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ABSTACT

Laryngopharyngeal reflux (LPR) is currently one of the most prevalent conditions associated
with voice disorders being treated in voice care centers worldwide. Many singers experience
voice related disturbances but are unaware that these disturbances may bdt thieLileRBu The
purpose of this study was to quantify the perceptual symptoms and objective measures of LPR in
a population of singers in order to understand the relatioh&tvpeen perceived symptoms,
laryngeal findingsand evidence of acid exposure to the laryitke Rélux Symptom Index

(RSI), Reflux Finding Score (RFSand theDx-pH monitoringsystemwereused to quantify
participant symptoms, endoscopic findings, pitlevels in the oropharynxThe population
included12 semiprofessional and professiorahgers. Significant correlations were found

between the RFS, RSI and phild and moderate pH level§ his indicates that singers are

sensiive to even small deations ofpH and this should be taken into consideration when
evaluating a singers whoVesuspected LR. Due to the variety of etiologies that can produce
the symptoms and physical findings mentioned in this study, it is imperative that more objective
data beobtained to confirm the presenagreflux in the oropharynxAs such,endoscopic
findingsand symptomalone are not a good indication of reflux exposure and more objective
data, like an oropharyngeal pH measurement systeould be implemented guantify reflux

in the oropharynxThe RSland the RF&re valid tools for qualifying perceptions and physical

findingshoweverthey are not without flaws.



Thiswork is dedicated to allingersand the people who keep thetmealthy.
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CHAPTER ONE: INTRODUCTION

Laryngopharyngeakflux (LPR) is currently one of the most prevalent conditions
associated with voice disorders being treated in voice care centers worldwideman, 1991)
Often patients are empirically treated with antireflux medications with the rationale behind this
treatment choice driven by patient symptoms and endoscopic findiidugh heseare useful
diagnostic tools, thegre subjective and can be heavilfluenced by aifacts in
instrumentationsuch adighting or evaluato@s experienceln order to ascertain if reflux is truly
playing a primary role in a patientdés voice d
bet ween pat i enhyscalfirgligggrmorembyestiveadatad is need@telchner et
al., 2007; Belafsky, Postma, & Koufman, 208tanski, Bhattacharyy#® Shapiro, 2002

LPR has been described as the retrograde movement of gastric contents into the larynx,
pharynx and uppererodigestive tract (Belafskipostma, & Koufman, 2001). ¢an occur in
the absence dfaditionalesophageal symptoms améygo undetecteduntil more severe
structural pathologies developlany singers experience voicelated disturbances but are
unaware that these disturbances may be the result of BBRuchreflux has been implicated
as an etiologic factor in the diagnosisseteral structural pathologisach asodules
generalized edemandpolyps particulaty in a population of professional singers (Spencer,
2006).

Reflux thataffectsthe larynx might only cause subtle tissue charfgesposterior
interarytenoid edema and erythema an@xressive accunfation of mucousyet, may result in

noticeable changes in voice qualitye. hoarseness, loss of rangecal fatigue). These subtle



changes can bespeciallyproblematic to singers because of pinecisionwith which a singer
utilizesthe laryngeal musculatume order to oordinate a sung tond-or example, ingersoften
sustainhigh frequencies where the vocal folds remain in an elongated and stretched position for
extendedperiods of time. Theynaintaina highamount of subglottic air pressure in order to
produce a loud sounds well as produce sounds that are high andrsaftiring elongation of

the vocal folé with less subglottic pressure (Hixon, 2006). Theseskills canoften t&es years

to cultivate The demands singers place on their voioay rendeeven slight alterations to the
laryngeal tissue problematiand could potentially impair performance (Sataloff, Castell, Katz,

& Sataloff, 2006). The physical demand of training the respiratory angngeal musculature
specifically for singing (i.e. the muscular coordination of the diaphragm, intercostal musculature,
and abdomina)smay place singers an elevatedlisk for developing LPR due to the increase

the interabdominal pressymaaking stess and dysfunction to the lower esophageal sphincter
more likely(Pregun, et al., 2009; Cammarota, et al., 2007).

The lifestyle of the performer is certainly otypically prone to pressure and challenge.
Singerscanhaveanxiety andstresduring auditions and performances.is well known that
psychological stress may result in hyperacidity and motility iséBataloff, Castell, Katz, &

Sataloff, 2006).Sincea s i n g e r 6 stheirbodytthe qualityfheir peformance is

largely dependent of the conditiontbkir body Selby, Gilbert, & Lerman, 2003 Singersalso

may not have ideal eating habitluie to late night rehearsals and performaacekhave an
inconsistent sleep patterhherefore, singers withften be more affected by subtle tissue changes

than the general population



Etiology of Reflux

The cause of reflux is a controversial topic and one that needs further investigation.
Various causative factors might include: side effects of medications, irritation from foods,
psychologicaktress, obesity, lifestyle, voice use, well as other causeThese triggersanlead
to dysfunction of different anatomic areas including: the upper and lower esophageal sphincters,
the entire length of the esophagus, the larynx, the pharynx, oral cavity, tracheaeatiet
lungs. LPR iscorsidered an aedigestive disease because the dysfunction from lower
esophageal structures can cause the back flow of gastric contents into the esophagus, larynx,
pharynx, trachea, or lungSataloff, Castell, Katz, & Sataloff, 2006apienza & Ruddy, 2008
LPR and GER[Ygastroesophageal refluxsédase) can cause significant damagel in some
casescan lead to more serious and life threatening complications, such as erosive esophagitis,
Barrettds esophagus (a precancer ou(senderkimgdi t i on
et al, 2003. While the severe complications associatgith reflux can be life threatening, the
subtle complications can be career altering or ruining, as in teeotassinger. A singer who
constantly experiencdmarseness due to muabsritation caused by reflux may miss out on
performances or audition opportunities that they might have been able to partigipai itmot

been for the reflux irritation.

It is well known that the larynx is more susceptible to reflux injury theresophagus,
because the larynx lacks both extrinsic and the intrinsic epithelial defefitbesesophagus
(Mesallam, Stemple, Sobeih, & Elluru, 200 herefore theesophagus can toleragecateracid

exposure than the larynx and upper airway. The esophageal protective mechanisms include:



peristdsis (a symmetrical contraction of the esophageal muscles which si@atevnward
moving wave to help clear food and liguid mucosal structure thadre better tolerate exposure
to aad, and bicarbonate productiomhich helps prevent over acidif$ataloff, Castell, Katz, &
Sataloff, 2006)The presence of pepsin in the larynay resultin depletion of carbonic
anhydrase isoenzyme lll and squamoushetial stress protein. These proteins provide
protection to the tissue of the larynx amdhen reducedeave the laryngeal tissue more
susceptible to injurgJohnston, et al., 2006; Johnston et al., 2004)

Certain foods can irritate the mucosal linmigghe esophagus, as well as decrease lower
esophageal sphincter (LEf)essureThis, in turn, leaves the esophagus and the larynx at risk of
being exposed to gastric contenEatty foodsspicy foodschocolate, caffeine, alcohdalitrus
juices, tomato products, coffee, cola drinks, anchtege beeriound to be irritants and possibly
contribute to GERD and LP&apienza & Ruddy, 2008; Dent, Dodds, Friedman, et al.,)1980

Medications that can cause irritation might include: patas€hloride, iron sulfate,
gelatincapsuleantibiotics, nonsteroidal aniflammatory drugs (NSAIDs) and alendronéde
Groenet al., 1996). Medications known to decrease LES pressure inphadgesterone,
theophylline, anticholinergic agents, adrageragonists, adrenergic antagonists, diazepam,
meperidine, nitrates, arwlciumchannelblockers(de Groeret al., 1996 Sataloff, Castell, Katz,
& Sataloff, 2006). Certain medicationsayhave side effects that decrease esophageal pressures
and promoteeflux including: anticholinergics, sedatives, tranquilizers, tricyclic-defiressants,
theophylline, nitrates, and calcium chanbtdcking agent¢Sataloff, Castell, Katz, & Sataloff,
2006). It is important that physicians, clinicians, and patiemidenstand thisso that

medications can be altergfipossible and diet modifications can be made.



