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Summary
Introduction

Medicationerrorsarethesinglemostpreventablecauseof

patient injury.They are responsible for about 25% of

litigation/medicolegalcasesagainstgeneral practitionersThe

problems,sourcesandmethodsofavoidingmedicationerrorsare

multifactorial and multidisciplinary. Illegibility,drug name

confusionanduseofdecimalpointsarecommon contributory

factors.

Aimofstudy

Thepresentstudywasdesignedtoevaluatethefrequencyand

impactofmedicationerrorsinAL-diwaniyiaTeachinghospital.

Method

toachievethisaimwediscussandanalyse100priscriptionfiles

topatientsuffredfromacutecoronarysyndromewithageranged

between (45-85)year.

Thedatawediscussinthisstudyweretheageofpatient

,weight,dateofadmissionanddischarge,medicalconditionand

diagnosis,andalldetailsrelatedtomedicationlikenameof

drugs,dose ,route of adminstrition,duration and way of

administrationinalldaysofadmission.
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Resultindicatedthat:

 Amongof100casestudyinAl-Diwaniyiateachinghospital

theoverallfrequencyofmedicationerrorswas100%.

 Themajorityofmedicationerrorswasduemonitoringand

followuperrorswhichwas92%,while91%ofmedication

errorswasduetodoseerrors,62%duetodrug-drugand

drug-diseaseinteractionsand30%ofmedicationerrorswas

duetowayofadministration.

Inconclusion

Criticalcaresettingsprovidelifesavingcareforthesickest

patientsbutarealsoassociatedwithsignificantrisksfor

adverseeventsandseriouserrors.Itwillbeespecially

importantto“engineerout”slipsandlapses,toimprovethe

likelihoodthattreatmentintheICUsisimplementedas

intended.



VIII

Chapterone

Introduction
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ChapterOne IntroductionandliteratureReview

1.1Medicationerrors

defined as any errorin the prescribing,dispensing or

administrationofadrugwhetherthereareadverseconsequences

ornot,arethesinglemostpreventablecauseofpatientinjury.[1,2]

Theseerrorscanoccuratanystageinthedruguseprocessfrom

prescribingtoadministrationtothepatient.Arecentreportbythe

InstituteofMedicine(IOM)estimatedthaterrorsinmedical

managementcausebetween44,000and98,000deathseachyear
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inUSAhospitals.[3]IntheUSAithasbeensuggestedthattherate

ofseriousmedicationerrorisapproximately7%.2Medication

errorsarenotconfinedtothehospitalsetting.Reportsfromthe

MedicalDefence Union and the MedicalProtection Society

revealedthat25%and19%,respectively,oflegalclaimsagainst

generalpractitionersrelatedtomedicationerrors.[4,5]

Theoccurrenceofmedicationerrorscancompromisepatient

confidenceinthehealthcaresystem andinaddition,increase

healthcarecosts.[6]Economicconsequencesmayincludethe

awardofdamagestothepatient,extensionofapatient’sstayin

hospitalandthepotentialfinancialsupportrequiredforlongterm

careofapatientwhosufferspermanentinjury[.7]IntheUSA,ithas

beenestimatedthatthecostofadversedrugevents,aproportion

ofwhichareduetomedicationerrors,was$5.6mperyearfora

700bedteachinghospital.

1.1.2TypesofMedicationErrors

Medication errors can be broadlyclassified as prescribing,

dispensingordrugadministration.

ChapterOne IntroductionandliteratureReview

1.1.2.2Prescribingerrors

Prescribingerrorsmaybedefinedasanincorrectdrugselection

forapatient,beitthedose,thestrength,theroute,thequantity,

theindication,thecontraindications.[9]Thisdefinitioncanbe

furtherexpanded to include failure to comply with legal
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requirementsforprescriptionwriting.The.prescribermust

specifytheinformationwhichthepharmacistneedstodispense

thedruginthecorrectdosageandformandthedirectionsthe

patientneedstotakeitsafely[.10,11]Astudyundertakeninthe

hospitalsettingbyLesaretalfoundanerrorrateof4errorsper

1000medicationorders.Oftheerrorswithpotentialforadverse

patienteffects,drugallergiesaccountedfor12.1%,wrongdrug

name,dosageformorabbreviation

1.1.2.3DispensingErrors

Dispensingerrorsareerrorsthatoccuratanystageduringthe

dispensingprocessfrom thereceiptofaprescriptioninthe

pharmacythroughtothesupplyofadispensedproducttothe

patient.[13]StudiesintheUSAhaveestimatedthatdispensing

errorsoccuratarateof1-24%.14Dispensingerrorsmay

underminethepatient’sconfidenceinthepharmacistand

increasethelikelihoodoflitigationprocedures[.15]Theseerrors

includetheselectionofthewrongstrength/product.Thisoccurs

primarilywhentwoormoredrugshaveasimilarappearanceor

similarname.Theuseofcomputerisedlabellinghasledtothe

emergenceoftranspositionandtypingerrorswhichareamong

the mostcommon causes ofdispensing error.[13]Other

potentialdispensingerrorsincludewrongdose,wrongdrug,

wrongpatient.

ChapterOne IntroductionandliteratureReview

1.1.2.4Administrationerrors

Adrugadministrationerrormaybedefinedasadiscrepancy
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betweenthedrugtherapyreceivedbythepatientandthedrug

therapyintendedbytheprescriber.[16]Drugadministrationis

associatedwithoneofthehighestriskareasinnursingpractice.

