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HEALTHCARE OPTIMIZATION

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

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

EXECUTIVE SUMMARY

This report analyses the magnitude and the variation of ischaemic coronary
diseasesurgical managemenilo thisend, the analysis isvofold: on the one
hand, examinespopulation exposureto revascularigtion surgery and, on

the other hand evaluateshospitalquality, in terms of hospital differences in
case fatality rates

Percutaneous Coronary Intervention (PCI, commamyned as coronary
angioplasty and Coronary Arterypass Graft (CABG) afective and safe
revasculariation procedures that have improved survival and quality of life in
the last decades. PCI has been prowe be a better option at reducing the
risk of death particularly, primary PCI supersedes attyer alternativein the
treatment of acute myocardial infarctionNevertheless, CABG is still
considered more effective when dealing with multivessel disease (3 or more
vessels implied).

Exposure to surgical revascularization

In 2009, 78,585 Clhospitalsatiors occurred in Spain, representing 1
admission per 485%anish adult inhabitants. This figurgas among the
lowest found in ECHO countrieBesides, p to 2.6fold difference was
detected between healthcare areaswith extreme high and low CID rates
while systematic variation was moderate: 10% above that randomly
expected.More than half ofCIDadmissions were labelled as AMI and in that
case the difference betweerhealthcare areaswith extreme rates (E£3s)
wasclose to 3fold.

The same year, 48,86PCI interventions and 7,068 CABG surgeries were
performed. These figures were again among the lowest among the ECHO
countries. PCI rate was similar to that detected in Portugal and less than half
the rate found inSloveniathe country with thenighestrate; while CABG rate
was the lowest, 3 times less than the one found in Denmark.

The ratio acroséealthcare areasvith extremes rates reached.5fold and
almost 9.3fold difference in PCI and CAB®@spectively, and variation not
deemed random was in bbt casesmoderate: 19 and 22%above that
expected Besides, in botf?Cl and CAB@egion explaied more than 40%f
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the observed variation, which may suggest certain relevant role of regions in
modulating theprovision of this intervention

1 In the geograplwal approach, the mismatching between patterns of burden
of coronary ischaemic disease (CID) and intensity of use of revascularization
procedures is examined. It is patent the variation in exposure to
revascularisation interventions across healthcare areasd how this
variation is hardly affected by the burden of ischemic disease.

9 At regional level inverse relation between CABG and PCI procedures was
detected. Thisseems to point out to early adopting regions where
progressivelyhigher levels of PCI wodl lead to a decrease in CABG
utilisation

1 From 2002 to 2009, coronary ischaemic disease admissions barely decreased
by 11%from 1 admission peB92to 1 admission ped29 adult inhabitants
Of these hospitalisations, those corresponding to AdMdinained almost
constant

1 Along the same periodPCI utilisation ratesncreasel by 75%, from 1
admission pef791to 1 admission per13 inhabitants.In turn, CABG rate
remained stable over the same periog,from 1 admission peR,899to 1
admission per2,857 inhabitants aged 40 orolder. Exposureacross the
territory for both interventionswas heterogeneousas pointed out by their
moderateand constant over timsystematic variation.

T From 2002 to 2009, significant more CID admissions occurred in most
deprived hedthcare areas than in wealthier onesind specifically AMI
admissions were more frequent in worsff than in betteroff ones
becomingthe gap between extreme quintiles wider over timEhis finding
could represent a reflection af proper response to poful G A 2y Q& y SSF

1 PCI utilisation has increased in all wealth levels, but above all in most
deprived areas leading to a significant higher PCI utilisation in those less
affluent areas. Conversely, CABG exposure was higher in wealthierasas
hasremainedstable in all quintiles.