When considering pressures exerted on the esophagus it is necessary to consider how
breath coordination for singirfignctionsand how it could play a t@ in reflux. The nuscles of
controlledexhalatiorraise the intraeabdominal pressure, forcing the diaphragm upward, thereby
compressing air in the chesiigkon, 2006 Spencer, 2006 Singers are especially proteereflux
because of the high¢harnormal abdominal pressures exerted during singing, which puts more
pressure on the LES and daadto dysfunction. Thereforgintra abdominal pressure created
when producing breath coordination may increase the pressure against the stomach and
intesines increasing the likelihoodf reflux. This can be thought of as similar to the pressure
exerted on the LES after eating a big meal,b t
effects of obesity on the stomach and esophagus, aaswlé effects olvearing tightfitting
clothing Spencer, 2006 Gastric distension created when liftihgavy objectsduringa bowel
movement, creating breath support when singing, and after eating a big ms@intaatethe
lower esophageal sphincteausingit to relax. The latter of whicis considered the most
common cause of reflux episodes (Kikendall, Friedman, Oyewole, et al., 1983). Sataloff,
colleague42006) suggest that many singers do not eat before performing because a full stomach
i nt er f ebreatlss uwiptor td and can induce refl ux. Bec
at night after a performance and go to bed shortly afterebyincreasing their chanced
reflux events at night while sleegjiiSataloff, Castell, Katz, & Satalof2006).

Other causative factors might include: emotional stress, smoking, and alcohol use.
Smoking and alcohol use promote reflux by decreasing lower esophageal pressure, impairing
esophageal motility and mucosal integrity, increasing gastric acid secaataelaying gastric

emptying (Sataloff, Castell, Katz, & Sataloff, 200&tress is a weknown causative factor in



many illnesses and diseases. Increased life stressors or nervousness may overly activate the
digestive system and precipitate refl8péncer, 2006)It is obvious then that stress affects the
production of acidas well as creates a vicious circle with pharyngeal stimulation relaxing the
lower esophagus. Interestingly, stimulation to the pharykexwhen singing, can cause
transientower esophageal relaxation, which creates an open path for gastric acid to reflux into
the esophagus and upper airway (Castell, 1998)psinskiene and colleagu@O07) found that
participants with LPR had decline imquality of life scoresand psychological disturbances

based on the voice handicap ind&¥l), hospital anxiety and depression scale, disability in
social activitiesscale and welbeing in generadcale(W-BVAS) than those found ithe control
group who weravithout LPR. The differences described irthis studyresolvel afterthe

participants begamedical treatmenfor LPR. The authors concluded that psychological
symptoms suchsdepression and anxiety might increase the perception of LPR symptoms in
those without the dissa. The authorslsosurmised that LPR itself might contribute to
decreased psychosocial function and increased ar{(8etysinskiene, Adamonis, & Toohill,

2007).

SincelLPR is considered an aerodigestive disease it is necessary to consider the upper and
lower esophageal sphincters and their possible dysfunctions. The upper esophageal sphincter
(UES) is open for only approximately 500 milliseconds duargyvallow The bwer esophageal
sphincter (LES) relaxes at the onseaawallowand remains relaxed until the wave that propels
a foodbolus into the stomach has stopped. These sphincters must remain at a constant pressure

when not swallowing to prevent the movemenaiofor food into the esophagus. When the



contraction of these sphincterdaxes gastric content is free to reflux into the esophagus and the
upper and lower airways.

Interestingly, it has been found that an abnormal pharyngeal pH environment can be
caused by decreased salivary production, change in bacterial flora of the pharynx, and reflux of
gastric juice into the pharynx (Korsten, Rosman, Fishbein, Shlein, Goldberg, & Biener, 1991;
Sonnenberg, Steinkamp, Weise, Berges, Wienbeck, Rohner, & P&2), IOnly thdatteris
likely to be associated with LPR symptoms. Therefore, oropharyngeal pH measures in

symptomatic patients need to be interprekegping these other etiologies in mind.

Symptoms

Voice and vocal qu adentity gnd eur jedgnerisof others mag per s
be influenced by the quality of their voice. Thus, vocal problems can precipitate negative
psychological, emotional, and social consequences for affected indivileatiefking et al,

2003. This can be especialtyue for a singerWhen a person hastermittent abnormal
sensations and perceived voice disturbasoeb as hedstirn andhoarsenesst is perhaps
noticedmore than if someone has a consistent voice problern as loss of vocal range
Symptom corredtion in LPR patients may be more diffigudspecially when symptoms are
continuous and not intermittent (Sataloff, Castell, Katz, & Sataloff, 2006). For example, a
patient that presents with vocal fatigue and explainshsavoice has felt tired forfaw months
and is no longr able to sing softlynay be unaware thétte symptomsan be related to subtle

tissue changes caukby reflux.



Common symptoms in the general population associated with LPR inchadieing
hoarseness, sensation of a lumphm throat, throat tickle, sore throat, a sensatidultifess in
the throatnight time coughregurgitationswallowing difficulty, globus sensation, throat
clearing, and excessive muco@elafsky, Postma, & Koufman, 2001%ome of the less
common laryngeal and pharyngeal symptoms include: worsening asthma, wheezing, shortness of
breath, dental hypersensitivity, laryngospasm, nausea, otagstle spasms, bronchospasm
from aspiration, and halitosis. It should alsadisussedhat GERD could cause indirect
irritation to the larynx due to esophageal irritation caused by a vagal reflex. This reflex can
trigger a cough or throat clear, which in turn can camsehanical trauma on the vocal folds
resulting inmucosal irritaibn (Sataloff, Castell, Katz, & Sataloff, 2006).

Reflux has been knowto cause breathing problems or exacerbagpiratory disease.
Harding, Guzzo, and Richter (1997) found that8006 of asthmatics also hachistory of
GERD. Thepathologic linkage of the digestive and respiratory systembdwmheavily
studied. Resultsyield solid evidence oé relationship between reflux and asthma through
Asilento microaspiration and connecting vagal
(Spencer, 2006). It was suggasbyO6 Connor , Si n(98Dthatempirit Ri c ht er
treatment with reflux suppressive medicatidodowed by pH testingto be the most cost
effective way of determining whetbwealkn@GdERD pl a
that some of the most common systems of asthma are wheezing and shortness of breath. It
seems valid then to assume that these symptom
ability to speakor sing The ability to sustain long ptses could be reduced, theerallcomfort

for producing voice might be reduced, the ability to take a deep breath could be reduced, and



these respiratory problems turn, could cause a person to become hyperfunctional in their
voice production. When thizccurs, patienteight subconsciously strain to compensate with the
muscles of the throat and neck (Spiegel, Sataloff, Cohn, Hawkshaw, & Epstein, 1988).

In order to sing well, one must have exquisite control and coordination of the respiratory,
phonatoryand articulatory systems. Any imbalance to these systems and voicetjgmodaa
be negatively affected(eathiness, hoarseness, loss of range, discomfojt, Stdtle changes
in the ability to balance these systems may cause a singer to compensate and create tension
leading to further vocal difficulties and problems (Lundy, Casiano, Sullivan, Roy, Xue, & Evans,
1999).

When working with singers who have vojgmblems, it is obvious that singers
experience specific symptoms and are affected by microscopic changes, which the general
populationmay not experiencer readily recognize Furthermorelloyd, Lehman, Spector,
McCrea, Carson, & Rudd{2009) found thathe items on the RSI might not be sensitive enough
to capture the subtle symptoms that singers may perceive when experiencing hetefore,
additionalquestions were developeddstudiedby Lloyd, Lehman, Spector, Meemon, Lewis, &
Ruddy (2010). Thewere found to be more sensitivecapturingthe effects of LPR in this
population. The questions includedlated to the perception mfcreased effort when singing,
loss of vocal range, difficulty with producing soft sounds, vocal fatigue, a change in vocal
guality, and hard tonal onset

Cammarota et al(2007)and Pregun et al(2009)investigate the prevalence of GERD
symptomsin a large populationf professional opera choristeandfound that opera choristers

had a statistically significant higher prevalence of reflux related symptoms than the general



population. The most commaymptomsancluded: heartburn, regurgitation, cough, and
hoarsenessln these two studieshe authors surmised that singers@itenpredisposed to

reflux becaussinging requires extreme changes of subglottal pressure andlatoaninal
pressureplacingresigance and strain on tliltaphragmgcausingreflux. The diaphragm consists

of striated muscle fibers, which fatigue quickly when being contracted for long periods of time.
Shafik, Shafik, ElSibai, & Mostafa (2004) found that the crural electromyograpttiwity
disappeared after a period of being strajred thus lacked response after having been strained
for that period. It seems logical that the irtitadominal pressuremployedin singing could

cause the same to occur and thus induce reflims siggests that intrabdominal pressure

could indeed play a causative role in reflux.

