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【Abstract】 Theevolvingpracticeofprecisionmedicineallowsphysicianstomakediseasetreat-
mentsandpreventiondecisionsbasedonapatient’sindividualgeneticandmolecularprofile.Inrecent
years,genesequencingandrelatedtechniquesarebecomingmoreaffordableandmoreaccessibleto
healthcareproviders,andtheiruseinvariousmedicalfieldscontinuestoexpand.Inparticular,there
arenumerousopportunitiesfortheuseofprecisionmedicineintheperioperativesetting.Forexample,
individualpolymorphismsinalphaandbetaadrenergicreceptorscanimprovetheefficacyofbeta
blockade,orpredisposeapatienttoadversedrugreactionsincludinghypotensionandbradycardia.
Likewise,particularpolymorphismsinopioidreceptorscanincreaseordecreasetheeffectivenessof
variousopioidmedicationsforachievingadequatepostoperativeanalgesia.Inaddition,mutationsin
thecytochromeP4502D6(CYP2D6)enzymecandrasticallyaffecttheclinicalresponsetoaparticular
subsetofbetablockersandopioidsbyacceleratingordeceleratingtheirmetabolismandclearance.
Preoperativegenetictestingwouldallowanesthesiologiststoidentifytheseandotherrelevantmolecu-
larcharacteristicsintheirpatients,andchooseappropriateperioperativetherapiesaccordinglyinorder
tomaximizeclinicaloutcomeswhileminimizingtheincidenceofadverseevents.Itisthetimeforanes-
thesiologistsandperioperativecareproviderstopracticeprecisionmedicine.
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围手术期精准医疗有助于麻醉医师改善患者预后:
β受体阻滞剂与阿片类药物的遗传变异性

克里斯托弗·斯宾塞 杨建军 左志义

  【摘要】 随着精准医疗的不断发展,医师能够根据患者的个体遗传和分特征制定疾病的治疗和

预防策略。近年来,基因测序及其相关技术在医疗机构中变得更加经济和便捷,其在各种医疗领域

中的应用范围也在不断扩大。特别是在围手术期,有很多使用精准医疗的机会。例如,α和β肾上腺

素能受体的个体多态性可提高β受体阻滞剂的疗效,同时也使患者容易出现药物不良反应,包括低
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血压和心动过缓等。同样,阿片受体的个体多态性可以使阿片类药物在术后镇痛中的有效性提高或

者降低。此外,细胞色素P4502D6(CYP2D6)酶基因的突变可以通过加速或减缓β受体阻滞剂和阿

片类药物的代谢和清除,大大影响到二者的临床反应。术前基因测序可使麻醉医师识别患者上述以

及其他相关的分子特征,并相应地选择适当的围手术期治疗策略,从而最大限度地提高临床疗效,减
少不良事件的发生率。当下正是麻醉医师和围手术期医务人员实践精准医疗的时候。

【关键词】  精准医疗;围手术期;β受体阻滞剂;阿片类药物

TheDevelopmentofPrecisionMedicine

ThePhiladelphiaChromosomeanditsassociationwith
chronicmyeloidleukemia (CML)werefirstdescribedin
1960byobservationofchromosomalstructuresunderami-
croscope[1],andlatercharacterizedasareciprocaltransloca-
tionusingchromosomalbandingtechniquesin1973[2].Its

geneproduct,thebreakpointclusterregion-Abelsonmurine
leukemiaviraloncogenehomolog(BCR-ABL)protein,isa
constitutively expressedtyrosine kinasethatactivatesa
cellularsignalingcascade,whichleadstounregulatedcelldi-
visionandinhibitionofDNArepair[3].Inthe1990’s,a

groupofscientistsin Switzerland used high-throughput
screeningofchemicallibrariestoidentifyadrugthatcould
inhibitthehyperactiveBCR-ABLprotein[4].Afterrefinement
andtestingtheyultimatelydevelopedthechemotherapeutic
agentimatinib,whichwasFDAapprovedin2001forthe
treatmentofCML.Sincetheuseofimatinibandothertarge-
tedtreatments,the5-yearsurvivalrateforCMLhasdoubled
from31%forpeoplediagnosedintheearly1990’sto63%
forthosediagnosedbetween2005and2011.Moreover,the
5-yearsurvivalrateforpatientsconsistentlytakingimatinib
hasbeen90%[5].

