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Abstract 
 

Laparoscopiciappendectomyiisioneiofi thei mosti commoni minimallyi invasiveisurgeri

esiperformediinichildren.iDemonstratingiitsicost-utilityiconcerningi health-

irelatediqualityiofilifei(HRQoL)iwillisupporti justifyingi thei higheri costsi associatediw

ithithisimethod. 

 

Objective:iToi conducti ai costutilityi analysisi (CUA)i comparingi openiappendectom

yi(OAp)iandilaparoscopiciappendectomyi(LAp). 

 

Materialiandimethods:i Toi achievei this,i wei createdi ai decisioni analytici modeli

toicalculateitheicost 

effectivenessiofiLApiversusi OAp.iOurianalysisi includedidataifromichildreni whoi ha

di undergonei surgeryi fori uncomplicatedi acutei appendicitisiandiagreeditoiparticipate

i byi completingi ai validatedi qualityi ofi lifei questionnaire.iWeicalculatedi thei totali

costsi incurredi fori eachi patienti undergoingi eitheriprocedure.i Fori thei analysis,i we

i seti ai cost-effectivenessiithreshold,i ori λ,i ati 20,000itoi 30,000i eurosi peri quality-

adjustedi lifei yeari (QALY),i whichi isiiiai standardimetriciuseditoimeasureitheivaluei

forimoneyiinihealthcare. 

 

Results:iWeiincludedi53ipatientsiinitheistudy.iTheiaverageicosti fori patientsiundergoi

ngiopeniappendectomyiwasi758.98ieuros,iwhilei thei costi fori thoseiundergoingilapar

oscopiciappendectomyiwasisignificantlyihigheriati1,525.50ieuros.iDespiteitheihigheric

ost,itheiincrementali cost-

effectivenessi ratioi (ICER)i wasicalculateditoibei18,000ieurosi peri QALY,i whichi fal

lsi withini thei acceptableithresholdiweiestablished. 

 

Discussion:iEconomicievaluationistudiesiinipediatricisurgeryi arei rarei andiinfrequent

lyiconsideriqualityiofilifeioutcomes.iThisiinformationi isi cruciali foriinformedi decisio

n-

making.i Ouri findingsi supporti thei usei ofi laparoscopyi inipediatriciappendectomyit

oienhanceitheiHRQoLiofiouripatients. 
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Chapteri 1:i Background 

Healthieconomicsi hasibecomei ani increasinglyi populari fieldi ofi study.iThere

iisiaigrowingiinteresti ini economici analysesi withini healthcare,i asi evidencedi

byi thei publicationi ofi morei thani 6,000i papersi oni thei subjecti iniii20191.iTh

isiheightenedifocusi isi likelyi duei toi ai greateri recognitioni amongihealthcarei

professionalsiofitheiimportanceiofiunderstandingitheieconomiciimplicationsiofi

medicalitreatmentsiandiinterventions. 

Traditionally,i thei approachi ofi ai physiciani wheni ai newi medicali interventio

niisiintroducedifocusesiprimarilyionievaluatingiitsiefficacyiandiassociatedicompl

ications.iThisiinvolvesimakingicomparisonsibetweenitwoi drugsi orisurgicalitec

hniquesitoiascertainiwhichioneiyieldsibetterioutcomes,iboastsi aihigheriresolutio

nirate,ihasi feweri complications,i ori resultsi ini ai shorterihospitalistay.iClearly

,ithisitypeiofiassessmentiisicrucialiandi formsi theifoundationiofimedicalipractic

e. 

However,iitiisiimperativeithatiweibroadeni ouri perspectivei andi consideri aimo

rei comprehensivei evaluation.i Oncei ani interventioni hasi beeni proveni toibei

morei effectivei ini termsi ofi clinicali outcomes,i wei mustiiidelvei deeperiintoi

understandingiitsibroaderiimplications.iTheimedicalicommunityimustirecognize

i theiiinecessityi ofi takingi intoi accounti thei economici aspectsi ofieachiinterv

ention,i especiallyi ini environmentsi wherei resourcesi arei limitediandiduringiti

mesiofieconomicicrisis. 

Iniscenariosiwhereiaistandardiinterventioniisialreadyiwell-

establishediandideliversisatisfactoryiresults,idemonstratingisuperiorioutcomesiw

ithiainewiinterventionicanibeiparticularlyichallenging.iThisidifficultyi isi oftenic

ompoundediinifieldsi likei Pediatrici Surgery,i wherei thei numberi ofi patientsiis

ismallerianditheidifferencesiinioutcomesibetweenitheinewiandistandardiinterven

tionsiareioftenisubtle.iInisuchicases,itheievidenceisupportingitheisuperiorityiofia

inewiinterventionioveritheiestablishedistandardimayi noti beirobustienough. 
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Therefore,ibeyondithei clinicali efficacy,i iti isi essentiali toi incorporateiecono

micievaluationsiintoiouriassessments.iThisiinvolvesianalyzingitheicost-

effectivenessiofinewiinterventionsiinicomparisonitoitheistandardiones,iconsideri

ngitheioverallivalueitheyibringiinitermsiofihealthioutcomesiandifinancialiimpact

.iByidoingiso,ihealthcareiprofessionalsicani makei moreiinformedidecisionsithat

inotionlyiimproveipatienticareibutialsoi ensurei theioptimaliallocationiofilimited

iresources. 

Economicsiasiaiscience,iinvestigatesitheibestipossibleiwayitoi allocatei airesour

ce,i asi theyi arei limitedi andi couldi havei manyi alternativei uses2.i Thisiisiesp

eciallyitrueiiniHealthiEconomics.i(Figurei1) 

 

 
 

Figurei1:i Schemei ofi Healthi Economicsi connectingi thei maini concepts. 

 
Everyi resourcei usedi ini ani intervention—

whetheri it'si healthcareiprofessionals,iequipment,iorispace—

hasianiopportunityi cost,i meaningi thatitheseiresourcesicouldipotentiallyibeiuse

dielsewhere.iIdeally,ieachiresourceishouldibeiallocateditoiitsimostibeneficialius

e3. 

Minimallyi invasivei surgeryi (MIS)i wasi developedi toi reducei surgicali traum

aitoipatients,itherebyiimprovingioutcomesiandispeedingi upi recovery.i Theijour

neyibeganiinitheiearlyi 20thi centuryi wheni thei firsti laparoscopesi wereiusedi

oni animalsi withi thei aidi ofi pneumoperitoneum4.i Thisiiimethodiadvancedisi
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gnificantlyi throughouti theicentury,iespeciallyiwithi the 

introductioniofivideoitechnologyiinithei 1960s.i Gynecologistsi playedi ai keyiro

leiiniitsidevelopment,iandiitsiapplicationsispreadiacrossivariousimedicalispecial

ties.i However,i laparoscopyi initiallyi facedi considerableiiiskepticismiandiwasi

notiwidelyiacceptedirightiaway.iItiwasn'tiuntili1989ithatitheifirstilaparoscopicic

holecystectomyiwasiformallyirecognizedi ati thei AmericaniCollegeiofiSurgeons

imeeting.i Sincei then,i thei innovativei concepti ofiminimallyi invasivei surgery

i hasi expandedi acrossi alli surgicali fields,iincludingiPediatriciSurgery5. 

Giveni thei advancedi technologyi andi thei increasedi operationaliiitimesirequir

ediforiminimallyi invasivei surgeryi (MIS),i thesei proceduresi tendi toiincuri hi

gheri costs6,7.i However,i therei isi evidenceiiifromi adulti populationsithatitheir

educedihospitalistaysiandiquickerireturni toi normali activitiesi canioffseti these

i higheri costsi wheni consideringi thei broaderi socialiiiandihealthcareisystemip

erspectives8.iMISihasidemonstratediitsisuperiorityioveritraditionaliopenisurgery

iiniadultsiforiproceduresisuchiasicholecystectomy,iappendectomy,iandicolonisu

rgery9,10,11 

Inipediatricipatients,ihowever,ijustifyingitheiuseiofiMISicani bei moreichallengi

ngiforiseveralireasons.iFirstly,imanyipediatriciproceduresi areiperformedioniaid

ay-

caseibasis,iandieveniinicasesiofiacuteiuncomplicatediappendicitis,ichildreniareit

ypicallyidischargedishortlyiafterisurgery.i Theirecoveryi foriai previouslyi healt

hyi childi followingi ani openi appendectomyiisiusuallyiswiftiandiuncomplicate

d.i Wheni ai specializedi Pediatrici Surgeryiteamimanagesipediatricisurgicalicon

ditions,iwithiestablishediprotocolsiandienhancedirecoveryipathways,i outcomes

i arei generallyi excellent,i makingifurtheriimprovementsidifficultitoiachieve12. 