Differences in hospital caskatality rates

9 Differences in the riskdjusted case fatality rates (CFR) after both
revascularisation procedures are noticeable, witlnge variation across
K23aLWA @ d2y@é ad I Y2 dzy 8 caRishl ok iyf a yedIhésybéen 2 y
argued as a plaudibfactor of these differences.
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1 Spamsh iisk-adjusted CFR for AMdfter experiencinga sharp declinewas in
2009,93.75 per 1,000 patients aged 18 and older; the lowest rats frer
thousand points blow the ECHO average. In terms of exposure, B2 of
all Sparnish AMI patients were treated at poor performing hospiteddsothe
lowest share of patients among ECHO countries. On the other lzmast
40% of AMI patients were admitted to hospitas F 33 SR | & a322F

AN w A

1 Regarding the revascularisation procedureshaspital mortality after PCI in
Spain has experiencedreet increase of 5 per thousand points. 2009,the
risk-adjusted CFRvas 25.6 per 1,000 patients aged 40 and oldéar the
highestamong ECHO countriealmost 6per thousand pointsabove ECHO
average. Besides#3 2 F LI GASyi(a dzy RSNH2AyYy3 |
hospitals, whileonly £% of patients were intervened at hosgs pointed out
I agood LIS NF 2 NI Sowkst shace (fdk #is procedure among ECHO
countries).

1 Even thoughn-hospital mortality after CABG seemed to decrease intensively
the last period the riskadjusted CFR after CABG surgergpain in 2009,
was dso by far thehighes among ECE countries-66 per 1,000 patients
aged 40 and oldemore than doubling the English rate ah@ per thousand
points abovell KS 9/ 1 h Qa | &fyyR19ad sl Spadish paRehia >
undergoing CABG surgery in 2009 werterivened at highvolume centres
(above 250 procedures/year), far the lowest share across ECHO countries, 60
percentage points below averagén addition, 20.8% of patients were
Ay i SN SgrBatarmlipérforiers K2 A LA G faz | 3FAY
share among ECHO countries.
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The crossountry

comparison of the
geographical ppulation

exposure to

revascularization

proceduresprovides the
basis for flagging situations

of over and undeuwuse.

The benchmarking of
K2aLWAdlftaqQ Ol
adds a dimension of quality

and safety of the care

provided and its variation
within each country.

International comparison
provides a wider
perspective, boosting
assessment beyond
national inertias.

Il. INTERNATIONAL COMPARISON

Thischapter offers a view as to ho®painbehaves compared to the other ECHO
countries when it comes toischaemic coronary disease and issrgical
treatment. To thisend, the analysis is twimld:

a. Geographic approach: it examines population exposure to
revascularization surgeyrpoth the magnitude and the variation

b. Hospital approachit examinesthe quality of hospital carén terms of
case fatality rates for patients with acute myocardiaanetion (AMI) and
after revascularizationprocedures These outcomes are used to
benchmarkall hospitals across ECH®oviding a view of wher&panish
hospital€butcomesseatcomparedto those in the otheECHO countries

a. Geographic approach

This seadbn offers a rough picture of the incidence of coronary ischaemic disease
(CID) and AMI admissions takasa proxy ofourden of coronary diseasé also
examinesthe intensity of use of the alternative revascularization procedures in
Spaincompared to wiat happens at the other ECHO countries.

The geographic approadhk focused on population exposureThe key question
for analysis is how the risk of coronary disease and access to revascularisation
procedurescorrelate depending on the place where indivials live.

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

In 2009, Spainhad the fourth CID admission rate among ECHO courgries
admission per20 adult inhabitants.This figurewas33% higher thanhe lowest
one, found in Portugaand 30% lower than the highest rate, found in England
(see table 1 in appendixd).
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Figure 1a. Agesexstandardisechospitalisationratesof ClDper Figurel.b. Agesexstandardisechospitalisationrates of CIDper
10,000 inhabitantgnatural scale to compare actual rates). 10,000 inhabitantgnormaisedscale to compare degree of
Year 2009 variation). Year 2009

Each dot represents the relevant healthcare administrative area in each ECHO cHealtlidare areas in SpainThe yaxis charts the administrative areas
standardised rate per 10,000 inhabitants1l@ age). The figure is built over the total amount of CID hospitalisations in 2009 in ECHO countries. In Fi
admission rates have been normalised to ease comparison of the degree of variation across countries

In Spain residents in areas with the highest ratesderwent three times the
probability of CID admission than those living in areas with the laviedurn,

lower and #milar ratios around twice were detected in DenmarkSlovenia,
England and Portugal.