Thedevelopmentofimatinibanditsuseinthetreatment
ofCMLrepresentoneoftheearliestexamplesoftheuseof
medicaltherapytargetedtoapatient’sspecificgenetic

profile,andembodiesabroaderapproachtomedicine,which
hasprogressivelybecomemorefocusedonindividualpatients
ratherthanpopulations.Drivenbythesuccessofthehuman

genomeproject,explosivegrowthinnewdiagnostictechnol-
ogieshasbeenseeninthelasttwodecades.Astechnology
hascontinuedtoadvance,sohasourabilitytoidentify
geneticandbio-molecularvariationsnotonlybetweendisease

processes,butalsobetweenindividualpatients.Genotyping
canbeperformedtolookforparticularvariationsofknown

genes,orexomesequencingcanbedonetoidentifyonlypro-
tein-codinggenes.Indeed,eventhecostofsequencinganin-
dividual’sentiregenomehasdroppedfrom $50millionin
2003tounder$1,000in2016,andcannowbeperformedin

justoneday[6].
Healthcareprovidersnowfindthemselvesfacedwitha

newchallenge:how to usethesenoveltechnologiesto

providebettercarefortheirpatients,toimproveoutcomes,

andtomaintaincost-effectivenessatapopulationlevel.The

termprecisionmedicinehasrecentlyemergedtodescribethe
evolvingpracticeofdiseasetreatmentandpreventionthat

takesintoaccountindividualgeneticandmolecularvariations.

Itinvolvestheintegrationofmolecularandclinicaldatafrom
individualpatientsinordertodevelopamoreaccuratetaxon-

omyofdiseases,whichcansubsequentlybeusedtoenhance

diagnosis,diseaseprogresspredictionandtreatment.[7].In
2015,U.S.PresidentBarack Obamaestablishedanew

frameworkforthedevelopmentandapplicationofprecision

medicinecalledthePrecisionMedicineInitiative(PMI).This

initiativewasbacked bya $215 millioninvestmentto
supportresearch,development,andinnovationinthefieldof

precisionmedicine,andincluded:$130milliontotheNa-

tionalInstitutesofHealth(NIH),U.S.A.,fordevelopment
ofavoluntarynationalresearchcohortofamillionormore

volunteerstopropelourunderstandingofhealthanddisease;

$70milliontotheNationalCancerInstitute,whichisalso

partofNIH,toscaleupeffortstoidentifygenomicdriversin
cancerandapplythatknowledgeinthedevelopmentofmore

effectiveapproachestocancertreatment;$10milliontothe

FederalDrugAdministrationtoacquireadditionalexpertise
andadvancethedevelopmentofhighquality,curateddata-

basestosupporttheregulatorystructureneededtoadvance

innovationinprecisionmedicineandprotectpublichealth;

and$5milliontotheOfficeoftheNationalCoordinatorto

supportthedevelopmentofinteroperabilitystandardsandre-

quirementsthataddressprivacyandenablesecureexchange
ofdataacrosssystems.[8].

Manyexamples now existofthe use ofprecision

medicineinpatientcare,withvaryingdegreesofsuccess.For

example,ivacaftorwasdevelopedasatreatmentforcysticfi-
brosispatientswiththeG551D mutation,and worksby
bindingtothenon-functionalchloridechannelinsuchaway
astofacilitatenon-conventionalgatinginordertoincrease
chloridetransportthroughthechannel[9].Anotherpharma-

ceuticalagent,trastuzumab,wasdevelopedtotargeta

specificoncogeneproduct(muchlikeimatinib),humanepi-
dermalgrowthfactorreceptor2(HER2)receptorfoundina
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particularsubsetofbreastcancers[10].Precisionmedicinewas
usedinbothofthesecasestocreateuniquemedicalproducts
foranindividualgroupofpatients,butmoreoftenitentails
theselectionofwhatislikelytobethemostappropriate
therapyfromanarrayofexistingoptions.Inparticular,cer-
tainmutationsincytochromeP450enzymescanbeusedto

predictwarfarinandclopidogrelsensitivityandspecificmuta-
tionsassociatedwiththoracicaorticaneurysmscanhelpde-
termineappropriatethresholdsforsurgicalintervention[11].
Newresearchandnewdiscoveriescontinuetofacilitateoura-
bilitytotailormedicaltherapiestoeachindividualpatient,

andnewtechnologiesinmolecularbiologyandinformation
technologycontinuetomakethatprocessmorestreamlined
andaffordable.Inthefollowingsections,wedescribetwoex-
amplesthatareapplicabletotheperioperativeperiodforan-
esthesiologistsandperioperativecareproviderstoimprove

patientcare.