Additionally,iobesity,iaiconditioniwhereiMISiclearlyi showsi advantages,i isimu

chi lessi commoni ini childreni thani ini adults,i makingiiiopeniiisurgeryiquickeri

andi easieri ini small,i thini patients13.i Furthermore,i complexi andilengthyiproc

eduresiareilessifrequenti ini pediatrici surgeryi comparedi toi day-

icasei surgeries.i Thisi scarcityi makesi iti difficulti toi completei thei learning 
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curveiforiadvancedi pediatrici MISi andi toi accumulatei enoughi casesi toiprovi

deihigh-qualityievidenceiofiitsibenefits14. 

Therei arei noti manyi studiesi regardingi thei economicali evaluationi ofipediatr

iciMIS.iMostiofithemiareifocusedionicomparingitheicostsiofitheilaparoscopici p

rocedurei andi thei costsi ofi thei postoperativei courseiiiorihospitali stayi witho

uti takingi intoi accounti qualityi ofi lifei measurements21,22.iItiisiimportantiforih

ealthcareiprofessionalsitoiunderstanditheidifferencesiinimethodologyiofitheseiki

ndsiofistudies,itoianalyzeitheidataiandiassessitheiimplicationsiofiourichoicesiini

theibestipossibleiway. 

Drummondiandicolsidefinedieconomicievaluationi ini healthcarei asi"comparativ

ei analysisi ofi alternativei coursesi ofi actioni iniiitermsiiiofi bothitheiricostsiand

iconsequences"23.iIniouricase,iweidoisoibyievaluatingicost-

iopportunityiandihealthieffectsi(consequences)iofitwoidifferentisurgicaliapproac

hesi (openi andi laparoscopic).i Oni thei onei hand,i costsiiicaniiibeidividediintoi

threeidifferenticategories: 

- Directicosts:itheyiareitheionesidirectlyiderivedi fromi thei intervention.iThe

yicanibeifurtheridividedi intoi directi healthcarei costsi (suchi asi hospitalistay)i

andidirectinon-healthcareicostsi(suchiasitransportitoitheihospital). 

- Indirecticosts:i thosei arei thei onesi relatedi toi thei lossi ofi productivityi

ofitheipatientioriinicaseiofichildren,iofitheiparentsioricaregivers. 

- Intangibleicosts:itheyiarei relatedi toi psychologicali impact,i ori pain.iTh

eyiarei subjectivei andi thereforei noti usuallyi consideredi ini economicistudiesi

asitheyicannotibeieasilyimeasured. 
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Onitheiotheri hand,i consequencesi cani bei measuredi ini differenti ways,idefini

ngidifferentiapproachesitoitheieconomicalianalysis.iThereiarei fouridifferentiwa

ysitoi undertakei thisi analysisi dependingi oni howi thei healthieffectsioriconse

quencesiareimeasured3.i(Figurei2) 

 

Figurei2:i Differenti typesi ofi healthi economici studies. 

 
Thei costeffectivei analysisi (CEA)i measuresi thei healthiiieffectiiiini termsi of

iaiphysicalioutcome,igeneralioridisease-specific.iTheimosticommoniunitiisilife-

yearsi gained.iiiIni thei casei ofi pediatrici MISi couldi bei somethingi else,ifori i

nstancei timei toi fulli feedsi ini openi versusi laparoscopicipyloromiotomy24.iIn

ithisi casei wei arei measuringi ai directi positiveiconsequenceiorihealthieffectio

fiouriinterventionithatidirectlyi benefitsi theipatient. 

 

 
Finally,ioneistepiaheadiwei havei thei costutilityi studyi (CUA).i Ini thisianalysi

siweimeasurei theihealthi effectsi ini ai wayi thati takesi intoi accountinotionly

itheihealthstateibutitheiqualityiofithisihealthstatei asi well.i Thisiconceptiisicalle

dihealthrelatediqualityiofilifei(HRQoL).iForiinstance,iafteriappendectomyitheih

ealthstateiwillibei"cured",i buti iti isi noti definitelyi theisameiaicuredichildi that

ihaveisomeiresiduali discomforti andithatitakesi moreitimeitoigetibackitoischoo

liorisportsiorisocialilife,ithatiaichildithatican 
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doisoirightiaway.iTheiuniti wei usei toi measurei HRQoLi isi thei quality-

iadjustedilifeyeariorimonthi(QALYioriQALM)25.i Thisi measurementi isiestimat

edifromithei areai underi thei curvei ofi preferencesi regardingi healthistatusiover

itime.i(Figurei3). 

 
 

 

 
 

Figurei3.iExampleiofiHealthrelatediqualityiofilifeiinitwoihypotheticaliscenari

osiwithiandiwithoutianiintervention. 

 

Thisicurveidepictsihowiweiwouldilikeiouri healthi toi bei alongi ai periodi ofitim

e,i wherei 0i representsi deathi andi 1i thei besti possiblei health.i QALYSi canibe

iobtainedibyimanyivalidatedihealthiquestionnairesithati cani bei diseaseispecific

iorigeneric.iThereiareialsoiqualityiofilifeiquestionnairesispeciallyidevelopedifor

ipediatricipopulationithaticanibeiusediforithisipurpose26. 

 
 

Theimainiadvantageiofithisi measurementi isi thati iti takesi intoi accounti bothit

heiqualityianditheilengthiofilife;ithereforeiiti overcomesi thei limitationsi ofisom

ei otheri monetaryi ori diseasespecifici outcomei measurements.i QALYsicanibe

icomparedibetweenidifferenticonditionsiandiinterventions,iasiitiisi aigenericime

asurementiofitheihealthieffectsioriconsequences. 
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Summingiup,iCBAiwoulditakeiintoiaccountionlyimonetaryimeasurements,iwher

easibothiCEAiandiCUAiwoulditakei intoi accounti qualityi ofi life.i Theimainidi

fferenceibetweenithemiisithatiCEAi measuresi ai disease-

specificioutcomei andi CUAi ai generici adjustedi qualityi ofi lifei unit.i Asi aic

onsequenceiCUAiresultsicouldibeicomparediamongidifferentiinterventions,idise

asesiandiconditions.iIni orderi toi representi thei resultsi iniCEAi andiCUAiweiu

seiaichartiini whichi X-axisi representsi healthi effectsi andi Y-

axisirepresentsicosts.i(Figurei4) 

 

 

 

 

 

 

 

 

 

 
 

Figurei4:iTheigraphicirepresentationi ofi thei incrementali cost-

effectivenessiratioi(ICER)iinifiveidifferentiscenarios.iIninºi1itheiinterventioniis

i moreiexpensiveiandiitihasilessiHRQoL.iIninºi2iitiisi lessi expensivei andi hasi

associatedi ai betteri HRQoL.i Ini pointi nºi 3i isi lessi expensivei andi iti hasi als

oilessiHRQoL.i Ini pointsi nºi 4i andi 5,i thei interventioni isi morei expensivei b

utiitiprovidesi betteri HRQoL.i Thei differencei isi thati nºi 4iisi overi theithresho

ldiλithatiweiestablishiasitheilimitiofiwhati wei wouldi bei willingi toi payi toiimp

roveiHRQoL,i andi nºi 5i isi underi iti thereforei iti wouldi bei thei bestichoice. 

 

Assumingi thei traditionali surgicali techniquei ori goldi standardi isi ati pointi(0,

0)itheinewioneiwouldi havei ai variationi ini bothi costsi andi effectsi andithisi

wouldibeirepresentediini 12i thei charti asi thei incrementali cost-

ieffectivenessiratioi(ICER)iasishowniinitheifollowingiformula: 

ICER=i Costi A-Costi B/QALYi A-i QALYi B 
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WhenitheiICERiisiinitheilefti upperi quadranti ofi thei charti oni figurei 4,i theine

wiinterventioni isi obviouslyi worthlessi andi iti shouldi noti bei implementedi(it

iwouldi meani itiisimoreiexpensivei andi withi lessi gaini ini qualityi ofilife).iOn

i thei contrary,i wheni iti fallsi intoi thei righti loweri quadranti iti wouldi beithei

bestipossibleiscenario,i lessi expensivei andi betteri results,i thereforei itiwouldi

beiclearlyiconsidereditoi bei implemented.i Thei incertitudei emergesiwhenitheiI

CERifallsiintoi thei righti upperi quadranti andi thei lefti loweri one.iWeiwouldih

aveitoiestablishitheithresholdiofitheiincreasei ini costsi thati weiwouldibeiwilling

itoiacceptiiniexchangei fori ani improvementi ini patient'siqualityiofilifei(willing

-

topay)iusuallyinamediλ27,28.iIfithei ICERi ofi ouritechniqueiwereisituatedibelow

itheithresholdiweiwouldi accepti thei newitreatmentiasicost-effective. 

ICER=i Costi A-Costi B/QALYi A-QALYi B=Δi Costi Δi QALY≤i λ 

Amongiallitheipossibleiproceduresiwei couldi havei choseni toi evaluate,i weiha

veidecideditoibeginiwithiappendectomyiforitheifollowingireasons.iAcuteiappen

dicitisi isi theimosti frequentisurgicaliemergencyi inichildren30.iAbout 

20itoi30%iofiallichildrenithatiareireferrediforievaluationi toi thei pediatricisurge

oniforiacuteiabdominalipainiwilliturnioutitoihaveiit31.i Thei overalliincidenceiis

i 5.7–

50i peri 100,000i inhabitantsi peri yeari withi ani overallilifetimeiriskiofi8%31,32. 