Laryngeal Findings

Irritation from LPR has the potential to cause structural changes to the larynx including:
edemapolypoid degeneratiolR e i n k e 6 srytherdagamtact ulcerslaryngeal granuloma,
interarytenoid pachydermiaupraglottic and subglottic stenogigrtial or obliteration of the
laryngeal ventricle, pseudosulcuaglayed woud healing;and in severe cases, laryngeal cancer
(Sataloff, Castell, Katz& Sataloff, 2006 Rothstein, 1998Belafsky, Postma, & Koufman, 2001
Lenderking, Hillson, Crawley, Mae, Berzong& Pashos, 2003)Erythema and edema of the
mucosa on top ohk arytenoid cartilages are reportede some of the most prevalent laryrigea
findings withLPR (Sataloff, Castell, Katz, & Sataloff, 2006). Specific vocal fold findings which
are listed on th&FS(Belafsky, Postma, &oufman, 2001) include: pseudosulcus (infraglottic

edema), ventricular obliteration, erythema/hyperemia, vocal fold edema, diffuse laryngeal

10



edema, posterior commissure hypertrophy, granuloma/granulation, and thick endolaryngeal
mucus. A study by Chunget al., (2009employed24-hour ambulatory double pH monitoring,
theRSI, and theRFSand found that edema is one of the most prevalent finding in the larynx

related to LPRExamples of these endoscopiailings are depicted in Figure 1

Normal Vocal Folds

Physical findings associated with LPR

Posterior
Edema
Erythema
Vocal fold
edema
Interarytenoid
Edema and
erythema
ry Granuloma
Excessive
mucous

Figurel. Examples of endoscopic findings associated with LPR

Lundy, Casiano, Sullivan, Roy, Xu&, Evans (1999jound that 73% asymptomatic
singing studentkad posterior erythema, which is suggestive of reflux irritation. This finding
suggests that singers maydseminglyasymptomatic to reflux irritation yet perhaps if they did

not have the posterior erythema, their vocal produgctight improveeven moe.
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Diagnosis

Diagnosis of GERD or LPR is based on patie
and relief of symptoms. Typical diagnostic tests related to GERD and LPR include: barium
radiographic study, esophagoscopy, laryngoscopy, esophageadtynbesiing, and pH
monitoring. Physicians maglsoevaluate theipper esophageal sphincter pressure, lower
esophageal sphincter pressure, as well as esophageal cle&adoscopy is used to document
visual mucosal changes and diseag&ecordingto Satdoff and colleague006) prolonged pH
monitoring is the most i mportant study to qua
symptoms are related to GERD or LP®4-hour pH impedance studies with symptom indices
have proven invaluable and effadvantages over empirical management gi8aealoff,

Castell, Katz, & Sataloff, 2006Y.et, with all of those tests, it has been stated that the gold
standard for reflux diagnosisasmempiric trial with antireflux medications (Vaezi, 2008).

Researclnasdemonstatedthatsymptoms andnucosal changes associated WBR are
found in the general population and that songrele of symptoms and findings arermal
(Hicks, Ours, Abelson, Vaezi, & Richter, 2Q@Reulbach, Belafsky, Blalock, Koufman, &

Postma, 2001)Thesestudesreinforcethe notion thatalthough reflux may play a role in a
voice problemthere could be other etiologic factors that need to be taken into consideration.

Studies have beamdertakeno test the reliability in rating endoscopic findingehe
reliability of endoscopic findings a topicof controversy. It has beeriound that interrater
reliability for rating endoscopic findings was poor and there was extreme variability for various
physical findings and concluded that accurate clinical assessment of laryngeal physical findings

is not reliable from clinician to clinicia¢Kelcher et al.2007 Branksi, Bhattacharyya, &

12



Shapiro, 2002).Thisreinforcesthe idea that more objective das needed ithe diagnostic
process andalthough endoscopic findings can be valid and helpifiely should not be the only
diagnostic tool used.

When examining the literature on the normal physiologic limit of reflux in the larynx and
pharynx,several studies have found that limit is not well defindwo events per day of LPR
with a pH below 4 have been found in healthy controls without LPR disease (Merati, Lim,
Ulualp, & Toohill, 2005; Vincent, Garrett, Radionoff, Reussner, & Stasney, 20@aloy
Lindestad, & Ramel, 2001; Ylitalo & Ramel, 2002Yloreover Koufman (1991)ndertooka
study onanimals which suggested that as few as 3 pharyngeal reflux events per week are
sufficient to produce laryngeal damage, especially witkegisting muosal injury.

Kawamura, Aslam, Rittmann, Hofmann, & Shaker (20@pprtedhat liquid and mixed
forms of reflux were not significantly found in the pharynx for LPR participants yet aerosolized
reflux was found to be significant. This finding suggelsés tise of a device that specifically
measures gaseous or aerosolized reflux is an invaluable tool to use in the diagnostic process.
Harrell, et al. (2005joundthat adding the hypopharyngeal sensor increases the detafction
gastric content that migheach the pharynx and laryngimilarly, Katz (1990) studied
ambulatory esophageal and hypopharyngeal pH monitariddpund that 70% of the
participantshadhypopharyngeal reflux findinggyet only30% hadesophageal reflux. These
studiesdemonstratethe importance of using a hypopiageal sensowhenperforming
ambulatory pH monitoring Specifically the use of a device that can detect aerosolized raflux,

order to accurately diagnosis possible reflux related voice problems.
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Several studies hau®en completetb establish abnormal pH thresholds for pharynx and
larynx. Ayazj et al. (2009) found that the pattern of pharyngeal pH environment was
significantly different in the upright and supine positions and therefore required different
threshold. For this group of normal participants the discriminatory pH threshadefound to
be between 6.5 and 6.0 for mild upright reflaxposurebetween 6.0 and 5.5 for moderate
upright refluxexposureandbelow5.5 for severe upright refluexposure Likewise, the
discriminatory pH thresholds were found to be between 6.0 and 5.5 for mild supine reflux
exposurebetween 5.5 and 5.0 for moderate refxposureand below 5.0 for severe reflux
exposure

Additionally, it has beeround thatboth theoropharyngeal probendthe standard dual
channel pH probeeliablydocumented LPR eventget the oral pharyngeal probe was better

tolerated by participant§¢Golub, Johns, Lim, DelGaudio, & Klein 2009; Wiener, et al., 2009).

Treatment

Reflux is a chrori and relapsing condition. Treatment focuses on elimination of
symptoms, healing of mucosal injury, management of complications, and maintenance of
symptomatic remission. Treatment often focuses on lifestyle modifications, pharmacologic
therapy, and ameflux surgery. There is also much controversy about how to treat reftux f
botha medical and behavioral standpoif@nce diagnosed with LPR, the singer is often placed
on prolonged or lifetime doses of antireflux medication (Sataloff, Castell, &e&®ataloff,

2006). The gastric content that is refluxed is mostly hydrochloric acid and the enzyme pepsin

(Spencer, 2006 Typical antireflux medications include: over the counter (OTC) antacids, OTC

14



and prescription strengthyHleceptor antagonists, jMioetic agents, and OTC and prescription
strength proton pump inhibitors.

GERD and LPR tend to recur quickly once therapy is stopped or medication dosage is
decreased (Sataloff, Castell, Katz, & Sataloff, 2006&mel, Hanon, and Kahrilas (1994) found
that hoarseness reoccurred after 6 months after being off treatment. Most patients, especially
those with extraesophageal disease, like the symptoms associated with LPR, requéeriong
medical treatment or surgery to achieve adequate healing andfedighptoms. Although
these medications have proven to be safe -tengsideeffects are unknown. dlitake these
medications over several years or a lifetime, can be quite costly. Furthermore, these medications
do not totally eliminate or cumeflux; they merely neutralize the acid that has been refluxed.
Patients can continue to be irritated from-péltral fluid, bile salts, and other substances that
can be irritating to the upper airway (Sataloff, Castell, Katz, & Sataloff, 2006). Therefore, when
medications and lifestyle changes fail to stop or reduce the reflux irritation, surgical treatment
may be an option. Of course, surgery has its advantages and disadvantages, especially for the
singer. Currently, a typical surgical procedure thgeidormedf or GERD i s Ni ssené.
fundoplication. In this procedure the upper part of the stomach is wrapped around the lower part
of theesophagus, whictreates a tighter sphincteritoprovecontrolof the reflux of gastric
content(Gaegea, 1991).

