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Summary

Dyspneaisdefinedas$!asuqectiveexperienceofbreathingdiscomfortthatconsistsof

qualitativelydistinctsensationsthatvaryinintensity''.Dyspneaisoneofthemostcommon

complaintsinpatientswithpulmonarydisease.Notonlypatients,butaisohealthypeople,

canexperiencedyspnea.Despite itscommonness, theexactmechanismsunderlying

dyspneahavenotbeenfullyelucidated. lt isbelievedthathypoxiacausesdyspnea,but

whetherhypoxiaisadirectdyspnogenicfactorremainsuncertaininthepreviousstudies.

Weinvestigatedwhetherhypoxiahasadirectdyspnogeniceffect.Weevaluatedchanges

invitalsigns,arterialbloodgases,SaO2,CaO2,Borgscalescore,andMini-MentalState

Examinationscore insevenmountainclimbersat rest, byusingahypobarichypoxic

chamberinwhichthebarometricpressurewasioweredtothesimulatedaltitudeof4500m.

PaO2andCaO2bothdecreasedsignificantlyasthesimulatedaltitudeincreased.Onthe

otherhand,theBorgscalescore,whichreflectsdyspnea,showednosignificantdifference.

Atasimulatedaltitudeof4500m, theBorgscalescorewasl.5±1.2(mean±SD),despite

thepresenceofabsolutehypoxia(PaO2,46.8±8.3Tbrr;CaO2, 16.4±0.6mL/dL).The

MMSEscorewas29､3±O.8,andtheparticipantswerejudgedashavingnocognitive

impairment.Theseresultssuggest thathypoxia isnotadirectdyspnogenicfactor in

healthyindividualscapableofbreathingwithoutrestrictionatrest.

BackgroundandIntroduction

1)Definitionofdyspnea

Dyspneaisoneofthemostcommoncomplaintsinpatientswithpulmonarydisease.Not



onlypatients,butalsohealthypeoplewithoutpulmonarydisease,canexperiencedyspnea.

Despiteitscommonness, theexactmechanismsunderlyingdyspneahavenotbeenfully

elucidated.Dyspneaisasuqectivesymptomthatpertainstodifficultyinbreathingand

discomfortassociatedwithbreathing.TheAmericanThoracicSocietydefinesdyspneaas

l!asuqectiveexperienceofbreathingdiscomfort thatconsistsofqualitativelydistinct

sensationsthatvary in intensity''.Sincedyspnea isasuqectivesymptom, itcanbe

describedonlybythepersonwhoisexperiencingit.Therefore,evaluationofdyspneais

difficult, except inhumans inawakingstate.Moreover, dyspneacomprisesmultiple

complexsensationsexpressedbydiversewords,suchas$lrespiratoryeffort'',!!airhunger',

and!!tightness'',andinvoIvesmultiplepathophysiologicalmechanisms, ratherthanasingle

mechanism.Thesefactorscomplicatethestudyofdyspnea.

2)Qualitiesofdyspnea

Simonetal・ conductedastudy inwhichdyspneawas inducedbydifferentstimuli,

including!!breathholding'', !:CO2inhalation'',and;{exercise'' inindividualswhowerethen

instructedtoselectdescriptorsthatmatchedtheirexperienceofdyspneafromarandomly

compiled list. Inthisway, theseinvestigatorsstatisticallydemonstratedthediversityof

dyspneasymptomsandreportedanassociationbetweencertaindescriptorgroupsand

thesestimuli.TheirstudyshowedthatdyspneainvoIvesvariousuncomfortablerespiratory

sensationsand that different qualitiesofdyspneamaybemediatedbydifferent

mechanisms. !!Work/effOrt'', !!air hungerunsatisfied inspiration'', and !ltightness'' are

commonlyacceptedcharacteristicqualitiesofdyspnea.

3)Receptorsrelatedtotheonsetofdyspnea

ThemechanismsandpathwaysinvoIvedindyspnearemainunclear,but it isgenerally

acceptedthattheonsetofdyspneainvoIvesperipheralandcentralchemoreceptors,which

detectchangesinbloodgases,aswellasmechanoreceptorsinthechestwall, lungs,and



upperairway,andcentral receptors,whichdetecttheoutputofrespiratorymotionstothe

respiratorymuscle(motorcommand).

Peripheralchemoreceptorsarelocatedinthecarotidbodyandaorticbody,andrespond

tochangesinarterialpartialpressureofoxygen(PaO2),arterialpartialpressureofcarbon

dioxide(PaCO2),andpH.Centraichemoreceptorsarelocatedinthemedullaoblongata,

andrespondtochanges inPaCO2andpH.Thesechemoreceptorsdetectchanges in

arterialbloodgasesthatrefiecttheresultofventilation. lnformationaboutbloodgases

obtainedviachemoreceptorsissenttotherespiratorycenter, resultinginformationofa

correspondingmotorcommand・Bymeansofthisfeedbackcontrol, respiratoryrateand

tidalvolumeareadjustedreflexivelysothatbloodgasmaybemaintainedatsuitablelevels

Inahypoxicenvironment, ventilation is increased. lnhumans, thishypoxicventilatory

responsedependscompletelyonperipheralchemoreceptors,particularlythecarotidbody,

and it isknownthatpatientswithbilateral carotidbodyresection losethehypoxic

ventilatory response. However, it is uncertainwhether stimulation of peripheral

chemoreceptorsbyhypoxiacandirectlygeneratedyspnea.

Musclespindlesandtendonorgansinthechestwailactasmechanoreceptors,andsense

muscleforce, tension,andcontraction､Tbinvestigatetheroleofthesemechanoreceptors,

studiesofchestwalIvibrationhavebeenperformed. lthasbeenreportedthat in-phase

vibration(i.e., inspiratory intercostalmusclesvibratedduring inspirationandexpiratory

intercostaimusclesvibratedduringexpiration)decreasesdyspnea,whereasout-ofbphase

vibration(i.e., inspiratory intercostalmusclesvibratedduringexpirationandexpiratory

intercostaimusclesvibratedduringinspiration) increasesdyspnea

LungreceptorsconsistofsIowlyadaptingpulmonarystretchreceptors, rapidlyadapting

pulmonarystretchreceptors(orso-calledirritantreceptors),andC-fibers.SIowlyadapting

pulmonarystretchreceptorsare located inthesmoothmusclesofthe large, central

ain"ays,andrespondtolunginflation.Stimulationofthesereceptorsdecreasesrespiratory

rateduetoanincreaseinexpiratorytime,andmediatestheHering-Breuerinflationreflex.




