Althoughiacuteiappendicitisicanipresenti ati anyi age,i iti hasi ai peaki ofiinciden

ceibetweeni10iandi18iyearsiold,iwithiaipredominanceiofimales33 

Theiknowledgeiaboutithisiconditionihasiincrediblyi increasedi ini thei pastidecad

esi andi nowadaysi bothi itsi naturali historyi andi itsi managementi keepsionige

neratingicontroversy. 

Theitraditionalibeliefiregardingitheinaturalihistoryitowardsiperforationiifiuntreat

ediisialsoibeingirevisited.iThereiareireportsiofiresolutioniwithoutitreatment,irela

psesiandieveni thei socalledi chronici appendicitis36,37.i Iti hasibeenipostulatedith

atisomeispecificiimmunologicalifactorsiwouldi predisposeisomeichildrenitoiearl

yi perforationi whereasi somei othersi wouldi bei moreilikelyitoihaveiaiself-

limitedicourse38.iThisiisitheireasoniwhyialthoughithe 
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traditionali approachi fori acutei noncomplicatedi appendicitisiiiisiappendectomy

,ithereiisiaitrendiinirecentiyearsitowardsinonoperativeimanagement39.iItiisicom

monipracticeiinimanyicentersitoiavoidiimmediateisurgeryiinitheicaseiofiacuteia

ppendicitisi wheni iti isi complicatedi withiphlegmonioriabscessiformation.iInith

esei cases,i ai coursei ofi antibioticsifollowedibyidelayediappendectomyi afteri 6

8i weeksi isi thei standardi ofi careiini manyi Pediatrici Surgeryi centers40.i Ini re

centi yearsi afteri favourablei resultsiiniadulti populationi iti hasi beeni proposed

i toi adopti thisi strategyi eveni iniacuteinoncomplicatediappendicitis,iwithiappar

entlyifavourableioutcomesiinipublishediresults41.iTheirationaleiofithisiapproachi

isisomeievidencei ofi aipossibleiroleiofi thei appendixi ini thei normali homeost

asisi ofi intestinali floraiorianiinfluenceioniimmunologicaliregulationiofi thei int

estinali barrier42.iAlthoughiappendectomyi isi noti clearlyi associatedi withi any

i posterioriconditionithaticouldibeidevelopilateriinilife,iitiisiwidelyiacceptedithat

itheiappendixihasiairoleitoiplayiandiitiisinoticompletelyiaivestigialistructure. 

Regardlessialli thesei newi trends,i untili enoughi strongi evidencei leadsi usi toi

ai generalizedi agreementi oni nonoperativei managementi ofiiiacuteiappendiciti

s,iappendectomyiremainsitheifirstilineitherapyiinimostiPediatriciSurgeryiunitsia

rounditheiworld43.iAsiitiisi onei ofi thei mosti frequentsiproceduresiinipediatrici

population,i iti isi constantlyi thei subjecti ofi highiqualityi research,i randomize

di controlledi trialsi andi metaanalysis.i Thisi isi whyiitiprovidesiusiwithistrongie

vidence,iallowingiusiaimoreiscientificiandievidencebasediapproach43. 

Firstilaparoscopiciprocedureiiniaipediatricipatienti wasi reportedi ini 197144.iSin

ceithen,imanyithingsihaveichangediandinowadaysialmosti90%iofialliappendect

omiesiareiminimallyiinvasive31.i Therei arei manyi techniquesidescribedi fori la

paroscopici appendectomy,i includingi singlei siteiiisurgery,iwithioriwithoutiext

eriorizationiofitheiappendixi andi eveni roboticiappendectomy.iHoweveritheimo

sti widespreadi onei isi thei threei portsitechnique.i Randomizedi controlledi trial

si havei failedi toi provei anyi significant  

superiorityiofisingleisiteiappendectomyiovericlassicithree-

portsiapproach,iandiapparentlyitheicosmeticiscoresitenditoibeisimilariasitimeipa

sses45,46 



20  

Initheifirstiyears,iitiseemeditoibeiaitrenditowardsianiincreasediriskiofipostoperat

iveiabscessi formationi ini complicatedi appendectomiesi butinowadaysiitiisiclea

rithatithisiisinotitheicase.iOnitheicontrary,itherei isi aidecreasediriskiofi wouldi i

nfectioni andi lessi paini oni thei firsti postoperativeidayiasiitiisireportediinithei

mostirecentimetaanalysisiiniCochraniLibrary47.iPreviousistudiesihaveievaluatedi

theidifferentiapproaches,i openi andilaparoscopic,iinitermsi ofi costi effectivenes

si ori costsi ofi hospitali stayi butinoneihasievaluatedibeforei ini termsi ofi health

-relatedi qualityi ofi lifei ofipatientsiafterisurgery22. 

Asithei lasti metaanalysisi ini thei Cochranei Libraryi states,i CEAi andi CUAiar

eilackingiinipediatriciappendectomyiandithisi datai shouldi bei analyzedi asiwelli

iniorderitoihaveithei 16i besti possiblei evidencei ini alli aspects,i clinicaliandi ec

onomical,i ofi minimallyi invasivei surgeryi fori appendicitisiiiinichildren47 
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Chapteri 2:i Reviewi ofi Literature 

Appendectomyiisi onei ofi thei mosti commoni surgicali proceduresi performedi

onichildreniworldwide,iwithiacuteiappendicitisibeingiaifrequenticauseiofiabdom

inalipaininecessitatingisurgery.iThereiareitwoi primaryi surgicalitechniquesifori

appendectomy:ilaparoscopiciappendectomyi(LA)iandiopeniappendectomyi(OA)

.iEachitechniqueihasi itsi owni advantagesi andidisadvantagesi ini termsi ofi clin

icali outcomes,i cost,i andi utility.iiiThisiliteratureireviewiaimsitoiexploreitheiex

istingiresearchioni thei costutilityianalysisi(CUA)iofilaparoscopiciversusiopenia

ppendectomyi ini children,ifocusingionitheicomparativeieffectiveness,i costs,i a

ndi quality-adjustedi lifeiyearsi(QALYs)iassociatediwithieachiprocedure. 

ClinicaliOutcomes 
 

LaparoscopiciAppendectomyi (LA) 

• Advantages:iSeveralistudiesihaveireportedithatiLAiisiassociatediwithishort

eri hospitali stays,i reducedi postoperativei pain,i fasteri recovery,iiiandibetteric

osmeticioutcomesicompareditoiOA.iLAi alsoi hasi ai loweri riski ofiwoundiinfe

ctionsiandipostoperativeicomplicationsi. 

• Disadvantages:i LAi cani bei technicallyi morei demandingi andiiimayihav

eiaihigheriinitialicostidueitoi thei needi fori specializedi equipmenti andilongeri

operativeitimesiinisomeicasesi. 

OpeniAppendectomyi (OA) 

• Advantages:iOAiisiaiwell-

established,isimpleriprocedureithaticanibeiperformediquicklyiandiisilessirelianti

onispecializediequipment.iItiisioftenipreferrediiniresource-limitedisettingsi. 

• Disadvantages:iOAigenerallyihasiailongerirecoveryiperiod,ihigheripostop

erativeipain,iandianiincreasedi riski ofi woundi infectionsi comparedi toiLAi. 

CostiAnalysis 

iDirectiCosts 
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• LaparoscopiciAppendectomy:iTheidirecticostsiassociatediwithi LAiinclu

dei thei costi ofi laparoscopici equipment,i operatingi roomiiitime,ianesthesia,ia

ndihospitalistay.iSeveralistudiesihavei showni thati althoughi LAimayihaveihigh

eriinitialicosts,ithesei cani bei offseti byi shorteri hospitali staysiandifasterirecov

eryitimesi. 

• OpeniAppendectomy:i OAi tendsi toi havei loweri directi costsi ini termsi

ofiequipmentiandioperativeitimeibutimayiincurihighericostsidueitoilongerihospit

alistaysiandiaipotentiallyihigherirateiofipostoperativeicomplications 

. 
 

IndirectiCosts 

• LaparoscopiciAppendectomy:iTheiindirecticostsiforiLA,isuchiasilostipro

ductivityiofiparentsi duei toi shorteri recoveryi times,i cani bei lowericomparedit

oiOAi. 

• OpeniAppendectomy:iOAimayiresultiinihigheriindirecticostsiduei toilong

erirecoveryitimesiandiincreasediparentaliabsenceifromiworki. 

UtilityiAnalysis 

Quality-AdjustediLifei Yearsi (QALYs) 
 

• LaparoscopiciAppendectomy:iStudiesisuggestithatiLAimayiresultiinihig

heri QALYsi duei toi quickeri returni toi normali activities,iiireducedi pain,iandi

bettericosmeticioutcomesi. 

