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HEALTHCARE OPTIMIZATION

Mortality and morbidity

from cardiovascular disease 1

are considerecapublic
healthissue. In fact,
coronary ischaemic disease
is one of the leding 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 SUMARY

This report analyses the magnitude and the variation of the surgical
management of ischaemic coronary disease. The asailysivofold: on the

one hand it examines population exposue revascularisation surgery, and
on the other, evaluates hospital quality in terms of hospital differences in case
fatality rates

Percutaneous Coronary Intervention (PCI, commonly knowrcaesnary
angioplasty and Coronary Artery Bypass Graft (CABG) are effective and safe
revascularization procedures that have improved survival and quality of life in
recent decades. PCI has been proven to be a better option to reduce the risk
of death, especlly when few blood vessels are blocked/affected. 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 surgicakvascularization

In 2009 Portugalrecorded14,526 CID admissiongepresenting 1 admission
per 596 adult inhabitants.There was &.4-fold differencebetweenconcelhos
with the highestand lowestrates of CID admissionS§/stematic variation was
moderat, at 10%higher that randomly expectedNonetheless, Portugahad
the lowest CID ratef all ECH@ountries.

Around 78%of CID admissions welabelled asAMI. There was &t.2-fold
difference betweenconcelhoswith the highest and lowestates of AMI
admissions (E€s).

The same year10,587 PCI interventions and 246 CABG surgeries were
recordedin Portugal representingthe lowest PClrate and the secontbwest
CABGate among ECHO countries.€IPCI ratevasalmostthree timeslower
than that ofSlovenia andthe CABG ratevashalfthat of Denmark

The differences between concelhoswith the highest and lowesPCland
CABGrates were4.6 and 8.8fold, respectively, andrariation not deemed
random wasl0% and 19%igher thanrandomlyexpected respectivey. The
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effect of regionon variationin both procedures wakw, accountingfor 10%
of variationfor PCI and 14%r CABG.

1 The geographical approach examined the mismatch between patterns of
burden of coronary ischaemic disease (CID) and the intensitysefai
revascularization procedures. Marked variation in exposure to
revascularisation interventions was observed across concelhos. Moreover,
this variation was largely unaffected by the burden of ischemic disease,
particularly in the case of CABG utilisati

1 In the Lisbonregionthe numbers ofPCl and CAB{&terventionsrecorded
were higher than expectedsuggestingan absence of substitution behaviour
in the utilisation of both procedures in these regions the Algarve and
Norte regions aninverse relaibnship between CABG and P@ites was
detected, suggesting a certain degree of compensation across procedures

1 Between2002and2009 CABG utilisation rate®mained largely unchanged,
while PCI utilisation sharply increased from 1 admission per 1,04@ to
admission per 495 inhabitantsd comparablerise in PCl exposure was
observed across the territory while systematic variation decreadeover
time. Despitethe doubling inPCI utilisationCID admissions remainethble
and AMI even increaseslightly.

1 Interestingly, CID admissionsere higher in more affluent concelhos
compared with deprived ones A similar pattern was observed f&xMI
admissions. Tévariation in CID admissions acr@ssicelhoslescribed irthe
previous sectionsay thus beaelated toincome level.

1 Wealthier areas showed significaynthigher PCI and CABG utilisati@tes
than less affluenareasover the period 20022009.

Differences in hospital casiatality rates

1 Differences in risladjusted case fatality rates (CFR) after both
revascularisation proceduresvere marked with considerable variation
across hospitalsiv2 f dzY S¢ o0y dzYoSNJ 2F Ay GSNBSy .
proposedas apossible contributor tahese differences.

