
Clinical

328� July/August�2013�•�Vol 4 No 6�•�The�Veterinary Nurse

zz Species:zCaninezzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz
zz Breed:zYorkshirezterrierzzzzzzzzzzzzzzzzzzzzzzzzzz
zzAge:z14zyearz6zmonthsz
zz Sex:zFemalez(neutered)zzzzzzzzzzzzzzzzzzzzzzzzzz
zzWeight:z2.00zkgzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz
zzAmericanz Societyz ofz Anesthesiologistsz (ASA)z
Physicalz Statusz Scale:z Classz IIIz (moderatez risk)z
(AcademyzofzVeterinaryzTechnicianzAnesthetists,z
2013)

Case history
Thezpatientzwaszpresentedztozthezhospitalzforzrou-
tinezexaminationzwithzazhistoryzofzcongestivezheartz
failurez(CHF)zandzadvancedztrachealzcollapse.zThez
ownerzreportedzrecentzexacerbationzofzthezpatient’sz
chronicz cough;z thez coughzwaszdescribedzasz inter-
mittentz andz dry.z Physicalz examinationz confirmedz
azsystoliczII/VIzgradezheartzmurmur,zidentifiedzse-
verez periodontalzdiseasez andz anz irritablez trachea.z
Thezveterinaryzsurgeonzsuspectedzthatzperiodontalz
diseasezwaszazcontributingz factorz inzthezexacerba-
tionz ofz thez patient’sz chronicz coughz andz develop-
mentz ofz tracheobronchitis,z asz az consequencez ofz

bacterialztransferzfromzthezoralzcavityz(Pardalizetzal,z
2010).zThezpatientzwaszadmittedztozthezhospitalzforz
dentalz prophylaxisz andz extractionsz underz generalzz
anaesthesia.

Pre-operative assessment
Thez patientz wasz receivingz pimobendanz (Vetmedin,z
Boehringerz Ingelheimz Limited)z 0.3z mg/kgz everyz 12z
hourszorallyzandzfurosemidez(Frusemide,zMillpledgez
Veterinary)z2.5zmg/kgzeveryz12zhourszorallyzforzCHF.z
Pimobendanziszanzoralzinodilatorzwithzphosphodieste-
rasezIIIzinhibition,zwhichzdecreaseszthezbreakdownzofz
cyclicz adenosinezmonophosphatez (Atkinson,z 2009).z
Aszazresultzpimobendanzincreaseszcardiaczsensitivityz
tozcalcium,zcardiaczcontractibilityzandzrelaxation,zandz
potentiatesz arterialz andz veno-dilatationz (Fuentes,z
2004),z whichz mayz exacerbatez thez hypotensivez ef-
fectszofzanaestheticzagents.zFurosemide,zaz loopzdiu-
retic,zpromoteszsodiumzexcretionzandzincreaseszurinez
outputz(Smith,z2006),zwhichzdecreaseszintravascularz
volumezandzpreloadzvenouszpressure,ztherebyzreduc-
ingzpulmonaryzoedemazandzcongestionz (Erlingzandz
Mazzaferro,z2008).zDiureticzuse,zinzconjunctionzwithz
anaestheticzagents,zcanzpromotezhypovolaemia,zelec-
trolytezimbalancezandzincreasezincidencezofzperi-op-
erativezarrhythmiaz(GrobanzandzButterworth,z2006).z
Thezpatientzwaszalsozreceivingzdiphenoxylatezwithz