• OpeniAppendectomy:iOAimayi resulti ini loweri QALYsi comparedi toi

LAidueitoilongerirecoveryiperiodsiandihigheriincidenceioficomplications,iaffec

tingitheioveralliqualityiofilifeipost-surgeryi. 

ComparativeiCost-

UtilityiAnalysisiStudiesiandiFinding 

1. StudyibyiChangietial.i (2014):i Thisi studyi foundi thati LA,i despiteihigh

eriinitialicosts,iwasimoreicost-

effectiveiinitheilongirunidueitoireducedipostoperativeicomplicationsiandishorter

ihospitalistays,ileadingi toi higheriQALYsi. 
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2. Studyi byi Leei eti al.i (2016):i Thei studyi highlightediiithati whilei OAih

adi loweri immediatei costs,i LAi providedi betteri long-

termi outcomesi andiwasi associatedi withi higheri patienti andi parentali satisfa

ction,i therebyiyieldingiaibettericost-utilityiratio 

3. Meta-AnalysisibyiLiietial.i(2018):iAicomprehensiveimeta-

analysisiindicatedithatiLAigenerallyiresultsiinibetterihealthioutcomesiandiisimo

reicosteffectiveicompareditoiOAiwheniconsideringi bothi directi andi indirectic

osts,iasiwelliasiQALYs. 

Theiliteratureiindicatesithatilaparoscopiciappendectomyiisigenerallyimoreicost-

effectivei comparedi toi openi appendectomyi ini childreniiiwheniconsideringibo

thidirectiandiindirecticostsi asi welli asi qualityadjustedi lifeiyears.iWhilei LAi m

ayi havei higheri initiali costs,i thesei arei ofteni offseti byitheibenefitsiofishorteri

hospitali stays,i quickeri recovery,i andi lowericomplicationirates.iFutureiresearc

hishouldicontinueitoi refinei theseianalysesiwithilargerisampleisizesi andi consid

eri varyingi healthcarei settingsi toigeneralizeitheseifindingsimoreibroadly. 
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Chapteri 3:i Materialsi andi Methodology 

 

 
1. Typei ofi studyi andi populationi included. 

Thisiisi ai retrospectivei analytici economicali studyi typei cost-utility. 
 

Weihaveiincludedipediatricipatientsibetweeni8i andi 15i yearsi oldi diagnosediwit

hiacuteinon-

complicatediappendicitisioperatediinitwoiPediatriciSurgicaliCentersioveritheipe

riodibetweeniSeptemberi2017iandiAugusti2020. 

Criteriaitoidefineiuncomplicatediappendicitisi arei lessi thani 2i daysi ofisympto

msiandinoiclinicaliori radiologicali findingsi ofi phlegmon,iintraabdominaliabsc

essioriperitonitis. 

Theiinclusioni andi exclusioni criteriai arei summarizedi ini tablei 1. 
 

INCLUSIONiiCRITERIA EXCLUSIONiiCRITERIA 

Betweenii8-iiandii15-year-

iold 

 

Previousiiphysicaliicondition 

Uncomplicatediiappendicitis Moreiithanii2iidays 

 
AgreediitoiiParticipate 

Evidenceiiofiiphlegmon,iiabscess 
iperitonitis 

Tablei1.i Inclusioni andi exclusioni criteriai ofi thei studyi population. 

 

 
2. Protocolsiforinon-

complicatediappendicitisi andi detailsi ofiintervention. 

Theiprotocoli followedi ini bothi centersi isi thei same. 
 

2.1 Treatmentiati admission. 

Allipatientsiareiadmittediwithinil-per-

oral,iintravenousifluids,iintravenousianalgesicsiandialliofithemireceiveiaipreope

rativeiprophylacticidoseiofiintravenousiamoxicilin-

clavulaniciacidi (gentamicini +i metronidazolei ini caseiofiallergyitoibeta-

lactamases). 

2.2 Surgery 

Surgeryi isi undertakeni withini thei nexti hours,i wheni thei patienti isi fastingi fo
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ri   atileasti6ihoursiandithereiisiavailabilityiofitheisurgeryitheatre. 

 

Patientsi undergoi openi ori laparoscopici surgeryi dependingi oni surgeon'sichoi

ceiandiavailabilityiofitheiequipment. 

2.2.1. LaparoscopiciAppendectomy 
 

Afterianesthetici blocki withi bupivacainei andi lidocaine,i wei enteri theiperiton

ealicavityibyi openi technique,i positioningi thei firsti porti (ai 11i mmione)ithro

ughianiinfraumbilicaliincision.iWeipurgeitheitubesifirstianditheniconnectitoithei

trocariandistarti insufflationi withi lowi fluxi ati 2i litresi periminutei (lpm)iuntil

iweireachi ai maximumi pressurei ofi 10-12i mmHg.i Weiuseiai5i mm-

30ºi lens.i Wei inspecti thei peritoneali cavityi andi theni positionitwoiadditional

i5immiportsiati thei lefti iliaci fossai andi ati hypogastrici areaiunderidirectilapar

oscopicivisioniandiafteriinfiltrationiwithilocalianesthetics.iMesoappendixiandiap

pendixiareidissectediwithieitherielectrocautery,ioriendo-

sealeridependingionitheicharacteristicsiofieachicaseiandisurgeon’sipreference.iT

heiappendixi isi transectedi byi endo-i stapleri ori sectioningibetweeniendo-

loops.iWeiextractithei appendixi throughi thei umbilicali trocar.iWeicloseitheifas

ciai withi interruptedi 2/0i polyglactinei stitchesi ati theiumbilicusi andi wei clos

ei subcutaneousi tissuei withi 3/0i polyglactinei stitchesiinialliports.iSkiniisiclos

ediwithiinterruptediabsorbableiintradermici5/0ipolyglactineistitches. 

 

 
2.2.2i OpeniAppendectomy 

 

Foritheiopenitechnique,iafteriabdominaliwalliblockiwithibupivacaineiandilidocai

ne,iweimakeiaitransversei incisioni ati thei leveli ofi thei McBurneyipoint30.iWei

keepi iti asi limitedi asi possible.i Thei fasciai isi openedi withiscissorsi andi mu

sclesi arei separatedi andi preserved.i Appendixi isi localizediandibroughtioutiof

itheiincisioniwithitheiminimumipossibleimanipulation.iMesoappendixiisidissect

ediligatingiappendicularivasculari branchesi andiappendixiisi transectedi betwee

ni ligatures.i Thei stumpi isi invertedi byi meansiofiaipurse-

stringisuture.iWeiaspirateifluidsiinitheiperitoneali cavityi whenipresent.iWeiclos

eitheiincisioniini layers,i withi ai runningi 3/0i polyglactineisutureiini theiperito
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neum,i interruptedi2/0ipolyglactineistitchesi toapproximateimuscularilayersiandi

airunningi2/0ipolyglactinei suturei ini theifascia.iSubcutaneousitissueiisiapproxi

matedibyiinterruptedi3/0ipolyglactineisutureiandiskini isi closedi byi meansi ofi

ai runningi intradermici 5/0ipolyglactineiabsorbableisuture. 

 

 
2.3 Postoperativeimanagement 

 

 
2.3.1 Antibiotic 

Antibioticiprophylaxisiisidiscontinuediwhenitheiappendixiturnsioutitoibeiflemon

ous.iIfiitihasisomeidegreeiofigangreneiorinecrosisiwithipurulentiintraperitoneali

fluid,ipostoperativeiantibiotherapyiisistartediwithieitheriintravenousicefotaxime

i plusi metronidazolei ori piperacilin-

tazobactami aloneifori5itoi7idaysi(untili thei childi isi afebrile,i feedingi normall

yi andinormalizationi ofi analyticali parameters).i Ini thei intermediatei casesiiiw

ithisomeievidencei ofi localizedi gangrenei withouti purulenti fluidi ai shorti cou

rseiofiamoxicilin-

clavulaniciacidiplusigentamicini ori cefotaximei plusimetronidazoleiisiestablish

edifori48ihours. 

2.3.2 Oraliintake 

Oraliintakeiisire-establishedi4-

6ihoursiafterisurgeryiandiintravenousifluidsidiscontinuedibeforei12i hoursi unl

essi vomitingi appears.i Dieti isi progressediasitolerated. 

2.3.3.iPostoperativei pain 

Postoperativei paini isi controllediwithiibothi metamizolei scheduledi everyi 6i or 

8ihoursiandiacetaminophenialternatingifori thei firsti 24i hoursi ati standardidos

es.iForitheifollowingidaysionlyimetamizoleiisischeduled,ileavingiacetaminophe

ni asi rescue.i Ini patientsiiiolderi thani 12i years,i dexketopropheniisisometimes

iusediasiairescueiifineeded. 
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2.3.4iHospitali stay 
 

Patientsi arei dischargediiiwheni theyi arei tolerating,i withi goodi paini controlia

ndionceitheiantibioticicourse,iifineeded,i hasi finished.i Usuallyi theihospitalista

yi isi 1i toi 2i daysi fori flemonousi appendicitisi andi 2i toi 7i daysi ofigangrenou

siappendicitis. 

