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HEALTHCARE OPTIMIZATION

Mortality and morbidity
from cardiovascular disease
are considereda public
healthissue. In fact,
coronary ischaemic disease
is one of thdeading causes
of death in Europe.

The study of systematic
variation in its surgical
managementand
associated outcomes, offers
a critical view on how
healthcare organizations
provide care to patients.

. EXECUTIVE SUMMARY

1 This report analyses the magnitude and the variation of the surgical
management of ischaemic coronary disease. The analysigfsld: on the
one hand it examing population exposuréo revascularisation surgery, and
on the other, evaluates hospital quality in terms of hospital differences in case
fatality rates

1 Percutaneous Coronary Intervention (PCIl, commonly knowrcasnary
angioplasty and Coronary ArterBypass Graft (CABG) are effective and safe
revascularization procedures that have improved survival and quality of life in
recent decades. PCIl has been proven to be a better option to reduce the risk
of death, especially when few blood vessels are blockifeéted. In
particular, primary PCI supersedes all other alternatives. Nevertheless, CABG
is still considered more effective when dealing with multivessel disease
(involving 3 or more vessels).

Exposure to surgical revascularization

1 Spain registered8,385 ClDhospitalisatiors in 2009 (1 admission per 485

adult inhabitant3. ThisFigurewasamong the lowesof all ECHO countries.
There was &.6-fold differencebetween healthcare areaswith the highest
and lowestrates of CID admissionandsystematic veation was moderate
at 10%higher that randomly expectedMore than half ofall CIDadmissions
were labelled as AMIFor these admissionthere was analmost 3-fold
difference betweerhealthcare areasvith the highestand lowest rates (EQ.

o)-

1 In the same year, 48,368 PCI interventions and 7,068 CABG surgeries were

recorded Thesefigures were among the lowestf all ECHO countriesThe
PCI rate was similar to thaf Portugal and less than hdlfe rate of Slovenia
the country with thehighestrate. Spain"sCABG rate was the lowesf all
ECHO countriesind3 timeslower than that olDenmark.

1 Thedifferences betweenhealthcare areasvith the highestand lowest rates

were 4.5fold and almost 9.9old for PCI and CABG@espectively Variation
not deemal random wasnoderatein both cases19%and 22%higher than
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expected respectively For both PCI and CABGegion accounted for over
40%o0f the observed variation, which suggest relevant role of regions in
modulating theprovision of this intervention

1 The geographical approach examined the mismatch between patterns of
burden of coronary ischaemic disease (CID) and the intensity of use of
revascularization procedures Marked variation in exposure to
revascularisation interventions was observed acrdsmlthcare areas
Moreover, this variation wasargely unaffected by the burden of ischemic
disease.

1 At the regional levelan inverse relatioship between CABG and PCI
procedures was detected. Thisay be due teearly adopting regions which
progressivehhigher levels of PCI led to a decrease in CABG utilisation

9 From 2002 to 2009, coronary ischaemic disease admissions decraizgely
(by 1199, from 1 admission peB92to 1 admission ped29 adult inhabitants
Of these hospitalisationshe numbercorresponding to AMfemained almost
constant

1 During the same periqdPCI utilisation ratesncreasel by 75%, from 1
admission per791 to 1 admission perd13 inhabitants. The CABG rate
remained stable over the same periodfrom 1 admission pe2,899to 1
admission per2,857 inhabitantsaged 40 omwlder). Heterogeneousexposure
was observedacross the territory for both interventionsas evidencedy
constant,moderatesystematic variatiomver time

1 From 2002 to 2009, significdpimore CID admissionsere recordedin more
deprived healthcare areas than in wealthier ane $ecifically AMI
admissions were more frequent in worsff versusbetter-off areas, with the
gap between the lowest and highest quintilesidening over time. This
findingmay reflecta proper response tthe LJ2 LJdzf I G 2y Qa Yy SSR

1 PCI utilisation increaseat all incomelevels, butmost of all inmore deprived
areas leading to a significaht higher PCI utilisatiomate in those areas.
Conversely, CABG exposure was higher in wealthiers,aeea remained
stablein all quintiles.
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Differences in hospital casktality rates

1 Differences in the riskdjusted case fatality rates (CFR) after both
revascularisation proceduresvere marked with huge variation across
hospitals.av2 f dzY S ¢  of ifiterventiSnN tarried out) has begmoposed
as apossible contributor tahese differences.