atropinez(Lomotil,zGoldshieldzPharmaceuticalszLtd)z
0.3z mg/kgz everyz 12z hoursz orallyz andz prednisolonez
(Prednisolone,z Millpledgez Veterinary)z 0.25z mg/kgz
everyz 48z hoursz orallyz forz concurrentz advancedz tra-
chealzcollapse.zTrachealzcollapseziszcharacterisedzbyzaz
variablezdegreezofzdorsoventralztrachealzringzflatten-
ingzandzlaxityzofzthezdorsalztrachealzmembranez(Par-
dalizetzal,z2010)z(Figure 1).zDiphenoxylateziszanzopioidz
gastrointestinalz motilityz modifierz withz antitussivez
properties,zwhichzmayzreducezdamageztoztheztrachealz
epitheliumz generatedz byz chronicz irritationz (Sunz etz
al,z 2008).z z Administrationz ofz diphenoxylatez couldz
enhancezcentralznervouszandzrespiratoryzdepressionz
associatedz withz anaestheticz agentsz (Plumb,z 2008),z
thereforez isz anz importantz considerationz forz generalz
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thuszcounteractzthezhypotensivezeffectszofzanaestheticz
agentsz (KudnigzandzMama,z 2002),zdiuretic-inducedz
hypovolaemiaz andz electrolytez imbalance.z Isotonicz
crystalloidz fluidz administrationz isz recommendedz
peri-operativelyzatzazreducedzratezofz3–6zml/kg/hourz
(KudnigzandzMama,z2003)ztozmaintainzintravascularz
volume,zelectrolytezbalancezandzpreventzvolumezover-
load.zAz24zgzintravenouszcatheterz(Jelco,zSmithszMed-
ical)zwaszplacedzinzthezrightzcephaliczveinztozprovidez
patentzvenouszaccess.z Intravenouszfluidztherapyzwasz
initiatedz (compoundz sodiumz lactatez (Aquapharmz
No11,zAnimalcarez Ltd))z atz 5zml/kg/hourzduringz thez
peri-operativezperiod,zreducingztozmaintenancezratez
ofz2zml/kg/hourz(Hummzetzal,z2008)zduringzthezpost-
operativezperiodzandzcontinuedzuntilz self-alimenta-
tionzwasz achieved.z Fluidz therapyzwasz administeredz
usingzazfluidzpumpztozensurezaccuratezadministrationz
atzazpre-determinedzratezandztozpreventzvolumezover-
load.z

Premedication
Azlowzdosezofzacepromazinez(Calmivet,zVetoquinol)z
0.0125z mg/kgz andz buprenorphinez (Buprecare,z Ani-
malcare)z0.02zmg/kgzwaszadministeredzviazintramus-
cularz injectionz intoz thezquadricepszmuscle.zAcepro-
mazinez providesz adequatez sedation,z thusz decreasesz
patientz anxietyz andz stress-inducedz catecholaminez
release,z whichz canz resultz inz tachypnoea,z reducedz
myocardialzoxygenzperfusionzandzcardiaczarrhythmiaz
(Curtis-UhlezandzWaddell,z2010).zTachypnoeazcanzin-
creaseztheznegativezpressurezwithinzthezairway,zwhichz
canz exacerbatez trachealz collapsez andz mayz potenti-
atezcompletezupperz respiratoryzobstructionz (Grubb,z
2010).z Thez antagonistz effectsz ofz acepromazinez onz
α-adrenergicz receptorsz canz promotez peripheralz va-
sodilationz withz subsequentz reductionz inz arterialz
bloodzpressurez(Grintzetzal,z2010),zwhichzcanzexacer-
batezhypotensionzwithzconcurrentzadministrationzofz
pimobendan.zMonitoringzofz arterialz bloodzpressurez
waszindicatedztozenablezrapidzrecognitionzofzhypoten-
sionz(meanzarterialzbloodzpressurezbelowz60zmmHg)z
thereforez preventz inadequatez tissuez perfusionz andz
potentialzmyocardialzischaemiaz(Shih,z2010).zAdmin-
istrationzofzbuprenorphine,zazpartialzopioidzagonist,z
providesz analgesiaz withz minimalz cardiovascularz orz
respiratoryz depression;z bradycardiaz andz respiratoryz
depressionzarezoftenzassociatedzwithzadministrationz
ofzfullzopioidzagonistsz(Waddell,z2010).z
Inductionz andz recoveryz ofz anaesthesiaz arez criti-

calz phasesz ofz anaestheticz managementz inz patientsz
withz trachealz collapse.z Duringz thez maintenancez
phasez thez patientz isz intubatedz andz airwayz patencyz
iszmaintainedz(Grubb,z2010).zIncidencezofzhypoxae-
miazduringzperiodszofzapnoeazorzrespiratoryzdepres-

anaesthesiaz inzthiszpatient.zAtropine,zanzanticholer-
genic,zcanzreducezthezaccumulationzofzmucuszinzthez
lowerz respiratoryz tractz andz actz asz az bronchodilatorz
(Hardiez andz Lascelles,z 2004).z Atropinez isz includedz
inzthezdiphenoxylatezpreparationzatzsub-therapeuticz
levelsztozpreventzdiphenoxylatezabusez(Chan,z2008),z
thereforez isz unlikelyz toz causez clinicallyz significantz
cardiopulmonaryz changesz associatedzwithzantichol-
ergenicz administration.z Prednisolone,z az corticoster-
oid,z canz reducez laryngealz andz trachealz inflamma-
tionzassociatedzwithzchronicz irritationzorzdamageztoz
thez trachealz epitheliumz (Sun,z 2008).z Non-steroidalz
anti-inflammatoryz drugsz (NSAIDs)z werez avoidedz
asz concurrentz usezwithz corticosteroidsz canz increasez
thez incidencez ofz gastrointestinalz ulceration,z reducez
glomerularzfiltrationzratezandzprolongzclottingztimesz
(Narita,z2006).
Laboratoryz findingsz indicatedz elevatedz alkalinez