1 In 2009, the Portugueserisk-adjusted CFR for AMI wd€9.6 per 1,000
patients aged 18 and oldgthe third highestrate among ECHO countries and
105 per thousand pointabove the ECHO average. In terms of exposure,

2
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almost 2246 of allPortugueseAMI patients were treated gboorly performing
hospitals the secondhighes proportion of patients among ECHO countries.
On the other hand28.5% of AMI patients were admitted to hospitals flagged
asgoodor evenexcellentperformers

1 In 2009, in-hospital mortality after PCI in Portugal was.&0per 1,000
patients aged 4(and older,the third highestamong ECHO countrieand
close to the ECHO averadédoreover, 11.8% of patients undergoing a PCI
were treated atalarm performer hospitals (thesecondlowest proportion
among ECHO countries), wh#e8% of patientsunderwentinterventionsat
hospitalsflagged agjoodperformers This washe secondhighestproportion
recordedfor this procedure among ECHO countriest was markedly lower
than that ofEngland, the country with the highestoportion.

1 In 200, the riskadjustedCFR after CABG surgenPmortugalwas thesecond
lowest among ECHO countrjexdt 33.6 per 1,000 patients aged 40 and older,
almost 17 per thousand points belothe ECHOaverage.All Portuguese
hospitals were labelled dggh volume(over 250 CABGorocedues per year).
Almost 50% of patients underwent interventions at good/excellent
performing hospitals, thesecondhighestproportionamong ECHO countries
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The crossountry
comparison of the
geographical distbution 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
perspective orthe quality
and safety of the care
provided and its variation
within each country.

Accounting for specific
organisational features, the
international comparison
provides a wider

perspective

Il. INTERNATIONAL COMPARISON

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

a. Geographic approachhis compares the population burden of disease and
the exposure to treatment deending on place of residence (both the
magnitude and the withircountry variation).

b. Hospital approachthis examines the quality of hospital care in terms of case
fatality rates for patients with acute myocardial infarction (AMI) and for the
procedures 6 choice for this condition These outcomes are used to
benchmark all hospitals acroge ECHQegion providing @ oveniew ofthe
performance of Portuguese hospitals relative to those of other ECHO
countries.

a. Geographic approach

This sectiorprovidesa broad overviewof the incidence of coronary ischaemic
disease (CID) and AMI admissioteken as a proxy of burden of coronary
disease It also examines the intensity of use of alternative revascularization
procedures irPortugalascomparedwith other ECHO countries.

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

All through this section paired dot plots are used to shosuits. The chart on the
right is always intended to give threadera sense of the magnitude diurden of
disease or utilisation of revascularisation proceduresach countrythe image on

the left providesan ideaof the actual variatiorcomparable acrss countriesNote
that each dot represets the relevant health care geographic unit in each countr
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Coronary Ischaemic Disease (CID)

In 2009,Portugalrecordedthe lowestCID admission rate among ECHO countries
at 1 admission peb60adut inhabitants. Tis washalf the corresponding rate in
in Denmark the country with thehighestrate (see Bble 1 in Appendita).
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Figurela. Age and sestandardisedCID hospitalisation ratgser Figure1b. 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 cGamirglijos in PortugalThe yaxis charts the standardisedrate per
10,000 inhabitantsgge 189 for the administrativearea. The figure igenerated based othe total numberof CID hospitalisations recordéd 2009 inECHO
countries In Figure lladmissiorrates have beenormadisedto facilitate comparison of the degree of variation acrassintries

Similar ratios between areagith the highest and lowest ratesere detected in
England, Denmark, Slovenia and Portugal: the probabilityeofg admitted for
CliDwas about twice as high faresidents in areas withhe highest ratesas
compared with thoseliving in areas with the lowestates In Spain this
difference increased to over®ld. Systematic variation not deemed randowas
moderate/low in all countries, ranging from 9% (Slovenia) to 24% (England)
higherthan expected.
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Acute Myocardial Infarction (AMI)

AMI admission rate in Spain andPortugal were the lowest among ECHO
countries at 1 hospitalisation pei725 adultsin Portugal Sloveniarecordedthe
highest rate, at 1 admission per 448wt inhabitants. Differences between areas
with the highest and lowest ratesf AMI hospitalisationsvere around 2fold in
all ECHO countries

In Portugal only 5% dhis variation exceeded that whiclkcould be randomly
expected. In the other countriesariation not attributable to chancewas also
low, except in Slovenia we (34% higher than expectedsee Table 2 in
Appendix 1
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Figure 2a. Agsex standardisedMI hospitalisation rateper
10,000 inhabitants (natural scale to compare actual rates).
Year 2009

