorded sound would be dampedif the microphone

was placed at the usual 30 cm mouth to microphonedistance. Recognizing

this problem, we placed the microphonein the maskitself at a distance of

5 cm. Of course, this shorter mouth to microphonedistanceresults in high

soundintensities levels therefore we calibrated this registration to match

30 cm distance. The microphone signal was passed through the dB meter

(FJ electronics, Denmark) into the computer.

All sensors were calibrated. The Mikrotip pressure catheter was calibrated

in a 37°C water column before each measurement because these devices

show the highest tendencyto scale shift.

Methods

Whena laryngectomized patient came to our out patient office for oncologi-

cal follow up, the patient was asked to participate. The measurement proce-

dure was explained to the patient and no attempt to persuade the patient was

made. All laryngectomees included in this study participated on a voluntary

basis. In total eight patients participated. Seven patients had a “normal”

laryngectomy, one patient hada laryngo-pharyngectomyfollowed by a jejunal

graft reconstruction. Table 8.1 shows a summary of the patient data.

After calibration and placementof the sensors, the patient performedvari-

ous phonatory tasks. The patient was asked to phonate /a/ at a for him or

her comfortable loudness level with manual occlusion of the tracheostoma.

Consecutively, the patient was asked to phonate /a/ as loud as possible and

as soft as possible. All recordings were repeated 3 times.
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Table 8.1: Patient group data. m/f = gender, m = male, f = female. Age = current age. Tumor=
tumororigin, G = glottic, SG = supraglottic, E/H = esophageal & hypopharynx. RT = radiation

therapy in Gray (Gy). Operation: TL = total laryngectomy, FND = functional neck dissection,
Pha & jej = laryngopharyngotomy + jejunum graft. Neurectomy = neurectomyof the plexus

pharyngeus. EMG = intra-operative EMG controlled neurectomy. Myotomy = myotomyof the
cricopharyngeal muscle and or constrictor muscles. Prosthesis = prosthesis used by the patient,

VM = VoiceMaster, P2 = Provox 2.

 

mf Age Tumor .TNM RT (Gy) Operation Neurectomy Myotamy Prosthesis

50 G T,N.M 56 TL&FND Yes (EMG) No Pz

 

m

m 5 G TNM 66 TL Yes Yes VM
m 64 SG  T,NM, 70 TL&FND  ¥s No P2
f 69 SG TAN.M, . TL Yes No P2
m 67 SG TLN.M, 68 TL& FND Yes No VM
m 77 SG  TINM, 56 TL&FND No Yes P2
m 79 G TANM, 60 TL& FND No Yes VM
f 58 E/H TNoMg 60 Pha & jej n/a nfa VM

Energy calculations

Aerodynamic power wascalculated as follows:

P, (watts) = P_x Ux 10"

in whichP,is the tracheal pressure (em H,O) andU is the average airflow

in cm*/s,

Acoustical power was calculated as follows:

P,, (watts) = Ax LOSFE5 10%

In which A is the surface of the plane of the intensity measurement in m?

and dB SPLis the sound pressure level in dB.”

Since the intensity measurementwas calibrated as if the microphone was

placed at a distance of 30 cm from the mouththefollowingsurface calcula-

tion was used.

A (m?’) = 2nr’

We assumed that sound intensity is constant on the surface of the hemi-

sphere facing the patient. The sound energy onthe otherhalf of the sphere

was neglected. A in our setup is 0.56 m’.

The powerloss in the voice prosthesis can be calculated by subtracting the

esophageal aerodynamic powerfrom the (tracheal) aerodynamic power.
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The esophageal aerodynamic powerwas calculated asfollows:

P,, (watts) = P,xUx 10*

in which P,is the esophageal pressure (em H,O) and is the averageair-

flow in cm/s.

In other words, voice prosthesis powerlossis:

Pics (watts) = BR, -P.,

Results

Energy calculations

Table 8.2 to 8.4 were constructed using the equations described in the

method section and the average airflow, pressure and intensity data from

our measurements. In table 2 the power and vocalefficiency calculations

for the seven “normal” laryngectomees during comfortable /a/ phonation

are given.

Table 8.2: Acoustic power, aerodynamic Powerand vocalefficiency during comfortable /a/ phonation.