On the other handsystematic variatiomot deemed randonmwas moderate to
low in all countries, ranging from 9%dvenia) to 24% (Engldh beyond that
expected.
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Acute Myocardial Infarction (AMI)

AMI admission rates were quite similar among ECHO countries, althinegh
Spanish rate showed close to the Portuguese to be the lowest - 1
hospitalisation pei726 adults. Slovenia shasd the highest rate-1 admission per
449 ault inhabitants followed by Englandl in 597 adultsDifferences between
areas with extreme rates of AMI hospitalisations are around 2 ifoldll ECHO
countries

The part of theobservedvariation not amenable to chanaeaslow to moderate,
except in Slovenia vene it reachal 34%above that randomly expectedn Epain
11% of variation exceeatl what could be randomly expected val(gee table 2 in
appendix 1a).
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Figure 2.a. Agsex standardised hospitalisation rateSAMI per
10,000 inhabitants (natural scale to compare actual rates).
Year 2009

Figure 2.b. Agsex standardised hospitalisation ratesAMI per
10,000 inhabitants (normalised scale to compare degree of variatit
Year 2009

Each dot represents the relevantdithcare administrative area in each ECHO caou(tiealthcare areas in SpainThe yaxis charts the administrative area
standardised rate per 10,000 inhabitants (+18 age). The figure is built over the total amount of AMI hospitalisation20@drithe ECHO countries. In Figur.
2b admission rates have been normalised to ease comparison of the degree of variation across countries
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Percutaneous Coronary Interventions (PCI)

Spain, together with Portugal, exhibd the lowest PCl rate among ECHO
countries,1 admission pe#d19 inhabitant aged 40 or older. That represented
less than halfthe rate found inSlovenia the country with thehighestrate.
Degite itslow PCI rateresidents in thoséealthcare areawith the highest rates
had close to 5fold chance ofundergoing a PCI intervention than those living in
areas with the lowest rategointing outacutedifferences in PCI utilisaticacross
the Sparish territory. In Slovenia, England and Portughé ratio between the
highest and lowest PCI rate found at local ldvad similar values(rangingfrom
2.2 10 2.6)

Systematic variatiomanged from just 8% above that expected by artte in
Englandand Portugal to 1.8 times greater than expected in Slover8aain hd
an average valyeexceeding 22%hat expected by chance(see table 3 in
appendix 1a).
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Figure3.a Agesex sandardsed utilisationrates inPClper 10,000 Figure3.b. Agesexstandardised utilisatiomates inPClper 10,000
inhabitants(natural scale to compare actual ). inhabitants(normalisedscale to compare degree of variation).
Year 2009 Year 2009

Each dot represents the relevant healthcare administrative areath & CHO countriféalthcare areas in SpairThe i EA & OKI NIia (KS
standardised rate per 10,000 inhabitants (+40 age). The figure is built over the total amount of PCI procedures held the@HO countries. In Figure &
intervention rates have been normalised to ease comparison of the degree of variation across countries
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Coronary Artery Bypass Grafting (CABG)

Spainshowed the lowest CABG rate among ECHQuminies ¢ 1 admission per
2959 inhabitants aged 40 or oldefThis was3 times less the rate found in
Denmark the country with thehighestrate.

Conversely, the ratio between the highest and low€#tBGate found at local
levelwasthe biggest close to10 fold chance of undergoing CABGntervention
for residents in thosénealthcareareaswith the highest ratesin Denmark and
England, this ratizvasaround 2fold chance.