PrecisionMedicineinthePerioperativePeriod:Beta-Blockers

Precisionmedicineisoftenthoughtofinthecontextof
malignancy and other chronic disease.Approaches to

precisionmedicinehave,inthesecases,beenusedtoidentify
noveltherapeutictargetsorsusceptibilitiestoparticularmed-
icaltherapieswiththegeneralgoalofprolongingsurvivalor
improvingchronicmorbidity.Perioperativemedicine,incon-
trast,ispracticedwithinashort-timecourseimmediatelybe-
fore,during,andaftersurgery.However,newresearchcon-
tinuestosuggestthatthereareneverthelessopportunitiesto
improvepatientoutcomesintheperioperativeperiodthrough
theuseofprecisionmedicine.

Onesuchexampleinvolvestheuseofperioperativebeta
blockadetoreducetheincidenceofadversecardiaceventsand
cardiacmortalityinpatientsundergoingnon-cardiacsurgery.
Systemicsympatheticactivityisincreasedundersurgical
stress,leadingtoincreasedheartrate,contractility,andmy-
ocardialoxygenconsumption.Thepurposeofbetablockade
istoattenuatethisresponseinordertoreducetheriskofis-
chemiaforhighriskpatientsduringtheperioperativeperiod,

andwasoriginallysupportedbydatafrom Manganoetal.in
1996, which demonstrated that perioperative atenolol
reducedperioperativemyocardialischemiaby50%,andthe
incidenceofcardiacdeathby10%[12].TheDECREASEtrial,

whichwaspublishedin1999,identified112patientswith
stress-inducedischemiaduringdobutamineechocardiography
whowereundergoinghighriskvascularsurgery,andran-
domizedthosepatientstoreceivebisoprololstartingoneweek
beforesurgeryandextending30dayspost-operativelycom-

paredwithstandardcare[13].Theresultsincludeda13.6%

reductionin30-daycardiacdeathinthebisoprololgroup
(3.4%)comparedtothecontrolgroup(17%),aswellasa
17% reductionin non-fatal MI (0% vs.17%).These
findingspromptedliberaluseofbetablockadeintheperiop-
erativesetting,especiallyforpatientswithmultiplecardiac

riskfactorsasmeasuredbytheRevisedCardiacRiskIndex
(RCRI)[14].Ofnote,theDECREASEtrialsarefoundtovio-
late ethical and scientific standards and the leading
researcher,DonPoldermans,wasfoundtocommitscientific

misconductandwasdismissedfromhispositionatErasmus
MedicalCenterinNetherlands.

Thoseresultsweremorerecentlycomplicatedbythe
POISEtrial,inwhichresearchersrandomized8351patients

withatheroscleroticdiseaseundergoingnon-cardiacsurgery
toreceiveeithermetoprololorplacebotwotofourhoursbe-
foresurgeryfollowedbyanotherdosezerotosixhoursafter
surgeryandthendailyfor30dayspostoperatively.They
foundamodest1.1%reductionincardiovasculardeath,non-
fatalMI,andnon-fatalcardiacarrestinthemetoprololgroup
(5.8%)comparedtothecontrolgroup(6.9%),alongwith
astatisticallysignificantincreaseintotalmortalityandstroke
(3.1%vs.2.3%and1%vs.0.5%respectively)[15].

Perioperative beta blockaderemains a controversial
topic,butwhatisnowbeingdiscoveredistheconsiderable
inter-individualgeneticvariabilityinadrenergicreceptorsand

enzymesinvolvedinthemetabolismofbetablockers,and
howthosedifferences mayaffecttheclinicalresponseto

pharmacologictherapy.
Cardiacβ1adrenergicreceptors,whenstimulatedbyan

appropriateligand,affectadownstream signalingcascade
thatresultsintheactivationofadenylylcyclase,whichulti-
matelyincreasescardiacinotropyandchronotropy.Thus,

mutationsthataltertheβ1receptorfunctionalitycouldpoten-
tiallyalterthephysiologicresponsetoreceptorblockade.For

example,thefrequencyofβ1 Arg389isapproximately70%
inCaucasiansand50%inAfrican-Americans,comparedto
30% and50%,respectively,fortheβ1Gly389polymor-