1 After asharpdecrease, theSpaish risk-adjusted CFR for AMI in 200&s
93.75 per 1,000 patients aged 18 and oldehe lowest rateof all ECHO
countries and 5.3 per thousand points below the ECHO average. In terms of
exposure, only5.2% of allSparish AMI patients were treated apoorly
performing hospitals the lowest proportion of patients of all ECHO
countries.Almost40% of AMI patients were admitted toospitals flagged as
good or evenexcellentperformers a proportion slightly higher than the
ECHO average

1 In-hospital mortality after PCI iSpainunderwent a net increase of 5 per
thousand pointsin 2009,the riskadjusted CFRvas25.6 per 1,000 patierd
aged 40 and oldehy far the highesbf all ECHO countriegndalmost 6per
thousand pointsabove the ECHO averagd-urthermore 34% of patients
undergoing PCI were treated atarm hospitals, whileonly 44 of patients
underwent interventionsat hospitlsflaggedasgoodperformers(the lowest
share for this proceduref allECHO countries).

1 Although n-hospital mortality after CAB@ppearedto decreasemarkedly
Spain’gisk-adjusted CFR after CABG surgery in 2009 was by féighes
of allECHD couwntries, at66 per 1,000 patients aged 40 and oldémis was
over twice theEnglish rate and6 per thousand points abovihe ECHO
average.Only 21% of all Spanish patients undergoing CABG surgery in 2009
underwent interventionsat highvolume centresrfiore than250 procedures
per year), by far the lowest proportion of all ECHO countriesand 60
percentage points belowhe ECHCaverage.Moreover, 20.8% of patients
underwent interventions at alert/alarm hospitals, by far the highest
proportion of allECHO amtries.
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The crossountry
comparison of the
geographical ttribution of
population exposure to
burden of disease antd
intensity ofuse of
proceduresallows the
flagging of situations of
over- and underuse of
revascularisation.

The benchmarking of
hospital case fatality rates
provides an additional
perspectie on the quality
and safety of the care
provided and its variation
within each country.

Accounting for specific
organisational features, the
international comparien
provides a wider
perspectie.

Il. INTERNATIONAL COMPARISON

This chapter offers perspectiveon the behaviour oSpainascomparedwith the
other ECHO countries when it comes to ischaemic coronary disease and its
clinical management and treatmenth&analysis is twdold:

a. Geographic approachthis compares the population burden of disease
and the exposure to treatment depending on place of residence (both
the magnitude and the withkzountry variation)

b. Hospital approachthis examines the quality of hospital caretgrms of
case fatality rates for patients with acute myocardial infarction (AMI) and
for the procedures o€hoicefor this condition These outcomes are used
to benchmark all hospitals acrotte ECHOegion, providing & ovewriew
of the performance ofSmnishhospitalsrelative tothose of other ECHO
countries.

a. Geographic approach

This sectiorprovides a broad overviewf the incidence of coronary ischaemic
disease (CID) and AMI admissioteken as a proxy of burden of coronary

disease It also examies the intensity of use of alternative revascularization
procedures irSpainascomparedwith other ECHO countries.

The geographic approach focesen population exposure. The keigsue
addressed by thianalysis ishe correlation betweerthe risk of coonary disease
and access to revascularisation procedures, dependirgnandividual s placeof
residence.

All through this section, paired dot plots are used towtresults. The chart on the
left is always intended to give theeadera sense of the magnitude djurden of
disease or utilisation of revascularisation proceduresach countrythe image on
the right providesan idea of the actual variationcomparableacross countries
Note that each dot represds the relevant health care geographic unit in ead
country.
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Coronary Ischaemic Disease (CID)

In 2009,Spainrecordedthe fourth CID admission rate among ECHO countaes
1 admission per420 adult inhabitants. This was 33% higher tharthe
corresponding rate ifPortugal the country with the lowest rateand 30% lower
than the corresponding rate irfEngland the country with thehighestrate (see
Table 1 in Appendika).
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Figure . Age and sestandardisedCID hospitalisation ratgser Figurelb. Age and sestandardisedCID hospitalisation ratgser
10,000 inhabitantgnatural scale to compare actual rates). 10,000 inhabitantgnormalisedscale to compare degree of
Year 2009 variation). Year 2009

Each dot represents the relevant healthcare administrative area in each ECHO cHealtlioare areas in Spaimhe yaxischartsthe standardisedate per
10,000 inhabitantsgge 189 for the administrativearea. The figure igenerated basedmthe total numberof CID hospitalisations recordéd 2009 inECHO
countries In Figure lladmissiorrates have beenormalisedo facilitate comparison of the degree of variation acressintries

In Spain residentsliving in areas with the highest ratesere three timesmore
likely to be admitted folICID than those living in areas with the lowestes This
difference was about-#old in Denmark Slovenia, England and Portugal.