The systematic part of this variatiomas high in all countries, going up ®7%
above that randomly expected Bpain(seetable 4 in appendix.3).
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Figure4.a Agesex sandardised utilisationrates inCABGoer Figure 4b. Agesex standardised utilisation rates in CABG per
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Year 2009 variation). Year 2009

Each dot represents the relevamalthcareadministrative arean each ECH@ountry (Healthcare areas in Spaifhe yaxischarts theadministrativearea
standardisedate per 10,000 inhabitants 40 age) The figure is builbver the total amounbf CABGnterventionsheldin 2009 inthe ECH@ountries.In Figure
4b intervention rates have been normalised to eesmparison of the degree of variation across countries.
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Different healthcare
systems across Europe,
with different
organizationafeatures
might obtain different
outcomes in dealing with
ischaemic coronary
disease.

Comparing the outcomes
across indindual hospitals
provides insights as to
where interventions
might be targeted to
improve case fatality rate
for patients with coronary
conditions.

International comparison
adds a complementary
view to the usual
nationatbased
benchmarks.

b. Hospital approach

Throughthis sectionanalyse will focus onproviders, benchmaikg for 3 quality
outcome indicatos. Two insights tobe retained ae: the actual value of the
hospital casefatality rate (CFR)andthe relative position compared to the ECHO
benchmark and its confidence interval limits (95 and 99% lewld) into a
funnel plot This relative position allows for an assessment of kespital
performancecategoried asaverage, good, excellent, alarm and alert

ECHO benchmark is built as the expected average behauising data from all
hospitals in the 5 countries analysed (multilevel regression modelMi@}FR are
risk-adjustedfor sex, age, severity of the undging condition and comorbidities
(Elixhauser indexYhis waydifferencesacross providershouldnot be amenable

to patient characteristicsaffecting their inherent probability of dying after
admission or surgergappendix4 providesdetailsas tothe variables included in
risk-adjusiment).

Hospitals treating lesthan 30 patientsat risk (admitted or undergoing surgery)
per year have beenexcluded fom the analysis in order to avoihndom noise
(table 5, appendix 1,ldetails the number of hospitalper indicator,excluded
under this criterdon and its percentage of treated patients

Funnel plots eablethe assessment dhdividualhospital performancegainst the
international benchmark. Each hospital (dot) is represented with theatflsted

case fatality rate for a specific volume of patients at risk (admitted or underg
surgery). The benchmriais built on the ECHO hospitals average CFRajsisted)
and its 95% and 99% Cls. The solid grey line represents the ECHO CFRd

lines correspond to the 95% confidence interval control limits and the dashed
linesto the 99%imits. Thosehresholds represent the boundary betweenpected
variation in outcomes (not significantly different from averagafd significant
variation. Hospitals beyond the upper thresholds are flagged as poorer perfor
(in the alert or alarm position); hospitabelow the bottom limits signal hospitals

good or excellent performers. Whichever the direction, outliers warrant furt
investigation and analysis to identify underlying factors and either tackle the
use as examples of good practice.
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In-hospital mortality in Acute Myocardial Infarction (AMI)

In-hospitalrisk-adjustedCFR per 1,000 ANMAtients (urgent admissioin patients
18 and older)is a widely used indicator of the quality and safetytlué care
provided in a hospital

In 2009 at the ECHO countrie$46,859 hospital admissions in patients 18 and
older were flagged as Acute Myocardial irdéons. From thee, 12,582 pssed
away. After risladjustment these figures place the ECHO averdgERat 99.03
per 1,000 hospitalised patients, which means thahleachl0 AMI admissions
resulted indead.

In Spain, 1 in 10.7 AMI patients admitted to a hospital die2DiPO (riskadjusted
CFR 93.75 per 1,000), the lowest among ECHO countries, 5.3 per thousand points
below the ECHO average.

The total amount of ECHO hospitals analysd®%s55% of them, flaged ashigh
volumehospitals(more than 250 AMI patients in agr), took care of 82.5% of
the total AMI hospitalised patients.

With regard to Spanishhospitals, 82 out of 202 centres werehigh volume

hospitalsin 2009, taking care ofthe 706% of all AMI hospitalised patients
actually Spain had, together with Denmiathe secondlowest share of AMI
patients treated at high volume hospitals among the ECHO countries.