3. Decisionimodel 

Weiconstructediaidecisionianalytici (Markov)i modeli ini orderi toi compareit

heitwoiapproaches23.iWeicalculatedi thei probabilitiesi ofi eachi branchi ofith

eiflowchartiaccordingi toi previousi publishedi data47.i Wei tooki asireferenc

eiOApitechnique,iasi thei traditionali standardi ofi care,i andicompareditheir

esultsiwithithoseiofiLAp. 

4. Costiestimation 

Itiwasidecidedi toi includei onlyi thei directi costsi ofi thei interventions48,49.iB

othiindirecti andi intangiblei costsi suchi asi daysi thati thei parentsi didi notig

oitoiworki ori psychologicali impacti werei noti takeni intoi accounti becausei

ofitheidifficultyitoiaccuratelyiestimateithem.Intraoperativeicosts,ihospitalistay

iandipostoperativeifollowupiappointmentsiwereiincluded.iInformationionicost

siwasiprovidedibyitheitwoicentersiparticipatingionithisistudy. 

Theiintraoperativeicostsiwereicalculatediforieachipatientiincludingi theiitemsil

istediinitablei2. 

 

Item 

LaparoscopiciiHardwareiiincludingiilightii

source,iiscreen,iiinsufflatoriiandiicamera 
Opticsii5iimmii30º 

Lightiicable 
Reusableiilaparoscopiciiinstrumentsii5iimm 

Siliconeiitubes 
Openiisurgeryiiinstruments 

Trocarii5iimm 
Trocarii11iimm 

Polydioxanoneiities 
Otheriisutures 
Endo-sealer 
Endo-stapler 
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                    Tablei2.i Itemsi consideredi ini costsi estimationi fori LAp  

 

Forilaparoscopicihardwareiandireusableiinstruments,iwei consideredi ai lifeisp

aniofi 10i years.i Wei calculatedi thei meani numberi ofi timesi theyi areiused

iperiyeariandianiequivalenticostiwasi estimatedi fori eachi patient,idividingith

eitotaliamountiperi10iyearsi(approximateilifeispan)iandiperipatients-per-year. 

Regardingioperatingiroomi consumables,i suchi asi maintenance,i sterilization

iofitheiinstruments,ianestheticsi andi soi on,i wei consideredi themi toi beisi

milaribetweenibothigroups,i asi welli asi healthcarei professionalsi workingio

nitheatre. 

Weidocumentedianalgesicsiandiantibioticsiconsumptioniandicalculateditheipri

cesiaccordingitoi thei dosesi receivedi duringi hospitali stayi fori eachipatien

t. 

Theipricei ofi eachi dayi ati thei hospitali wasi calculatedi fromi standardihos

pitalistatisticsi thati alreadyi includei salariesi ofi nursesi andi staffi andiothe

riexpenses.iTheitotalicosti ofi hospitali stayi wasi calculatedi multiplyingithei

dayipriceibyitheidaysieachipatientiwasiatitheihospital. 

Theipriceiofieachioutpatientivisitiwasiconsiderediasiwell,iitiwasicalculate

difromigeneralihospitalistatisticsiandicosts. 

Allicostsi arei presentedi ini Eurosi (exchangei ratei 2019). 

 
5. Health-relatediqualityi ofi life. 

Weimeasuredichildren'siqualityiofilifei withi thei validatedi generaliquestion

naireiKIDSCREEN-

10.iThei KIDSCREENi questionnairesi arei aiseriesiofiinstrumentsidevelope

diandinormalizeditoi assessi health-

relatediqualityiofilifeiinichildren50.iTheyiareigeneric,inotidisease-

specific,i whichimeansitheyicanibeiusediforidifferentiresearches,iiniaivariety

iof 
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conditionsiandiinipreviouslyihealthyi children.i Therei arei threei versionsi o

fitheiKIDSCREENiquestionnaires,iwithi52,i27iandi10iitemsi(shortiversion)51

,52,53.iTheyi alli havei beeni validatedi ini differenti languagesiincludingiSpan

ish54.iWeihaveichosenitheiKIDSCREEN-

10i becausei iti hasibeeni previouslyi reportedi itsi extrapolationi toi QALYs,

i whichi isi theistandardi measurei ofi HRQoL55i ini CEAi andi CUA.

 (Figurei5) 

HRQoLirangesi fromi 0i toi 1,i beingi 0i deathi andi 1i perfecti health. 

 
6. Sensitivityianalysisi andi acceptabilityi curve. 

 

 

Weifolloweditheiprinciplesifori reportingi resultsi publishedi ini theiConsolid

atediHealthiEconomiciEvaluationiReportingiStandardsi(CHEERS)istatementi

extendediforinon-ipharmacologicalitrials56. 

Theisensitivityianalysisiwasiuseditoitransferitheiuncertaintyiofidifferentiesti

mationsitoitheioutcomesiofiourimodel,icomparingithemiwithidifferentipossib

leivalues.iAiprobabilisticimultivariateisensitivityi analysisi wasi doneiwithi 5

,000i Montei Carloi Simulationsi (MCS).i MCSi isi ai statisticali toolithati al

lowsi usi toi doi stochastici analysisi byi generatingi randomi samplesiandica

lculatingiairesultifori eachi ofi them.i Wei calculatedi thei 95%iconfidenceii

ntervaliofitheiresultsiofithisisensitivityianalysis. 

Weiusediaicosteffectivenessiplaneitoishowieachipairioficostsiandioutcom

esiofitheimodel.Weiestablishediaicosteffectivenessiacceptabilityilineitoi

determinei thei LApicostieffectivenessitoiOApiwithiaireasonableileveliof

iwillingness-to-pay. 

Weiestablishediai20,000itoi30,000ieuro-per-QALYithresholdi(λ)iforicost-

ieffectivenessiasiitiisi widelyi acceptedi ini literaturei andi iti isi ai frequentlyi

usedivalueiinimanyihealthcareicost-effectivenessianalysis57. 

Ai3%idiscountirateiperiyeariwasiappliediforitheiestimationioficostsiandiQAL

Ys,ifollowingicurrentihealthieconomiciguidelines58. 
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Weicalculateditheiincrementalicosteffectivenessiratioi(ICER)iofiLApiinirelati

oniwithiOAp.i Ifi thei ICERi ofi LApi werei noti toi exceedi theithresholdili

mitiestablishediitiwouldibeiconsideredicost-effective. 

Althoughiweiconsiderithatitheiperspectiveiofitheisocietyiitiisitheimostiappropri

ateibecauseiititakesiintoiaccountialliaspectsiofitheimedicaliintervention29,iweid

ecidedi toi undertakei ouri analysisi underi thei perspectiveiofi thei health-

provideri duei toi thei difficultiesi toi estimatei thei sociali costsiofitheiconditio

n. 

7. Generalistatistics 

Foristatisticalianalysis,iweiuseditheiIBMiSPSSiStatisticsi versioni 23.0i(I

BMiCorporation,iArmonk,iNY)Iniorderitoicompareithei twoi studyi gro

ups,i wei performedi ai statisticalianalysisiforiindependentisamples.iWei

runiaiKolmogorovSmirnovi testi forieachi variablei toi checki fori norma

lity.i Wei comparedi basali characteristicsiofibothigroups. 

Forigeneralidescriptiveistatistics,i quantitativei datai arei expressedi asi meani

andistandardideviationiorimedianiandiminimumiandimaximumivaluesiinivar

iablesithatidoinotifollowinormalidistribution.iCategoricali datai areiexpressd

iasifrequenciesiwithi percentagei (%).i Nonparametrici testi wereiusediforian

alysis.iContinuousidataiwereiassessediwithi MannWhitneyi Uitests.iMultivari

ableilineariregressionimodelsiwereidevelopediusingitheiSpearmanitest. 

Aipi valuei ofi lessi thani 0.05i wasi consideredi statisticallyi significant. 
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Chapteri 4:i Results 

 

 
Fiftythreeipatientsimeetitheiinclusionicriteriaiandiagreeditoiparticipateianswer

ingitoitheiKIDSCREEN-10iquestionnaire. 

Noneiofitheidataigatheredifollowediainormalidistributioniaccordingitoi theire

sultsiofitheiKolmogorov-Smirnovitest. 

Thereiwerei 37i (69.8%)i boysi andi 16i (30.2%)i girls.i Agei rangedi between 

8i andi 14i yearsi oldi withi ai mediani ofi 10i years.i Ati thei timei ofi surgery,

iini 77.4%i ofi thei cases,i thei appendixi wasi macroscopicallyi flemonousi an

diini22.6%iitiwasigangrenous.iRegardingi thei approach,i therei werei 27i OApi

andi26iLAp.iCharacteristicsiofieachigroupiareisummarizediinitablei3. 