Systematic variatiomot deemed randonwas moderateto low in all countries,
ranging from 9%higher than expecteqSovenia) to 24%higher than expected
(Englal).
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Acute Myocardial Infarction (AMI)

AMI admission rate were similar tothose ofother ECHO countrieshe Spanish
rate was the lowst (L hospitalisation pei726 adults), close to that oPortugal.
Sloveniarecorded the highest rate at 1 admission per 449dalt inhabitants
followed by Englandat 1 per 597 adults.Differences between areawith the
highest and lowest ratesf AMI hogitalisationswere around 2fold in all ECHO
countries

Variation not attributable to chancewas low to moderate except in Slovenia
where it reachal 34%higher that randomly expectedn Spainl1% of variation
exceeckd that whichcould be randomly expecti(seeTable 2 in Appendix }a
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Figure 2. Age and sestandardisedAMI hospitalisation rateper
10,000 inhabitants (natural scale to compare actual rates).
Year 2009

Figure . Age and sestandardisedAMI hospitalisation rateper
10,000 inhabitants (normalised scale to compare degree of variatit
Year 2009

Each dot represents the relevant healthcare administrative area in each ECHOy ¢bleraithcare areas in SpairThe yaxis chartsthe standardisedrate per
10,000 inhabitants (agé8t+) for the administrativearea. The figure igyenerated based othe total numberof AMI hospitalisationsecordedin 2009 inECHO
countries In Figure2b admissiorrates have beenormalisedo facilitate comparison othe degree of variation acrogsuntries.
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Percutaneous Coronary Interventions (PCI)

Spainrecordedthe lowestPCIl rate among ECHO countrias]l admission per
419 inhabitants aged 40 or oldey close to thatof Portugal, the country with the
lowest rate Ths was half the rate recorded iBlovenia the country with the
highest rate. Despite its low PCI rate,the difference recorded between
healthcare areasvith the highest and lowest ratesasclose to 5fold, indicating
marked differences in PCI utilisatioacross the Spanishterritory. Slovenia,
England and Portugahowed snilar differencesbetween healthcare areasvith
the highest and lowest ratg®.2 to 2.6fold).

Systematic variatiomanged from just 86 higher than expectedby chance in
Englandand Portugal to 1.8 timesigherthan expected in Sloveni#n Spainthis
value was close to the ECH®erage at 22%higher thanexpectedby chance
(seeTable3 in Appendix 1a
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Figure3a.Age andsexstandardisedPCl utilisation rateper Figure3b. Age and sestandardised”Cl utilisation rateper
10,000 inhabitantgnatural scale to compare actual rates). 10,000 inhabitantgnormalisedscale to compare degree of
Year 2009 variation). Year 2009

Each dot represents the relevant healthcare administrative area in each ECHO cHeattlioare ares in Spaih The yaxischartsthe standardisedate per
10,000 inhabitants (age 40+or the administrativearea. The figure igyenerated based otthe total numberof PCI proceduresecordedin 2009 inECHO
countries In Figureb admissiorrates have beenormalisedo facilitate comparison of the degree of variation acrassintries.
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Coronary Artery Bypass Grafting (CABG)

Spainrecordedthe lowest CABG rate among ECHO couniragsl admission per
2959 inhabitants aged 40 or oldeiThis was3 times less the rateecordedin
Denmark the country with thehighestrate.

Converselyat the local level the difference between areas with tHaghest and
lowest CABG ratewasthe greatest in alECHCzountries, atclose to 16fold. In
Denmark and England, thilfferencewasaround 2fold.