15 out of the202SpanistOSY i NS & ¢SNB Ff I 3IISR & al
in terms of adjusteeCFR In terms of exposure;.2% of all AMI patientsvere
GNBFGSR d (GK2a$sS ot he\sinallest parehtagdlafmong K 2 &
all ECHO countries. Nevertheless, it is also true t8e826 of all AMI patients
gSNB RYAGGSR (2 K2aANIMNSASya aLFBABIR Slyd
(see tableb, appendix 1.b, for further deta)ls

Figure 5 shows the riskdjustedCFRn each othe ECHnospitals drawing their
relative position tahe ECHMenchmarkin the funnel plot

10
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Figureb. In-hospitalcase fatality ratdor AMI admissions across hospitals in ECHO countfisr 2009.

Each dot represents one of the ECHO hospitals that treated more than 30 AMI cases in that year. The expected numbersopetet@fi¥hospitalised
patients is built on the average across ECHO hospitals. In blue are represented Spanish hospitals.

Outcomes shown in the funnel indicate a rather good perfance, wherealmost
67% of hospitals are at the average position indicating aatjlisted inhospital
mortality not significantly different from ECHO benchmark

All but oneof the Spanisthospii I f & Ff I 33SR | #eatddsd thamly £
250 AM patients in ayeatr.

In-hospital mortality after Percutaneous Coronary Intervention (PCI)

In 2009, 132,737 patientsged40 and older underwent PCI proceduseone of

the ECHO hospitals. 2,623 of them passed away, that is, 1 in each 51 intervened
patients. These figuresepresent anECHO riskdjusted CFRf 19.86 per 1,000
patientsat risk That yearSpainhad by far thehighest riskadjusted CFR5.7 per
thousand pointsabove ECHO benchmarkand almost 12 per thousand points
above the Englis€FRthe country with the smallest rate

11
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0 patients

1,00

Hospital Risk Adjusted Case Fatality Rate *

Within the ECHO framework, 80% of the hospitals performing PCI procedures
were high volumeand took care of 95.44% of patients undergoing that procedure.
In Spainthat figuredescended t®4.5% (see tables 5 arlin appendix 1.b).

Unlike what might be expectedthe bulk of Sparsh & I f | Hd3pials are
performing a larger number of angioplastiaad get worse riskadjusted case
fatality rates than those performing fewer interventiar&s a result, hbut one
of those dert to alarm hospitals were high volunandintervened almost 34% of
all patients while onlya 4% of patients weréntervened at hospitals pointed out
a4 G322R L NowesiNSHaBebdioss ECHOcountries (See table 7,
appendix 1.b, for further dails).

ECHO countries’ hospitals
® Spanish hospitals

—Cl95 = CL99

2000 3000

Patients undergoing procedure

Figure6. In-hospitd case fatality rate after Percutaneous Coronary Intervention across hospitals in ECHO cotienie)09.

Each dot represents oraf the ECHO hospitals that performed more than 30 PCI in that year. The expected number of deceases IpespitAlGe@d
patients is built on the average across ECHO hospitals. In blue are represented Spanish hospitals.

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

In the 89 ECHO hospitals performing CABG surgery, 33,683 patients, aged 40 and
older, were intervened in 2009 and almost 4% of them passed away. In tdrms o
risk-adjusted CFR, this means 1 in 20 patients underg6ihBG More than half

of those 89 cenks werecategorised as "high volume", and théated the
82.16% of total CABG performed that year at ECHO countries.

The 61.326 of all patients were interveed at hospitals placed in the
"good/excellence performantarea versus the 5.6% treated at hospitals flagged
as"alert/alarm"”.

Spain shows quite a different picture. The percentage $panishpatients
undergoing CABG surgery treated at higher volumeitals descendedo 20.9%
and none of themwas flagged asexcellent in performancewhile 26% of their
hospitalsLISNF 2 NY¥Ay 3 /! . D gSNBE LRAYGSR a at

The scenario of the riskdjusted case fatality rate after CABG shown in figyre 7
placesSpain at a deficientevel of performancein 2009 All but two of the
alert/alarm hospitals in this international comparison are Spar@mpaed to
the ECHO benchmark, the Spsn riskadjusted CFR for CABGhyg far the
highest 15.7 per thousand pointsabove the ECHO average amdore than
double the English oneghe country with thdowestrate.