Figure . Agesex standardisedMI hospitalisation rateper 10,000
inhabitants (normalised scale to compare degree of variation). Ye
2009

Each dot represents the relevant healthcare administrative area in each ECHG/ ¢Gontrelhos in Portudall he yaxischartsthe standardisedate per 10,000
inhabitants (ag 18+) for the administrativearea. The figure igenerated based othe total numberof AMI hospitalisationsecordedin 2009 inECHO countries
In Figure2b admissiorrates have beenormalisedo facilitate comparison of the degree of variation acra@ssintries.
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Percutaneous Coronary Interventions (PCI)

Portugal ha the lowestPCI rate among ECHO outnes, at 1 admission pe#d68
inhabitants aged 40 or olderThis ratewas almost 2.8 timesower than that of
Slovenia the country with thehighest rate. At the local level differences
between areas with thénighest and lowest PCI ra@vere similar inPortugal,
England, Denmark and Slovenianging from 1.9old to 2.6 fold. In Spain this
difference wasalmost 5fold, indicating marked differences in PCI utilisation
across the Spanish territory.

Systematic variation range from just 8%higher than expcted by chance in
Portugal andengland to 1.8 timekigherthan expected in Sloveni@ee Table3
in Appendix 1a
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Figure3a. Age and sestandardisedPCl utilisation rateper Figure3b. Age and sestandardisedCl 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 c@amicglitos in PortudalThe yaxis charts the standardisedrate per
10,000 inhabitants (age 40+or the administrativearea. The figure igyenerated based otthe total numberof PCI proceduresecordedin 2009 inECHO
countries In Figuredb admissiorrates have beenormalisedo facilitate comparison of the degree of variation acrassintries.
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Coronary Artery Bypass Grafting (CABG)

Portugalhadthe fourth highestCABG rate among ECHO couniréd admission
per 2,096 inhabitants aged 40 or oldeiThis Figurewas 41% higherthan the
correspondingrate in Spainthe country with the lowest rate, but half the rate
recordedin Denmarkthe country with the highest rate.

The likelihood of undergoing a CABG proceduléfered by 7.4fold between

concelhos with thehighest and lowesiCABG rate Thislarge difference was
exceededonly by Spain where the probability of undergoing a CARIBfered by

up to 10 fold dependingon area of residenceln Denmark and Englanthis

difference wa-fold.

The systematiccomponentof this variationwas high in all countriesto 19%
higher that randomly expecteith Portugal(seeTable4 in Appendix 1a
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Different healthcare
systems acrasEurope,
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 & improve
case fatality rates for
patients with coronary
conditions.

This approach also allows
the comparison of
national patterns of
hospital behaviour

(minimum volume of
cases, discharging policies
etc), drawing useful

lessons.

b. Hospital approach

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

of the hospital caséatality rate (CFR), and the relative position compared to the
ECHO benchmark and its confidence inteiwaits (95 and 99% levelduilt into

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

ECHO benchmaskare generated based onthe expected average behaviour,
usingdata from all hospitals in the 5 countries analysed (multilevel regression
modelling). All CHRare riskadjusted 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 admission or surgéAppendix 4 provides
detailsaboutthe variables included ithe risk-adjustmentprocedurg.

Hospitalswith less than 30 patients or procedwsfyearhave 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
variables when analysing the rigkljusted CFRand has beenproposedas a
potential factor contributor to the observed differences in rates across hospitals.
The threslold for high andow-volumehospitals has been empirically set at 250
patients or procedures/year.

Funnel plotsallow the assessment othe performanceof 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 averag€HO hospital CFR (ra&kusted) 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 thresholds represent the boundar
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 positioojitcomes 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 admissibn
patients aged 18 or dkr) is a widely used indicator of the quality and safety of
hospitalcare.