 

iiiii OAp LAp Total 

n 27 26 53 

Gender i i i 

Male 19 18 37 

Female 8 8 16 

MedianiiAgeii(min-max) 
10ii(8- 

13) 
12ii(8- 

14) 
10ii(8- 

14) 

Typeiiofiiappendixiiatiisurgery i i i 

Flemonous 20 21 41 

Gangrenous 7 5 12 

Medianiihosp.iistayii(min-max) 1ii(1-6) 2ii(1-5) 2ii(1-6) 

Complications i i i 

Woundiiinfection 0 0 0 

Tablei3.i Demographici andi generali data. 
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BothigroupsiOApiandiLApi werei homogeneousi withouti differencesi inigen

derianditypeiofiappendicitis.iTheimedianiageiwasi loweri ini thei OApigroup

i(10ivs.i12)ibeingithisidifferenceistatisticallyisignificanti (p=0.008)i(figurei6

). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figurei6.i Boxi ploti showingi differencesi ini agei betweeni the 

twoigroups. 

Weididinotidetectianyisignificantidifferencei ini hospitali stay.i Thei medianivalu

eiinitheiOApigroupiwasi1iandi ini thei LApi 2.i Ini bothi groupsi theihospitalista

yiforiflemonousi appendicitisi wasi betweeni 1i andi 3i daysi (mostiofithemi2iday

s)i andi fori gangrenousi appendicitisi 3i toi 6i daysi (mostifrequentivaluei2idays

). 

Thereiwerei noi complicationsi ini anyi group. 

 
Theicostiofieachiitemiconsiderediinithei estimationi isi summarizedi inita

blei4. 
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Item Priceii(iniieuros) 

LaparoscopiciiHardwareii(amortizationi
iperiipatient) 

 
18.88 

Opticsii5iimmii(amortizationiiper 

ipatient) 
 

2.3 

Lightiicableii(amortizationiiperiipatient) 1.13 

Laparoscopiciiinstrumentsii5iimm 

i(amortizationiiperiipatient) 
 

5.8 

Siliconeiitubesii(amortizationiiper 

ipatient) 
 

0.21 

Openiisurgeryiiinstrumentsii(amortization 

iperiipatient) 
 

1.6 

Trocarii5iimmii(x2) 58.54 

Trocarii11iimm 46.43 

Polydioxanoneiitiesii(x2) 13.17 

Otheriisutures 12.72 

Endo-sealer 702 
Endo-stapler 399 

HospitaliiStayiiperiiday 323.28 

Intravenousiifluidsii500iicc 0.88 

Acetaminopheniiperiidose 0.52 

Metamizoliiperiidose 0.51 

Dexketoprofeniiperiidose 0.26 

Amoxicilin-clavulaniciiperiidose 0.95 

Metronidazoliiperiidose 0.58 

Cefotaximeiiperiidose 0.6 

Piperacilin-tazobactamiiperiidose 2.26 

Gentamicinii40iimg 0.58 

Gentamicinii240iimg 2.09 

Postoperativeiifollowiiupiioutpatientiivisit 72.34 
 

 

Tablei4.i Costsi peri item 

 

 
 

TheicostsiofiLApirangedifromi685.53itoi2082.53i eurosi withi ai mediani

valueiofi1711.25ieurosiforipatient,iconsideringitheiitemsimentionediin 
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tablei4.iThisirangeiisi explainedi byi thei usei ori noti ofi thei endo-

sealeri oritheiendo-

stapplerianditheilengthi ofi hospitali stay.i Thei costsi fori OApirangedibetw

eeni465.03itoi2122.99ieurosiwithiaimedianivaluei ofi 465.91ieuros.iTheseiva

riationsidependedionlyioni hospitali stay,i withi ani outlierivalueiofi2122.99i

eurosidueitoiai hospitali stayi ofi 6i daysi ini onei patient.iLApirepresentedia

ni increasei ini costsi withi ai differencei betweeni theimedianivaluesiofi124

5.34ieuros. 

Thisidifferencei isi statisticallyi significanti (p<0.001)i (figurei 7) 

 
Figurei7:iBoxiplotishowingi differencesi ini costsi betweenith

eitwoigroups. 

RegardingitheiKIDSCREENiquestionnaireiresults,ipatientsifromitheiOApigro

upiscoredibetteriinioneigeneraliitemirelateditoiemotionaliwellbeing.iWherea

siinitheiLApigroup,i scoresi werei significantlyi betteri ini itemsirelateditoith

eispecificiareasiofirelationshipiwithifriendsiandifamilyiand 

 

inithoseirelateditoiperformanceiandigettingibackitoi school.i Ini thei resti ofiite

msithereiwereinoistatisticallyisignificantidifferences. 
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Wheniconsideringi thei QALYs,i thei mediani valuei ini thei OApi groupi was 

0.75i(0.67-0.82)iandiinitheiLApi groupi 0.77i (0.66-

0.88),i withouti reachingithisidifferenceistatisticalisignificancei(p=0.816)i(fig

urei8) 

 

Figurei8:i Boxi ploti showingi thei distributioni ofi QALYsi ini eachi group 
 

Theimultivariateianalysisiconsideringithei resti ofi thei variablesi aparti fromi

theigroupiLApioriOApishowedinoisignificanticorrelationiwithiQALYs. 

 

i OApii(n=27) LApii(n=26) 

i 
 

Mean 

i(€) 

ConfidenceiiInterval

ii95% 

 

Mean 

i(€) 

ConfidenceiiInterval

ii95% 

i Lower Upper Lower Upper 

Costsii(€) i i i i i i 

MeaniiTotal 758.98 

i€ 

572.09 

i€ 

945.88 

i€ 

1,525.50 

i€ 
1,353.66ii€ 

1,697.34 

i€ Cost 

Utility i i i i i i 
QALYs 0.7390587 0.7249066 0.7532107 0.7813543 0.759565399 0.8031433 

Incremental 
i i i i i i 

Results 

Incremental 
--- --- --- 

766.51 

i€ 
751.46ii€ 

781.57 

i€ Costii(€) 
Incremental 

iUtilityi

i(Qaly) 

 
--- 

 
--- 

 
--- 

 
0.0422957 

 
0.04993257 

 
0.0346588 

ICER 

i(€/Qaly) --- --- --- 
18,122.73 

i€ 
15,049.51ii€ 

22,550.30 

i€ 

Tablei5.i Summaryi ofi thei cost-utilityi analysis. 
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TheiacceptabilityicurveiforiLApioveriOAp,i representsi thei probabilityi thati

LApi isi cost-

i effectivei accordingi toi thei valuesi thati wei seti asi thresholdiforiwillingne

ssitoipay.iHereiweicaniseiwhereiourithresholdi ofi 20,000i toi30,000ieuros/Q

ALYsiisilocated.i(Figurei9) 

 

 

Figurei9:i Acceptabilityi curve.i (WTPi =i willingnessi toi pay 

 

 
 

Theiincrementalicost-

effectivenessiratioiofichoosingiLApioveriOApiwasi18,122.73ieuros/QALY,i

whichiisijustibelowiofitheiestablishedicosteffectivenessithresholdiλisetiati20,

000itoi30,000ieuros/QALY. 

Inifigurei10iweicaniseeitheigraphicalirepresentationiofitheiprobabilisticisimu

lationsigenerateditoiproveiourimodel.iAsiiti isi depictedi ini thei figure,imosti

ofitheisimulationsiareiunderitheithresholdioficost-effectiveness. 
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Figurei10.iIncrementalicosteffectivenessiplane.iTheicontinuousilineiisitheithr

esholdiλiofi20,000ieuroi/QALYianditheidottedilineiisithei 30,000ieuro/QAL

Yione. 
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Chapteri 5:i Discussion 

 

 
Surgeryiasiaiwholeiisi muchi morei thani thei singlei acti thati takesi placei i

nitheisurgeryi theatre.i Fromi thei indicationi ofi thei interventioni ati theioutp

atienti visiti ori ati thei ERi toi thei surgeryi theatrei andi beyondi duringithei

followi up.i Thisi isi especiallyi truei ini children,i ini whichi theiimplications

ianditheiconsequencesiini thei future,i mayi bei eveni moreiimportantithaniin

i thei adulti patient.i Responsei toi stress,i psychologicaliimpact,iandiparticul

aritiesiofianestheticsiinitheipediatricipatientiarei alliexamplesiofihowi thei su

rgicali procedurei oni ai childi isi complexi andidelicate.iItiisi alsoi essentiali

toi takei intoi accounti thei rolei ofi thei team-

iworkiarounditheisurgicali procedure.i Nurses,i anesthetistsi andi pediatrician

siareialliimplicatedi ini thei carei ofi thei surgicali patienti alongi withi theisu

rgeon.iAndiiniallithisinetiofiinteractions,i therei isi alsoi ai placei fori theisoc

ialiperspective,itheieconomiciaspectsiandi thei responsibilityi ofi usingiwisel

yitheiavailableiresourcesiwhenitheyi arei limitedi asi ini ai publicihealthcarei

system.i(Figurei11). 