13
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Figure?. In-hospitd case faality rate after CABG across hospitals in ECHO countiges 2009.

Each dot represents one of the ECHO hospitals that performed more than 30 BYPAS surgeries in that year. The expectédienenbes per 1,0C
hospitalisecpatients is built on thaverage across ECHO hospitals. Blue dots represent Spanish hospitals.

14
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CID admissions are
considered a proxy of the
burden of cardiovascular
disease ah geographial

level.

Inthe EGHO framework
this indicator is used as
ccalibrato€ and helps to
interpret results about
intensity of population
exposure to
revascularization options:
coronary artery bypass
graft and percutaneous
coronary intervention

[lI.  IN COUNTRY VARIATION

At this section, the incidence of coronary ischaemic disease as well as the
intensity of use of le alternative revascularization procedures performed in
Spainwill be analysed from an internal perspectiamparing what happens at

the different health care areas (geographic approach) or hospitals (providers
approach) within the country.

Following tle same structure as the previous chaptire analysis is twdold:

a. Geographic approaclit compares thepopulation burden of disease and
the exposure to intensity of treatment, depending on the place of
residence(both the magnitude and the variation) @sshealthcare areas
(areas sanitariasand regions

b. Hospital approachit examinesthe quality of hospital carén terms of
their case fatality rates for patients with acute myocardial infarction
(AMI) and forrevascularization proceduredhese outcomgare used to
benchmarkindividualSpansh hospitals

a. Geographic approach

The magnitude and the variationn CID and/or revascularization procedures
across the countryill be mapped oufollowing the two health relevant tiers

199 Healthcare Areasand 17 Regions or Comunidades AutonomasiNhile
healthcare areawvould represent local provision of care, regions are used as a
surrogate for regional policies affecting all thealthcare area withineach one

Coronary Ischaemic Disease admissions (CID)

In 2009,78,585CID admissionsccurred inSpain whichmeart 1 admission per
485 Spanistadult inhabitants.

Up to 2.6fold difference in chances to experieneeCID admissiowas found
betweenhealthcare areasvith extreme high and low rate§.he systematic part
of variation was jus.0% above that randomly expecteaindregion explanedup
to a 28% ofthe variation not explained by the healthcare argase table® and
10at the appendix.q).

15
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Values range Observed to expected
No cases below 50% less

Q1 (4.60-15.42) 20-50% less

Q2 (15.50-18.82) 20% less

Q3 (18.89-21.11) | not significant

| 20% more
Q4 (21.24-24.69) %m
Q5 (24.72-43.06) i 20-50% more

above 50% more

Madrid Area Barcelona Area Madrid Area Barcelona Area

Figure 8 Agesex standardised CID hospitalisatirate per 10,000 Figure 9CID Admission ratifbserved to expectedby healthcare
inhabitants byhealthcare aras. Year 2009 areas Year 2009

Values range Observed to expected
|| Nocases ! below 50% less

Q1 (14.69-16.41) 20-50% less

Q2 (17.68-18.40) 20% less

Q3 (18.72-20.60)

Q4 (20.73-23.30)

Q5 (24.57-27.06)

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

above 50% more

o
<«
-

Figurel0. Agesex standardised CID hospitalisation rate per 10,0  Figure 1. CID admissions rati@bserved to egected) by region
inhabitantsby regions. Year 2009 Year 2009

Maps on the left (standardised rates) merely represent the amount of admissions flaggéd asdn@ssionsthe darker the colour, the higher the amount
admissiongalways per 10,00@dult inhabitants. Areas are clusterkinto 5 quintiles accordintp their rate value (Q1 to Q%Jegend within the maps provide
the range of standardised rates within each quintile. Maps on the right represkatitve risk of hospitalization aach area using as a proxy the ratio obserice
expected number of ID hospitalisatiors. Population livingt areas with values above 1 (bluighpan toexperience higher risk @f1Dhospitalisatiors; population
at areas witharatio below 1 (pinkmean toexperience lesseisk of CIDhospitalisatons.