The systematic part of this variatiowas high in all countries reaching27%
higher that randomly expecteith Spain(seeTable4 in Appendix 1a
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Figureda Age and sestandardisedCMAGutilisation ratesper Figure 4.bAge and sestandardisedCABGutilisation ratesper
10,000 inhabitantgnatural scale to compare actual rates). 10,000 inhabitants (normalised scale to compare degree of
Year 2009 variation). Year 2009

Each dot represents the relevadmalthcareadministrative arean each ECH@ountry (Healthcare areas in Spain). Thexischartsthe standardisedate per
10,000 inhaftants (age 40}for the administrativearea. The figure iggenerated based othe total numberof CABGnterventionsrecordedin 2009 inECHO
countries In Figuredb interventionrates have beenormalisedo facilitate comparison of the degree of variati acrossountries.
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Different healthcare
systems across Europe,
with different
organizational features,
may obtain different
outcomes in dealing with
ischaemic coronary
diseaseComparing
outcomes across
individual hospitals in
each country provides
insights as to where
interventions could be
aimed in order to improve
case fatality rates for
patients with coronary
conditions.

International comparison
adds a complementary
perspective to the usual

nationatbased
benchmarks.

b. Hospital approach

Theanalysisin the followingsection focuss on providers, benchmarking for 3
quality outcome indicatorsThe main paranmters of interest arghe actual value

of the hospital caséatality rate (CFR), and the relative position compared to the
ECHO benchmark and its confidence interval limits (95 and 99% |éuglisinto

a funnel plot. This relative position allows ftine classificationof hospital
performance aswverage, good, excellent, alaramdalert.

ECHO benchmaskare generated based onthe expected average behaviour,
using data from all hospitals in the 5 countries analysed (multilevel regression
modelling). All O’ are risk-adjusted for sex, age, severity of the underlying
condition and cemorbidity (Elixhauser index). This waglifferences across
providers should not bettributable to patient characteristigsaffecting their
inherent probability of dying after dmission or surgergyAppendix 4 provides
detailsaboutthe variables included ithe risk-adjustmentprocedure.

Hospitalswith less than 30 patients or procedures/ydaave been excluded from
the analysis to avoid noise when modelling (Tablé&ppendix1b, details the
number of hospitals, per indicator, excluded under this criteriamd the
percentage of treated patients)n fact, the amount of interventionsonducted

at each hospital, or socalled "volume", is one of the significant explanatory
variades when analysing the rigldjusted CFRand has beenproposedas a
potential factor contributor to the observed differences in rates across hospitals.
The threshold for high ankbw-volumehospitals has been empirically set at 250
patients or procedureg/ear.

Funnel plotsallow the assesment of the performance of individual hospitak
against the international benchmark. Each hospital (dot) is charted by its
adjusted case fatality rate and the volume of patients or procedures per year.
benchmark is built based on the average EQid€pital CFR (riskdjusted) and its
95% and 99% Cls. The solid grey line represents the ECH@dJFigsrcorrespond
to the 95% confidence interval control limits and the dashed blue liepsesent to
the 99% confidence intervdimits. These threshadls represent the boundary
between expectedvariation in outcomes (not significantly different from th
averagepndsignificantvariation Outcomes lying beyond the upper thresholds al
indicative of poor performing hospitals (alert or alarm position); couhes below
the lower limits indicate good or excellent performing hospitals. Outliers (in eit
direction) should be investigated further to identify the underlying factors
should be addressed or used as examples of good practice.
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In-hospital mortality: Acute Myocardial Infarction (AMI).

In-hospital riskadjusted CFR per 1,000 AMI patients (urgent admission of
patients aged 18 or older) is a widely used indicator of the quality and safety of
hospital care

In 2009 in the BEA@O area, 146,859 hospital admissions of patients aged 18 or
older were flagged a8MI. Of these, 12,582ied. After riskadjusting modelling,

the ECHO average CFR W93 per 1,000 hospitalised patients, which means
that 1 in 10 AMI admissions resulteddeath

In Spainin 2009 1 inevery10.7 AMI patients admitted to a hospital died (risk
adjusted CFR®3.75 per 1,000), the lowesate among ECHO countries, 5.3 per
thousand points below the ECHO average.

The total number of ECHO hospitals analysad435; 55% of thee wereflagged
as high volumehospitals (more than 250 AMI patients in a yeand cared for
82.5% of the totahumber of hospitalised AMI patients.