The“fiverights”havelongbeenthebasisfornurseeducationon

drugadministrationi.e.givingtherightdoseoftherightdrugto

therightpatientattherighttimebytherightrouteroute[16,17]

Drugadministrationerrorslargelyinvolveerrorsofomission

whereadministrationisomittedduetoavarietyoffactorse.g

wrongpatient,lackofstock.Othertypesofdrugadministration

errorsincludewrongadministrationtechnique,administrationof

expireddrugsandwrongpreparationadministered.
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Figure1:Classificationofmedicationerrorsdependingontheir

cause.
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ChapterOne IntroductionandliteratureReview

1.2Prevelanceandincidence

Globally,itisestimatedthat142,000peoplediedin2013from

adverseeffectsofmedicaltreatment;in1990,thenumberwas

94,000.[18]A2000InstituteofMedicinereportestimatedthat

medicalerrorsresultinbetween44,000and98,000preventable

deaths and 1,000,000 excess injuries each yearin U.S.

hospitals.[19][20][21]IntheUK,a2000studyfoundthatan

estimated850,000medicalerrorsoccureachyear,costingover

£2billion.[22]Someresearchersquestionedtheaccuracyofthe

IOM study,criticizingthestatisticalhandlingofmeasurement

errorsinthereport,[23]significantsubjectivityindetermining

whichdeathswere"avoidable"orduetomedicalerror,andan

erroneousassumptionthat100%ofpatientswouldhavesurvived

ifoptimalcarehadbeenprovided.[24]A2001studyintheJournal

oftheAmericanMedicalAssociationofsevenDepartmentof

VeteransAffairsmedicalcentersestimatedthatforroughlyevery

10,000patientsadmittedtothesubjecthospitals,onepatientdied

whowouldhavelivedforthreemonthsormoreingoodcognitive

healthhad"optimal"carebeenprovided.[24]A2006follow-upto

theIOMstudyfoundthatmedicationerrorsareamongthemost

commonmedicalmistakes,harmingatleast1.5millionpeople

everyyear.Accordingtothestudy,400,000preventabledrug-

relatedinjuriesoccureachyearinhospitals,800,000inlong-term

caresettings,androughly530,000amongMedicarerecipientsin

outpatientclinics.Thereportstatedthatthesearelikelytobe

conservativeestimates.In2000alone,theextramedicalcosts
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incurredbypreventabledrug-relatedinjuriesapproximated$887

million—and thestudylooked onlyatinjuriessustained by

Medicarerecipients,asubsetofclinicvisitors.Noneofthese

figurestakeintoaccountlostwagesandproductivityorother
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costs.Accordingtoa2002AgencyforHealthcareResearchand

Qualityreport,about7,000peoplewereestimatedtodieeachyear

frommedicationerrors-about16percentmoredeathsthanthe

numberattributable to work-related injuries (6,000 deaths).

Medicalerrors affectone in 10 patients worldwide.One

extrapolationsuggeststhat180,000peopledieeachyearpartlyas

aresultofiatrogenicinjury.OneinfiveAmericans(22%)report

thattheyorafamilymemberhaveexperiencedamedicalerrorof

somekind.Astudyreleasedin2016foundmedicalerroristhe

thirdleadingcauseofdeathintheUnitedStates,afterheart

diseaseandcancer.

1.3Etiologyandcause

Medicalerrorsareassociatedwithinexperiencedphysiciansand

nurses,newprocedures,extremesofage,andcomplexorurgent

care.[25]Poorcommunication(whetherinone'sownlanguageor,

asmaybethecaseformedicaltourists,anotherlanguage),

improperdocumentation,illegiblehandwriting,inadequatenurse-

to-patientratios,andsimilarlynamedmedicationsarealsoknown

tocontributetotheproblem.Patientactionsmayalsocontribute

significantlytomedicalerrors.Falls,forexample,mayresultfrom

patients'ownmisjudgements.Humanerrorhasbeenimplicatedin

nearly80percentofadverseeventsthatoccurincomplex
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healthcaresystems.Thevastmajorityofmedicalerrorsresult

fromfaultysystemsandpoorlydesignedprocessesversuspoor

practicesorincompetentpractitionComplicatedtechnologies,

powerfuldrugs,intensivecare,andprolongedhospitalstaycan

contributetomedicalerrors.

ChapterOne IntroductionandliteratureReview

In2000,TheInstituteofMedicinereleased"ToErrerisHuman,"

whichassertedthattheproblem inmedicalerrorsisnotbad

peopleinhealthcare—itisthatgoodpeopleareworkinginbad

systemsthatneedtobemadesafer.[26]

Poorcommunicationandunclearlinesofauthorityofphysicians,

nurses,andothercareprovidersarealsocontributingfactors.[27]

Disconnectedreportingsystemswithinahospitalcanresultin

fragmentedsystemsinwhichnumeroushand-offsofpatients

resultsinlackofcoordinationanderrors.[28]

Otherfactorsincludetheimpressionthatactionisbeingtakenby

othergroupswithintheinstitution,relianceonautomatedsystems

topreventerror.,[29]andinadequatesystemstoshareinformation

abouterrors,whichhampersanalysisofcontributorycausesand

improvementstrategies.[30]Cost-cuttingmeasuresbyhospitals

inresponsetoreimbursementcutbackscancompromisepatient

safety.[31]Inemergencies,patientcaremayberenderedinareas

poorlysuitedforsafemonitoring.TheAmericanInstituteof

Architectshasidentified concernsforthesafedesign and

constructionofhealthcarefacilities.[32]Infrastructurefailureis
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alsoaconcern.AccordingtotheWHO,50%ofmedicalequipment

indevelopingcountriesisonlypartlyusableduetolackofskilled

operators orparts.As a result,diagnostic procedures or

treatments cannot be performed,leading to substandard

treatment.