Vocalefficiency during comfortable /a/ phonation
 

Subject Acoustic Power (x |0% watts) Aerodynamic Power (watts) Vocal Efficiency (x 10°)

I 4.8 0.51 0.94
2 33 0.61 5.9
3 49 0.44 I]
4 9.3 0.29 3.1
5 28 0.49 5
6 1.9 0.8} 0.24
7 20 0.70 29

Average 13 0.60 2.2
 

In table 8.3, the average acoustic power, aerodynamic powerandvocaleffi-

ciency at minimum, comfortable and maximum phonation of the seven to-

tal laryngectomeesare given.
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Table 8.3: Average acoustic, aerodynamic powerand vocalefficiency for three different phonatory
tasks,
 

Averages for minimum, comfortable and maximum /a/ phonation

Phonation Task (n=7) AcousticPower Aerodynamic Power Vocal Efficiency

 

(x 10° watts) (watts) (x 105)

Minimum 3.3 0.35 0.9
Comfortable 13 0.60 22.
Maximum 67 LB? 3.4
 

For comparative purposes one patient with a jejunal graft reconstruction

was measured. Vocal efficiency is dramatically worse compared to the

average vocal efficiency of the “normal” laryngectomees(table 4).

Table 8.4; Acoustic power, aerodynamic powerand vocalefficiency data of a patient with jejunal
graft.

 

Vocal efficiency during /a/ phonation(jejunalgraft)

 

 

Phonation Task (n=1) Acoustic Power Pulmonary Power Vocal Efficiency
(x 10° watts) (watts) (« 10°)

Minimum 0.031 0.47 0.0065
Comfortable 22 0.55 0.39
Maximum 1.2 3.07 0.039

Discussion

During voice production aerodynamic energy is transformed into sound

energy. In non-laryngectomized patients the voice production efficiencyis

called the vocal efficiency. Vocal efficiency is an indication of how efficient

the transformation of energy takes place. Vocal efficiency is calculated by

dividing the output sound powerby the aerodynamic power.

The efficiency of sound production of the PE-segment (neoglottis) in the

laryngectomized patient can also be calculated with the vocal efficiency

equation. However, in laryngectomeesthe vocal efficiency is reduced by

the voice prosthesis, The voice prosthesis diminishes the effective aerody-

namic powerbutbyitself does not contribute to the sound production. In
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other words, the voice prosthesis causes a aerodynamic powerloss during

phonation.In ourstudy, the average powerloss caused by the prosthesisis

0.14, 0.22 and 0.50 watts during minimum,comfortable and maximum pho-

nation, respectively. These values are considerable comparedto the total

aerodynamic power.

In figure 8.1, the vocal efficiency data from our study and that from Schutte’s

work on laryngeal vocalefficiency is plotted. The vocal efficiency reported for

normallaryngeal speechincreaseswith the soundintensity."“” In our group of

patients (n=7) an increasein vocalefficiency with increased soundintensityis

also observed(figure 8.1). Patient eight, who had ajejunal graft reconstruction

after laryngo-pharyngectomy, does not show this phenomenon.
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Figure 8.1: A graph of the average vocal efficiency versus average sound intensity (solid line)
n=7. The dashedline (taken from Schutte pp. 93) is the average vocalefficiency in normal sub-

jects.'°

In our patient group, the average vocalefficiency is 2.2 x 10° during com-

fortable speech (average intensity 73.7 dB SPL). During maximum phona-

tion the vocal efficiency increases to an average of 3.4.x 10° (average inten-

sity 80.7 dB SPL) whichis, as expected, considerably below the vocaleffi-

ciency of laryngeal speech (figure 8.1). Patients compensate for these low
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vocalefficiencies with high aerodynamic powerinput. The actual average

soundintensities of the “normal” laryngectomees during comfortable pho-

nation are in the rangeoflaryngeal sound intensities, 73 dB SPL and 76.9 dB

SPL respectively.’ In healthy laryngeal speakers the average trans-source

airflow during comfortable speech is around 200 ml/s with typical endo-tra-

cheal phonation pressures between 5 and 10 em H,0.* In ourgroup the aver-

age airflow rate at comfortable phonation is 167 ml/s with an average en-

dotracheal phonation pressure of 33 cm H,0,resulting in a airway resistance

of 198 cm H,O/LPS.Theresistance of the PE-segment and remaining

phonatory tract without the voice prosthesis is 132 em H,O/LPS.Theseval-

ues are much higher than the ones found in healthy subjects which is on

average 39.7 cm H,O/LPS."* These differences are contributed to the differ-

ence of transsource pressure dropsince the airflow rates are comparable.

In the hypothetical situation where the voice prosthesis would not cause a

aerodynamic powerloss the average vocalefficiency would be 3.6 x 104

(64%better) and 4.5 x 10° (32%better) at the above mentioned intensities,

For this reason, further reduction of the airflow resistance of voice pros-

theses increases the vocalefficiency. Whetherit is technically feasible to

further reduce the resistance andstill control leakage of esophageal con-

tent remains to be seen. It has been reported that aerophagia increases

with a lower airflow resistance of voice prostheses."