16
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Healthcareareaswith high CID admission rates were found in the southern half
of Spain (figureB). Residents in most of these areasperiencedat least 20%
more risk of CID admission than national average (bluish areas in figure 9). On the
contrary healthcare areawith low rates where residents have lower risk of CID
hosptalisations were found in the dith-eastern part of the country.

At regional level, residents iindalucia, Murcia and Asturided the highestrisk
of CID hospitalisatianin the country (dark hie areas in figure 1). In turn,
population living inPais Vasco, Navarrand Madrid had the least rislof CID
admissions in the territory (purple areas in figurB.1

Percutaneous Coronary Interventions (PCI) and its comparison with
the burden of Coronary Ischaemic Disease (CID)

During 200948,368PClI interventions were performed Spain 1 procedure per
495inhabitants aged 40 or older.

More than 4fold difference in exposure to the procedure wemund between
healthcare areaswith extreme rates.Moreover gstematic variationwas 19%
above that randomlyexpected and region explaied up to a 44% which may
suggest certain relevant role of regions in modulating the provision of this
intervention (see tables 9 and 10 in appendix 2.a).

One could expectane overlapping betweemtensity of PCI utilisatioand risk

of CID admissian considering CID admission as a proxy of burden of coronary
disease.However, burden of ischemic disease barely explained the 16% of the
PCI variation across healthcare ares¢hen looking at regional level, some
correlation wasobservedin Andalucia, Murcia, Extremada and CastillaLa
Mancharegiors, (high rates of PClcoincide with higher risk ofID admissias)

and Pds Vasco, Navarra, Aragon, Castilieon(low rates of PCimatched low risk

for CIDadmissiony Howeverresidents inMadrid, Catalufia, Galiciar Canary
Island bore high PCI rats concurrent with lowrisk for CIDadmissions, and,
conversely Asturiaswith morerisk of CID admigms experiencedow exposure

to PCl(figures B and B5).

17
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Values range Observed to expected
| Nocases below 50% less
Q1(0.13-14.22) gg;z?;/;sless
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. Agesex standardised PCI utilisation rate per 10,000 Figure B. CID admissionstio (observed to expectedpy
inhabitantsby healthcare areasYear 2009 healthcare areasYear 2009
Values range Observed to expected

No cases

Q1 (15.50-17.40)
Q2 (17.70-18.21)
Q3 (19.31-20.97)
Q4 (22.67-22.97)
Q5 (24.82-43.18)

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

A | 20% more
5 20-50% more

above 50% more

Figure 4. Agesex standardise®ClI utilisation rate per 10,000 Figure 15CID a@missiongatio (observed teexpected, by regions
inhabitantsby regions. Year 2009 Year 2009

Maps on the left (standargéd rates) merely represent the amountprbceduredlagged as Percutaneous ©@oiary Interventionthe darker thecolour, the higher
the amountof procedures performeger 10,000 inhabitantsver 40 years oldAreas areclustered into 5 quintiles according to their rate value (Q1 tod@sjend
within the maps provides the range standardsed rates withineach quintile Maps on the right represemelative risk of hospitalization aach area using as
proxy the ratio observed to expected number tb Bospitalisatiors. Population livingat areas with values above 1 (bluismeanto have a higher risk ofID
hospitalisation; populatiorat areas witharatio below 1 (pinkjnean have lower risk of CID admission
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HEALTHCARE OPTIMIZATION

Coronary Artery Bypass Graft (CABG) and its comparison with the
burden of Coronary Ischaemic Disease (CID)

Along 20097,068CABG procedures were performed3pain which represets 1
surgery pe3,378inhabitants aged 40 or older.

The ratio acrosbealthcare areasvith extreme rates reachefl.3-fold difference,
and up to 2% of this variatiorcould notbe deemed randomAs occurred with
PCI utilisation, variation in CABG surgegs highlyexplained by regionsyp to

43% of the observed variation could be relatedaoegioral effect (see tables 9
and 10 in appendix 2.a).