phosphatasez(ALP)z 180zu/lzandzbloodzureaznitrogenz
(BUN)z 39zmmol/l.z ElevationzofzALPzmayz bezattrib-
utedztozreducedzcardiaczoutputzorzpassivezcongestionz
ofzthezliverz(Goutalzetzal,z2010)zassociatedzwithzCHFzorz
corticosteroid-inducedz ALP,z whichz increasesz serumz
activityzofzALPzwithoutzcausingzhepaticzdysfunctionz
(FernandezzandzKidney,z2007).zInzthezabsencezofzclin-
icalzdehydration,zraisedzBUNzvaluezmayzbezindicativez
ofzpre-renalzazotaemiazsecondaryztozCHFzattributedz
toz reducedz cardiacz outputz orz diureticz therapyz (De-
Francesco,z2008).

Pre-anaesthetic management
Peri-operativezfluidztherapyziszbeneficialztozmaintainz
normovolaemia,zcardiaczoutputzandztissuezperfusion,z

Figure 1. Right lateral thoracic radiograph which demon-
strates severe collapse of the trachea around the level of the 
thoracic inlet. 
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sion,zwhichzmayzoccurzduringzanaesthesiazinductionz
orz airwayz obstruction,z canz bez minimisedz withz prez
oxygenationz—zthuszincreasedzarterialzoxygenation,z
decreasedz myocardialz workloadz (Erlingz andz Maz-
zaferro,z 2008)z andz increasedz timez toz desaturationz
(McNallyzetzal,z2009).zThezpatientzwaszprovidedzwithz
100%zoxygen,zbyzfacezmask,zforz5zminuteszpriorztozandz
duringzinduction.z

Induction
Preparationz forz patientz intubationz isz crucialz inz pa-
tientszwithztrachealzcollapseztozenablezrapidzfacilita-
tionzofz intubationzandzairwayzmaintenance.zSeveralz
endotrachealztubeszofzvaryingzsizes,zazlaryngoscope,z
lubricant,ztieztozsecurezthezendotrachealztubezandztra-
cheostomyzkitzwerezpreparedzpriorztozinduction.zEn-
dotrachealztubeszwerezcheckedzforzcondition,zpatencyz
andz cuffz inflationz andz werez ofz appropriatez lengthz
toz bypassz thez trachealzweaknessz (Grubb,z 2010),z butz
notzoverz longz soz increasingzanatomicalzdeadz space.z
Inductionzwaszachievedzwithzpropofolz(Vetofol,zNor-
brook)z4zmg/kgzviazslowzintravenouszadministrationz
tozeffect.zPropofolzprovideszsmoothzinductionzofzan-
aesthesia;zlaryngealzrelaxationzenabledzrapidzintuba-
tionzandzairwayzmaintenance.zThezendotrachealztubez
wasz appropriatelyz cuffed,z overz inflationz canz inducez
furtherzmechanicalz inflammationzorzdamagez toz thez
trachealzmucosaz(Grubb,z2010).

Peri-anaesthetic management
AzHumphrey’szADEzmini-lackzcircuitzwaszusedzandz
anaesthesiazmaintainedzusingz 2%z isofluranez (Isoba,z
Schering-PloughzAnimalzHealth)zandzoxygen.zIsoflu-
ranezcanzcausezhypotensionzviazperipheralzvasodila-
tionz andz dose-relatedz myocardialz depression,z co-
administrationzofznitrouszoxide,zandzsupplementaryz
analgesiazallowedzreductionz inz thezconcentrationzofz
volatilezagentz requiredzandz thereforez improvedzcar-
diaczoutputz(Monteirozetzal,z2010).zNitrouszoxidezwasz
discontinuedz 10zminuteszbeforezthezendzofz thezpro-
cedurezandzthezpatientzmaintainedzonz 100%zoxygenz
thereafterz toz preventz diffusionz hypoxiaz (Keegan,z
2005).
Duringz thez anaestheticz periodz thez patient’sz car-

diovascularzandzrespiratoryzparameterszwerezcloselyz
monitored,z pulsez oximetryz andz capnographyz werez
implemented,z whichz enabledz assessmentz ofz pulsez
ratezandzadequacyzofzventilationzandzoxygenation.
Anaesthesiazcanz impairznormalz thermoregulatoryz