phism[16].However,theβ1Arg389polymorphismresultsin
three-foldgreateragonist-inducedstimulationofadenylylcy-

clasecomparedtoβ1Gly389,greaterbasalcardiaccontractili-

ty,and morepronouncedbeta-blockerresponsiveness[17].
Moreover,thisparticularmutationconfersanimprovedmor-
talityoutcomeinresponsetobetablockadewithbucindolol

forheartfailurepatients[18].
Beta2 adrenergic receptors, which are primarily

expressedonsmoothmusclecellsoftheairwayandvascula-
ture,alsohavealimitedpresenceoncardiacmyocytes.The
functionally distinct β2Ile164 polymorphism causes
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uncouplingofagonist-inducedadenylylcyclasestimulation
andis associated with decreased exercise capacity and
increasedmortalityinheartfailurepatients[19].Furthermore,

β2adrenergicreceptorpolymorphismsatpositions79(Cto
G)and47(GtoA)havebothbeenshowntobeindepend-
entlyassociatedwithimprovedmortalityinacutecoronary
syndromepatientsdischargedonbeta-blockers[20].

Alpha2Aandα2Cadrenergicreceptorslocatedatthepres-

ynapticnerveterminalinhibitthereleaseofnorepinephrine

whenactivatedbyendogenouscatecholamines,suchasepi-
nephrine;whereaspresynapticβ2receptorsfacilitatethere-
leaseofnorepinephrine.Theirnativeexpressionhelpstoreg-

ulateactivationofpost-synapticβ1andβ2receptorsonthe

cardiacmyocytes,whichacttoincreaseinotropyandchro-
notropy[16].Ascompetitiveantagonistsatbetaadrenergicre-

ceptors,thefunctionofbetablockersispartiallydependent
onthepresenceofabetaagonisttoantagonize,whichiswhy
theireffectivenesscanbealteredbymutationsinpresynaptic
α2receptors.Forexample,theα2ALys251alleleisfoundin
4%ofAfrican-Americansand0.4%ofCaucasians,andhas

beenshowninfunctionalstudiestoresultina50%increase
infunction[21].Thismutationresultsindecreasednorepi-
nephrinereleasecomparedtothemorecommonα2AAsn251

allele,whichcouldpotentiallyleadtoanexaggeratedbeta
blocker response.In contrast,approximately 40% of
African-Americansand 3% of Caucasians have an α2C
receptorcodingpolymorphismthatresultsina12nucleotide
in-framedeletion,whichresultsinnearlycompletelossof
function[22].Thisα2CDel322-325polymorphismisassociated

withincreased norepinephrineinthecardiacpresynaptic
cleft,whichsignificantlydiminishestheantagonisticeffects
ofbetablockers,andhasbeenshowntoincreaseoverallrisk

ofheartfailureandtosignificantlyreducethesurvivalbenefit
ofbetablockersinheartfailurepatients[23].

Inadditiontothegeneticpolymorphismsthatalterthe
molecularfunctionofadrenergicreceptorsthemselves,poly-
morphismsinthegeneswhichcodefortheenzymesinvolved

inthemetabolismofbetablockerscanalsoaffectthephar-
macokineticsandultimatelythephysiologiceffectsofbeta
blocker therapy. The hepatic cytochrome P450 2D6
(CYP2D6)enzyme,inparticular,isresponsibleforphase-1
metabolism of mostbeta-blockersincluding metoprolol,

carvedilol,propranalol,andlabetalol,andhasalmost100
knownvariantsinthehumanpopulation.Thesevariantsare

grosslyclassifiedinto4groups:ultra-rapidmetabolizers,ex-

tensivemetabolizers,intermediate metabolizers,andpoor
metabolizers[24].Studieshavedemonstratedanincreasedrisk
ofdevelopingbradycardiaandhypotensioninpatientswith

CYP2D6poormetabolizerphenotypeswhoweretreatedwith
metoprolol[25].Furthermore,theuseofbeta-blockerssuchas
atenololwhicharenotmetabolizedbytheCYP2D6enzymeis
associated with improved perioperative mortality out-
comes[26].