The individual voice variations found in ourstudyare of course dictated by

the extent of the surgery, myotomy or neurectomy, radiation therapy and

possibly by the voice prosthesis. Myotomyof the cricopharyngeal and con-

strictor muscles and neurectomy of the plexus pharyngeus diminishes the

chance of spasm and hypertonicity but at the sametimeit is difficult to pre-

dict to what extent the aerodynamic and voice characteristics are influenced

by these procedures. Blom etal., found that neurectomy resulted in higher

fundamental frequencies compared to a myotomy group.* Apart from

optimizing the PE-segmentfor voice production, the PE-segment should

allow good swallowing. These two functionsarelikely to be non-complimen-

tary PE-segmentfunctions since Pauloski et al., showed that the neurectomized

patient group hadsignificantly lower oropharyngoesophageal swallow

efficiencies compared to other groups.”
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The great variability of pharyngeal tissue quality which is dictated by the ex-

tent of the surgery and radiotherapy makesit very difficult, or maybe even

impossible, to define the optimal PE-segmentcharacteristics. A considerable

bigger patient group is neededto try to define the PE-segment aerodynamics

in relation to surgery extent, myotomyofthe cricopharyngeal and constrictor

muscles, neurectomy of the plexus pharyngeus and radiation therapy.

Ultimately, sound producing voice prostheses may be the solution to ecre-

ate an acoustically better and less effort requiring alaryngeal voice. Onco-

logical treatment considerations will always overrule the for voice optimal

PE-segment characteristics.

Conclusion

Our data clearly show that, although tracheoesophageal voice generally

results in an acceptable and usable voice quality, the effort needed to speak

is much higherthan in healthy subjects. The aerodynamic poweris an in-

dication of the effort needed for voice generation. The efficiency of TE-

voice productionis lower compared to laryngeal voice production but does

show an increase when soundintensity increases, a known phenomenon

in healthy subjects. One patient in the study group had a laryngo-pharyn-

gotomy with a jejunal graft reconstruction and showed low vocalefficiency.

The effective aerodynamic powerusedfor voicing can be increased by low-

ering voice prosthesis airflow resistance. Lowering the aerodynamic power

loss by the voice prosthesis increased vocal efficiency and lowers the effort

needed for speech.
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Summary and Conclusions

This thesis describes the physical aspects of prosthetic tracheoesophageal

voice rehabilitation in the laryngectomized patient.

There is need for an anatomic study of the tracheostomaand related struc-

tures for prosthetic design and evaluation. All common imaging techniques

were inadequate either because the usefulness was low (ordinary CT-scans)

or the technique would be too dangerous(silicone printofthe tracheostoma).

In the literature we found reports on a non-invasive technique called

stereolithography that had been used on bony reconstructions. Chapter 2

describes how we used stereolithography to make 3D models of the

tracheostoma and related structures. In total, we made eight soft tissue

and eight air contour 3D models of eight different patients. All models show

high detail although someartifacts are visible due to movementof the pa-

tient during the CT-scanning phase. Details like the voice prosthesis and

an air-filled esophagusare clearly visible. These models wereinitially in-

tended for the design of an endo-stomal tracheostoma valve fixation de-

vice but later turned out to be practical for voice prosthesis and measure-

ment setup designs.

Tracheoesophageal speakers need to occlude the tracheostoma, to create a

positive pressure which results in airflow through the voice prosthesis and

through the phonatory tract, to speak. Normally, the tracheostomais occluded

with the hand. Requiring a handto speak limits the patients freedom.

In chapter 3 we evaluate a tracheostomavalve that allows hand-free speech.

The Blom-Singer Adjustable Tracheostoma Valve was introduced in 1992

and has someadditional features compared to the older stoma valves. The

incorporation of a heat and moisture exchanger (HME) and simple altera-

tion of the aerodynamic characteristics are new features. Approximately,

66% of the patients are successful tracheostoma valve users, 50%of the

current users notice a phlegm production decrease with HME use. Exces-

sive phlegm production, high endotracheal phonation pressure and short

leak-proof seal attachment duration are factors that negatively influence

successful use.

Currently, there are three tracheostoma valves available: the Bivona
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tracheostomavalve type I and II and the Blom-Singer Adjustable Tracheo-

stoma Valve.

Chapter 4 discusses the aerodynamic differences like maximum airflow

before closing, opening pressures and closing pressures and other design

differences. A guideline on how to troubleshoot tracheostomavalve related

problemsis given.

Total laryngectomyhas, apart from the implications of voice production,a

great impact on the airwayitself. The upperairway’s air conditioning func-

tions are lost sinceit is disconnected from the lower airway. Forthis reason

the industry has developed heat and moisture exchangers that supposedly

take over the lost nasal functions.