Therewas a certain pattern ofhealthcareareaswith high rates in theNorth-
western part of the countryCABGutilisationdid not correlate with the burden of
disease in the samarea, with a few exceptions (figure6land I7). Taking the
analysis to the regional level, CABG procedures and the risk of CID hospitalisation
seemed to be inversely related, with the eption of Asturias where residents

had a higherisk of CID admissions and CABG vedsamong the highest in the
country. Nevertheless in general, lower CABG ragesngedto appear in regions

with higher risk of CID hospitalisatiorss in Andalucia, Mur@ or CastillaLa
Mancha(figures B and 19.
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EUROPEAN COLLABORATION F

Values range

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)

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 Madrid Area ““Barcelona Area

Figure 16 Agesex standardised CABG utilisation rate per 10,00

Figue 17. CID admissionstio (observed texpected by
inhabitantsby healthcare areasYear 2009

healthcare areasYear 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. Agesex standardised CABG utilisation rate per 10,00

Figurel9. CID admissionstio (observed to expected)y regions
inhabitantsby regions. Year 2009

Year 2009

Maps on the left (standardised rates) merely represent the amount of procedures flag@adasary Artery Bypass Gratthe darker the colour, the higher tl
amount of sirgeriesperformed, per 10,000 inhabitants over 40 years old. Area<latered into 5 quintiles according their rate value (Q1 to Q%)egend
within the maps provides the range of standardised rates within each quintile. Maps on the right represent relativeasghtaliZiation at each area using as

proxy the ratioobserved to expected number of CID hospitalisati®ogulation livingat areas with values above 1 (bluigmean tohave a higher risk ofID
hospitalisation; populatiorat areas witharatio below 1 (pinkjnean have lower risk of CID admission
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HEALTHCARE OPTIMIZATION

Percutaneous Coronary Interventions (PCI) vs. Coronary Artery
Bypass Graft (CABG)

PCI and CABG are effective and safe revascularization procedures that have
improved survival and quality of life in the last decades. PCI has beempiw/e

best option at reducing the risk of death, mostly when thember of affected

blood vessels is less than three, and in the very onset of a myocardial infarction.
In turn, CABGs still considered more effective when dealing with multivessel
disease (3 or more vessels implied).

To a certain extent these procedures could be actingwasinterventionswith
RAFTFSNByYy (G Ot AyAOFf AYRAOLF (A2 yhassto tleNE |
same clinical condition. Therefore, considering together their patterns of
utilisation may shed some light as to how populations are being served. Trends in
GKS alryYS RANBOUAZY FT2N) 020K LINROSRU:
hypothesis; opposg patterns, on the other hand, may suggetfferent PCI
adoption speed across areasnda certain degree of compensatianalthough
procedures are unequally effective

In Spain, although substitution effect is observed at regional level, this
phenomenonwas hardly relevant at healthcare are le@gures 2 and 2) -
negative correlation 0f0.09.

21



HEALTHCARE OPTIMIZATION

O Observed to expected
below 50% less )

20-50% less i 4 below 50% less

20% less 20-50% less

o
not significant | 20% less

9 Y ; V4 ¥, 3 | not significant
-‘, £ ‘ b gg-@or{’rr:\ore b- C~, 20% more

> 20-50% more
I !
above 50% more B ; above 50% more

Figure 20 PCI utilisation ratiobserved texpected, by

Figure 4. CABG utilisation ratibserved teexpected, by
healthcare areasYear 2009

healthcare areasYear 2009

Figure 2. PCI utilisation rati¢observed to expectedjy regims.

Figure 3. CABG utilisation rati@bserved to expectedpy
Year 2009

regions. Year 2009

These maps represent the levelitifizations dza Ay 3 (G KS NI (A2 & 2dehdibidation @ocellrdmiShatich Ring af aRas dthdlues

above 1 (bluish) mean to be overexposed tertain revascularization procedungopulation at areas with a ratio below 1 (pink) mean to be underexposar
certain revascularization procedure
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