TheJointCommission'sAnnualReportonQualityandSafety

2007foundthatinadequatecommunicationbetweenhealthcare

providers,orbetween providersand thepatientand family

members,wastherootcauseofoverhalftheseriousadverse

eventsinaccreditedhospitals.[33]Otherleading
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causesincludedinadequateassessmentofthepatient'scondition,

andpoorleadershiportraining.Humanfactors;Cognitiveerrors

commonlyencounteredinmedicinewereinitiallyidentifiedby

psychologistsAmosTverskyandDanielKahnemanintheearly

1970s.JeromeGroopman,authorofHowDoctorsThink,says

theseare"cognitivepitfalls",biaseswhichcloudourlogic.For

example,apractitionermayovervaluethefirstdataencountered,

skewinghisthinking(orrecentordramaticcaseswhichcome

quicklytomindandmaycolorjudgement).Anotherpitfalliswhere

stereotypesmayprejudicethinking.[34]Sleepdeprivationhasalso

beencitedasacontributingfactorinmedicalerrors.[35]One

studyfoundthatbeingawakeforover24hourscausedmedical

internstodoubleortriplethenumberofpreventablemedical

errors,includingthosethatresultedininjuryordeath.[36]

1.4MedicationerrorsinIntensivecareunit(ICU)
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Medicationerrorsinintensivecarearefrequent,serious,and

predictable.Criticallyillpatientsareprescribedtwiceasmany

medicationsaspatientsoutsideoftheintensivecareunit(ICU)

andnearlyallwillsufferapotentiallylife-threateningerreratsome

pointduringtheirstay.Theaimofthisarticleistoprovideabasic

reviewofmedicationerrorsintheICU,identifyriskfactorsfor

medicationerrors,andsuggeststrategiestopreventerrorsand

managetheirconsequences.Healthcaredeliveryisnotinfallible.

Errorsarecommoninmosthealthcaresystemsandarereported

tobetheseventhmostcommoncauseofdeathoverall[37].

JamesReasondevelopedawell-recognizedsystem forhuman

errorclassificationbasedonobservationsfrom industriesthat

havebecomehighlyreliablesuchasaviationandnuclearpower

[38].Hestatesthat
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errorsarisefortworeasons:activefailuresandlatentconditions.

Activefailuresareunsafeactscommittedbypeoplewhoarein

directcontact

withthepatient.Theytakeavarietyofforms:slips,lapses,and

mistakes.Slipsandlapsesareskill-basedbehaviorerrors,when

aroutinebehaviorismisdirectedoromitted.Thepersonhasthe

rightidea butperformsthewrong execution.Forexample,

forgettingtorestartaninfusionofheparinpostoperativelyisa

lapse.Restartingtheheparininfusionbutenteringanincorrect

infusionratedespiteknowingthecorrectrateisaslip.Mistakes

areknowledge-basederrors(perception,judgment,inference,and
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interpretation)andoccurduetoincorrectthoughtprocessesor

analyses.Forexample,prescribingheparininapatientdiagnosed

withheparininducedthrombocytopeniaisamistake.Situational

factors(fatigue,drugs,alcohol,stress,andmultipleactivities)can

divertattentionandincreasetheriskofactivefailures.

1.4.2UniqueabouttheICUandmedicationerrors

TheICUbringstogetherhigh-riskpatientsandinterventionsina

complexenvironment[38].Thesinglestrongestpredictorofan

ADEispatientillnessseverity[39].Criticallyillpatientsare

prescribedtwiceasmanymedicationsaspatientsoutsideofthe

ICU[40].MostmedicationsintheICUareadministeredasweight-

based infusions. These infusions require mathematical

calculationsandfrequentlyarebasedonestimatedweights

increasingtheriskoferror[41,42].MulticenteredstudiesbyRidley

andcolleagues[43]andCalabreseandcolleagues[44]identified

potassium chloride,heparin,magnesium sulphate,vasoactive

drugs,sedatives,andanalgesicsasthemedicationswiththe

greatestriskof
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error.AntibioticsfrequentlyareempiricallyprescribedintheICU

anderrorshavepotentialimplicationsbothforindividualpatients

and populations [45],[46]. Patients are prescribed these

medications in an environmentthatis stressful,complex,

changing,underthestewardship

ofmultipleproviders,andfrequentlymanagingpatientsincrisis

[47].Itisimportanttorememberthatcriticallyillpatientshave

fewerdefensesagainstadverseeventsthanotherpatientsdo.
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Theyhavelimitedabilitytoparticipateintheirmedicalcareand

theylackthephysiologicalreservetotolerateadditionalinjury.

Moreover,theyarereliantonsophisticatedtechnologiesand

equipmenttodeliveressentialcareandyetrelativelylittleis

knownaboutmedicalequipmentfailuresandtheassociated

safetyrisks.Finally,lackofcontinuityofcareatdischargefrom

theICUisawell-knownfeatureputtingthepatientatriskfor

errors.
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ChapterOne IntroductionandliteratureReview

1.4.3Theconsequencesofmedicationerrors

Medicationerrorsareanimportantcauseofpatientmorbidityand

mortality[48].Althoughonly10%ofmedicationerrorsresultinan

ADE,theseerrorshaveprofoundimplicationsforpatients,families,

andhealthcareproviders[49,50,51].TheIOM reporthighlights

that44,000to98,000patientsdieeachyearasaresultofmedical

errors,alargeportionofthesebeingmedication-related[52].