In 2009 82 out of 202 centres wereclassed asigh volumehospitals and cared
for 70.6% of allhospitalised AMI patiemst In fact,Spain, together with Denmayk
had the second lowest percentageof AMI patients treated athigh volume
hospitalsin the ECHQirea

Of the 202Spanishcentres 15 were flagged aalert or alarm performersin
terms of adjustedCFR In terms of exposure5.26 of all AMI patients were
treated at these alert/alarm hospitals, thelowest percentage among all ECHO
countries. Mnetheless, 3.82% of all AMI patients were admitted to hospitals
classedas good or even excelent performers (see Table 6, Appendix1b, for
further details.

Figure 5 shows the riskdjusted CFRor each of the ECHO hospital$heir
position relative to the ECHO benchméslindicated in théunnel plot.

10
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ECHO countries’ hospitals

® Spanish hospitals

—Ci-95 — Cl-99
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Hospital Risk Adjusted Case Fatality Rate * 1,000 patients

Hospitalised patients

Figureb. In-hospitalcase fatality ratdor AMI admissions across hospitals in ECHO countfisr 2009.

Each dot represents an ECHO hospital that treated more than 30 AMI cases in that year. The expected number of deatbh$ pepith|@dpatients is
based orthe average calculated across ECHO hospitals. Spanish hospitals are indicated in blue.

The aitcomes shown in thefunnel plot indicate good performance67% of
hospitalswere close to theaverage indicatingthat the risk-adjusted inhospital
mortality did notdiffer significantly fromthe ECHO benchmark.

All but oneof the Spanishhosptals flagged aalarm or alert treated less than 250
AMI patientsper year.

In-hospital mortality after Percutaneous Coronary Intervention (PCI)

In 2009, 132,73 patients aged 40 or oldarnderwenta PCI procedure at one of
the ECHO coungrhospitals.Of these,2,623died (L per 51 intervened patients
TheECHO riskdjusted CFRvas19.86 per 1,000 patientaa§e40+) undergoing a
PCI procedureThat yearSpainhad by far thehighest riskadjusted CFRyt 5.7 per
thousand pointsabove ECHO benchmayrkand almost 12 per thousand pdsn
above theCFR of Englanthe country with thdowestrate.

Within the ECHO framework, 80% of the hospitals performing PCI procedures
were high volumeand cared for95.44% of patients undergoing that procedure. In

11
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Spainthe corresponding proportiowas 94.5% (seeTables 5 and7 in Appendix
1b).

Contrary to expectationsthe bulk of Sparsh alarm hospitals perforned more
angioplastiesand had worse riskadjusted case fatality rates than those
performing fewer interventionsAll but one of thosealert/alarm hospitals were
classed akigh volume and cared foralmost 34% of all patientsvhile onlya 4%
of patientsunderwent interventionsat hospitalsflagged agood performers the
lowest shareof all ECHQountries(SeeTable7, Appendixlb, for further details.

100
ECHO countries’ hospitals

® Spanish hospitals

—Cl-95 = CL99

Hospital Risk Adjusted Case Fatality Rate * 1,000 patients

T T | T

0 1000 2000 3000

Patients undergoing procedure

Figure6. In-hospitd case fatality rate after Percutaneous Coronary Intervention across hospitals in ECHO cotiedniex009.

Each dot represents an ECHO headpitat performed more than 30 PCls in that year. The expected number of deaths pendsplélisedpatients is baset
on the average calculated across ECHO hospitals. Spanish hospitals are indicated in blue.

12
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In-hospital mortality after Coronary Artery Bypass Graft (CABG)

In 2009 the 89 ECHO hospitals performing CABG surgpeyformed
interventions in33,683 patientsaged 40 and olderOf thesealmost 4%died. In
terms d riskadjusted CFR, thideath rate representsl in every 20 patients
undergoing the procedure. More than half of those 89 centrese categorised
as 'high volumé, andconducted82.16% ofll CABG mcedures prformed that
yearin ECHO countries.

It is worth highlighting that 61.26% of all patients were treated at hospitals
flagged asalert/alarm, while 5.61% were treated at hospitals flagged as
good/excellenperformers

The percentage dBpanishpatients undergoing CABG surgevilo weretreated

at higher volume hospitalsvas 20.9% None of these hospitals wefftagged as
excellentperformers, while 26% of hospitalperforming CABG wertaggedas

alert or alarm performers

The riskadjusted case fatality rate after CABG showrrigure?, and indicates
poor performance for Spaim 2009 All but two of thealert/alarm hospitals in
this international comparison are Spanigtelative tothe ECHO benchmark, the
Spaish riskadjusted CFR for CAB@sby farthe highest at 15.7 per thousand
points abovethe ECHO averagfhis is over twiceate recorded in Englandhe
country with thelowestrate.