In 2009 in the ECHO areh46,859 hospital admissiord patients aged 18 or
older were flagged a®\MI. Of these, 12,582ied. After riskadjusting modelling,
the ECHO average C®Rs99.03 per 1,000 hospitalised patients, which means
that 1 in 10 AMI admissions resulted in tea

The total number of ECHO hospitals analysad435; 55% of thee wereflagged
as high volumehospitals (more than 250 AMI patients in a yeand cared dr

82.5% of the totahumber of hospitalised AMI patien{SeeTables 5 and 6 in
AppendixLb).

Analysis oPortuguesehospitalsrevealed thatjn 2009 23 out of 40 centres were
high volumehospitals andtreated 79% of allhospitalised AMI patientsThis is
the secondhighestpercentageof AMI patients treated ahigh volumehospitals
among the ECHO countriéks percentage points belowercentage recorded in
Englandl

Elevenout of these40 centreswere flagged aalert or alarm performers Almost
22% ofall PortugueseAMI patients were treated at thosalert/ alarm hospitals,
the secondhighest percentagef all ECHCrountries (16.6 percentage points
abovethat of Spair).

Notably,28.5% of all AMI patients were admitted to hospitébelledasgoodor
even excellentperformers Nonetheless the percentage of AMI patientgeated
at Portuguese hospitals flagged azcellentperformers was thelowest of all
ECHO countrigseeTable6, Appendixlb, for further details)

Overall,in 2009,1 inevery9 AMI patients admitted to @Portuguesehospital died
(risk-adjusted CFRL09.57 per 1,000) a rateslightly above the ECHO average.

Figure 5 shows the riskdjusted CFR for each of the ECHO hospitals. Their
position relative to the ECHO benchmark is indicarteithé funnel plot.

10
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1,000 patients

Case Fatlality Rate *

ECHO countries’ hospitals

® Pportugal hospitals

—Cl-85 — CI-99

P ——

Hospital Risk Adjusted

g *‘

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 on the average calculated across ECHO hospitals.

Within the ECHO framework, an important consion is variation in outcomes
among hospitals, depending on the volume of AMI patients treated. Most
hospitals flagged aslarm or alert performers werdower activity hepitals Some
exceptionswere observed(e.g., 3 of the 10alert Portuguese hospitaJswhich
treated over 500 AMI patientgr 2009) anddemandcloser investigation

In-hospital mortality after Percutaneous Coronary Intervention (PCI)

In 2009, 132,73 patients aged 40 or oldeanderwenta PCI procedure at one of
the ECHO coungrhospitals.Of these,2,623died (L per 51 intervened patients
TheECHO riskdjusted CFRvas19.86 per 1,000 patientage40+) undergoing a
PCI procedurdn the same yearPorttugal had thethird highest riskadjusted CFR
of all ECHO countriebehind Spairand Denmarkand slightly abovethe ECHO
benchmark

11
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patients

4000

al Risk Adjusted Case Fatality Rate

Hospit:

In 2009 79.9% of the hospitals performing PCI procedures \ixgl volumeand
treated 95.44% of patients undergoing thatocedure.In Portugalthe shareof
highrvolume hospitalsdropped to 504 these hospitals treatedB4% of PCI
patients, by far the lowest sharef all ECHO countriegsee Tables 5 and7 in
Appendixilb).

As shown inFigure 6, Portuguese hospitaldad rather good outcomes in
performance according to ECHO benchnragkAlthough farbelow England, the
country with best outcomesPortugal had the second lowest percentagef

patients undergoing PCIl alert/alarm hospitals (11.45%)and the second
highest percentage of patients treatedat good/excellent hospitals (9.8%)
Volume appeared not to significantly influencautcomes only 2 of the lower
volume Portuguesecentres were flagged as poor performers, in contr@sthe

other 2 highvolume centreswhich wereflagged aslarm performers(see Table
7, Appendixlb, for further details).

ECHO countries” hospitals

® PpPortugal hospitals

(02

—Cl-95 — CI-99

. ———— —

Patients undergoing procedure

Figureb. In-hospitd case fatality rate after Percutaneous Coronary Intervention across hospitals in ECHO covenieX009.

Each dot represents an ECHO hospital that performed more than 3 B@iisyear. The expected number of deaths per 1/@pitalisedpatients is basec
on the average calculated across ECHO hospitals.