Many sngers are prescribed proton pump inhibitors giréteptor inhibitors because
they present with visual signs on endoscopic examination and have perceived symptoms
associated with LPR. Some individuals might have complete acid control but continue to have

persistent symptoms not related to reflux. Considering this, it is necessary to investigate other
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causes of theymptoms that patients might experiendéhese causawnight include
hyperfunction or poor vocal hygienélthough many studies have beemductedexploring
visualsigns, pHevels and patients symptoms of reflux, (Branski, Bhattacharyya, Shapiro, 2002;
Noordzij, Khidr, Desper, et al., 2002; Marambaia, Andrade, Varela, et al., 2002; Maronian,
Haggitt, Oelschlager, et al., 2003; Hill, Simps¥elazquez, & Larson, 2004) evidence
confirming the diagnostic significance of signs and symptoms is contradictory. As such, more
research is needwith larger populations and more precise measurements

The population of the singewas selecteébr this studybecause of the known
relationship between life style, occupational demand, voice use, and factors rel?&d to
Moreover performersmaybehaviorallyexacerbate their problems by eating large meals late in
the evening after performancessingtheir respiratory system for singing in a way that might
provoke reflux, as well dseing subjected tetressetc. All of which have the potential teesult

in hyperacidity and motility issues.

Purpose of this Study

The purpose of this study is to auifly the perceptuadymptomsand objectiveneasures
of LPR ina population osingersin orderto understand the relationstiptween perceived
symptomsJaryngeal findingsandevidenceof acid exposure to the larynXhe specific aims of

this study include:

Aim 1: To determine if aelationshipexistsbetweerendoscopic findingand oropharyngeal pH

levelsin singers.

16



Aim 2: To determine if a relationship exists betw@enception of symptoms and oropharyngeal

pH levels in singers

Aim 3: To detemine if a relationship exists between perception of symptoms and endoscopic

findings of reflux in singers.
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Hypotheses

1.) Ho: Singeis perceptiosof reflux symptoms will notorrelate withpH levels below 6.5
when upright andelow6.0 when supine
Ha:Si n g er 0 s soprefluxsynptoms aitcorrelate withpH levels below
6.5 when upright andelow6.0 when supine
2.) Ho: Singes endoscopic findings will naorrelate withpH levels belav 6.5 when
upright andbelow6.0 when supine
Ha:Si nger 6 s e n dwilkcorelpté withpH leveld below &5 when

upright andoelow 6.0 when supine

3.) Ho: S i n gnaild, thaderate, and sevepél levelswhen in the uprightr supine
positionswill not correlate with perceptions of reflux
Ha:Si nger 6s mil d, moder ate, and severe pt

positions will correlate with perceptions of reflux.

4)Ho : S imidyreodedase, and sevepél levels whenn theupright and supine
positionswill not correlate with endoscopic findings.
Ha:Si nger 6s mil d, moder ate, and severe pt

positions will correlate with endoscopic findings.

5)Ho:Si nger 6s per cept i olateswittoehdoscapit findings. wi | | not

Ha:Si nger 6s perceptions of reflux will cc
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CHAPTER TWO: METHODOLOGY

Study Design

This study represents a prospectiescriptive study witla population of singerisemt
professional and professional)yhe dependant variables include patigmhigtoms, endoscap

findings, and pHevels The independent variable is the gradgingers

Participants

Paricipants for this study includel2 (5 male and7 female professional athsemt
professional singefsom the greater Orlando are®&articipantsvererecruited from The Ear
Nose and Throat Surgical Associates Voice Care Center or The University of Central Florida
Voice Care Center associated with the Departraé@ommunication Sciences and Disorders.
The medical historyfor each participanivasreviewed andncluded in the results and discussion
whenrelevant Participantsvereincludedin this study if theyarea
professional/semiprofessional singer, inchgitollege music student®articipants were
excluded from this study if under the age of 18 or over the age dh@&med consenfrom the

University of Central Florida Review Boawhsobtained for each participafbee Appendid).

Procedures

pH measuremen®nce theRSlandRFSwascompleteda pH monitoring studywvas
performed TheDxip H Me a s ur e meran Respiyatoty Eeatifiology Corporation
(Regsech)wasemployedto determingoH levels in the pharynx, larynx and oral cavityhe
sensor detects aerosolized and liquid aciddmahges voltage potential relative to the pH of the
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environment iis exposed tdAyazi, et. al., 2009). The ResechpH monitoringsystencollects
dataoutside of the esophagtiserefore the pHineasuremerttas the potential tprovidea more
objectivemeasuremerdirectly related td_PR.

TheDxi pH sensor idl.5 mm in diameterPrior to insertionthe sensowascalibrated in
solutions of pH 7 and 4l'his sensowasinserted into the nose apthced in the oropharynx
behindtheuvula A lubricating gelwasused to insert it into the nose for participant comfdkt.
light emitting diodg(LED) flashedfor the first several hoursvhich aidedin the insertion and
correct placement of t Wwassesuedtstherpacipand ef ae@sos 0
Tegaderm tape, passed over the ear and then taped again to the neck. A travesuiipgred
to the participants clothing and thatd recordewasclipped to the participagts wai st | i ne.
transmitter wasvirelessly attached ttite pat i ent 6 s c¢ | goodrangegpf and al | ¢
motion. The sensor wasonnectedo a small microcomputer that welgpped to the waistso
that the articipantcould be monitored as they modaround in daily life. Fitting the pH probe

took approximately 5 minutes andasthen left in position for 124 hours The participant

presengdto the clinical setting after 184 hours and the prolveasremoved.

Figure2. The DxpH Measurement System

Data wagollected by thesensor twice every second and wasgtized by the DXTransmitter
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and then serib theResech recorder. It waken stored i nonvolatile memory data card.

Due topH notremainingsteady or reliableuring meal timesthe participantecordedn a diary

when theyate as well as indicatkeating times on the device worn on the waist. These times
werethen be excluded when dyzing the dataThe participant indicatewhen they laidlown

in a supine position, as the normative data for normal and abnormsldufferentin the upright

and supine positions. A studyagymptomatic participantanalyzed pH at 0.5 intervals beteve

4 and 6.5 and found ranges for mild, moderate, and severe iretdoxh upright and supine

(Ayazi et al., 200 Those thresholds and severity levels were used when reporting this data and
in the correlationn the current study

Patient Perceptiohe reflux symptom index (RSI), a psychometrically testéerd
guestionnaire used to quantify patientds perc
pharynx (Belafsky, Postma, & Koufman, 2008ach itemwasscored on apoint sale (See
Appendix B for the RSI scale).

Laryngeal findingsThe reflux finding score (RFS), a visual perceptual instrument, used
to document physical finding of LPR from the videolaryngostrobscopic examination (Belafsky,
Postma, & Koufman, 2001)The RFS consists of 8 categories of varying scores. For example, a
score of 0, 2, or 4 is assigned to the presence of erythema, depending of the severity of the
finding. The categories on the reflux finding score include: pseudosulcus (infraglottic edema),
ventricular obliteration, erythema/hyperemia, vocal fold edema, diffuse laryngeal edema,
posterior commissure hypertrophy, granuloma/granulation, and thick endolaryngeal (Geeis.
appendix C for the RFS scalelccording toBelafsky, Postma, & Koufmaf2001),a score of 7

or above suggests abnormal findings and could indicate the presence of reflux irritation.
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Analysis of the laryngeal examination obtained from the Kaypentax digital
videolaryngostroboscopy system, model 928&8scompkted by anndependent

otolaryngologistwith the RFS.The raterthad a history of more than 3@ars evaluating and

treating voice, upper airway and aerodigestive disorders in a clinical seftiegevaluatowas

blindedt o t he parti ci pant érsratihgithe videalayyngasirabossogionp t o0 ms
examination with the RFS instrument. Scoringdach item variedepending on the severity of

the finding and the raterds subjective interp
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CHAPTER THREE: RESULTS

Descriptive Results

This design regesents @rospective descriptivith three factors: the reflux system
index (9response variables), the reflux finding score (8 response variadohelspH monitoring
(8 variables), a total of 2fsponse variables. Data analysis inctbsieoring the RSI, RFS and
pH monitoring for each participant followed by calculation of meansaswdard deviation.
The number of reflux episodes in the upright and supasgtions the total timen minutesof
reflux episodesluring upright and supineogitions and the percentage of time of reflux
episodes during upright and supine positiaresdepicted in figures 3 througd. The total RSI

score and the total RFS for each partcipare in Figures 15 and.16

Upright:
During the upright conditionfigure 3shows a range of reflux episodes from 0 to 344. In

particular, it should be noted that participant 4 had 1 upright reflux episode belovweagbidfl

6.5, however, Figure ghows that this single episode lasted 732.6 minutes, whigtt®89.2%

of time in figure 5 In another example, it can be seen that participant 6 had 344 upright reflux
episodes below 6.5, however, these episodes lasted 266.6 minutes representing 30% of time in
the upridnt position. Lastly, figure 3hows that participantlthad 157 upright reflux episodes
below a pH level of 6.5 and, these episodes lasted 759.4 minutes, representing 86.4% of time.
Upright Mild

In figure 6it can be seen thaagicipant 6 had 221 mild upright reflux episodes between a pH of
6.5 and 6.0however figure 7shows thathese episodes laste88 minutes, which reflects

22.9% of timein figure 8.
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Upright: Moderate
In figure 6in can be seen that participant 11 had 1 moderate upright reflux episode between a pH

of 6.0 and 5.5 however, figureshows that this episode lasted 3finutes, which reflects

37.8% of time in figure 8

Upright: Severe
In figure 6it can be seen that participant 4 had 15 severe upright reflux episodesaljatbof

5.5, however, figure hows that these episodesté&d 681 minutes, which reflsc92.36 of

time in figure 8

Supine:
The range of mild reflex egodes can be seen in fig@@ewhichspans from 0 to 87. In

particular, it should be noted that participant 4 had 1 supine reflux episode belovesepéf |
6.0, however, Figure 18hows thathis single episode lasted 574rinutes, which rdécts 100%
of time in figure 11 Participant 8 had 29 supine reflux episodes below a pH level of 6.0,
however, these episodes lasteddaBinutes, which reflects 12&af time. Participant 9 had 87
supine reflux episodes below a pH level of 6.0, however, these episodes &Stadrites,
which reflects 7.2 of time. Participant 11 had 23 supine reflux episodes below a pH level of

6.0, however, these episodes lasted @&tinutes, which reflects 994 of time.