mechanismsz byz reducingz thez temperaturez thresh-
oldzrequiredztozstimulatezreflexzvasoconstrictionzviaz
centralzdepressionzofzthezthermoregulatoryzcentrezofz
thezhypothalamus,zandzvasodilationzassociatedzwithz
anaestheticzagentsz(Armstrongzetzal,z2005).zPatientsz

weighingzlesszthanz5zkgzhavezanzincreasedzriskzofzhy-
pothermiazdueztoztheirz largezsurfacezareaztozvolumez
ratioz (Murison,z2001).zHypothermiazduringz thezperiz
andz post-operativez periodz canz prolongz anaestheticz
recoveryzattributedztozreducedzhepaticzdrugzmetabo-
lismz(Pottiezetzal,z2007)zandzreducedzcardiaczoutputz
(Murison,z 2001).z Duringz thez dentalz procedurez at-
temptsz werez madez toz minimisez heatz lossz throughz
evaporationz byz minimisingz thez wettingz ofz thez pa-
tient’sz furz fromzthezdrillzandzscalerzwaterzspray.zThez
patientzwaszplacedzonzazVetBedz(PetlifezInternationalz
Ltd)z toz ensurez provisionz ofz paddedz beddingz withz
heatzretainingzpropertieszandzenablezanyz in-contactz
fluidztozwickzawayzfromzthezpatient.zThezpatientzwasz
wrappedz inz az foilz blanketz toz retainz bodyz heatz andz
providezazwaterzresistantzbarrier.zAz thermostaticallyz
controlledzwarmzairzdevicez (BairzHugger,zAdvancedz
AnaesthesiazSpecialistszUKzLtd)zwaszplacedzoverzthez
patientztozprovidezactivezsurfacezwarmingzandzmini-
misez anyz furtherz heatz loss.z Thez patient’sz corez bodyz
temperaturezwaszmonitoredzduringzthezdentalzproce-
durezusingzanzindwellingzrectalzprobe.
Cautionzwaszexertedzwithzmovementzandzmanipu-

lationz ofz thez patientz duringz thez dentalz procedure.z
Thezpatientzwaszdisconnectedz fromz thezanaestheticz
circuitz whenz movedz orz repositioned,z toz minimisez
riskzofz trachealzmucosalzdamagez fromzcuffz rotationz
(Grubb,z2010).zCarezwasztakenznotztozapplyzinadvert-
entzpressurezonztozthezpatient’szthorax,zduringzdentalz
extractions,zwhichzcouldzimpairzthezpatient’szventila-
toryzefforts.
Advancedzperiodontitisznecessitatedzextractionzofz

mostzincisorzandzpremolarzteeth;zthezlowerzrightzca-
ninezwaszextractedzdueztozaztoothzrootzabscesszwhichz
potentiatedzinstabilityzofzmandibularzsymphysiszwithz
resultantz fracture,zwhichzrequiredzstabilisation.zAn-
algesiazwaszmaintainedzwithzbuprenorphinez0.02zmg/
kgzeveryz6–8zhourszviazwasz intramuscularz injection.z
AszpreviouslyzdescribedzNSAIDszwerezavoidedzdueztoz
concurrentz corticosteroidz use.z Duez toz thez patient’sz
smallz sizez somez alternativez analgesicz agentsz werez
avoided;zsuchzaszoralztramadolzandztransdermalzfen-
tanyl,zaszaccuratezdosingzwouldzhavezbeenzdifficultztoz
achieve.zThezusezofzlocalzorzregionalzanalgesiazcouldz
bez incorporatedzasz az futurez interventionz tozprovidez
effectivezadditionalzpost-operativezanalgesiaz(Wood-
ward,z2008).zAntibiosiszwaszachievedzwithzcefovecinz
(Convenia,zPfizer)z8zmg/kg.

Post-anaesthetic management
Isofluranez wasz discontinuedz onz completionz ofz thez
dentalz procedurez andz 100%z oxygenz continued;z thez
endotrachealztubezremainedzinzsituzuntilzthezreturnz
ofzthezgagzreflex,zthuszindicativezthatzthezpatientzwasz
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ableztozmaintainzairwayzpatency.zzSupplementaryzoxy-
genzwaszprovidedztozincreasezinspiredzoxygenzconcen-
trationz andz reducez incidencez ofz hypoxaemia.z Pulsez
oximetryzwaszcontinuedzduringzrecoveryztozmonitorz
forzdesaturation,zwhichzmayzhavezindicatedztrachealz
obstruction,zandzequipmentzwaszpreparedzinzcasezre-
intubationzwasznecessary.
Requirementszforzanalgesiazwerezassessedzatzregu-