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

In 2009 the 89 ECHO hospitals performing CABG surgpeyformed
interventions in33,68 patientsaged 40 and olderOf thesealmost 4%died. In
terms of 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 foPortuguesepatients undergoing CABG surgemnho were
treated at highervolume hospitalswas 100% Only 6 hospital$n the country
performed CABG surgem@ndonly one ofthesewasflagged as poor or less safe
performer. This centre treated 16.2% of CAB patients, the second highest
proportion of allECHQrountries, afterSpain.Half of the hospitals, which treated
50% of all CABG patients, wdlagged agoodor evenexcellenfperformers.

The risk-adjustedcase fatality ratdor CABG showim Figure7, and shows digh

level of performancefor Portugal Relative tothe ECHO benchmarkhe
Portuguese risladjusted CFR for CABfas the second lowestof all ECHO
countries almost 17 per thousand points below the ECHO average and half the
corresponding ratén Spainthe country with the highest rate.

13
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Hospital Risk Adjusted Case Fatality Rate * 1,000 patients

ECHO countries” hospitals
® Portugal hospitals

—CI-95 — CI-99
150 -

T T T
0 500 1000

o
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3

Patients undergoing surgery

Figure?. In-hospitd case fatality rate after CABG across hospitals in ECHO couneas2009.

Each dot repreents an ECHO hospitals that performed more than 30 bypass surgeries in that year. The expected number of death$oepithle
patients is based on the average calculated across ECHO hospitals.

14
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CID admissions are
considered a proxy of the
burden of cardiovascular

disease athe geographial
level.

Inthe ECHO framework
this indicator isused asa
ccalibratore andaids the
interpretation ofresults
aboutthe intensity of
population exposure to
revascularization
procedures ¢oronary
artery bypas graft and
percutaneous coronary
intervention).

[lI.  IN COUNTRY VARIATION

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

use of alternative revascularization procedures performeBarugal is analysed

from an internal perspective, comparingesults in healthcarerelevant
administrative areas (geographic approach) or hospitals (providers approach)
within the country.

The analysis is twold, and followsthe same structure aslescribedin the
previous chapter:

a. Geographic approacltthis compares the burden of disease and the intensity
of exposure to treatmentof the population, depending on the place of
residence i(e., both the magnitude and the withigountry variationacross
concelhosnd regiony

b. Hospital approachthis examineghe quality of hospital caren terms of their
case fatality rates for patients with acute myocardial infarction (AMI) and for
the procedures of election in those caseBhese outcomes are used to
benchmarkindividualPortuguesehospitals

a. Geographic approach

The magnitude and the variation in coronary condif@md/or revascularization
procedures across the countris mapped outfor two healthcarerelevant
administrative tiers 278 concelhosand 5 egions. Whileconcelhoswould
represent local provision of care, regions are used as a surrogate for regional
policies affecting all theoncelhoghey encompass

Coronary Ischaemic Disease admissions (CID)

In 2009, Portugal recorded14,526 CID admissia 1 admission per593
Portugueseadult inhabitants.

There was &.4-fold differencein CID admissions betweawoncelhs with the
highest and lowest rates Systematic variation wasl0% higher than randomly
expected the effect of theregionin which the concelhowas located had an
almost negligible effeadn this variation(seeTables9 and 10 in Appendix2a).

15



HEALTHCARE OPTIMIZATION

+ 4

Lishon Area

Values range

| No cases
| Q1 (2.75-11.54)
Q2 (11.59-14.25)
Q3 (14.28-17.75)
Q4 (17.77-21.30)
Q5 (21.34-46.96)

Figure 8 Age and sestandardisedCID hospitalisatin rate per
10,000 inhabitants bgoncelhosYear 2009

Norte (15.60)
Centro (16.64)
Alentejo (18.06)
Lisboa (18.08)

Algarve (18.66)

Figure D. Age and sesstandardisedCID hospitalisation rate per
10,000 inhabitantdy regions. Year 2009