13
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Figure?. In-hospitd case fatality ratafter CABG across hospitals in ECHO couniies 2009.

Each dot represents an ECHO hospitals that performed more than 30 bypass surgeries in that year. The expected numbepest Heafhospitalised
patients is based on the average calculagedoss ECHO hospitals. Spanish hospitals are indicated in blue.

14
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[lI.  IN COUNTRY VARIATION

In this section, the incidence of coronary ischaemic diseagikthe intensity of

use of alternatie revascularization procedures performed $painis analysed
from an internal perspective, comparingesults in healthcarerelevant
administrative areas (geographic approach) or hospitals (providers approach)
within the country.

CID admissions are
considered a proxy of the
burden of cardiovascular

disease athe geographial The analysis is twiold, and followsthe same structure aslescribed inthe
level. previous chapter:
Inthe ECHO framework a. Geographic approachthis compares the burden of disease and the

this indicator isused asa

ocalibrator€ andaids the

interpretation ofresults
aboutthe intensity of

intensity of exposure to treatmenbf the population, depending on the
place of residencei.g., both the magnitude andhe within-country
variationacross local authoritie@reas sanitariagand regions

population exposure to b. Hospital approachthis examines the quality of hospital care in terms of
revascularization case fatality rates for patients with acute myocardial infarction (AMI) and
procedures ¢oronary for the procedures belection in those cases. These outcomes are used

artery bypass graft and
percutaneous coronary
intervention).

to benchmark individuabpanisthospitals

a. Geographic approach

The magnitude and the variation in coronary condif@md/or revascularization
procedures across the countris mapped outfor two hedthcarerelevant
administrative tiers 199 Healthcare Areasand 17 Regions or Comunidades
Auténomas While healthcare areawould represent local provision of care,
regions are used as a surrogate for regional policies affecting alidhkthcare
areasthey encompass

Coronary Ischaemic Disease admissions (CID)

In 2009, Spain recorded’8,585CID admissionsl admission perd85 Spanish
adult inhabitants.

There was &.6-fold differencein CID admissiornsetweenhealthcare areasvith

the highest and lowest rates. Systematic variation was justl0% higher that
randomly expectedand region accounted for28% ofvariation notaccounted for
by healthcare areagseeTables 9 and10in Appendix2a).

15
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Values range

No cases

Q1 (4.60-15.42)
Q2 (15.50-18.82)
Q3 (18.89-21.11)
Q4 (21.24-24.69)
Q5 (24.72-43.06)

Madrid Area Barcelona Area

Figure 8 Age and sestandardisedCID hospitalisabin rate per
10,000 inhabitants yhealthcare areasYear 2009

Values range

|| Nocases
Q1 (14.69-16.41)
Q2 (17.68-18.40)
Q3 (18.72-20.60)
Q4 (20.73-23.30)
Q5 (24.57-27.06)

ﬂﬂ

FigurelO. Age and sestandardisedCID hospitalisation rate per

10,000 inhabitantby regions. Year 2009

Observed to expected

below 50% less
20-50% less
20% less

| not significant

| 20% more
20-50% more

above 50% more

Madrid Area Barcelona Area

Figure 9 Observed/expected CID admissions raticheglthcare
areas Year 2009

Observed to expected

below 50% less
20-50% less
20% less
| not significant

| 20% more
20-50% more

above 50% more

Figure 1. Observed/expected Oladmissions ratio by regions
Year 2009

Maps on the left (standardised rateshow the numbenf admissions flagged ad[@ the darker the colour, the higher theumberof admissiongalways pei
10,000adult inhabitants. Areas are clustered into 5 qtiles according to their rate value (Q1 to QEgendindicatesthe range of standardised rates with
each quintile. Maps on the right represehe relative risk of hospitalization for CIDeiach area using the observed to expeatatib of AD hospiglisationas a
proxy. Populatios living in areas with values>1 (bluish)are overexposedo the risk of Cllhospitalisation while those imareas witha ratio <1 (pink) are
underexposed.
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Healthcare areawith high CID admission rates wdogatedin the southern half
of Spain [Figure8). Residents in most of these arehadarisk of CID admission
that wasat least 20%abovethe national averagé€bluish areas irFigure9). By
contrast, local authorities wh low rates,in whichresidentshad alower risk of
CID hospitalisatiorwere locatedin the north-eastern part of the country.