larz intervals,z includingz assessmentz ofz thez patient’sz
vitalzsigns,zgentlezpalpationzofz thez fracturezsite,zap-
petitez andz demeanour,z andz requirementsz forz anal-
gesiaz addressedz appropriately.z Thez authorz suggestsz
implementationzofzazpainz scoringzmodelz shouldz bez
consideredzaszazfuturezintervention.zIncorporationzofz
azpainzscoringzmodelzsuchzasz thezGlasgowzcompos-
itezpainzscalez(GCPS)zwouldzenablezstandardisedzandz
objectivezassessmentzofzthezpatientzwithzrapidzrecog-
nitionzofzpainzandz interventionzaszappropriatez (Or-
skov,z2010).zEnvironmentalzstressorszwerezminimisedz
tozreducezpain,zanxietyzandzdecreasezstress-inducedz
catecholaminez releasez (whichz asz previouslyz de-
scribed,z canz inducez tachypnoea,z reducezmyocardialz
oxygenzperfusionzandzpromotezcardiaczarrhythmia).z
Ofzparticularzconsequencezisztachypnoea,zwhichzcanz
increaseztheznegativezpressurezwithinzthezairway,zpro-

motez trachealz collapsez andz inducez completez upperz
respiratoryzobstruction.z
Thezpatientzwaszofferedzsmallzquantitieszofzazhighlyz

digestiblezlowzfatzdietz(CaninezPrescriptionzDietzi/d,z
Hill’szPetzNutrition,zInc.)zonzrecovery.zAzwetzformula-
tionzwasz selectedzasz recommendedzbyz Johnsonzandz
Hulsez(2002)ztozminimisezstresszonzthezhealingzfrac-
turezsite.zThezfracturezsitezwaszcheckedzafterzthezpa-
tientzhadzeaten,zandzbathedzaszappropriatezwithzdilutez
chlorhexidinez gluconatez (Hibiscrub,z PrestigezMedi-
cal)z toz removez anyz foodz debris.z Recoveryz fromz an-
aesthesiazwaszuneventful;zthezpatientzwaszdischargedz
toz thez ownerz 24z hoursz afterz thez dentalz procedure.z
Thezownerzwaszadvisedztozcontinuezazsoftzorzmashedz
dietzandzavoidzhardzfoods,zchewztoyszorzboneszuntilz
thez fracturezsitezhadzhealed,zapproximatelyz8zweeksz
(Piermatteizetzal,z2006).Thezpatientzwasztreatedzonzanz
outpatientzbasisz tozadministerzanalgesiaz (buprenor-
phine)ztozmaintainzcomfort.

Conclusion
Thezauthorzfeelszthatzthiszcasezhighlightszthezimpor-
tancezofzpharmacokineticsz (drugzabsorption,zdistri-
bution,z metabolismz andz elimination)z andz pharma-
codynamicsz (drug-inducedz physiologicalz effects)z inz
thezprovisionzofzpatientzcare.zInzthezauthor’szopinion,z
therez iszazneedz forz increasedzawarenesszofzpharma-
cokineticszandzpharmacodynamicszwithinzveterinaryz
nursingzandzitszpracticalz implicationzonznursingz in-
terventionszandzpatientzcare.
Anaestheticz managementz ofz az patientz undergo-

ingzdentalzextractionszwithzconcurrentzCHFzandzad-
vancedztrachealzcollapsezmustzincludezconsiderationz
andz assessmentz ofz thez patient’sz clinicalz conditionz
andz concurrentz medicationz toz enablez anz appropri-
atezanaestheticzprotocolztozbezimplemented.zCautionz
shouldzbezexertedznotztozexacerbateztrachealzcollapsez
andzendeavourztozmaintainznormovolaemia,znormo-
thermiazandzcardiaczoutput.zz VN
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Key points
�z Pre-operative� assessment� should� consider� the� patient’s� clinical� condition� and�
concurrent�medication�to�enable�implementation�of�an�appropriate�anaesthetic�
protocol.
�z Pain,�anxiety�and�stress�should�be�minimised�in�patients�with�tracheal�collapse�
to� prevent� exacerbation� of� tracheal� collapse� and� complete� upper� respiratory��
obstruction.
�z Arterial�blood�pressure�should�be�closely�monitored�in�those�patients�undergoing�
general� anaesthesia� and� receiving� pimobendan,� as� the� hypotensive� effects� of�
anaesthetic�agents�may�be�exacerbated�in�these�patients.�
�z Awareness�of�the�importance�and�practical�application�of�pharmacokinetics�and�
pharmacodynamics�in�the�provision�of�patient�care�and�anaesthetic�management�
should�be�encouraged.
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