In chapter 5, we discuss how we developed a modified ISO 9360 standard

to measure theefficiency of these devices. We foundsignificant differences

in performance and other physical aspects. Apart from the physical as-

pects we looked at costs of use and foundgreat differences.

The endotracheal phonation pressure is determined by the airflow rate

and the summation of the pressure drops of the voice prosthesis,

pharyngoesophageal-segment, hypopharynx and mouth and nose.

In chapter 6, we discuss the in vitro aerodynamic characteristics of five

voice prostheses. The measurementarrayis different from the ones used

by others since we used a pressure controller to regulate the airflow. This

resembles more the patient situation because the patient also uses pressure

to regulate airflow. Using this setup, we could measure additional physical

aspects like opening pressure (pre-load) (Provox voice prostheses) and inad-

equate valve closure Groningen Ultra Low resistance (thick).

In chapter 7, we describe a sensor array for aerodynamic and sound inten-

sity measurement in the laryngectomized patient. The aerodynamic voice

prosthesis aspects differ somewhatfrom our in vitro measurements described

in chapter 6. This difference may be explained by the fact that the in vivo

prostheses were not new. We also calculated the voice prosthesis share in

total airway resistance and found that the share decreases with increased

sound intensities. We could not measure anysignificant difference between

different occlusion method namely manualor tracheostomavalve.

During voice production aerodynamic poweris transformed into acoustic
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power. Theefficiency of transformationis called vocalefficiency.

In chapter 8, we describe how wecalculated the average vocalefficiencies

for our patients and compared them with laryngeal vocal efficiencies. As

expected, the vocal efficiencies in our patient group are lower but they do

show an increased vocalefficiency with increased sound intensity.

Tracheoesophageal voice is generally regarded to result in the best

alaryngeal voice quality. In many patients TE-voice doesresult in a usable

voice but it is not as good as laryngeal voice. Fundamental frequency, dy-

namic range, vocalefficiency etc. are all lower thanin the laryngeal speaker.

The effort to speak is much higherin the alaryngeal speaker than in the

normal situation. To improve alaryngeal voice production we needto fur-

ther evaluate the surgical techniques and prosthetic devices.

Future optimization of surgical procedures for voice productionis likely to

be overruled by oncological considerations. For this reason the optimiza-

tion of prosthetic devices seems to be easier and more predictable. The

feasibility of sound producing voice prostheses and implantable fixation

devices needs to be explored.
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Samenvatting en Conclusies

Het strottehoofd is gesitueerd in de hals en vormt de overgang tussen de

mond-keelholte en de luchtpijp (figuur S.1). In het strottehoofd zijn twee

stembanden, die belangrijk zijn voor het genereren van stemgeluid.

Om diverse redenen, waaronder kankergezwellen van de stembanden, kan

het noodzakelijk zijn om het strottehoofd te verwijderen (“laryngectomy”,

laryngectomie) en de luchtpijp direct aan de huid vast te maken

(“tracheostoma”). Hierdoor verliest de persoon in kwestie niet alleen het

vermogen om te spreken, maar verandert de kwaliteit van de ingeademde

lucht. In de normale situatie wordt de ingeademde lucht eerst

voorverwarmd, bevochtigd en gefilterd. Bij inademingvia een tracheostoma

worden deze drie functies niet meer door de neus gedaan, hetgeen onder

andereleidt tot overmatige slijmproductie door de longen.

Sinds de eerste laryngectomie zijn er verschillende vormen ontwikkeld om

stem te genereren(“‘voice restoration’, stemrevalidatie). De beste vorm van

stemrevalidatie vindt plaats door een verbinding te maken tussen luchtpijp

en slokdarm (“tracheoesophagealfistula”, tracheo-oesofageale fistel), zodat

er lucht vanuit de longen via de verbindingin de slokdarm terecht komt en

door de mond kan worden uitgeblazen. Hierdoor ontstaater trilling in de

slokdarm, hetgeen een geluid teweegbrengt. Om lekkage uit de slokdarm

naar de luchtpijp toe te voorkomen moeter een eenrichtingsklepje (“voice

prosthesis”, stemprothese) geplaatst worden in de verbinding. Echter, de

patiént moet de tracheostomaafsluiten met een hand om een overdruk te

genereren, waardoorde luchtvia de verbinding naar de slokdarm stroomt

en niet via de tracheostoma naar de buitenlucht.

In dit proefschrift worden de verschillende stemprotheses getest op hun

fysische eigenschappen (aérodynamica) vergeleken. Tevensis er gekeken

naar verschillende kleppen,die op de tracheostoma geplakt worden en de

functie van de afsluitende hand overneemt. Hiervan wordt ook de

aérodynamica besproken. Verder worden ook filters getest, die deels de

functie van de neus overnemen(“heat and moisture exchangers”, warmte-

vocht wisselaars).