At the regional level,the risk of hospitalzation for CIDwas higher than the
national average foresidents inAndalucia, Mucia and Asturiagdark blue areas
in Figurell). Populatiorsliving inPais Vasco, NavaremmdMadrid had thelowest
riskof CID admissions in the territory (purple areaBigurell).

Percutaneous Coronary Interventions (PCI) compared with burden
of Coronary Ischaemic Disease (CID)

During 2009,Spain recorded 8368 PCI interventions1l procedure per495
inhabitants aged 40 or older.

There was an ove#d-fold difference in exposure to the procedurgetween
healthcare areaswith the highest and lowest tas. Moreover gstematic
variationwas 19% higher than randomly expectedand region explaied up to a
44%of this variation which suggestarole of regions in modulating the provision
of this intervention(seeTables 9 and 10 iMppendix2a).

Sme overhp betweenthe intensity of PCI utilisation anthe risk of CID
admissiorcould be expectedyiven thatCID admissiois a proxy othe burden of
coronary diseasd-dowever, burden of ischemic diseasely accounted forll6%
of PCI variation across healtheaareas At the regional level, someorrelation

was observedin the Andalucia, Murcia, Extremada and CastillaLa Mancha

regiors (where high PClrates coincided with an increasedisk of CID admissign
andin Pds Vasco, Navarra, Aragén, Castileon(wherelow PClrates coincided
with a reducedrisk of CIDadmission. However residents inMadrid, Catalufia,
Galiciaand Canary lIslanchad high PCI rats together with a low risk of CID
admission,while Asturiasshowed an increasedsk of CID admigm together

with low exposure tdPCIl(Figures 14 and 5).
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Values range Observed to expected
| Nocases below 50% less
Q1(0.13-14.22) gg;z?;/;stess
Q2 (14.25-17.64) | not significant
Q3 (17.68-20.96) 20% more
20-50% more

Q4 (20.98-25.31)
Q5 (25.66-70.02)

above 50% more

Madrid Area Barcelona Area Madrid Area Barcelona Area

Figure 2. Age and sestandardisedPCl utilisation rat@er 10,000 Figure B. Observed/expected CID admissions raftiphealthcare
inhabitantsby healthcare areasYear 2009 areas Year 2009
Values range Observed to expected
No cases below 50% less
Q1 (15.50-17.40) ! 20-50% less
Q2 (17.70-18.21) 20% ]es_s
not significant

Q3 (19.31-20.97) t
Q4 (22.67-22.97) | gg-/gtr%orniore
Q5 (24.82-43.18)

above 50% more

Figure 4. Age and sestandardisedCl utilisation rate per 10,000 Figure 15 Observed/expected CID admissions ratipregions
inhabitantsby regions. Year 2009 Year 2009

Maps on the left (standardised rateshow the numbepf admissions flagged &@Clthe darker the colour, the higher thmumberof procedures performeder
10,000 inhabitantsage d40+ Areas are clustered into 5 quintiles according to their rate value (Q1 td€¥®ndindicatesthe range of standardised rates with
each quintile. Maps on the right represehe relative risk of hospitalization for ClDeiach area using the obsexd to expectedatio of AD hospitalisationas a
proxy. Populatios living in areas with values>1 (bluish)are overexposedo the risk of ClDhospitalisation while those inareas witha ratio <1 (pink)are
underexposed.
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Coronary Artery Bypass Graft (CABG) compared with burden of
Coronary Ischaemic Disease (CID)

In 2009, Spain recorded,068CABG procedured surgery peB,378inhabitants
aged 40 or older.

There was &.3-fold difference in exposure to the procedubetweenhealthcare
areaswith the highest and lowest ratesind 224 of this variatiorcould notbe
deemed randomAsseen forPCI utilisation, variation in ®& surgeryvas highly
influencedby regions up to 43% of the observed variatiowas explained by a
regioral effect (seeTables 9 and 10 i\ppendix2a).