Furtherstudieswillbeneededinordertodefinitively
characterizetheimpactofgeneticvariationsonperioperative
outcomes withrespectto beta blockade.However,the
currentdatasuggestthatnumerouspolymorphismscouldaf-
fecttheefficacyandpotentialsideeffectprofileofbetablock-
ers.Asgenetictestingbecomescheaper,andasourunder-
standingofthesegeneticfeaturesdevelops,wemaysomeday
beabletoscreenhigh-riskindividualsforparticulargenetic
make-upsinordertodeterminetheoptimumpharmacologic
strategyforpreventingadverseperioperativecardiacevents.

PrecisionMedicineinthePerioperative
Period:Opioids

  Anotherareawhereanesthesiologistsmaybeabletouse

precisionmedicinetoimproveoutcomesinvolvestheuseof
opioidtherapyintheperioperativesetting.Independentpre-
dictorsofpostoperativepainincludepreoperativepain,pre-
operativeanxiety,age,surgicalprocedure,andpreoperative

pain threshold and tolerance levels as measured by
quantitativesensorytesting[27].However,despitetheutiliza-
tionofcommonanestheticstrategies20%-40% ofpatients
stillreportseverepostoperativepain,and5%goontodevel-
opseverepersistentpainthatleadstosomelevelofchronic
disability[28].Opioidsremainthemainstayofpostoperative
analgesia,andareusedin72%ofsurgicalcases.Moreover,

opioiddosesrequiredtoachieveadequatepostoperativeanal-

gesiacanvaryasmuchas40-fold,andhavetraditionally
beendifficulttopredict[29].Furthermore,liberalopioiduseis
constrainedbyaconsiderablesideeffectprofilethatnotably
includessedation,dizziness,nausea,vomiting,constipation,

physicaldependence,tolerance,and respiratory depres-
sion[30].

Muchlikethegeneticvariationsthatcanaffectthephys-
iologyofbeta-blockade,geneticvariationsthataffectapa-
tient’sresponsetoopioidtherapyincludemutationsinthe

genesthatcodeforindividualopioidreceptorsaswellasmu-
tationsingenesthatcodefortheenzymesinvolvedintheme-
tabolismofvariousopioids,althoughtheperceptionofpain
isfurthercomplicatedbymodulationofnociceptiveinputs
withinthebrainstemandcorticalcircuits[31].Forexample,

theanalgesicefficacyofdrugsthatactonthemu-opioidre-
ceptorhasbeenlinkedtoasinglenucleotidepolymorphismat

position118oftheopioidreceptormu1 (OPRM1)gene,
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whichencodesthe mu-1receptor.Thefrequencyofthe
variantGallelevariesfrom10%to48% dependingonthe

population,withoverallgenotypefrequenciesof31.3%for

theAAallele,58.3%fortheAGallele,and10.4%forthe
GGallelehavingbeenreported[32].Specifically,theGGgen-

otypehasbeenshowntobeassociatedwithmuchhigheropi-
oidrequirementstoachievepostoperativepainrelief,aswell
aschroniccancerpainrelief[33].Similarly,astudyonintrath-

ecalopioidanalgesiashowedimprovedresponsetointrathecal
fentanylinparturientswiththeOPRM1304 Gallele[34].

Variationsintheopioidreceptorkappa1 (OPRK1)gene,

whichcodesforthekappa-opioidreceptor,havealsobeenas-

sociatedwithvariationsinpostoperativeandchronicpainlev-
els[35].Interestingly,mutationsinOPRM1,OPRK1,and
opioidreceptordelta1geneshavealsobeenassociatedwith

alcoholandopioidabuseandaddiction[36,37].
Enzymesdirectlyinvolvedinthemetabolismofopioids

includephase-1oxidationenzymesfromtheP450family,

suchas CYP2D6,phase-2conjugationenzymessuchas
uridine diphosphate glucuronyltransferase (UGT),and

phase-3membranetransporters,suchasmultidrugresistance

protein(MDR1)[38].TheCYP2D6enzymeisresponsiblefor

thebiotransformationofcodeineintomorphineandhydroc-
odoneintohydromorphone,bothofwhicharefar more

potentthantheirparentcompounds.Patientswhofallinto
theCYP2D6ultrametabolizersgroupcanhavedangerously
highlevelsofmorphineafterstandarddosesofcodeine[39],

and patients identified as extensive metabolizers have
improvedpainrelieffromhydrocodonecomparedtopoorme-

tabolizersandextensivemetabolizerswhoarepretreatedwith
aCYP2D6inhibitor[40].TheUGT2B7enzymemetabolizes

