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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 causes
of death in Europe.

The study of systematic
variation on he
management of théurden
of ischemic heart disease
and the implementation of
alternative
revascularization
proceduresoffer sa critical
view on how healthcare
organizations provide care
to patients.

EXECUTIVE SUMMARY

1 This report analyses the magnitude and the variation of ischaemic coronary
disease and its clinical management and treatment. To this end, the analysis is

two-folded: it includes population exposure to burden of disease and to
intensity of treatment, depending on their place of residence; but, it also
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rates for patients with acute myocardial in€ion (AMI) and for the

procedures of election in those cases.

Percutaneous Coronary Intervention (PCI, commonly knowrcasnary

angioplasty and Coronary Artery Bypass Graft (CABG) are effective and safe

revascularization procedures that have improwgdvival and quality of life in
the last decades. By and large, PCI has been priovee a better option at
reducing the risk of death, especially when rbheare fewblocked/affected

blood vessels; and particularly, primary PCI supersedes any otheraditern

Nevertheless, CABG is still considered more effective when dealing with

multivessel disease (3 or more vessels implied).

In the geographical approach, the mismatching between patterns of burden of
coronary ischaemic disease (CID) and intensity ef afsrevascularization
proceduresis examinedjprevious evidence shows that populations living in

certain geographic areas are less exposed to revascularisation interventions

than residents in other areagsregardless the burden of disease or the
socioeconmic status of the areathis might signal oveand underexposure

to this type of procedures

o In 2009, England lathe highest CID admission rate among ECHO
countries; 1 admission per 291 adult inhabitants, but the third highest
PCIl and CABG rate. Engi¥8l rate is 30% bigger than the Podege
the country with the lowest ratemeanwhile the CABG ratén Englands
up to 2.7 times higher than the Sgah

o In 2009, 141,167 CID admissions occurred in England, representing 1

admission per 311 English ddinhabitants. Differences between local
authorities with extreme high and low ratesf CID admissionseached
2.4fold rate. Although systematic variation was just 8% above that

(
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randomly expected, it was highly influencedb to 29% by the region
(GORYDf reference

0 The same year, 63,220 PCI interventions and 20,434 CABG surgeries were
performed. Variation observed in both interventions was quite similar:
the ratio across local authorities with extremes rates was aroundddb
and variation not deemedandom was 8%bove that expected for PCI
and 7%or CABG. Evehe region effect was comparable, despite being a
bit higher in CABG, 11% versus 7% in PCI.

0 Some positive correlation between CID admissions (considering CID
admission as a proxXgr burden ofcoronary disease) and PCI procedures
was found in North East regioBouthEast and East of Englamdgions
on the other hand, showed a certain negative relationship turn,
Londonresidents, standinghe highest PCI rates dwt bear significanty
morerisk of CID.

o CABG utilisation correlated even less than PCI with burden of dis¢ase
LA level A coincidental pattern was found North West and South East.
In Yorkshire, East Midlands, East of England and South West regions
CABGIntensity of useand the risk of CID hospitalisatiomas inversely
related.

o Comparing the relative risk of exposure to PCl and CABG, at regional
level, Yorkshire, East Midlands and East of England havexXpesure
than expected to both procedures, while residents in Londogiae
showed higherexposureto both interventions. Thusno substitution
betweenrevascularisations procedures seetnshaveoccured in these
regions North West region behaviour, othe other hand, denotes a
certain mattern, where CABG may be the prefedr revascularisation
alternative as residents bear risk below average of undergoing PCI, but
more risk than the national average of having CABG.

o From 2002 to 2009, coronary ischaemic disease admissions decreased by
18%,from 1 admission per 234 to 1 admi®s per 284 adult inhabitants.
Of these hospitalisations, those corresponding to AMI declined by 10%.

o Inthe same period, PCI utilisation have doulits rates whileCABG rate
decreased by 11%. Thew and stable systematic variation observed for
both interventions pointed out a homogeneous expostwehem across
the territory. There is no a cleanteraction pattern between the two
revascularisation options, since CABG rates hardly decreased despite PCI

having doubtd theirs.
2
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o

From 2002 to 2009, signifint more CID admissions occurredfie most
deprived local authorities than in wealthier ones. Besides, less affluent
areas also showed significnhigher PCIl and CABG utilisation rates than
thosebetter-off.