Het anatomisch onderzoek van de tracheostoma en haar aangrenzende
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structuren werd bemoeilijkt door het ontbreken van adequate imaging

technieken. Gewone CT-scans geven een te weinig gedetailleerd beeld en

het maken vansiliconen afdrukken van de tracheostomais ronduit een te

gevaarlijke procedure. In de literatuur vonden we een non-invasieve

techniek, stereolithografie geheten, die voor benige reconstructies werd

 _) /Mchtpijp
slokdarm/ if < ; fe Ol ook.
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Figuur S.1: lllustratie van de anatomie bij niet geopereerde mensen. De structuren van het
strottehoofd e.d. zijn aangegeven.

145



 

gebruikt. In hoofdstuk 2 wordt beschreven hoe wij deze techniek

gemodificeerd hebben om driedimensionele afbeeldingen te vervaardigen

van een tracheostoma met aangrenzendestructuren. In totaal werden er

acht 3D-afbeeldingen gemaakt van de weke delen en acht van de

luchtinhouddie zij omsloten in acht verschillende patiénten. Alle gemaakte

modellen zijn in detail nauwkeurig, al zijn er artefacten ten gevolge van

 My18
Figuur §.2: Anatomischeillustratie waarbij het strottehoofd is verwijderd (“laryngectomy”).
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bewegingen van de patiént tijdens het maken van de CT-scan. Details van

de stemprothese en de lucht in de slokdarm zijn duidelijk zichtbaar. Deze

modellen waren aanvankelijk bedoeld als hulpmiddelbij het vervaardigen

van een endostomale bevestiging voor tracheostomakleppen maar bleken

ook geschikt voor de ontwikkeling van stemprothesen en meetopstellingen.

Mensen die met een stemprothese spreken moeten de tracheostoma

afsluiten om luchtdruk op te bouwen waardoorlucht de stemprothese en

het aanzetstuk passeert. Zij doen dit met de hand waardoor hun

bewegingsvrijheid aanzienlijk beperkt wordt. In hoofdstuk 3 wordt een

tracheostomaklep beschreven die spraak zoder gebruik van een hand

mogelijk maakt. De Blom-Singer Adjustable Tracheostoma Klep werd in

1992 geintroduceerd. Hij biedt de mogelijkheid om een warmte-vocht

wisselaar te gebruiken en tevens de aérodynamische eigenschappentijdens

gebruik te wijzigen. Ongeveer tweederde van de patiénten gebruikt thans

zo’n klep om te spreken waarvande helft een duidelijke vermindering van

sliimproductie ervaart tijdens het gebruik van de warmte-vocht wisselaar.

Overmatige sliimproductie, hoge endotracheale fonatiedrukken en lekkage

van lucht langs de bevestiging beinvloeden het gebruik in negatieve zin.

In hoofdstuk 4 wordendrie verschillende tracheostoma kleppen metelkaar

vergeleken. Gekeken werd naar aérodynamische verschillen waaronder de

maximale luchtstroom, openings- en sluitingsdrukken en de luchtweer-

standen. Tevens worden veel voorkomende problemen besproken met

aansluitend de voorgestelde oplossingen.

Totale laryngectomie heeft behalve de implicaties voor de spraak ook grote

gevolgen voor de luchtwegen zelf. De functie van airconditioning van de

hogere luchtwegen gaat verloren waarvoor warmteen vocht wisselaarszijn

ontwikkeld ter compensatie van deze verloren geganefuncties van de neus.

In hoofdstuk 5 wordt besproken hoe wij de ISO 9360 verder ontwikkeld

hebben om deeffectiviteit van deze warmte-vocht wisselaars te meten. Niet

alleen vonden wij grote verschillenin effectiviteit maar ook in gebruikskosten.

De endotracheale fonatie druk is de som van druk vallen van de stem-

prothese, faryngo-oesofageale segment, hypofarynx en mond en neusals

functie van de gegenereerde luchtstroom. Wij beschrijven in hoofdstuk 6

de in vitro aérodynamische karakteristieken van vijf verschillende stem-
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prothesen. Onze meetopstelling verschilt met die van anderen omdat wij

een drukregelaar gebruiken die de luchtstroom reguleerd, immers patienten

reguleren de luchtstroom ook door middel van druk variatie. Extra

eigenschappen zoals openingsdruken klep lekkagezijn met deze opstelling

te meten.