Supine Mild
In figure 12it can be seen that participant 9 had 87 mild supine reflux episodes between a pH of

6.0 and 5.5, however, figure EBows that these episode lasted 38.9 minutes, whidttefl

100% of tme in figure 14
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Supine: Severe
In figure 12it can be seen that participant 4 had 1 severe supine reflux episode lpHoof a

5.0, however, figure 18hows that this episode lasted 574.15 minutes, whiatctefll00% of
time in Figure 14 Similarly, participant 11 had 14 severe supine reflux episodes below a pH of

5.0, however, these episode lasted.3Minutes, which reflects 62&of time.

Number of upright reflux episodes below a pH of 6.
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Figure3. Number of upright reflux episodes below a pH of 6.5

Figure 3represents the number of reflux episodes for each participant below the baseline pH of 6.5 when
in the upright position.The x axis represents all of the participants and the y axis represent the number of
reflux episodes for each participant.

Total time of upright reflux episodes below a pH of 6.

Total time in minutes

Mean: 165.8
s.d: 264.2

Participants

Figure4. Total time of upright reflux episodes below a pH of 6.5

Figure 4represents the total time each participant experienced reflux below the pH bpldating.5
when in the upright positionThe x axis represents all of the peiggants and the y axis represent the total
time each participant experienced reflux episodes in the upright position.
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Percentage of time of upright reflux episodes below a
pH of 6.5
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Figureb. Percentage of time of upright reflux episodes below a pH of 6.5

Figure Srepresents thpercentage dime each participant refluxed below the pH level of 6.5 when in the
upright positionThe x axis represents all of the participants and the y axis represent the percentage of
time that each participant experienced reflux episodes in the upright position.

Number of upright mild, moderate, and severe reflux episode
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Figure6. Number of upright mild, moderate, and severe reflux episodes

Figure 6represents the number of reflux episodes for mild (between a pH baseline of 6.5,and 6.0
depicted in blug moder#e (between a pH baseline of &Ad 5.5, depicted in ridand seere (below a
pH baseline of 5.5, depicted in gréeaflux that each participant experienced when in the upright
position. The x axis represents all of the participants and the y axis regr#senumber of reflux
episalesfor each participanwithin the three severity groums the upright position
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800 Total time for upright mild, moderate, and severe reflux episode
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Figure7. Total time ofupright mild, moderate, and severe reflux episodes

Figure 7represents thetal timeof reflux episodes fomild (betweera pH baseline of 6.5 and 6.0
depicted in blug moder#e (between a pH baseline of 6.0 and 5.5, depicted Jnaad seere (below a
pH baseline of 5.5, depicted in gr¢eeflux that each participant experienced when in the upright
position. The x axis represents all of the participants and the y axis represent the total time each
participant experienced reflux episodeéghin the three severity grous the upright position.

Percentage of time for upright mild, moderate, and severe reflux episod
100 923
e 80
@
S
o 60
(@]
g 37.8
= .
3 40 9.2
o 24 22.9
o 1
20 - 75 12:9
6 6 0.1 7 46 14 6.3 1.8
2 000 0Op0 O 00 0 0 0. ) 00 000
0 i T T T T T T T - T T 1
1 2 3 4 5 6 7 9 10 11 12
Mild Moderate Severe Participants
Mean: 6 Mean: 4.2 Mean: 11.6 .
od- 9 cd: 10 od: 254 ® Mild = Moderate = Severe

Figure8. Percentage of time for uprigmild, moderate, and severe reflux episodes

Figure 8represents the percentage of timerfold (between a pH baseline of 6.5 and, @€picted in
blue), moderge (between a pH baseline of 6.0 and 5.5, depicted Jnaad seere (below a pH baseline
of 5.5, depicted in gregmeflux that each participant experienced when in the upright poslfenx axis
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represents all of the participants and the y axis represent the percentage of time that each participant
experienced reflux episodes within the thsegerity groups in the upright position.

Number of supine reflux episodes below a pH of 6
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Figure9. Number of supine reflux episodes below a pH of 6.0

Figure 9represents the number of reflux episodes for each panticielow the baseline pH of 6ahen
in thesupineposition The x axis represents all of the participants and the y axis represents the number of
reflux episodes for each participant in tugineposition.
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FigurelO. Total time of supine reflux episodes below a pH of 6.0

Figure 10represents the total time each participant experienced reflux below the pH baldeting.0
when in thesupineposition. The x axis represents all of the participants and the y axis represent the total
time each participant experienced ugfepisodesn thesupineposition.
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of 6.0

=
a
o

Percentage of time
o &

1 2 3 4 5 6 7 8 9 10 11 12

Mean: 26.7 Participants

s.d: 36.6

Figurell. Percentage of time of supine reflux episodes below a pH of 6.0

Figure 11represents the percentage of time each participfimked below the pH level of 6 @hen in
thesupineposition.The x is represents all of the participants and the y axis represent the percentage of
time that each participant experienced reflux episodes in the supine position.
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Figurel2. Number of mild, moderate, severe supine reflux episodes

Figure 12represents the number of reflux episodes fdd iftietween a pH baseline of 6.0 and 5.5,
depicted in blug moder#e (between a pH baseline of 5.5 and 5.0, depicted Jnaad seere (below a
pH baseline of 5.0, depicted in gr¢eaflux that @ch participant experienced when in supine

position. The x axis represents all of the participants and the y axis represents the number of reflux
episodes for each participant within the three severity groups in the supine position.
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Total time of mild, moderate, and severe supine reflux episod
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Figurel3. Total time of mild, moderate, and severe supine reflux episodes

Figure 13represents the total time of reflux episodes fddribhetween a pH baseline of 6.0 and 5.5,
depicted in blug moder#e (between a pH baseline of 5.5 and 5.@jaled in redl, and seere (below a
pH baseline of 5.0, depicted in gr¢eaflux that each participant experienced when irstiggne
position. The x axis represents all of the participants and the y axis represent the total time each
participant experigced reflux episodes within the three severity groups in the supine position.
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Figurel4. Percentage of time of mild, moderate, and severe supine reflux episodes

Figure l4represents the percentage of time fadr(fhetween a pHbaseline of 6.0 and 5.5, depicted in
blue), moderée (between a pH baseline of 5.5 and 5.0, depicted Jnaad seere (below a pH baseline
of 5.0, depicted in gregmeflux that each participant experienced when irsti@neposition.The x axis
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repreents all of the participants and the y axis represent the percentage of time that each participant
experienced reflux episodes within the three severity groups in the supine position.
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Figurel5. Total Reflux Finding Score

Figurel5 represents the tot&FSfor each participant. Thaghestpossible score is 28 he x axis
represents all the participants and the y axis represents the reflux finding score for each paisipant.
abnormal score is considered to be 7 or above.
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Figurel6. Total Reflux Symptom Index

Participants

Figure 16represents the tot&Sl score for each participant. Thiaghestpossible score is 45The x axis
represents all of the participamstad the y axis represents the reflux symptom index score for each
participant. An abnormal score is considered to be 13 or above.

Refux Finding Score
It can be seen in figure XBat only 2 of the 12 participant had a significant score on RFS as set

forth by Belasky and colleagues (2001). On the other,hiaoan also be seen that all
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participantsexcept participant,/had someendoscopic findings as rated by an otolaryngolpgist

even if only given the score of ane

Reflux Symptom Index
It can beseen in figure 16hat7 out of 12 had a score on the RSI that is considered to be

abnormal as set forth by Belasky and colleagues (2002). Additionally, 3 other participants had

scores that were close to abnormal.