A certain pattern of highrate healthcare areas was observedin the north-
western part of the countryWith some exceptions CABG utilisatiordid not
correlate with burden of diseaséigurel6 and 17). At the regional level, CABG
procedures and the risk of CID hospitalisatappearedto be inversely related,
with the exception ofAsturias whose residens had a higherrisk of CID
admissiorbut which had one of the highe€&ABG ratgin the country.In general
however, lower CABG ratesere observedn regionswith increasedrisk of CID
hospitalisation such a®\ndalucia, Murciand CastillaLa Mancha(Figures 18 and
19).
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Values range Observed to expected

below 50% less
20-50% less
20% less

|| not significant
20% more
20-50% more
above 50% more

No cases

Q1(0.16- 1.66)
Q2 (1.73-2.44)
Q3 (2.45-3.16)
Q4 (3.20- 4.16)
Q5 (4.19- 7.83)

Madrid Area Barcelona Area Madrid Area ““Barcelona Area

Figure 16Age and sestandardisedCABG utilisation rate per

Figure 170bserved/expected CID admissions rdtychealthcare
10,000 inhabitantdy healthcare areasYear 2009

areas Year 2009

Values range

Observed to expected
No cases below 50% less
Q1 (0.66- 1.94) 20-50% less
Q2(2.16-2.73 20% less
Q3 2 2.75- 3.10; | not significant

Q4 (3.67- 3.76)

20% more
Q5 (3.97-6.01)

20-50% more
above 50% more

Figurel8. Age and sestandardisedCABG utilisation rate per

Figurel9. Observed/expected CID admissions rdgyaegions
10,000 inhabiantsby regions. Year 2009

Year 2009

Maps on the left (standardised ratesfiow the numbeof admissions flagged @&ABGthe darker the colour, the higher ttrumberof procedures performeder
10,000 inhabitantsaged 40+ Areas are clustered into 5 quintiles according to their rate value (Q1 td€g®ndindicatesthe range of standardised rates witF
each quintile. Maps on the right represehe relative risk of hospitalization forCineach area using the observed to expeatatio of AD hospitalisationas a

proxy. Populatios living in areas with values>1 (bluish)are overexposedo the risk of ClDhospitalisation while those inareas witha ratio <1 (pink)are
underexposed.
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Percutaneous Coronary Interventions (PCI) vs. Coronary Artery
Bypass Graft (CABG)

PCI and CABG are effective and safe revascularization procedures that have
improved survival and qualityf éife inrecentdecades. PCI has been proven to be
the best option at reducing the risk of deatparticularlywhen the number of
affected blood vessels is low (primary PCI has supersaitiether alternatives).
However, CABG is still considered moreeefie when dealing with multivessel
disease (3 or more vessétwolved.

These procedurescan be consideredas distinct interventions with different

Oft AYAOLI f AYRAOIGA2yasz 2NE | forihd Name (G A &8
clinical condition. The&fore, analysis oftheir respectivepatterns of utilisation
provides some indication as twow populations are being served. Trends in the
same direction for both procedurasould rule outi KS & & dzo & G A G dzi A 2y
whereas opposng patterns would suggst a certain degree of compensation
across proceduresthoughthe two procedures arenot equally effective

In Spainalthougha substitution effectwas observed atthe regional level, this
phenomenon wasearnegligibleat the healthcare ara level(Fgures 2 and 23),
as evidenced by megative correlation 0f0.09.
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Observed to expected
. below 50% less
20-50% less
|| 20% less
not significant
20% more

20-50% more
above 50% more

Figure 200bserved/expectedPCl utilisation ratidy healthcare Figure 4. Observed/expecte€ABG utilisation ratio Hyealthcare
areas Year 2009 areas Year 2009

Figure 2. Observed/expectedPCl utilisation ratio by regions. Yea Figure 3. Observed/expecte€€ABG utilisation ratio by regions.
2009 Year 2009

Maps represent the level of performance  Z @& U pe]vP $Z 7} « EA 3§} ofthenuEber ofSrevascrlagdation procedures as a proxy o

risk of cardiovacular interventionResidentdiving at areas with valuesl (bluish)are overexposed to the risk oértaincardiovascular interventian while those
inareas with a ratic<l (pink)are underexposed to the risk tfesecardiovasculamterventiors.
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