In hoofdstuk 7 wordt de meetopstelling beschreven, zoals die is gebruikt

om aérodynamische eigenschappen en geluidsintensiteit bij de

gelaryngectomeerdete bepalen. Verder werd berekend in hoeverre de stem-

prothese verantwoordelijk was voordetotale luchtweerstand. Hierbij werd

gezien, dat bij toenemende geluidsintensiteit het aandeel in de totale

luchtweerstand veroorzaakt door de stemprothese kleiner wordt. Er werden

geensignificante verschillen gevonden tussen occlusie van de tracheostoma

met de hand of met de tracheostomaklep.

Het genereren van stemgeluid geschiedt door transformatie van

aérodynamische energie in akoestische energie. De efficiéntie, waarin dit

proces zich voltrekt, wordt weergegeven in de vocal efficiency. In

vergelijking met mensen met een normaal strottehoofd verliezen de

gelaryngectomeerden wat betreft efficiéntie, doch bij toenemende

geluidsintensiteit zagen wij een toename van de efficiéntie, hetgeen

fysiologischis.

Hoewel tracheo-oesofageale stemrevalidatie in het algemeen beschouwd

wordt als de beste vorm van stemrevalidatie, is het lang niet zo goed als

stemgeving met een normaal strottehoofd met betrekking tot basis-

frequentie, dynamischbereik, vocalefficiency, enzovoorts. Bovendien kost

het veel meer moeite om stem te genereren met behulp van een stemprothese

dan in de normalesituatie. Verdere exploratie naar wegen (operatieve pro-

cedures, stemprotheses) om spraak zonder strottehoofd te verbeteren lijkt

noodzakelijk.

Echter, het verbeteren van operatieve procedures wordt beperkt door de

oncologische vereisten aan deze procedure. Verdere ontwikkeling van

stemprothesesen fixatiemogelijkheden is mijns inziens de aangewezen weg

om een optimale stemrevalidatie te bewerkstelligen.
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Insertion of frontloading indwelling voice prothesis

Blom-Singer Indwelling Low Pressure Voice Prosthesis

The Blom-Singer Indwelling Low Pressure voice prosthesis kit consists of

the low pressure voice prosthesis,inserter, loadingtool, gel caps, lubricant,

flushing pipets and manuals. The following section is a condensed expla-

nation of the insertion technique. For a detailed description the reader needs

to refer to the clinician’s manual. The prosthesis is removed from the TEF

by pulling it out with a hemostat (figure A.1).
 

    
Figure A.1: Removalof the Blom-Singer Low Pressure voice prosthesis with a hemostat. Pre-
paring the voice prosthesis for insertion using the loading tool.
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The preparation of the prosthesis to make it ready for insertion is done

before removing the old prosthesis or after removal of the old prosthesis

followed by insertion of the 22 Fr. fistula stent to minimize the time in which

leakage can occur from the esophagus towards the trachea.

The strap of the prosthesis is inserted in the center hole of the loading tool

(figure A.1). It is then gently pulled in such a way that the esophageal re-

tention collar (flange) is folded upwards in the hole. The transparent part

of the gelatin capsule is placed in the groove of the loading tool over the

folded retention collar. Now the prosthesis is pushed out of the loading

tube in a reversed motion leaving the gelatin capsule over the forwardly

 

   
 

Figure A.2: Blom-Singer Low Pressure voice prosthesis with the gelatin capsule over the for-

wardly folded esophageal flange. The Blom-Singer voice prosthesis attached to the inserteris

slightly lubricated with the lubricant gel. The prosthesis is inserted into the TEF
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folded retention collar (figure A.1). Place the prosthesis onto the inserter

and attachits trap to the safety peg (figure A.2).

Directly after applyinga little bit of the lubricant gel, the prosthesis is in-

serted into the TEF (figure A.2). Push the prosthesis so that the tracheal

flange pushed against the tracheal posterior to assure complete insertion

(figure A.3). After minimally three minutes the gelatin capsule will be dis-

solved resulting in an unfolded esophagealretention collar (letting the pa-

tient drink a glass of water can dissolve the gelatin capsule faster).

To assure properpositioningof the prosthesis, rotate the prosthesis thatis

still on the insertion stick (figure A.3). The prosthesis should rotate freely

 

9

   
 

Figure A.3: Insertion of the Blom-Singer Low Pressure voice prosthesis into the TEF Rotation

of the insertion stick and thereby of the prosthesis gives an indication of a complete dissolved

gelatin capsule and proper placementof the prosthesis.
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within the TER, if not so the prosthesis can be wedgedinside the TEF

Whenproper placementis verified the inserter stick is removed.If desired

the complete expansion of the esophageal retention collar can be checked

with an AP X-ray of the neck which should show a perfect circle of the

radio-opaque esophageal retention collar.

The strap can be removedor gluedto the peristomal skin with silicone skin

adhesive (figure A.4). The insertion is ready and the patient can use the

prosthesis.