Inferential Statistics

Spearman corfation mefficient was subjected to the data set to festrirelatiors
existedbetween the pH score, RFS, IRBable1 for significant correlationssee the appendix D
for all correlation data Spearman's correlation was used because the continuous variables in the
pH data areot normally distributed, RSI amrdinal variable, and RFS variableg/hich were
converted inta binaryvariable,can be used with a ngrarametric analysisuch as Speman
Rank Correlation Coefficier{Sprent & Smeeton, 2001Jhese testaverecompleted using the
statistical analysis software SPSS version 19.

Posterior commissure hypertrophy was correlated (p < 0.05)et@htime that each
participant had a pH level that was below 6.0 when in the supine position. This is also a
combination of mild, moderate and severe total tirBessatiorof something sticking ithe
throat or a lump inhethroat was correlateg < Q05) with total time that each participant had a
pH between 6.0 and 5.5 when in the supine posiidgaring your throat wasorrelatedp <
0.05) withtotal time that each participant had a pH between 6.5 and 6.0 when in the upright
position.Coughing after eating or after lying down was correldped 0.05) withthe total time

that each participant had a pH between 6.5 and 6.0 when in the upright p&sitiess throat
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mucous was correlatgg < 0.05) with theotal time that each participahad a pH between 6.0
and 5.5 when in the upright positidhoarseness or a problem witie voice was correlate(p <
0.05) with thetotal time that each participant had a pH between 5.5 and 5.0 when in the supine
position.Erythema/hyperemiwas correlatedp < 0.05) withclearingthe throat. Thick
endolaryngeal mucusas correlated@p < 0.05) withclearingthethroat.Thick endolaryngeal
mucuswas correlatedp < 0.05) withexcess throat mucousrythema/hyperemiwas correlated
(p < 0.05) wih difficulty swallowing food, liquids or pills.Erythema/hyperemiavas correlated
(p < 0.05) withcoughing after eating or after lying dowirythema/hyperemiwas correlatedp
< 0.05) withbreathing difficulties or choking episodé¥xseudosulcus (infgdottic edemayas
correlatedp < 0.05) withtroublesome or annoying cougRseudosulcus (infraglottic edema)
was correlatedp < 0.05) withsensation of something stickingtimethroat or a lump ithe
throat.

Tablel. Significant correlations betweesariables

Correlated ariables Correlation coefficient Significance level
RFS 6 x pH below 6.0 in supin| r =-0.584 p = 0.046
RFS 8 x mild pH in supine r = 0.590 p =0.044
RSI 2 x mild pH in upright r=0.715 p = 0.009
RSI 5 x mild pH in upright r=0.617 p =0.033
RSI 3 x moderate pH in uprigh| r =0.617 p =0.033
RSI 1 x moderate pH in suping r =0.611 p =0.035
RFS 3 x RSI 2 r=0.626 p = 0.029
RFS 8 Xx RSI 2 r=0.770 p = 0.003
RFS 8 X RSI 3 r=0.619 p = 0.032
RFS 3 xRSl 4 r =0.958 p = 0.000
RFS 3 x RSI 5 r=0.642 p = 0.024
RFS 3 xRSI 6 r=0.713 p = 0.009
RFS 1 xRSI 7 r=0.577 p = 0.050
RFS 1 x RSI 8 r =0.590 p =0.043

Table 1represents the significant correlations between the total timerigfht pH episodes (Below 6.5,
mild, moderate, and severe) and total time of supine pH episodes (Below 6.0, mild, moderate, and severe)
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and all the variables on the reflux symptom index reflux and finding score (see appendices B and C for a
listing of allthe variables).
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CHAPTER FOUR: DISCUSSION

This study set out tquantify the perceptual symptoms and objective measuleBRnN
a population of singers in order to understand the relationship between perceived symptoms,
laryngeal findings, and evidence of acid exposure to the laryhg. population of singers is an
important one to study because of their incrdasgce demansl, as compared with other
occupational voice users, their performance and daily living habits, axeéniends placed on
the respiratory system in order to sustainggstone. Also of importance aseecdotal reports
from treatment seeking patients refdito idiopathicvoice disturbanceshich included
intermittent hoarseness, increased effort when singing, loss of vocal range, difficulty with
producing soft sounds, vocal fatigue, a change in vocal quality, and hard tonaLémgbt (
Lehman, Spector, ®emon, Lewis, & Ruddy, 2010As can be seen throughout the literature
(Lundy, Casiano, Sullivan, Roy, Xue, & Evans, 1999; Casiano, Zaveri, & Lundy, 1992; Branski,
Bhattacharyya, & Shapiro, 2002; Kelchner, et al., 208nptoms and endoscopic findings
alone do not alwayprovide amaccurate diagnasfor reflux as a causative factor in voice

disturbances.

This is particularly a challenge when the reflux symptoms are thilel to the lack of
objective toolsavailable that arsensitiveenough ¢ capturemild events Therefore, the
primary focusn this studywas to quantify the degreesfi nger 6 s sensitivity t
experienced ivoice qualitywith the number and duration of reflux events due to the increasing
numbers of treatment seeking sirgseen aa national trend Koufman, 1991 Koufman, Amin,

& Panetti, 2000; Zerbib & Stoll, 2009; Sataloff, Castell, Katz, & Sataloff, 2005; Khan, Hashmi,
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Elahi, Tariq, & Ingrams, 2006) necessitating voice evaluation and empirical medical and

behaviorakreatment.

In this study it was shown that reflatfectingthe larynx might only cause subtle tissue
changesyet resulted irstatisticallysignificant perceptual symptoms. For instgrmpaeticipant 1
had a score of 13 on the reflux symptom indexhhie highest rated symptom beutifficulty
swallowing food, liquidsor pills. This particular symptom ig/pically indicative of a substantial
disturbance irsymptomgBelafsky, Postma, & Koufman, 2002). Y#iis participant received a
score of 3 orthe reflux findingscore, whichs not considered abnormal (Belafsky, Postma, &
Koufman, 2001). When looking at pH ldseit can be seen in figures86and 1214 that this
participantwas predominatelgxperiencingmild reflux in the upright and supinpositions
Because their RSI score was considered abnormal, their RFS was within normal limits, and their
pH levels were in the mild rangieis uncertain whether or not this participant would actually
receive medical or behavioral management for reflux @tinical setting.More likely, this
participant would be diagnosed with vocal hyperfunction and prescribed a vocal hygiene

program only (Sapienza & Ruddy, 2008mmermans,Vanderwegen, & De Bod05).

Similarly, participant 6 has comparable firdingswith mild reflux being the most
significant in the upright position, yetralativelyeven amount of mild, moderate, and severe
reflux in the spine position. Tls participant had a score of &8 the reflux symptom indeand
a score of 9 on theeflux finding score. This symptom profile indicates that this person
experienced mostly mild reflux in the upright position, yet expergna&l, moderate, and

severe reflux in the supine positiofurthermoreboth the RSI and the RFS scores were doun

36



to besubstantialvith the highest rated variables beimgarseness or a problem and

erythema/hyperemitor thephysical findings

When considering the data for participant 4 it is obvious thaptriscipanthadsevere
reflux events in both uprighind supingoositions (gse figure$-8 and 1214). Interestingly this
participant had acoreof 0 on theRFS which indicates that themwere no abnormal physical
findings on laryngeal examinatipyetscored a 12 on theSI, which is just below the levéhat
is considere@bnormal reflux symptom®elafsky, Postma, & Koufman, 2002It should also
be noted that thiparticipantis aneducated and well-trainedvocal performancerofessor who
reportedly takes good care of their body and larynx. lsis mhportant to note that this
participantwas on Aciphex, 20mg b.i.da proton pump inhibitor medication taken twice daily)
during the testing. This profile shows that symptoms and endoscopic findings alone do not
always give good representation of agigposure to the larynx. ,lih fact, only symptoms and
endoscopic findings were taken into consideration,gaisicipant with notable severe reflux

might have been misdiagnosed.