Approximatelyonefifth(19%)ofmedicationerrorsintheICUare

life-threateningandalmosthalf(42%)areofsufficientclinical

importancetowarrantadditionallife-sustainingtreatments[53].

However,deathsareonlythetipoftheiceberg.Thehumanand

societalburdenisevengreaterwithmanypatientsexperiencing

costlyandprolongedhospitalstaysandsomepatientsneverfully

recoveringtotheirpremorbidstatus[54,55].Batesandcolleagues

[55]estimatedthatinAmericanhospitalstheannualcostof

seriousmedicationerrorsin1995was$2.9millionperhospital

andthata17%decreaseinincidencewouldresultin$480,000

savingsperhospital.Finally,thepsychologicalimpactoferrors

shouldnotbeignored[55].Errorserodepatient,family,andpublic

confidenceinhealthcareorganizations[56].Memoriesoferrorcan

hauntprovidersformanyyears[57].
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1.5ResearchQuestion

1-Whatisthefrequencyof medicationerrorsinICUinAl-

DiwaniyahTeachinghospital?

2-Whatistheimpactofthesemedicationerrors?

1.6Theaimofresearch

1-InvestigatethefrequencyofmedicationerrorsinAl-Diwaniyah

teachingHospitalinICU.

2-Assesstheimpactofthesemedicationerrors.
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Chaptertwo ResultandDisscusion

2.1Subjects

Astudywasapprovedbyscientificcomity,pharmacycollage

universityofAl-Qadisiyah,Iraq,verbalinformedconsentofthe

pharmacistwastaken.

Atotal100prescriptionfilesincludedinthisstudywerecollected

fromSeptember2016tillmarch2017.

2.2PatientGroup

Thestudyperformedon100patient(62maleand38female)the

patientagesrangedbetween45-85year

patients were diagnosed by specialist physicians in Al

DiwaniaTeachingHospitalinICU.

Allpatientweresufferedfromacutecoronarysyndromeinclude:

1-Unstableangina

2-STEMI

3-Non-STEMI

2.3Method

AformalwasusedtocollectdataincludeThenameofpatient,age,

doctor'sdiagnosis,drugdispensed,andtherdose,route,

duration,frequencyandstrength.

BNF70anddrug.comdruginteractionscheckerusedtoidentify

thedrugintraction.

Werecordedanddiscussalldetailsrelatedtomedicationgiveto
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patientineachsingledayofadmission,andthatinclude

drugname

dosageform

(tablet,capsule,vial,ampule..)

routeofadministration

 oral

 sublingual

 paraenteral like intravenous, intramuscular,

subcutaneous..

wayofadministration

forexampleifparaenteralroutegiveasdirectintravenous

injectionorbyintravenousfluid

durationofadministration

frequency

thetypeoffluiduse

(normalsaline,glucosewater,ringersolution..)andthe

typeofintravenousbaguse(glass,polylfin,plastic....)

Dose
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Chapterthree Resultand
Disscusion

3.1Result

Amongof100casestudyinAl-Diwaniyiateachinghospitalthe

overallfrequencyofmedicationerrorswas100%.

Themajorityofmedicationwasduetomonitoringandfollowup

errorswhichwas92%,while91%ofmedicationerrorswasdueto

doserelated,62%ofmedicationerrorswasduetodrugs-drugs

interaction and drugs-diseases interactions and 30% of

medicationerrorswasduetowayofadministration.

ThemostfrequentmedicationerrorswefoundinAl-Diwaniyia

teachinghospitalwasrelatedtoincorrectdoseandabsenceofof

monitoringofheparinwhichaccountfor98%ofcases,followby

medicationerrorsduetomonitoringofatorvaststin,incorrect

dosingofenoxaparin,medicationerrorsoffurosemideduetoway

ofadministrationfollowedbymedicationerrorsofamiodarondue

tomonitoringandwayofadministrationerrors.

Themostseriousdugs-drugsinteractionwefoundfromthe100

casesareceftriaxoneandcalciuminwhichthereispotentialrisk

offatalparticulated preceptited in kidney,omperazoland

clopidogrelandfurosemideandamikacin.

Themostcommondrugs-drugsinteractionwefoundin100cases

isceftriaxonewithheparininwhichtheceftriaxonewillincrease

theeffectivenessofheparine.
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3.2.Discussion

3.2.2.Acutecoronarysyndrome

Themostcommontypesofmedicationerrorsinthisgroup

includemedicationdoseerrors(includingfailuretoaccountfor

renaldysfunction),omission(failuretoeithergivethemedication

ortoresumetreatment),andmiscalculationofapatient’sweight.

InSTEMIpatients,omissionerrorsarerepresenteddramatically

bytherelativelylow ratesofuseofimmediatereperfusion

therapy,[58].Aspirin [59]clopidogrel,angiotensin-converting

enzyminhibitorsrs,[60]andstatinsduringhospitalization.[61]For

theacuteadministration ofintravenous-blockersin STEMI

patients, guideline recommendations have changed

recently[.62]Becauseofanincreasedriskofcardiogenicshockin

patients treated with intravenous beta-blockers, current

recommendations now advise the avoidance oftherapy in

patientswithanysignsofheartfailureandinthoseatincreased

riskofdevelopingheartfailure.Whatpreviouslymayhavebeen

consideredanerrorofomissionmaynow beconsidereda

medicationerrorifintravenousbeta-blockertherapyisgiventoa

patientwithevidenceofheartfailure,becauseoftheincreased

riskofcardiogenicshock.Thenon-STEMIpopulationtendstobe

anolderpopulationwithgreatercomorbidillnesses,worserenal

function,andahigherproportionofwomen.Thesecharacteristics
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predispose to untoward medication reactions ifappropriate