It is worth noting that PCI utilisation hascreased in all wealth levels,
meanwhile CABG utilisation have decreasedhi&m most deprived local
authorities, and remained stable in wealthier ones. Since, wofareas

bear more Cladmissionswe could expechigher need for health care
than highincome areas. Thuyst would be advisable further detailed
analysis to understand implications for equity in access to
revascularisation procedures

1 On the other hand, when performing the analysisprovider basis, different
meso and micromanagementapproaches towards the cardiovascular
ischaemic disease could explain an important part of thewarranted
variation in outcomes not expected by chance. Differences in the -risk
adjusted case fatality rates (CFR) after both revascularisation procedures are
still noticeable, withconsiderabled NA I G A2y | ONRaa K2 aLJ
(numberof interventions carried out) has been argued as a plausible factor of
these differences.

(0]

0o

English Riskdjusted CFR for AMI, in 2009, was 94.41 per 1,000 patients
aged 18 ad older; the second lowest rat@almost 5 per thousand points

below the ECHO average. In terms of exposure, only 8% of all English AMI
patients were treated at poor performing hospitaithe second lowest

share of patients among ECHO countries. On the rotlaend, 34.25% of
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ECHO average

Regarding the revascularisation proceduresh@spital mortality after PCI

in England in 2009, was 13 per 1,000 patients aged 40 and oldére
lowest among ECHO countries, 6 per thousand points below ECHO
average. Besides, only 3%5of patients undergoing a PCI were treated at
Gl 1 NXYéE LIS NI 2 ther HINdst fodportidh Gambng EGHO
countrieg, while 36% of patients were intervened at hospitals pointed
2dzi I & & 32 2 @e hiidosispadsr SisEpkocedureamong
ECHQ@ountrieg.

The riskadjusted CFR after CABG surgery in England, in 2009, was also by
far the lowest among E@Hcountries-27.8 per 1,000 patients aged 40



HEALTHCARE OPTIMIZATION
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hospitals were labellediot only as high volume (above 250 procedures

per yeaj but also showed the highest share of activity per centre among
hospitalsin all ECHO countriedn addition 86.4% of patients were

Ay (i S NI Sgp&iexcelleiit peiformees K2 A LA G ax 3
highest share among ECHO countries.
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The crossountry
comparison of the
geographical distribution of
population exposure to

burden of disease ant
intensity ofuse of
proceduresprovides the
basisfor flagging situations
of over and undewuse of
revascularisation.

The benchmarking of
K2aLIAdalrtaqQ OF
adds a dimension of quality

and safety of the care

provided and its variation
within each country.

Accounting for specific
organisatiom features, the
international comparison

provides a wider
perspective, boosting
assessment beyond

national inertias.

[I. INTERNATIONAL COMPARISON

This chapter offers a view as to how Emgl behaves compared to the other
ECHO countries when it comes to ischaemic coronary disease and its clinical
management and treatment. To this end, the analysis isfoided:

a. Geographic approach: it compares the population burden of disease and
the expcsure to intensity of treatment, depending on the place of
residence (both the magnitude and the withtountry variation);

b. Hospital approach: it examines the quality of hospital care in terms of
their case fatality rates for patients with acute myocardiaflarction
(AMI) and for the procedures of election in those cases. These outcomes
are used to benchmark all hospitals across ECHO, providing a view of
GKSNB 9y3dfArAakK KalLAdlfaQ 2dzid2YSa
ECHO countries

a. Geographic approach

This section offers a rough picture of the incidence of coronary ischaemic disease
(CID) and AMI admissions takas a proxy of burden of coronary diseagealso
examines the intensity of use of the alternative revascularization procedures in
Englaad compared to what happens at the other ECHO countries.

The geographic approach is focused on population exposure. The key question
for analysis is how the risk of coronary disease and access to revascularisation
procedures correlate, depending on the péawhere individuals live.