Similarly, it can be seen tha@articipant 7 had morexposure to fux throughout the
three severity groups in the supine positidine RSlIscorewas18 (abnormal score)yith the
highest rated variablescluding hoarseness and throat clear{Bglafsky, Postma, & Koufman,
2002). Yetthis participant wasnly assignea score of 2 for thRFS Again this suggestshat
perhaps physical findings alone are not always the best indicator of reflux related exposure or

symptoms.
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This study also revealed that evaluatiafjux episodeslone may not be theest
indicatorof reflux severity From a clinical perspectivehis is a critical factor to consideas a
more accuratanalysis ofcid exposure to the oropharynx might be found in the total(me
percentage of timeof acid exposuréo the upper airwayFor examie, participant 8 and
participant 11 preseatl with interesting findings.Both participantshad asmallnumber of
severe reflux episodes yet those episodesddmhger than mogparticipantan this study. As a
corollary to this participant 9 had arnge number of reflux episodes, yet those episodesarred
for ashorter period of time. The number of episodes, the total time of reflux episodes, and
percentage of time of reflux episodes were all listed for each participant because each measure
adds giece to the diagnostic puzzle. For example, participant 4 only had one upright reflux
episode that fell below a pH of 6.5. Yet that episode lasted 732. 6 minutes, this was 99.32
percentage of the time that this participant was in the upright posf@ionsidering this, total
time in minutes was selected for correlat@ralysisbecause it provides the most accurate data
in reference to the amount of acid exposure. This is especially true when considering the
implications ofmild, moderate, and sever#l fpevels. Future studieseed tancludethisin the
researcldesignto ascertairthe most accuratiaterpretation of data in order to confiron rule

outa diagnosis of LPR

The data of participant 9 &soof interest. Theypresented witimild reflux events in
both upright and supineTheir RFSwasassigned 7, with the highest scored variables being
pseudosulcus (infraglottic edema), erythema/hyperemia, and thick endolaryngeal ffugius
reflux symptom index score was a 26, the highest ahalparticipantswith the highest rated

variables being hoarseness or a problem with your voice, clearing your throat, and troublesome
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or annoying cough. This profile of findings and symptoms could indicate another etiology as the
source ofvocalproblens, such as allergies or phonotrauiBahlau,Oliveira, & Pontes2009

Roth, & Ferguson, 2010)As such it should be notethat these symptoms and physical findings
could have a different etiology other than reflux. As can be seen from thia daitsstudy,a

high RSl score does not always relate to physical findingsubsstantiapH levels (Figures i

8, 121 14, 15 and 16 Therefore, other etiologiesich asllergies,vocalover use, misuse,

organic disease, etc, could be the cause of the da@tgbance and tissue chan§apienza &

Ruddy, 2008Behlau,Oliveira, & Pontes2009 Roth, & Ferguson, 2010)Such results

highlightthe need for more objective ddita thediagnoss and treatent ofreflux.

It is interesting when comparing tRSI and RFS datalt can be seen in figure 15 and 16
that participants 1, 3, B, 7, 9, and 11 had a score that is considered abnormal on the RSI and
yet onlyparticipants 6 ané had a score that was considered abnormal on the B&&to
singes seniivity to even slight alternations in tissue changegm@doscopic exarof the larynx
may notcapture the microscopic changtat a singer perceived his assumption can be further
confirmedby consideringhe pH levels for these participant§Ve seeri figures 6/ 8 and 12
1l4that participants 1, 3, 5, 6, 7, 9, andalllhad upright reflux and albut participant 3had
supine reflux. Such results demonstratet although endoscopic findings did mudicate
reflux, the pH levels doWith that saidarotherstudy by this authoflloyd, Lehman, Spector,
McCrea, Carson, & Ruddy, 20p®und abnormal scores on the Rif&t did notcoincide with
scores on the RSI. Thésiggestshat the variables presented on Rl may alsonot be
sendiive enough to the singer amdho might experience more singing related voice

disturbancessuch asncreased effort when singing, loss of vocal range, difficulty with
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producing soft sounds, vocal fatigue, a change in vocal quafity hard tonal onsefThese
variables areot currentlyincluded in the RSI however these particular indices are being

subjected to a test of sensitivity and specificity by the cuaetitor

Whether or not reflux is the etiology behind voice disturbanééise singersin this
study voice problems can precipitate negative psychological, emotional, and social
consegences for affected individualshib is especially true to the singer and can be seen in the
high rated symptom indexSubstantiascores on th&SI, wereobservedn 7 out of the 12
participantsif persistent long enough, might be a factor in reduced quality of life and an increase
in stress and anxietyCheung, et al. (2009) found that LPR participants had taken sick leave,
reported an adverse impact their social life, worse scores on tfell, worse social
functioning, pain, as well as higher depressi
greatly reduced, considering the preciseness with which they use voice and how small changes in
the issue and create adverse reactions and changes to the production of sound.

Oyer, Anderson, & Halum (2009) found that the mB&i score of participants with a
psychiatric disorder was higher than those without a psychiatric disorder. Yet, the guaisicip
with psychiatric disorders had a less reported abnormal pH probe studies. The authors concluded
that anxiety and depression impairs the predictive value ®?8iéor LPR. Considering a
population of singers, performance anxiety and nervousness aiffgct the results of tHeSI.
The results of this study are similar to the findings of Wrayid colleague&005) where they
found that participants with GERD who also experienced psychosocial stressors had increased
perceptions of reflux symptomié heartburn yet did not have measurable increases in the

amount of esophageal reflux.
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It can be seen fromme current studthat5 out of the 12 participants indicated that they
had symptom related to breathing difficulties or choking episoRe$lux has been known to
cause breathing problems or exacerbate respiratory disdaseas found byHarding, Guzzo,
and Richter (1997) 780% of asthmatics also had GERD. Spencer (2G0gj)gestpathologic
linkage of the digestive and respiratory systems has yielded solid evidence of relationships
bet ween reflux and asthma through Asilent o mi
the esophagus and bronckdonsidering this, it is egdo see how these microaspirations could
cause irritation and could lead to throat clearing, coughing, and other breathing related vocal fold
behaviors.

Erythema and edema of the mucosa on top of the arytenoid cartilage are reported to be
some of tle most prevalent laryngeal findings with LPR (Chung, et al., 2009; Sataloff, Castell,
Katz, & Sataloff, 2006). The structural changes foundhéndurrenstudy included
pseudosulcus (infraglottic edema) erythema/hyperemia, vocal fold edema, diffuggeddryn
edema, posterior commissure hypertrophy, and thick endolaryngeal nlmaisurrent study
found similar findings to Chung and colleagues (2009) and Sataloff and colleagueswWBOGH)
Erythema/hyperemia and posterior commissure hypertroging repated substantially With
that saidL.undy and colleagues (1999), reported that 70% of asymptomatic singers had posterior
erythema. This can explain that although acid exposure can change the appearance of the tissue
it does not always cause symptomsableast not the symptoms that are included oriRi®le
Therefore anareafor future studyshouldtest singer specific variablésinclude: increased

effort when singing, loss of vocal range, difficulty with producing soft sounds, vocal fatigue, a
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chamge in vocal quality, and hard tonal onfelbyd, Lehman, Spector, Meemon, Lewds,

Ruddy,2010).

The amount of acceptable acid exposure or the acceptable amount of time for pH to be
below certain thresholds is unknown and motereresearch needs to designed in ordeio
determine how much acid exposure is normal and how much is abnormal. Two events per day of
reflux below a pH of 4 were reported in healthy contrMerati, Lim, Ulualp, & Toohill, 2005;
Vincent, Garrett, Radionoff, Reussner, & S&gri2000; Ylitalo, Lindestad, & Ramel, 2001;
Ylitalo & Ramel, 2002), yet the total time of this exposure is unknown. What is also unknown is
if those participants were professional voice users or singers. In this study participants with an
oropharyngegbH that was below the pH level of 4 also had significant symptoms and
endoscopic findings. Therefore, that measure of severity may not be appropriate for this
population. On the other hand, 3 pharyngeal reflux events per week have been found to produce
laryngeal damage, especially if a{adsting mucosal injury exists (Koufman, 1991). Although
many singers havgood and preciseocaltechniquesingersalso tend to overuse their voioe
have poor speaking voice habitEhis can cause irritation to the vocal folds and that coupled

with mild exposure of reflux could be detrimental to a singer.

When looking at the significant correlations between the pH levels physical findings, and
perceptions, it is interesting thanly mild and moderate pH was found to correlate with
symptoms and findings. In this population of singers, who seem to be significantly affected by
mild and moderate pH levels is vitally important that these pH levels be considered when

interpretirg the results of study and comparing them to physical findings and perceived
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symptoms.One explanation for this finding may be that singers rarely wait until symptoms
become severas subtle voice changes can have a severe impact on vocal quality, vocal
performance, and in particujax singers livelihood.