dosingadjustmentsarenotmade.Inacomprehensiveanalysis

from the CRUSADE NationalQuality ImprovementInitiative

evaluatingexcessivedosinginpatientswithnon–ST-elevation

ACS,42%ofpatientswhowereadministeredan
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antithromboticagentreceivedatleast1initialdoseoutsidethe

recommended range.[63]Theexcessdosing wasseen with

unfractionated heparin (33%),low-molecular-weightheparin

(14%),andglycoprotein

IIb/IIIainhibitors(27%).Thefactorsassociatedwithexcessive

dosingincludedolderage,femalesex,renalinsufficiency,low

bodyweight,diabetesmellitus,andcongestiveheartfailure.Itwas

estimatedthat15%ofallmajorbleedinginthispopulationwas

attributabletoexcessivedosing.Thelatestqualitymetricsfor

patientswithacutemyocardialinfarctionincludethefrequencyof

excessivelydosedheparin,low-molecular-weightheparin,and

glycoprotein IIb/IIIa inhibitors;omission of clopidogrelin

medicallymanagedpatients;thepresenceofaweightbased

heparin-dosingprotocol;andtheabilitytotrackbleedingevents

relatedtoanticoagulants.[64]Systemsapproaches,suchasthe

AHA’sevidence-basedGetWithTheGuidelines,havebeenshown

toimproveadherencetoguidelines,withanemphasisonreducing

medicationerrorsofomissionandcommission.[65]Thefollowing

sectionhighlightserrorsinprescribingthatarerelatedtospecific

agentsinACS.

3.2.3AntiplateletAgents
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Wefoundthat25%ofpatientinintensivecareunitedischarged

withGITupsetbecauseofuseofNSAIDslikeaspirin.

Thegastricmucosaprotectsitselffromgastricacidwithalayerof

mucus,the secretion ofwhich is stimulated by certain

prostaglandins.NSAIDsblockthefunctionofcyclooxygenase1

(COX-1),which is essentialfor the production ofthese

prostaglandins.

Chapterthree Resultand
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Anothercauseisstresspatientserioushealthproblemssuchas

thoserequiring treatmentin an intensivecareunitiswell

describedasacauseofpepticulcers,whicharetermedstress

ulcers.[66]

prophylaxisandtreatmenttosuchconditionshoudbeoccurin

ICU

3.2.4Amiodaron

The mostcommon errorin ICU was related to way of

adomistration,inallcasesitwhichamiodaroninvolvedintherapy

itwasgiveinplasticintravenousbagandset.

lossofamiodaronefrom i.v.admixturestoflexiblepolyvinyl

chloride(PVC)infusionbagsandi.v.administrationsetswas

studied.Admixturescontainingamiodaronehydrochloride600

micrograms/mLandeither5%dextroseinjectionor0.9%sodium

chlorideinjectionwerestoredatroom temperatureinglass

bottles(bothwithandwithoutcontactofthedrugsolutionwith
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therubberbottleclosure),inflexiblePVCbags,orinrigidPVC

bottles.After120hours,thecontentsofeachflexiblePVCbag

wereemptiedandreplacedbymethanol,whichwasallowedto

remaininthebagforanadditional120hoursandwasthen

analyzedforamiodaronecontent.Todetermineavailabilityof

amiodaroneafterinfusionthrougha1.8-mPVCi.v.administration

set,solutionsstoredinglasscontainerswererunthroughtheset

at0.5mL/minfor90minutes.Samplesofdrugsolutionswere

collectedatappropriateintervalsandanalyzedbyastability-

indicatinghigh-performanceliquidchromatography(HPLC)assay.

Admixturescontaining0.9%sodium chlorideinjectionwerenot

stable;visualincompatibilitywasevidentafter24hoursofstorage

in glassbottles,and no furthertesting wasperformed.In

admixturescontaining5%dextroseinjectionthatwerestoredin

50-mLflexiblePVC
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bags,60%oftheinitialamiodaroneconcentrationremainedafter

120hours;approximatelyhalfofthelostdrugwasrecoveredwith

themethanol.Ineffluentcollectedfrom thePVCadministration

set,82% ofthe initialamiodarone concentration remained.

Amiodaroneconcentrationsdidnotdecreaseappreciably,after

storageinglassorrigidPVCbottles.[67]

3.2.5Medicaionerrorsrelatedtoinvestigation

Theestimation ofcreatinineclearanceisoneofthemost

importantfactors thatshould be readily available to any

healthcare providerwho prescribes medicines,both in the
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emergencyandthein-hospitalsetting.Medicationssuchas

enoxaparin,eptifibatide,tirofiban,bivalirudin,dofetilide,and

sotalolaredosedonthebasisofestimatedcreatinineclearance

(eCrCl)withtheCockcroft-Gaultformula,[69]notbasedonthe

estimatedglomerularfiltrationratecalculatedbytheModification

ofDietin RenalDisease formula.[70]The 2007 unstable

angina/non-STEMIpractice guidelines recommend adjusting

dosesofrenallyclearedcardiovascularmedicationonthebasisof

the eCrCl.[71]The clinicalstudies and labeling thatdefine

adjustmentsforcardiovascularmedicationhavebeenbasedon

the Cockcroft-Gaultformula,which is notidenticalto the

ModificationofDietinRenalDiseaseequation.Accordingtothe

CRUSADE (Can Rapid risk stratification ofUnstable angina

patientsSuppressAdverseoutcomeswithEarlyimplementation

of the ACC/AHA guidelines) study, clinically important

disagreementsbetweeneCrClandestimatedglomerularfiltration

rateoccurredinonefifthofACSpatients;theauthorsconcluded

thatmedicationdosingshouldbebasedontheCockcroft-Gault

formula.[72]AlthoughuseoftheCockcroft-Gaultformula
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isrecommendedbythepresentwritinggroup,thistopicremains

controversial,becausetheNationalKidneyFoundation,73]and

the NationalKidney Disease Education Program [74]have

recommendedusingeithereCrClorestimatedglomerularfiltration

ratefordrugdosing.