morphineintobothmorphine-6-glucuronide,apotentanalge-
sic,and morphine-3-glucuronidethatisassociated with
opioid-inducedhyperalgesia,theUGT2B7-840Galleleinpar-

ticularisassociatedwithreducedglucuronidationofmorphine
andhighlyvariablehepaticclearance[41].Lastly,mutationsin

theMDR1protein,whichcodesforamembranetransporter
foundintheliver,havealsobeenassociatedwithvariousde-

greesofopioidresponsivenessandadversedrugreactions.
Specifically,the3435C>T mutationdecreasestransporter
function and is associated with increased respiratory
depressionfromfentanyl[42],andcombiningthisgenotype
withthe OPRM1 A80G singlenucleotidepolymorphism

allowsdetectionofresponsetomorphinetherapy(strongre-
sponders,intermediateresponders,and non-responders)

withcloseto100%sensitivityand70%specificity[43].
Othergenesthatarenotdirectlyinvolvedinthemetabo-

lismofopioidscanstillaffectpostoperativepainlevelsand

associatedopioidrequirements.Forexample,catechol-O-
methyltransferase(COMT)isprimarilyinvolvedincate-
cholaminemetabolism,butpatientswhoarehomozygousfor
the COMT-Val158Metpolymorphism show adiminished
mu-opioid mediated response to pain and a decreased
morphine requirement for analgesia[42].Another gene,

calcium voltage-gated channelsubunitalpha2 delta2,

encodesavoltagedependentcalciumchannelthatinteracts
withtheG-proteinofthemu-opioidreceptor,theGGallele
ofwhichisfoundmorefrequentlyinpatientswithahighsen-
sitivitytoremifentanil[44].PatientswithSA/SAandSA/LG

genotypesoftheserotonintransporteralsoexperienceim-

provedanalgesicresponsetoremifentanilcomparedtothose
withtheLA/LAgenotype[45].

Conclusions

Theclinicalimplicationsofgeneticvariabilityinthe

perioperativesettingaresignificantandunder-recognized,

owinglargelytoourlimitedhistoricalcapacityformappinga

patient’sindividualgeneticprofile.However,recentdevelop-
mentsingenesequencingtechnologyhaveallowedgreaterac-
cesstogenetictestingacrossamultitudeofmedicalfields,

andarefacilitatingtheapplicationofprecisionmedicineto
morediseaseprocessesthaneverbefore.Inclusionofgenetic
testingaspartofapatient’spreoperativeworkupwould
allowanesthesiologiststoselecttherapiesthataretailoredto
eachindividualpatientin orderto optimizetherapeutic
efficacyandlimitadversedrugreactions.Forexample,apa-
tientwithanelevatedcardiacrisk whoalsoexpressesa
CYP2D6poormetabolizerphenotypemaybenefitfrombeta
blockade with atenolol, which is not metabolized by
CYP2D6,ratherthanmetoprololinordertoreducetherisk
ofbradycardiaandhypotension.Highriskpatientswiththe
α2ALys251allelemightbenefitfromlowdosebetablockers;

whereashighriskpatientswiththeβ1Arg389polymorphism
mightbeexpectedtorespondwelltostandardbetablockers
atstandarddoses.Similarly,thepresenceoftheOPRM1GG

genotype mightbeusedtopredictpostoperativenarcotic
needswiththeexpectationthatstandardnarcoticdosesmight
beinsufficienttoachieveadequateanalgesia.Furtherstudies
willbeneededtotestthesehypotheses,andtodeterminethe
effectsthesegeneticvariablesmighthaveonperioperative
outcomes.Moreover,furtherpharmacogenomicstudieswill
beneededinordertoidentifyothergenesthatmightplaya
roleinthepharmacodynamicsandpharmacokineticsofcom-
monperioperativedrugs.Genetictestingisstillrelativelyex-

pensiveandmustbeweighedagainsttheincidenceandoverall
costofadverseperioperativeoutcomesthatmightbeavoided
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withappropriatepreoperativetesting.However,wewille-
ventuallycometoapointwhenwenolongeraskourselves
whetherwecanaffordtouseprecision medicinetoguide

perioperativetherapies,butratherwhetherwecanaffordnot
to.Anesthesiologistsandperioperativecareprovidersshall
learntheknowledgeandbepreparedtopracticeprecision
medicinetoimprovetheoutcomeofourpatients.Precision
medicineisnotfarawayfromus.Itisjustwithus.
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