 

    
Figure A.4: Manual occlusion of the tracheostomato shunt air towards the esophagus. Optional
detachmentof the strap of the Blom-Singer Low Pressure voice prosthesis.
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Provox2 Voice Prosthesis

The Provox2 voice prosthesis is a low resistance indwelling medical grade

silicone device. It can be inserted through the tracheostoma or through the

mouth (backloading). In the following section the frontloading insertionis

briefly discussed.

The Provox2 Voice Rehabilitation System consists of the prosthesis, insertion

tool, cleaning brush and a manual. Refer to the manualfor a complete in-

sertion and maintenance instruction.

Removal ofthe old prosthesis is done by either pulling it out with a hemostat

(figure A.5), or by pushing it into the esophagus after removal of the tra-

 

    
Figure A.5: Schematic drawing of removal of the Provox2 from the TEF and loading of the
Provox2 into the insertion tool.

153



Appenatx

cheal flange in order to swallow it or to remove the device with a guidewire.

Insertion can be done by two methods;insertion it through the tracheostoma

or by insertion through the mouth (backloading). The insertion through

the tracheostoma will only be discussed.

Loadingthe voice prosthesis into the insertion tool (figure A.5): the voice

prosthesis is attached on top oftheinserterafter the security stringis fixed

into the slit of the inserter. The esophagealflangeis folded into a forward

direction so it can slide into the loading tube. The prosthesis will advance

approximately 1 cm while a small part of the esophagealflange protrudes

throughtheslit of the loading tube. This protruding part is then pressed

 

   
 

Figure A.6: The Provox2 loading tube with prosthesis inside is inserted into the TEF. The pros-
thesis is then pushed forward by pushing the inserter while keeping the loading tubein position.
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inwards with the thumbto allow further advancement of the prosthesis

andinserter in the loading tube to the mark line 1 on theinserter.

The loading tubeis placed into the tracheoesophagealfistula (TEF) reach-

ing the posterior wall of the esophagus(figure A.6). While keeping the load-

ing tube in position the prosthesis is pushed forward with the inserter to

the markline 2. At this point the esophagealflange is expanded.

Now, the loading tubeis pulled back while the voice prosthesis and inserter

stay in place. By pulling the loading tube back the tracheal flange should

expandthereby leaving the Provox2 voice prosthesis in its indwelling posi-

tion. After having removed the loading tube overthe inserter the proper

 

    
Figure A.7: The Provox2 voice prosthesis with bothflanges fully unfolded while still attached to
the inserter with the security strap. After checking the proper position of the voice prosthesis

the strap should be cut off. On exhaling and occlusion of the stoma sound will be generated.
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fixation is checked.

Whenthe clinician is assured of properfixation the security strap is cut off

and the patient is ready to use the prosthesis (figure A.7). In the case that

the tracheal flange does not unfold completely or the deviceis still com-

pletely in the esophagus a hemostatis neededto pull the prosthesis through

the TEF towardsthe tracheostomato deliver the tracheal flange. This is a

minor complication but can be troublesome to those with minimal experi-

ence with backloading voice prostheses.

Insertion offrontloading prostheses
 

VoiceMaster Voice Prosthesis

The VoiceMaster voice prosthesis is a frontloading indwelling device. It

consists of a Teflon or silicone ball valve, a titanium barrel and a coating

made out of medical grade silicone. The VoiceMaster package consists of

an inserter, cleaning tool, prosthesis, lubricant and manuals. Refer to the

manuals for a complete insertion and maintenance instruction.

Important for the safe insertion of the VoiceMaster is to understand the

color code of the inserter. Througha little window in the inserter the posi-

 

 

  
 

Figure A.8: A schematic drawing of the VoiceMaster voice prosthesis with its insertion tool.
Whenthe red coloris visible the prosthesis is not locked onto the inserter. When the yellow
color is visible the prosthesis is locked onto the inserter but not elongated. The green color

indicates a locked prosthesis onto the inserter while the esophagealflange is being stretched.
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tion of the plunger can be read asit is indicated by three colors. The red

color indicates that the voice prosthesis is not locked onto the inserter. The

yellow color indicates that the voice prosthesis is locked onto the inserter

and the esophagealflange is in the normal not extended position. The green

color indicates that the voice prosthesis is attached and the esophageal

flange is stretched.

Removalofthe VoiceMaster prosthesis can be doneby reversing the inser-

tion procedure described in detail in the section below or by pullingis out

of the TEF with a hemostat.