Ideally,theeCrClshouldbecalculatedautomaticallyforallpatient
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admittedtoICUbeforbeginingintreatment.

3.2.6Weight-BasedMedicationDosing

AccurateweightassessmentisachallengeforICUpatientswho

are incapacitated. Because many acute cardiovascular

medicationsaredosedaccordingtoactual(andnotideal)body

weight,overestimation and underestimation ofbody weight

constituteanimportantsourceofmedicationerrorsthatresultin

adversemedicationeventsandineffectiveness,[75]respectively.

Examples ofacute cardiovascularmedications thatrequire

accurateweightassessmentincludeunfractionatedheparin,low-

molecular-weight heparin, glycoprotein IIb/IIIa receptor

antagonists,fibrinolyticagents(eg,alteplaseandtenecteplase),

inotropes(eg,dobutamine),vasopressors(eg,dopamineand

norepinephrine),vasodilators(eg,nesiritideandnitroprusside),

andtheinodilatormilrinone.

althoughpatientshadameanabsoluteerrorofonly3kgintheir

estimationofbodyweight,paramedics,nurses,residents,and

attendingphysicianshadameanabsoluteerrorof9to10kg.38

Althoughonly1.5%ofpatientweightestimationsweremorethan

20%off,13%to17%
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ofhealthcareproviders’estimationswereinaccuratebymorethan

20%.Otherstudiesagreethatweightestimationbymedicalstaff

isapotentialcontributortomedicationerrors.[76,77]Theseerrors

aremorepronouncedinpatientsatextremesofbodyweight.

3.2.7Medicationerrorrelatedtoage
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Olderadultsareatahigherriskofmedicationerrorsandhavea

greaterpropensity forexperiencing harmfulandfatalerrors.

[78].Themostcommontypesofmedicationerrorsamongthe

elderlyarethoseofomission(26%)andimproperdose(26%).The

useofaspirin,fibrinolyticagents,andheparinacutelyandof

statinsatdischargeremainssuboptimalevenamongidealolder

adultswithacutemyocardialinfarctionwithindicationsforthese

medicationsandnocontraindicationstotheir

use[79,80]Medicationerrorsofomissionarealsomorelikelyto

occurinelderlypatientswithACSsconsideredtobesecondaryto

anotherdiagnosis.ThesesecondaryACSeventsareindependent

predictorsofthelackofrecommendedmedicationtherapy[.90]

Omission ofevidence-based medications thatresults from

reasonableclinicaljudgmentareoflittleconcerncomparedwith

thoseduetomisdiagnosisormisclassificationofriskandbenefit

amongthoseeligiblefortreatment.Inapopulationstudyfrom15

000hospitaldischargesin1992,those65yearsofagehadtwice

therateofpreventableadversemedicationeventsasthose16to

64yearsold(5.3%versus2.8%,P0.001);however,inmultivariable

analysisadjustedforcomorbidityandcasemix,agewasnot

independentlyassociatedwithpreventableadverseevents[81]

Rather,olderadultsareatriskformedicationerrorsforotherage-

associated reasons. There are very few cardiovascular

medicationsforwhichdosesareadjustedbyagealone.Infact,

mostcardiovascularmedicationerrors
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in older adults are omission errors[.82] High rates of
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polypharmacy also increase the likelihood of drug-drug

interactions.Olderadultsarelesslikelytoreceiveappropriate

follow-uplaboratorymonitoringfor1ormoreoftheirmedications,

includingangiotensinconvertingenzymeinhibitors,amiodarone,

andstatins.Thereareage-relatedchangesinpharmacokinetics

(eg,medicationabsorption,metabolism,andhepaticorrenal

elimination)andpharmacodynamics,bothofwhichnecessitate

dose adjustments orheighten susceptibility to medication

adverseevents.Agetendstobeasurrogateforworserenal

function,whichisimportantformedicationsthatarecleared

renally.[83]

3.2.8Medicationerrorsrelatedtomonitering

3.2.8.2Heparin

3.2.8.2.2Heparin-inducedthrombocytopenia

Clinically important heparin-induced thrombocytopenia is

immune-mediatedanddoesnotusuallydevelopuntilafter5–10

days;itcanbecomplicatedbythrombosis.Plateletcountsshould

bemeasuredjustbeforetreatmentwithunfractionatedorlow

molecularweightheparin,andregularmonitoringofplatelet

countsmayberequiredifgivenforlongerthan4days*.Signsof

heparin-inducedthrombocytopeniaincludea30% reductionof

plateletcount,thrombosis,orskinallergy.Ifheparin-induced

thrombocytopeniaisstronglysuspectedorconfirmed,theheparin

shouldbestoppedandanalternativeanticoagulant,suchas

argatrobanordanaparoid,shouldbegiven.[85]

3.2.8.2.3Hyperkalaemia
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Inhibition ofaldosteronesecretion byunfractionated orlow

molecularweightheparincanresultinhyperkalaemia;patients

withdiabetesmellitus,chronicrenalfailure,acidosis,raised

plasmapotassiumorthosetakingpotassium-sparingdrugsseem

tobemoresusceptible.Theriskappearstoincreasewithduration

oftherapy,and plasma-potassium concentration should be

measuredinpatientsatriskofhyperkalaemiabeforestartingthe

heparin and monitored regularly thereafter,particularly if

treatmentistobecontinuedforlongerthan7days-Heparin[85]

inICUunfractionatedandlowmolecularweightheparininmost

casesusedwithanotherdrugslikeACEIsdrugs,Betablockers,

AspirinandARBsthathaveadditionaleffectbyincreasethelevel

ofpotassiumbyadditionalintraction.