Lishon Area

Observed to expected bl

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

| 20% more
20-50% more

above 50% more

P & i

Figure9. Observed/expected CID admissions rdtyaconcelhos
Year 2009

Observed to expected

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

| 20% more b o
20-50% more NS |
above 50% more

Figure 1. Observed/expected CID admissions ratiaégyions.
Year 2009

Maps on the left (standardised rateshow the numbenf admissions flagged ad@ the darker the colour, the higher theumberof admissiongalways pel
10,000adult inhabitantg. Areas are clustered into 5 quintiles according to their rate value (Q1 tol€@®ndindicatesthe range of standardised rates witr
each quintile. Maps on éright representhe relative risk of hospitalization for CIDelach area using the observed to expeatatib of AD hospitalisationas a
proxy. Populatios living in areas with values>1 (bluish)are overexposedo the risk of ClChospitalisation while those inareas witha ratio <1 (pink)are

underexposed.
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Concelhos with high CID rategere found throughout the western halfof the

country Figure 8). Restlents in most of theseconcelhe had a risk of CID
admissionthat was at least 20%above the national averagdbluish areas in
Figure9).

At the regional level,the risk of hospitalzation for CIDwas higher than the
national average foresidentsliving n the Algarve, Alentejand Lisbonregions
The corresponding risk for thodi@ing inNorte wasat least 20%below average
(Figures 10 and 11)

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

In 2009,10,587PCI interventions were performed Portugaj 1 procedure per
527 inhabitants aged 40 or older.

There was @.6-fold differencein exposure to tis procedurebetweenconcelhs
with the highest and lowest ratesSystematic variation wasioderate at 10%
higher that randomly expectedThe region in whichlthe concelhowas located
accounted forl0% ofthis variation(seeTables9 and10in Appendix2a).

There was some overldpetweenthe intensity of PCI utilisation anithe risk of
CID admissigras expeted, given thatCID admissiois a proxy othe burden of
coronary diseaselnthe southern part of the countrhere wasa strong pattern
of high PCI ratesnatched with an increased relative risk oEID admission
(Algarve, Alentejoand Lisbonregiors). The opposite was observeth Norte,
where the population had a lower thanexpected risk of undergoing CID
admissiontogetherwith the lowestrate of PClutilization (Figures 12-15).
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Values range

|| No cases
Q1 (3.15-12.38)
Q2 (12.39-15.42)

Observed to expected :
below 50% less %
20-50% less 5

20% less

Q3 (15.43-20.00) o T AN
Q4 (20.03-25.82) 20-50% more ) AN
Q5 (26.11-42.56) above 50% more p %ﬁ Ba

Figure 2. Age and sesstandardisedPCl utilisation rate per 10,000  Figure B. Observed/expected CID admissions rdtjcconcelhos
inhabitantsby concelhosYear 2009 Year 2009

‘ b L Observed to expected
Norte (17.11) A below 50% less
Alentejo (20.13) g y gg-/s?% less
% less
Centro (20'13) | not significant

[

Lisboa (23.73) :  20%more A
Algarve (24 41) ~ B A

Figure 4. Age and sestandardised?Cl utilisation rate per 10,000 Figure 150bserved/expected CID admissions ratiaéyions
inhabitantsby regions. Year 2009 Year 2009

Maps on the left (standardised rateshow the numbepf admissions flaged asPClithe darker the colour, the higher thmeumberof procedures performeder
10,000 inhabitantsaged 40+ 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 represettie relative risk of hospitalization for ClDeiach area using the observed to expeatatio of AD hospitalisationas a
proxy. Populatios living in areas with values>1 (bluish)are overexposedo the risk of Cllhospitalisation while those inareas witha ratio <1 (pink)are
underexposed. 18
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Coronary Artery Bypass Graft (CABG) compared with burden of
Coronary Ischaemic Disease (CID).

In 2009, 2446 CABG procedures were performeddortugaj 1 surgery pe,066
inhabitants aged 40 or older.

There was an8.8fold difference in exposure to the procedurebetween
concehos withthe highest and lowest ratesnd up t019% of this variatiorwas
not deemed randomAsobservedfor PCI utilisation, variation in CABG surgery
was poorly explained by regianjust a14% of the observed variation could be
attributed to the regionin which theconcelhowas locatedseeTables9 and10in
Appendix2a).