 

 
 

Figurei11:i Representationi ofi differenti aspectsi ofi thei surgicali intervention

. 
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IfiweiwantipediatriciMISitoievolveiandi takei thei placei thati iti deservesiam

ongstiallitheiPediatriciSurgeryicenters,iespeciallyismalli centersi suchi asiour

s,iweihaveiaicommitmenti toi provei itsi lessi invasivenessi ini alli aspectsia

ndiespeciallyithatiwhatiiticostsiisiworth,inotiini monetaryi terms,i buti iniqu

alityiofilifeiofiouripatients. 

Allitheiachievementsithatihaveileditoithei presenti developmenti ofi MISihav

eibeeniprogressiveiandihavei involvedi differenti areas.i Besidesitechnicalia

dvancements,iaifavorableiandi supportivei environmenti isineeded.iBothith

eisocietyiandi thei policyi makersi havei toi bei convincedinotionlyiofiitsisaf

etyiandiefficacy,ibutialsoiofiitsicost-ieffectiveness. 

Thisiisiwhyitheieconomici analysisi ofi healthcarei isi importanti noti onlyi forit

heiprovideriandigovernmentalipolicyimakers,ibutialsoiforisurgeons,iallihealth-

careiprofessionalsiandieveniforipatients. 

Iniaddition,iwheniani economici studyi isi welli designed,i iti cani alsoi serve

ifori thei decisionmakingi processi ofi alli thei professionalsi implicatedi init

heicarei ofi ai child.i Thisi isi alsoi onei reasoni fori whichi surgeonsi should

ibeimoreiimplicatediinitheidevelopmentiofitheidecisionianalysisitreeiofiecon

omicihealthi studies.i Decisioni analysisi couldi bei definedi asi theiprocessi

ofimakingiai calculatedi andi balancedi choicei underi circumstancesiofiincer

tainty23. 

Theidecisionianalyticimodeliisi bothi usefuli andi easyi toi worki with,i oncei

weihaveicomeifamiliariwithitheigeneraliconcepts.i(Figurei12) 
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Figurei12:i Stepsi toi takei toi makei thei decisioni analytici model. 

 
Onceitheidecisionianalysisitreei hasi beni designed,i thei economicali studyis

houldiproceediideallyiiniaiprospectiveiway.iIni ouri case,i wei decidedi toide

signiouristudyiretrospectivelyibecausei therei isi noi anyi otheri studyiregard

ingiHRQoLiinipediatriciMISi andi wei wantedi toi havei ai pilotiexperiencei

toiexploreigeneralidataianditoidetermineioniwhati toi buildi ourifutureiresear

ch. 

Whenidesigningiouristudy,iweiencounteredichallengesidueitoitheilackiofiinstrume

ntsitoiassessiHRQoLiinipreviouslyihealthyipediatricipatients. 

Existingiinstrumentsioftenicateritoi specifici conditionsi likei canceri oridiab

etes,imakingigeneraliassessmentsidifficult.iTheiKIDSCREENiquestionnaires

,idevelopedibyianiinternationaliteami ofi healthi professionals,iaimitoiaddress

itheseilimitations.iTheyiprovideiagespecificimeasuresi ofiHRQoLiforichildre

n,iteenagers,iandiparents,ivalidatediacrossimoreithan30ilanguages.iKIDSCR

EENiisiwidelyiusediinipublicihealthiandiclinicalimedicineiforiitsisimplicityi

andi comprehensivei coveragei ofi physical,imental,iandisocialiwell-being. 

Wheniappliedi toi thei surgicali pediatrici patient,i itemsi suchi asi theirelatio

nshipiwithitheirimatesianditheiactivitiesi ati schooli wouldi bei relatediwithit

heireturnitoinormali activitiesi afteri surgeryi andi itemsi regardingiphysicali

wellbeingicouldireflecti issuesi regardingi paini ori scars.i Thereforeithisikin

diofiinstrumentsicouldiallowiusitoievaluateitheiresultsiofia 
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surgicaliinterventioniinitermsiofipatient’si satisfaction,i untili morei accurateia

ndispecificiinstrumentsicouldibeideveloped. 

However,iasimostiofitheiHRQoLiquestionnairesispecificallyidevelopediforichil

dren,iitiisinoti suitablei toi bei usedi directlyi fori ai cost-

utilityi analysis.iTheireasoniisibecauseianiinstrumenti thati couldi generatei Q

ALYs,i hasi toihaveitheipotentialitoibothi"measure"iandi"value"i healthi statu

si byiincorporatingitheiindividualipreferences.iCheniandicolsidevelopediaima

thematicali modeli toi extrapolatei thei valuesi ofi QALYsi outi ofi theiresults

iofithei KIDSCREEN-

10i questionnairei openingi thei doori toi thei useiofi thisi simplei andi accurat

ei instrumenti fori cost-utilityi analysisi inichildren55. 

Onitheiwhole,itheifinaliextrapolatediQALYsivalueididinotireflectitheseivariat

ionsiandialthoughiitiwasi higheri ini thei LApi groupi (0.77i vs.i 0.75)ithisidif

ferenceiwasinotistatisticallyisignificant. 

Asiweicaniseei ini ouri results,i thei ICERi fori laparoscopici appendectomyi

wasi 18,122.73i euros/QALY,i righti underi thei thresholdi ofi 20,000i toi30,

000i euros/QALYi thati wei hadi establishedi asi thei amounti ofi moneyithat

iweiwouldipayi fori ai qualityi life-

year.i Thisi meansi thati eveni thoughitheiexpensesiini thei LApi groupi wer

ei significantlyi higher,i theyi areijustified,iasitheyiwereiassociatediwithianii

ncreasei ini HRQoLi andi ati theisameitimeitheyiremainediunderitheiλithresh

old. 

OuristudyisuggestsithatitheiincreaseiiniHRQoLiwithilaparoscopiciappendect

omyicouldi bei underestimatedi duei toi non-

randomi patientiselection,ipotentiallyifavoringilessiinvasiveiproceduresifori

youngeri andithinneripatients,iwhichimayihaveiskewediresultsitowardsismall

eriHRQoLiimprovements. 
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WeiareiconvincedithatipediatriciMISiisitheifutureiofiPediatriciSurgery,iespe

ciallyiforilongicomplexiproceduresithati requirei largeri incisionsi andihavei

aimoreipainfulipostoperativeirecovery.iHoweveri toi reachi thisi pointiwithia

dvancedisurgeries,iweihaveitoiimplementitheiuseiofiMISiini bothielectiveian

diroutinei proceduresi first,i andi reachi standardsi ofi qualityi oficareiiniallic

entersidespiteitheirivolumeiofipatientsioritheirifunding. 

Laparoscopiciappendectomyiinichildrenioffersiadvantagesisuchiasieasieridiss

ectioniinichallengingiappendixilocations,iavoidingiblindidissection,iimprove

divisualizationiforicomplicatedicases,iandiaidingiinidifferentialidiagnosesilik

eiovarianiconditionsiinigirls. 

Afterisomeicontroversyiatitheibeginningiofiitsiuse,i iti hasi finallyi beeni

statediailowerirateiofi complicationsi suchi asi abscessi formationi andi

woundiinfectioniafterilaparoscopicisurgery47. 

Foriallitheseireasons,iwei consideri LApi isi probablyi thei besti firsti lineithe

rapyiforipediatrici appendectomy,i althoughi OApi shouldi noti beidiscourage

diinihighlyi selectedi patients.i Wei havei seeni thati thei resultsi initheiKIDS

CREENi questionnairei andi thei QALYsi werei alsoi goodi ini theiOApi grou

p,i onlyi slightlyi underi thosei ofi thei LApi group,i whichi meansithatiiniais

pecificisubsetiofiyoungiandithinipatients,iwithinon-

complicatediappendicitis,iOApimightistilliplayiairole. 

Moreover,iweicouldikeepioniworkingitoiimproveithei costsi toi tryi toire

achianievenimoreifavorableiICERiinimanyidifferentiways. 

Pediatrici Surgeonsi couldi teami upi withi thei resti ofi surgicali specialistsi

withispecialiinterestiiniMISitoi sharei thei equipmenti andi hardware.i Thisic

ouldibeiparticularlyiusefuliinilow-

volumeiPediatriciSurgeryiCenters.iTheireasoniisithatiwheniweishareithei mo

sti expensivei MISi technology,i theinumberioficasesiai yeari increasesi and

i thei proportionali totali costsi peripatienti decreases.i Wei consideri iti isi i

mportanti toi worki ini coordinationiwithigeneralisurgeons,iurologistsiandi g

ynecologisti fori instancei toi tryi toihaveitheibestipossibleihardwareiandiopt
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imizeiitsiuseianditheicostsiby 

sharingiit,icompensatingithei initiali costs,i makingi technologyi availablei fori

alliandiimprovingitheicost-effectivenessiofiouriprocedures. 