Normalpotassium levelsarebetween3.5and5.0mmol/L(3.5

and 5.0 mEq/L)with levelsabove 5.5 mmol/L defined as

hyperkalemia.[86][87]]Typicallythisresultsinnosymptoms.[88]

Occasionallywhensevereitresultsinpalpitations,musclepain,

muscleweakness,or

numbness.[88][89]Anabnormalheartratecanoccurwhichcan

resultincardiacarrestanddeath.[88][86]

Commoncausesincludekidneyfailure,hypoaldosteronism,and

rhabdomyolysis.[96]Anumberofmedicationscanalsocause

highbloodpotassium includingspironolactone,NSAIDs,and

angiotensinconvertingenzymeinhibitors.[88]

3.2.8.2.4Activatedpartialthromboplastintime
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Theactivatedpartialthromboplastintimeisusedtomonitor

therapeuticdosesofUFH invenousthromboembolism.A

targetratioversusmid-pointofnormalrangeof1.5to2.5is

typicallyemployed.Thisisprincipallybasedonevidencethat

delayintheachievementof

Chapterthree Resultand
Disscusion

adequateanticoagulationisassociatedwithanincreasedrate

ofthrombosisrecurrenceorprogression.Itis,however,clear

thatthesensitivityofthetesttoheparinishighlyreagentand

instrumentdependentandideallylocalcalibrationoftheAPTT

shouldbeemployed Samplecollectionsystems,sample

anticoagulantsandstorageconditionsalsohaveclinically

important effects on the results .

TheinconvenienceandlimitedprecisionofmonitoringofUFH

therapyhascontributedtotheincreasinguseofLMWH

preparations, as several randomised studies have

demonstratedtheirefficacyandsafetywhenadministeredin

fixeddosageandwithoutlaboratorymonitoring(Lensingetal,

1995).Despitethispositivedevelopmentthereisstilldebate

overtheneedtomonitortreatmentwithLMWHincertain

subgroups.[90]

3.2.8.3Statin

Muscle effects The risk of myopathy, myositis, and

rhabdomyolysisassociatedwithstatinuseisrare.Although

myalgiahasbeenreportedcommonlyinpatientsreceivingstatins,

muscletoxicitytrulyattributabletostatinuseisrare.Muscle

toxicity can occurwith allstatins,howeverthe likelihood



XXXIX

increaseswithhigherdosesandincertainpatients .Statins

shouldbeusedwithcautioninpatientsatincreasedriskof

muscletoxicity,includingthosewithapersonalorfamilyhistory

ofmusculardisorders,previoushistoryofmusculartoxicity,a

highalcoholintake,renalimpairment,hypothyroidism,andinthe

elderly.Thereisanincreasedincidenceofmyopathyifastatinis

givenatahighdose,orifitisgivenwithafibrate.close

monitoringofliverfunctionand,ifmuscularsymptomsoccur,of

creatinekinaseisnecessary.Inpatientsatincreased
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riskofmuscleeffects,astatinshouldnotusuallybestartedifthe

baselinecreatinekinaseconcentrationismorethan5timesthe

upperlimitofnormal.Hypothyroidism should be managed

adequatelybeforestartingtreatmentwithastatin.

Statinsshouldbeusedwithcautioninthosewithahistoryofliver

diseaseorwithahighalcoholintake—,aNICEguideline*suggests

thatliverenzymesshouldbemeasuredbeforetreatment,and

repeatedwithin3monthsandat12monthsofstartingtreatment,

unlessindicatedatother

timesbysignsorsymptomssuggestiveofhepatotoxicity.Those

withserumtransaminasesthatareraised,butlessthan3times

theupperlimitofthereferencerange,shouldnotberoutinely

excludedfromstatintherapy.Thosewithserumtransaminasesof

morethan3timestheupperlimitofthereferencerangeshould

discontinuestatintherapy.[85]

3.2.9Medicationerrorsrelatedtodrug-drugInteraction
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Patientsadmittedtointensivecareunit(ICU)presentwithsevere

andlife-threateningillnesses.Mostofthem sufferfrom various

comorbidities.Theyusuallyreceivecomplexpharmacotherapy

withlargenumberofmedicineswhichincreasetheriskofdrug-

druginteractions(DDIs).

wefoundmanyintractioninICUthemostimportantandfrequent

interactionwere

3.2.9.2Ceftriaxon+calcium

Ceftriaxone (CRO), an expanded-spectrum cephalosporin

approvedforusebytheUnitedStatesFoodandDrugAdmin-

istration(FDA)in1984[91]hasawiderangeofantimicrobial

activityandiscurrentlyrecommendedinthenationalguide-lines

forthetreatmentofmanycommunity-acquiredinfec-tions,

includingpneumoniaandmeningitis
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[92,93].InSep-tember2007,theFDA issuedanAlertto