Concelha with high rateswere generally distributed throughouhe southern
half of Portugal. CABG utilisation correlatdesswith burden of diseas¢han did
PCI Thus, in Norte and Algarve CABG utilization and the risk of CID
hospitalisationwere inversely related. IMNorte, CABGutilisation was relatively
high the risk of CIadmission was below averagéonverselyin Algarve,CABG
rates were amongthe lowest detected in thecountry (close to zero)yet the
population tere had a higher than averagesk of undergoing a Cl&dmission
Only in Alentejo and Lisbonwere correlations observedyith high CABG rates
coexising with an increasedelativerisk of CID admissiqfigures 18 and 19).
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Values range

No cases
| Q1(0.25-2.28)
Q2 (2.36- 3.86)
Q3 (3.91-5.02)
Q4 (5.04- 6.59)
Q5 (6.61-25.17)

Figure 16 Age and sestandardisedCABG utilisation rate per
10,000 inhabitantdy concelhosYear 2009

Algarve (0.49)
Centro ( 3.73)
Norte (5.22)

Lisboa ( 5.35)
Alentejo ( 5.47)

Figurel8. Age and sestandardisedCABG utilisation rate per
10,000 inhabitantdy regions. Year 2009
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Lishon Area

Observed to expected

below 50% less
20-50% less
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not significant
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Figure 170Observed/expected CID admissions rdgyaconcelhos
Year 2009

Observed to expected

below 50% less

20-50% less
20% less

| not significant

20% more L — ‘),vr"""
20-50% more NS
above 50% more

Figurel9. Observed/expected CID admissions rdtyaregions
Year 2009

Maps on the left (standardised ratesfiow the numbeof admissions flagged a8AG the darker the colour, the higher tlrimberof procedures performecper
10,000 inhabitantsaged 40+ Areas are clustered into 5 quintiles according to their rate value (Q1 td€®ndindicatesthe range of standardised res within
each quintile. Maps on the right represehe relative risk of hospitalization for ClDeiach area using the observed to expeatatio of AD hospitalisationas a
proxy. Populatios living in areas with values>1 (bluish)are overexposedo the risk of ClChospitalisation 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 quality of life recentdecades. 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 more effectideen dealing with multivessel
disease (3 or more vesséwolved.

These procedurescan be consideredas distinct interventions with different

Ot AYAO! f AYRAOFGA2y AT 2NE |forihe Name (G A @S
clinical condition. Thereforeanalysis oftheir respectivepatterns of utilisation
provides some indication as twow populations are being served. Trends in the
same direction for both proceduresould rule outd KS & & dzo a G A G dzii A 2y
whereas opposng patterns would suggest acertain degree of compensation
across procedures.

Another hypothesis that maielp to explain how utilisation obne procedure
relates tothat of the otheris based on th@bservationthat greater exposure to
PCI mayeduce theneed for CABG by effectivatijminishing the probability of
the disease progressing to the multivessel stagfee primary indication for
CABG According tathis hypothesis, sustained high levels of PCI intensity would
lead to a decrease in CABG utilisation, and iaday result in alecrease irthe
CID/AMI admission rate.

Comparson ofthe relative risk of exposure to both interventiomevealedan
elevated risk for both PCl andCABGprocedures in certairconcelh@. At the
regional leve] residents of theLisbonregion were more expo®d to both
procedures Figures 2 and 23).

In other concelh@, a certain degree of substitution between these two
procedureswas observed Algarveresidentshad a lower thanaveragerisk of

undergoing CABG but an aboveaveragerisk of undergoingPCl By ontrast,

residents ofNorte had an aboveaveragerisk of undergoing CABG batlower

than average riskindergoingPCl(Figures 20-23).
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Observed to expected
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|| 20% less

not significant
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above 50% more

Figure D. Observed/expected PCI utilisation rabg concelhos
Year 209
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Figure 2. Observed/expectedPCl utilisation ratio by regions. Yea

2009
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ﬁ 20-50% more
above 50% more

Figure 4. Observed/expected CABG utilisation ratiypconcelhos

Year 2009

Observed to expected

below 50% less
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20% less
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Figure 3. Observed/expected CABG utilisation ratipregions.