 

    
Figure A.9: When the prosthesisis fully stretched (elongated) is can be inserted into the TEF
Oncethe prosthesisis inserted its fixation can be checked by reversing the plunger to the yellow

position followed by gently pulling (indicated by arrows in second highlight), Once properfixa-
tion has been verified the plunger is moved back until the red coloris visible followed by detach-
ment betweenthe inserter and prosthesis.

1$8

Insertion offrontleadingprostheses
 

The VoiceMaster voice prosthesis is placed onto the inserter while the color

indication is red. The safety strap is attached to the notch of the inserter

(figure A.8). The plungerof the inserting tool is pushed inward until the

yellow coloris visible. At this point the prosthesis is locked onto the inserter.

The prosthesis is then lubricated with the lubricant gel. Further advance-

ment of the plunger will stretch the star shaped esophageal flange into a

spindle shape. When the prosthesis is fully stretched (plunger pushed

maximally inwards) the prosthesis is ready for insertion (figure A.8).

The elongated prosthesis is pushed through the tracheoesophagealfistula

 

   
 

Figure A.10: Schematic drawing of the VoiceMaster voice prosthesis after insertion with the

safety strap removed. Occlusion of the stomawill shuntair from the lungs towards the esophagus

and soundwill be generaled.
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until the trachealflange completely touches the tracheal posterior wall (fig-

ure A.9). The flexible plunger-tip with the ball valve on top will in most

cases follow the esophageal contoureasily.

However, when inserting the VoiceMaster voice prosthesisfor the first time

in a patient it is helpful to first use the 22 Fr Blom-Singerfistula stent.

Using this stent allows the clinician to get informed about the direction of

the fistula and slightly dilate the fistula to allow easierinsertion.

Next, reverse the plunger until the yellow coloris visible. At this point the

prosthesis is locked onto the inserter but the esophageal flange is not

stretched. Gentle pulling of the inserter allows the clinician to verify the

right placementandfixation of the prosthesis. Oncethe elinician is sure of

properfixation the plunger can be reversed further until the red coloris

visible (prosthesis is not locked to the inserter) and the inserter can be

detached from the prosthesis. The safety strap is also detached and can be

clued to the peristomal skin with silicone skin adhesive or cut off. The in-

sertion is complete and the patient can use the prosthesis (figure A.10).

Gluing the safety strap to the skin does give additional safety but at the

same timeit can hinder the use of Heat and Moisture Exchangers (HMEs)

and tracheostomavalves. Since these devices are also glued to the same

skin, removalofthese devices increasesthe risk of accidental pulling of the

voice prosthesis safety strap. This pulling increases the chanceofdislodg-

ment. For this reason weroutinely remove the safety strap after insertion.

The removalof the VoiceMaster voice prosthesis is either done by revers-

ing these steps or by pulling the device out with a hemostat.
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Behorende bij het proefschrift "Physical aspects of prosthetic voice rehabilitation
after total laryngectomy" te verdedigen op 29 oktober 1998 door W. Grolman,
Faculteit der Geneeskunde, Universiteit van Amsterdam.

1,

10.

11.

Aérodynamische meetopstellingen in vitro en in vivo gekoppeld aan een
computer zijn noodzakelijk om de eisen vanuit de anatomische / fysiologische

situatie bij gelaryngectomeerden te vertalen naar optimale fysische en
prothetische kwaliteiten.

De in vitro bepaalde aérodynamische karakteristieken van stemprothesen zijn

indicatief voor de in vivo karakteristieken.

Gelaryngectomeerden met een stemprothese gebruiken relatief veel pulmonale

energie bij het produceren van stemgeluid.

Het adagium dat de weerstand van een stemprothese slechts in kleine mate

bijdraagt aan de fonatiedruk is onjuist.

De kans op aérofagie neemttoe bij het verlagen van de stemprothese weerstand.

Alle gelaryngectomeerde patiénten dienen gemotiveerd te worden om op Zijn

minst een warmte en vocht wisselaar te proberen.

Zeker als de fixatie van tracheostoma spreekkleppen verder wordt verbeterd zal

de toepassing daarvan -terecht- sterk toenemen.

Een geluidsvormende stemprothese zal een belangrijke vooruitgang in

stemkwaliteit betekenen zeker als de gebruiker de toonmodulatie kan beheersen.

De diameter van een stapesprothese kan invloed hebben op het post-operatieve
gehoor na stapedotomie. (W. Grolmanet al. Eur Arch Oto, 1997)

Veel mensen besteden onnodig veeltijd aan het ontwerpen van een web pagina
zolang ze hun URL vergeten aan te melden bij een search engine.

Indien kwantificering van OK produktie een uitgangspunt blijft voor het
vaststellen van het budget in academische KNO afdelingen komen zowel de
kwaliteit van de opleiding tot specialist als die van de academische kliniek ter

discussie te staan.
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