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A prospective, randomised, double-blind,  

double-dummy, placebo-controlled  

investigation of buprenorphine induced 

respiratory depression and its reversibility  

with naloxone in anaesthetised patients

Anaesthetic Laboratory,  

St Bartholomew’s Hospital, Barts 

and The London NHS Trust, London, 

United Kingdom 

Background and Aims
Despiteitslonghistoryandwidespreaduse,somequestionsremainover

buprenorphine’srespiratorysafetyproile.1,2Thisstudyinvestigatedrespiratory

depressionandpotentialreversibilitybynaloxoneattwobuprenorphinedoses,

ofwhichtheintramuscularlyadministereddosewasdesignedtoachievethe

plasmaconcentrationrangeseenwithtransdermaldelivery.Thebuprenorphine

doseswerecomparedtomorphineadministeredintravenously.

TheIMroutewasproposedtoavoidthecharacteristichighpeakseenafterIV

bolusinjection,toachieveaslow-risingplasmaconcentrationwhichplateausat

iveminutes,Theselectedintramuscularbuprenorphinedose(0.85mcg/kg)was

chosentoachieveasimilarplasmaconcentrationatasteadystatetothatseen

withtransdermalbuprenorphineat35mcg/h(theTranstec35mcg/hpatch).

Materials and methods
Withresearchethicscommitteeapproval,84patientsscheduledforelective

surgerywererandomisedtoreceive:BuprenorphineIM0.85mcg/kg(n=24),

BuprenorphineIV3mcg/kg(n=24),MorphineIV0.1mg/kg(n=24)orplacebo

(salineIV,n=12)duringstandardisedgeneralanaesthesiacomprising:

propofol,sevolurane(MAC1.5)inanoxygen/airmixture.Theairwaywas

maintainedbyalaryngealmaskwithnodiscernibleleak.Oncebreathing

spontaneously,thepatientwasconnectedtoawetwedgespirometer

breathingsystem3(Figure1).Adiagrammaticrepresentationoftheapparatus

isshownin(Figure2).Thisisalowresistance,baginbottledevice,which

allowsthecontinuousmeasurementoftidalvolume.Theoutputwasdigitised

andstoredinanotebookrunningLabview.

Usingadoubledummyanddoubleblinddesign,after10minutesbaseline

respiratorysteadystate,studydrugwasadministeredbothIVandIM.

Recordingwascontinuedforanother30minutes.Patientswhoserespiratory

ratedecreasedby>33%orwhoseETCO2increasedby>1.5kPawere

randomisedtoreceiveinadouble-blindfashionanintravenousbolus

followedbyinfusionofeithernaloxone(2mgIVstatplus1mgover20mins)

ornormalsaline.

Bloodsamplesweretakenat5,15and30minutespoststudydrug

administrationforbuprenorphineplasmaassay.

Attheendofthestudy,spirometrywasdiscontinuedandanaesthesia

continuedasperroutinepractice.Asafetyassessmentwasmadebythe

blindedinvestigatorpriortodischargefromtherecoveryroom.

Statistics

Powercalculation:

Thesamplesizeof84patients:

- wastodetectdifferencesof>20%inminutevolumeafterstudydrug

administration(alpha=0.05,beta=0.2)

- 12placebogroup

- 24buprenorhineIMgroup

- 24buprenorphineIVgroup

- 24morphineIVgroup

Dataanalysis:

Comparisonofminutevolume%changes

- Forchangefrombaselinepoststudydrug(withingroupcomparison)

–2-tailed,pairedt-test

- Forchangefrombaselinepoststudydrugbetweenthegroups–2-tailed,

unpairedt-test

Conclusion
Inthissensitivemodeltodetectrespiratorydepression,intramusculardosing

designedtoachieveplasmabuprenorphinelevelsintherangeseenwiththe

35mcg/hpatchdidnotcausesigniicantchangefrombaseline,incontrasttothe

IVhigherbolusdose,whichinthemajorityofpatientsreachedthepredeined

respiratorydepressionthreshold.Inthelatterpatients,naloxoneachieved

signiicantincreaseinminuteventilation,whichrepresentedclinicallyrelevant

reversalofrespiratorydepression.

Figure2Figure1

Plasmabuprenorphineconcentrations(ng/ml)

Figure4

%changeinminuteventilationforfourgroups:placebo,buprenorphineIMand
buprenorphineIVpatientswhoreceivednaloxone,orplacebofornaloxone.

Figure3

Results
Inourmodel,thecomparisonofbuprenorphineatdifferentdoses,morphineand

placebohasshownthat:

NopatientsinthebuprenorphineIMorplacebogroupsreachedthepredeined

respiratorydepressionthreshold(Figure3).

19patientsinthebuprenorphineIVgroupexhibitedthepredeinedthresholdsand

wererandomisedtoreceivenaloxone(n=11),orsaline(n=8).Naloxoneshowed

statisticallysigniicantimprovementinminuteventilation,unlikethegroupthat

receivedplacebofornaloxone(Figure3).

AllpatientsinthemorphineIVgroupexhibitedthepredeinedrespiratory

depressionthresholds.Therespiratorydepressionwasreadilyandfullyreversed

withnaloxone.

TheaverageplasmaconcentrationfollowingIMbuprenorphinewasfoundtobein

the0.2-0.3ng/mlrange(Figure4).
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