Year 2009

(i KS cdafdahe BiNB&SoRrevas2ulaiisktibn p®deduiOds 8 Rréxy d

risk of cardiovascular interventioResidentdiving at areas with valuesl (bluish)are overexposed to the risk oértaincardiovascular interventian while those
inareas with a ratio<l (pink)are underexposed to the risk tfesecardiovasculamterventiors.
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Higher hospital risk
adjusted case fatality
ratesmaysignallower

quality and safety otare
for coronary ischemic
conditions.

b. Hospital approach

The following sections will deal with-frosptal case fatality rates (CFR) across
Portuguesehospitalsafter admissiorfor Acute Myocardial Infarction (AMI) and
after one of thefollowing revascularization procedurgpercutaneous coronary
intervention (PClandcoronary bypass surgery (CABG).

When analysing data on a provider basis, should be noted that a large
proportion of theobserved variation in outcomeasay be due tdifferent meso
and micromanagement arrangementssed to addresscoronary ischaemic
disease.

Funnel plotsare usedthroughout this sectionto representthe performance of
Portugueséhospitabas compared with national standards or benchmarks.

Each hospital (dot and numerical code) is charted according to itadjsisted
case fatality rate and the volume of patients or procedures in a.ydde
benchmark is based on the average CFR-&dlisted) of Portuguesehospitals
and the corresponding 95% and 99% Cls. The solid grey line represents the H
CFR, &d lines correspond to the 95% confidence interval control limits and
dashed ble linesrepresentthe 99% confidence intervédimits. These thresholds
represent the boundary betweeexpectedvariationin outcomes (not significantly
different from the averagejnd unwarranted variationOutcomes lying above theg
upper thresholds are indative of poor performing hospitals (alert or alar
position); outcomes below the lower limits indicate good or excellent perform
hospitals. Outliers (in either direction) should be investigated further to iden
the underlying factors and should keddressed or used as examples of go¢
practice. For methodological reasons, hospitals treating less than 30 episods
procedures per year have been excluded from the analysis.

In-hospital case fatality rate for Acute Myocardial Infarction patients.

In 2009,12,356 admissionsin 40 Portuguesehospitalswere flagged as Acute
Myocardial Infarctios. G these 1,183 (around 1 in every10.5 patients) died.
The overall risk-adjused CFRwas 1 death per9 AMI admissions resulting in a
countrywide averageof 109.57 per 1,000 patients aged 18 or over10.5 per
thousand pointsabovethe ECHO benchmark
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Therisk-adjusted CFRf individual hospitals rangeftom 32.34 (minimum CFR
to 335.89 (maximum CFper 1,000 AMIpatients. Thus, depending on the centre
in whichthey were treated,an AMI patient’s probability of dying could diffey
up t09.3-fold (see Tablell in Appendix2b for further detailg.
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Figure 2. In-hospital mortality after AMI admission &ortuguesehospitds. Year 2009.

Each dot representa hospital that treated more than 30 AMI casdhe expected number dieathsper 1,000 hospitalised patients limsedon the average
calculated for alPortugueseéhospitals

The funnelplot in Figure 24 shows thatthe results of national benchmarking
differed slightly from thoseof the international comparisonF{gure5, Section
IIb). The averagenational riskadjusted CFR for AMVas higherthan the ECHO
average. Thusthe performanceof Portuguesehospitals asshownin this in
country funnelreveals that9 hospitalswere flaggedas alert/alarm performers
(versusl1l according toECHO standards) aridl as good/excellentperformers
(versusB8 according taECHO standarjis

In 2009, more than half of Portugueséospitals (58%) recorded an annual
volume of AMI patient®f over250,which was set as thECHQhreshold for low
vs. high volumeHowever,a trend towards improvedoerformancewasobserved
with increasing numbers gfatients treated In fact after excluding 3 of tk high
volume centresthe poorest performers (showing risk-adjusted CFR up t8
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