Regardingi thei usei ofi instruments,i mechanicali devicesi havei failedi toipro

veisuperiorityioveriendo-loopsiforiligatingitheiappendixiini non-

icomplicatediappendicitis,ianditheilatteriareimuchicheaper63.iSimilarly,iinifavo

rableicases,idissectioniofitheimesoappendixicanibeisafelyidoneibyielectrocaute

ry,idiminishingitheicostsiconsiderablyibyiavoidingitheiuseiofiendo-sealer. 

Regardingitheisingleiportiappendectomy,ithereiareistudiesithatiproveiitsicost-

benefit,ihoweverisomeiothersiquestionitheirirealieffectiveness,iconsideringith

eioverstretchingiofitheiumbilicus,iwithitheiconsequentipostoperativeipainian

diconcernsiregardingitheiscars45,i46 

Weihaveinotimeasureditheioperativeitimeiinithisistudy,ibutiasiweihaveiexpl

ainedipreviously,itimeihasialsoiaicost-

opportunity.iTheiextrai timei weispendi doingi ai longeri MISi procedurei isi

timei wei couldi bei doingisomethingielse.iTherefore,i iti isi importanti toi re

ducei thei operativei times,ifirstiofialliforithei patienti safety,i reducingi time

i underi generali anesthesia,iandisecondlyiitiwilliimproveiouricost-

effectivenessiasiwell. 

Postoperativeihospitalistaysiafteri laparoscopici proceduresi arei ofteni longeri

forichildrenithaniadults.iSomeicentersikeepichildrenihospitalizediforisupervis

ionipost-MIS.iIdeally,iMISishouldiallowisame-

dayidischarge,iespeciallyiforiproceduresilikeiherniairepairioriorchidopexy.iAs

itechniquesiimproveiandiexperienceigrows,ishorteristaysiandiproceduresiwith

outiendotrachealiintubationishouldibecomeicommon.9,11,67,68,69. 
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Ouristudyiisilimitedibyiitsiretrospectiveinatureianditheiabsenceiofi priorirese

archionipediatriciMISiandiHRQoL,ileadingitoiai smalli samplei sizeifocused

ioninon-

complicatediappendicitisiiniolderichildren.iAlthoughiweiavoidediexpandingi

thei samplei backi ini timei toi mitigatei parentali recallibias,iourifindingsiw

ereisupportedibyiMarkoviChainiSimulationi(MCS)ianalysis.iRandomizedise

lectionibetweeni openi andi laparoscopiciappendectomyiwouldihaveienhance

diaccuracy,iandifutureiresearchishouldiconsideribaselineiHRQoLicomparison

siforibetteriinsights.iDespiteitheseilimitations,iouristudyiprovidesivaluablei i

nsightsi intoi thei economici andisocialiimpactsiofipediatriciMISionichildren

'siqualityiofilife. 
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Chapteri 6:i Conclusion 

 

 
1. Cost-UtilityiAnalysisi ini Pediatrici Minimallyi Invasivei Surgery 

 
Cost-

utilityianalysisi(CUA)iisianianalyticalimethodiuseditoievaluateitheieconomi

civalueiofimedicaliinterventionsibyicomparingitheiricostsitoi theihealthibenef

itsitheyiprovide,iofteni measuredi ini termsi ofi quality-

adjustedilifeiyearsi (QALYs).i Ini thei contexti ofi pediatrici minimallyi invas

iveisurgeryi(MIS),iCUAiisiparticularlyiimportantiforiseveralireasons: 

• AssessingiValue:iCUAihelpsideterminei whetheri thei benefitsi ofipediatr

ici MISi proceduresi justifyi theiri costs.i Byi translatingi healthioutcomesiintoi

QALYs,iCUAiprovidesiaistandardizediwayitoi comparei theivalueiofidifferentis

urgicaliapproaches. 

• Health-

RelatediQualityiofiLifei(HRQoL):iPediatrici MISi proceduresicanileaditoisign

ificantiimprovementsi ini HRQoLi byi reducingi pain,iminimizingirecoveryitim

e,iandiloweringitheiriskioficomplications.iCUAiquantifiesi thesei improvement

s,i providingi robusti evidencei toi supporti theiuseiofiMISiinipediatricisurgery. 

• JustifyingiUse:iIfiCUAishowsithatipediatriciMISiproceduresiofferisubst

antialihealthibenefitsirelativeitoitheiricosts,i thisi evidencei cani justifyitheiri br

oaderi adoptioni ini clinicali practice.i Thisi isi particularlyi importantiinihealt

hcarei systemsi focusedi oni deliveringi high-quality,i cost-effectiveicare. 

2. Cost-

EffectivenessiofiLaparoscopiciAppendectomyi(LAp)iVersusiOpeni

Appendectomyi(OAp) 

Laparoscopiciappendectomyi(LAp)ihasibeenifounditoibeicost-

effectiveicompareditoiopeni appendectomyi (OAp)i fori non-

complicatedi appendicitisiinichildren.iThisifindingiisisupportedibyiseveralike

yifactors: 
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• ShorteriHospitaliStays:iLApitypicallyiresultsiinishorteri hospitalista

ys,iwhichicanireduceioverallihealthcareicostsiandiallowi childreni toireturni

toitheirinormaliactivitiesimoreiquickly. 

• ReducediPostoperativeiPain:iChildreniundergoingi LApi ofteniexperien

ceilessipainiafterisurgery,iwhichicanileaditoiaiquickeriandimoreicomfortableire

coveryiprocess. 

• QuickeriRecoveryiTimes:iTheiminimallyiinvasiveinatureiofiLApiusu

allyimeansithatichildrenicanirecoverifasteriandiresumeitheiridailyiactivitiesi

soonerithaniwithiOAp. 

• FeweriComplications:iLApiisiassociatediwithiailoweririskiofipostoperati

veicomplications,iwhichicanifurtherireduceihealthcareicostsiandiimproveioutco

mesiforipediatricipatients. 

TheseiadvantagesimakeiLApiai morei cost-effectivei andi patient-

friendlyioptioniforinon-

complicatediappendicitisiini children,i supportingi itsi usei asitheipreferredisu

rgicaliapproachiinitheseicases. 

3. Developmentiofi Qualityi ofi Lifei Assessmenti Tools 

 
ToiaccuratelyiassessitheiimpactiofipediatriciMISioniqualityiofilife,iiti isiessenti

alitoidevelopispecificitoolsidesigneditoimeasureiQoLiinipediatricisurgicalipati

ents.iSuchitoolsiwouldienableihealthcareiprovidersito: 

• CaptureiUniqueiExperiences:iPediatricipatientsihavei differenti needsian

diexperiencesicompareditoiadults.iTailorediQoLiassessmenti toolsi canicapturei

theseidifferencesiandiprovidei ai morei accuratei picturei ofi howisurgicaliinter

ventionsiaffectichildren'silives. 

• Quantifyi Impact:i Reliablei QoLi measuresi allowi cliniciansi toiquanti

fyitheibenefitsi ofi MISi procedures,i providingi datai thati cani bei useditoiinfo

rmiclinicalidecisionsiandiimproveipatienticare. 

• GuideiDecision-

Making:iWithiaccurateiQoLidata,ihealthcareiprovidersicanimakeimore
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iinformedidecisionsiaboutiwhichisurgical 

approachesiareimostibeneficialiforipediatricipatients,iensuringithatiinterventio

nsiareialignediwithitheigoaliofimaximizingipatientiwell-being. 

4. FutureiResearchi Directions 

 

Toifurtheri supporti thei usei ofi pediatrici MIS,i futurei researchi shouldi focusi

oniexploringiitsiapplicationi ini variousi indicationsi andi settings.i Keyi areasif

oriresearchiinclude: 

• DifferentiSurgicaliIndications:iInvestigatingitheieffectivenessiandiQo

LioutcomesiofiMISiforiaiwideirangeiofipediatricisurgeriesibeyondiappende

ctomy.iThisicouldiincludeiproceduresiforiconditionsi suchi asihernias,icong

enitaliabnormalities,iandigastrointestinaliissues. 

• DiverseiPatientiPopulations:iStudyingitheiimpactiofiMISiinidiffe

rentipediatricipopulations,iincludingithoseiwithivaryingihealthicondition

s,iages,iandisocio-

economicibackgrounds.iThisiwouldihelpiensureithatiMISibenefitsiareiw

idelyiapplicableiandiunderstood. 

• VariediHealthcarei Settings:i Assessingi howi pediatrici MISi performsi

inidifferentihealthcareienvironments,ifromilargeiurbanihospitalsi toi smallerirur

ali clinics.i Thisi researchi cani helpi identifyi anyi setting-

specificichallengesi ori advantages,i ensuringi thati MISi cani bei effectivelyiim

plementediacrossidiverseihealthcareisystems. 
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