When considering the correlations within the RSI and B&&sett is interesting that
erythema/hyperemiavas correlateavith throatclearing thick endolaryngeal mucwsas
correlatedwith throatcleaing, andthick endolaryngeal mucwgas correlateavith excess throat
mucous. The forceful contact of throat clearing can prodwsteeering force on the vocal folds
resulting inirritation in the form of erythema and whetl@rnotmucous or theensation of
something stuck in the throat is caused by reflux, it is important to consider reflux as a possible
etiology behind these probleridoordzij, et al. 2002)

Due to the larynx being more sensitive to damage than the esophagus (Mesallam,
Stenple, Sobeih, & Elluru, 2007), it is not surprising that there were no significant correlations
between the typical esophageal symptoms of heartburn, chest pain, indigestion, or stomach acid
coming up, physical findings, and pH levela/hen considering theurrent population, which
only presented with significant correlations between mild and moderate reflux, it is
understandable that it would take a lower pH level to cause symptoms in the esophagus.
Likewise, a milder pH might still cause symptoms in lrgnx due to its sensitivity and less
protective tissue as compared to the esophagus.

The standard abnormal pH for the esophagus is pH < 4 (Wiener, Tsukashima, Kelly et al.,
2009). The abnormal pH that affects the orophamgoreasesiue to the graént of increasing
pH from the lower esophagus to the oropharyhRis brings up an important discussiomint.

When using th®x-pH measuremergystem (Restech, San Diego, California) to evaluate
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oropharyngeal pH, many studieaveindicated the discriminatory pH thresholl®5.5 for
upright and 5.0 for supind an, Raeburn, & Emmanuel, 2011; Sun, et al., 2009; Ayazi et al.,
2009; Chheda, Seybt, Schade, & Postma, 2009; Wiener et al., 2009).

When considering theormalrange ofpH, Ayazi and colleague®009)analyzed pH at 0.5
intervals between 4 and 6.5 and found ranges for mild, moderate, and severe reflux in both
upright and supine. As can be seen in the present study, those thresholds and severity levels
were used when reponrg this data and in the correlatianalysis Thediscriminatory
thresholds of 5.5 for upright and 5.0 for supine according the Ayazi and colleagues are found to
be the thresholds for severe reflux in the oropharynx. Considering that the partiofiaets
current study were all singers, it was of interest to see the effects of mild and moderate reflux on
their symptoms and physical findings.

The Dx-pH measuremergystemsoftware automatically has a set pH threshold of 5.5. The
investigator had to manually reset the pH threshold and analyze the data for all severity groups.
A popular calculation done usitige percentage of time of pharyngeal acid exposure d&lbw
in upright and 5.0 in supinas well as the number of episodes and the duration of the longest
episode below these threshoid€alled the RYAN score. It yields a standardized value and then
compares thattothea r t i «alcplaed vafus. This analgsivas not used in the present
study duehe calculation only consideririgresholds below the severe randeis is an
important aspect to consider when usingbxepH measuremergystem softwareas mild and
moderate pH levels are not taken into consitlen with this analysisUnfortunately, many
medical practices, including the one associated with thisstudyf er t o t he manuf ac

thresholds (RYAN score) as a means by whicliegnosis is reachedAs the current study
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suggests, there is cliniczalue in considering mild and moderate pH levels, especially with

singers whgresent symptomaticaltp less severe pH levels.

Study Limitations

The small sample size presentsudstantialimitation for the current stugyowever the
data shows trends in quantifying reflux and will be considered in future study design.
Furthemore the 24hour pH monitoring has some disadvantages. Ad4 test is merely a
small glimpse into the life of one being tested. As stated earlisr sweall amounts of refluxed
content can cause trauma and damage to the sensitive tissue of the larynx and pharynx
(Koufman, 1991). It izertainlypossible that one or two reflux episodes per week could cause a
singer6s voice t o thmsalbnfentesting mayme necesSaryricsaccdratelyi n g
diagno® and treat this disorder. In this study, those participants who had normal pH levels but
reported significant symptoms or had significant phydicdingscould simply not have had a
reflux eventduring the 24 hours when the pH test was dofeereforeits possible thatmore
comprehensivéesting would be of benefitit should be pointed out that normal results on a pH
study do not indicate the absence of reflux. This simply indicates that, at the time of the study
there were no incidences of refluXso, it could also be possible that the symptoms and physical
findings are a result of other etiologies such as hyperfunction, allergies,-acidanreflux.
This suggestshat reflux of pHneutral liquid may still be present and may produce symptoms,
especially for the professional voice user. This type of refluxreglister as normal on a typical
24-hour pH studyFurthermore, this type of testing is not routinely done in clinical practice due

to the invasivenesgxpenseand long duration of datllection However, itshould be taken
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into consideration when djaosing and treating voice disorders associated with patient

symptoms and visual findings associated with refbataloff, Castell, Katz, & Sataloff, 2006).

Another limitationis that ot all of the pH exams were the same length of tilieams
were béween 18 and 24 hours therefore the number of reflux symptoms, total time of episodes,
and percentage of time could be skewed as a ressdtnoéwhatineven length between each
participant.Future studies may control for thifurthermore, the directiorm the RSI tool state,

iIWithin the | ast MONTH, how did the foll owi

ng

participantds perceptions for reflux may not

findings as rated on the RFS. Perhaps more significorrelations would be found if

participants answered the questions on the RSI according to their current perceptions on the day

of their endoscopic exam.

Future Studies

Future studies should include a larger sample size of singers and desigakectdrom
a wider age span, different genres of vocal performance, and extent of vocal training.
Furthermore, future studies should attenopbétter understand motility issues (abdominal
distension, coordination and muscle group patterns implementkd ieaching of singing) arad
possiblerelationship that exists been breath coordination, GERDILBRI It would also be
valuable to have the singers actually perform or practice singing while doing the evakhaation
exam if pH changes occur while ging. This could be done by having the singer wear the pH
monitoring device during a voice lesson, voice therapy session, or during a rehikavsald

be interesting to see if there were changes in pH levels with changes in subglottal pressure for
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loud, soft, high and low pitches. The mild, moderate and severe levels of severity presented in
this study need to be furthevaluatedn a population of singers that have been diagnosed with
reflux. Due to singers sensitivity to irritation in the laryimxywould be valuable to study
individualswith abnormal pharyngeal pH before and after treatment to see if pH dakls

perpetual symptoms improve

Conclusios

Many singers experience voice related disturbaaoeshe results of the current study
reveal that indeed reflux that reaches the oropharynx may be playing a role in these disturbances
This study further strengéims the notion that endoscopic findings alone are not a good indication
of reflux exposure and more objective data, like an oropharyngeal pH measurement system
should be implemented to quantify reflux in the oropharynx. It is also evidenhéhstibtle
tissue changes that occur in the larynx may result in noticeable changes in voice quality to the
singer but not to the general population of occupational voice uB&kandthe RFSare valid
tools for qualifying perceptions and physical findings but @ieynot without flaws. One
conclusion from the current study is that perhaps the variables presented on the RSI are not
sensitive enough for the subtle changes in vocal abilities of a singer and a new scale with
additional questions should be creatededtidr serve this populatiorAlt hough gynificant
correlations were found between the RFS, RSi@hdevels, onlymild and moderate pH levels
were found to correlate with symptoms and findingkis indicates that singers are sensitive to
even small demtions for pH and this should be taken into consitien when evaluating a

singerwho has suspected LPR.
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@%Lﬂvcrsity of

Central
Florida

Symptoms, visual findings, and pH results of Laryngopharyngeal Reflux (LPR): Is
it truly reflux or are we dealing with another cause?

Informed Consent

Principal Investigator(s): Adam Lloyd, M.M.

Sub-Investigator(s): Jeffrey Lehman, M.D.
Jeffrey Fichera P.A.-C
Faculty Supervisor: Bari Hoffman Ruddy, Ph.D
Investigational Site(s): The Ear, Nose, and Throat Surgical Associates Voice Care
Center

Introduction: Researchers at the University of Central Florida (UCF) study many
topics. To do this we need the help of people who agree to take part in a research study.
You are being invited to take part in a research study, which will include about 30 people
in the Orlando area. You have been asked to take part in this research study because you
are a collegiate level singer or a treatment seeking patient at the Ear, Nose, and Throat
Surgical Associates. You must be 18 years of age or older to be included in the research
study.

The person doing this research is Adam Lloyd of the Department of Communication
Sciences and Disorders at the University of Central Florida. Because the researcher is a
graduate student he is being guided by Bari Hoffman Ruddy, a UCF faculty supervisor in
the Department of Communication Sciences and Disorders.

What you should know about a research study:
* Someone will explain this research study to you.
* A research study is something you volunteer for.
*  Whether or not you take part is up to you.
*  You should take part in this study only because you want to.
* You can choose not to take part in the research study.
* You can agree to take part now and later change your mind.

University of Central Florida IRB

&&[}CF IRB NUMBER: SBE-10-07001

IRB APPROVAL DATE: 8/25/2010
IRB EXPIRATION DATE: 7/18/2011
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