HealthcareProfessionalstorevisetheU.S.packagelabelingdue

tocon-cernsofadverseevents[94].Specifically,thewarningsug

-gestedthatCROandcalcium-containingproductsshouldnotbe

coadministeredtoanypatientreceivingeitheragentwithinthe

previous48hinordertopreventpossibleend-organdam-age

secondarytoCRO-calciumprecipitation.TheFDAwarn-ingswere

provokedbyareportoffataloutcomesinneonates,inwhose

lungsandkidneysCRO-calcium precipitateswerediscovered

[95].However,themajorityoftheseoutcomeswereduetoa

Y-siteincompatibilitybetweenCROandcalcium administered

simultaneouslythroughthesameintravenousline.
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3.2.9.3Amikacin+Furosemide

EitherincreasestoxicityoftheotherbyMechanism:additivedrug

effects.Increasedriskototoxicityandnephrotoxicity[96]

3.2.9.4Ceftriaxon+heparin

Ceftriaxonehasbeenassociatedwithanincreaseinprothrombin

timeandepisodesofbleeding.Theseeffectsmaypotentiatethe

effectsofheparin.Usually,nospecialmanagementisnecessary,

butthepatientshouldbemonitoredforbleedingifceftriaxoneand

heparinmustbegiventogether.VitaminKhasbeensuccessfully

usedtotreatcephalosporin-inducedcoagulopathies[97]

3.2.9.5Omperazole+Clopidogrel

Theco-administrationofclopidogrelwithomeprazoleresultsin

significantlyreduced exposure to the active metabolites of

clopidogrel.

A30%reductioninthemeaninhibitionofplateletaggregationwas

observedwhenomeprazolewasgivenatthesametimeas

clopidogrelcompared to clopidogrelalone.4 Decreases in

bleedingtimesand
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increases in plateletreactivity index were also observed,

consistentwithareductioninanti-clottingability.

3.2.10Medicationerrerrelatedtoorgantoxicity

Patientscaredforintheintensivecareunit(ICU)undergomultiple

interventionstotreatseriousmedicalconditions.Inadditiontothe

acuteillnessbeingtreated,underlyingchronicconditionsrequire

ongoingdrugtherapy.Asaresult,thesepatientsareexposedto
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numerouspharmaceuticalagents,manyofwhichhavenarrow

therapeuticwindowsandtoxicpotential.Comorbidconditions,

altereddrugpharmacokinetics,anddrug–druginteractionsfurther

enhancetheriskforbothdrugoverdosingandunderdosingand

adverse medication effects.Underdosing is complicated by

reducedefficacy,whereasoverdosingresultsinvariousend-

organtoxicities.Onesuchcomplicationisacutekidneyinjury

(AKI),arelativelycommonproblemintheICU,whichresultsfrom

multipleinsults.Importantly,potentiallynephrotoxicmedications

contributesignificantlytothedevelopmentofAKI.Inviewofthese

issues,itiscrucialthatclinicianscaringforthesepatientsuse

appropriatedrugdosingbasedontheknowledgeofaltered

pharmacokinetics,vigilantmonitoringofdrugefficacyandtoxicity,

recognition ofdrugs with nephrotoxic potential,and early

identificationofdrug-inducedAKIwhenitdevelops.

Numerousmedicationsareprescribedtoseriouslyillpatientsin

theintensivecareunit(ICU).Althoughtheyprovidesignificant

benefits,adverseeventsmaydevelopfromtheseagents,including

acutekidneyinjury(AKI),hepatotoxicity,neurologicaldysfunction,

cardiopulmonary
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toxicity,andotherend-organdisturbances.Severalstudieshave

documentedthatAKIoccursfrequentlyintheICU,affectingas

manyastwo-thirdsofpatientsItisoftentheresultofmultiple

insultsandmaybesevereenoughtorequirerenalreplacement

therapy(RRT)in~6%ofpatients.Aswithotheracuteorganinjury

syndromes,AKIhassignificantconsequences,whichinclude
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prolongedhospitallengthofstay,increasedhospital-related

morbidevents,developmentofchronickidneydisease(CKD),and

requirementforacuteand/orchronicRRT.Increasedhospitaland

overallmortalityalsocomplicatethisuntowardevent.

ThemajorculpritsthatcauseAKIincludeprocesses,suchas

infections complicated by sepsis, systemic inflammatory

responsesyndrome,andsepticshock,cardiac,hepatic,and

multiorgandysfunction/failure,aswellasvolumedepletion.Many

oftheseeventsprimethekidneyforinjurybycausingrenal

hypoperfusion and promoting oxidative stress.Importantly,

nephrotoxicdrugscontributetoAKIin19–25%ofcasesintheICU

[98.]

Chapterthree Conclusionand
Recommendation

3.2.11Conclusion

Patientsafetyisanimportanthealthcareissuebecause
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oftheconsequencesofiatrogenicinjuries.Medication

errorsincriticalca. rearefrequent,serious,and

predictable.Human factor research in nonmedical

settingssuggeststhatdemandinggreatervigilancefrom

providersofmedicalcaremaynotresultinmeaningful

safetyimprovement.Instead,theapproachofidentifying

failuresandredesigningfaultysystemsappearstobea

morepromisingwaytoreducehumanerror.

3.2.12Recommendation

1-Adherancetothetreatmentguidelines.

2- Encouraging a properdoctor–pharmacistand

pharmacist–patientcommunication.

3-Furtherstudiestoassesstheimpactofmedications

errorsinpatientwithAcuteCoronarysyndromeinICU.
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