All through this section paired dot plots are used to show results. The chart on
right is always intended to give threadera senseof the magnitude oburden of
disease or utilisation of revascularisation proceduresach countrythe image on
the left providesan ideaof the actual variatiortomparable across countrieblote
that each dot represets the relevant health care geograje unit in each country
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Coronary Ischaemic Disease (CID)

In 2009,Englandhasthe highest CID admission rate among ECHO counqtfies
admission per291 adut inhabitants. That means almostfa@ld difference in
relation to Portugal, the country with the lowest rate (see table 1 in appendix
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Figure la. Agesexstandardisechospitalisatiorratesof ClDper Figurel.b. Agesexstandardisechospitalisationrates of CIDper
10,000 inhabitantgnatural scale to compare actual rates). 10,000 infabitants(normalisedscale to compare degree of
Year 2009 variation). Year 2009

* Each dot represents the relevamealthcareadministrative areain eachECHQountry (Local Authorities for EnglahdThe yaxischarts theadministrative
areas standardisetate per10,000 inhabitants (+18 ag€elhe figure is builover the total amounbdbf CID hospitalisations 2009 inECHQountries In Figure
1badmissiorrates have beenormalised ¢ ease comparison of the degree of variation acoossitries

Similar ratios between areas with extreme rates are detected in England,
Denmark, Slovenia and Portugal: residents in areas with the highest rates have
around twice the probability of CID admission to a hospital than those living in
areas with the lowest. In Spain the ratio increases to more than 3 tikild®ugh
Englandshows the highestvariation not deemed random24% beyond that
expected, values ammoderate/low in all countriesranging from 9% (Slovenia) to
24% (England)
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Acute Myocardial Infarction (AMI)

AMI admission rate ifEnglandis the second highest among ECHO countries,
hospitalisation pe597 adults but quite similar to Denmark, Portugal anpa.
Sloveniastands out showing the highest rate, 1 admission per 449 adult
inhabitants.

Differencesetween areas with extremeates of AMI hospitalisatiorare around
2 foldIn all ECHO countries

The part of theobservedvariation not amenable to chae is low, except in
Slovenia wherét reaches 34% abowvbat expected.In England 8% of variation
exceeds what could be randomly expected (see table 2 in appendix 1.a).
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Year 2009 variation). Year 2009

* Each dot repesents the relevant healthcare administrative area in each ECHO gduotal Authorities for EnglajpdThe yaxis charts the administrative
area standardised rate per 10,000 inhabitants (+18 age). The figure is built over the total amount of AMIlisetsmits held in 2009 in the ECHO countries.
Figure2b admission rates have been normalised to ease comparison of the degree of variation across countries
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Percutaneous Coronary Interventions (PCI)

Englandshows thethird highest €1 rate among ECHO countries, 1 admission per
368 inhabitants aged 40 or olderThis rate is 30% bigger thane one found in
Portugal, the country with the lowest rat@he ratio between the highest and
lowest PCI rate found at local levelsimilar in lBgland,Denmark, Portugal and
Slovenia: ranging from 1.9 to 2.6 folded chance of undergoing a PCI intervention
for residents in those areas with the highest rates. In Spain this ratio is close to 5,
pointing out acute differences in PCI utilisation acithesSpanish territory.

In this case, ystematic variation ranges from just 8% above that expected by
chance in England and Portugal to 1.8 times greater than expected in Slovenia
(see table 3 in appendix 1.a).
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Figure3.a Agesex sandardieed utilisation rates inPClper 10,000 Figure3.b. Agesex sandardsed utilisationrates inPClper 10,000
inhabitants(natural scale to compare actual rates). inhabitants(normalisedscale to compare degree of variation).
Year 2009 Year 2009

* Each dot represents the relevant healthcare administrative area in each ECHO cooecaityAuthorities for EnglajpdThe yaxis charts the administrative
FNBFaQ aidlyRFNRAASR NI GS LISNI maznann A yamoudt bfPEIPidceduessheld in 20893ntie ECHOS ouftrle
Figure 3b intervention rates have been normalised to ease comparison of the degree of variation across countries
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Coronary Artery Bypass Grafting (CABG)

England haghe third CABG rate among ECHO countgdsadmission per 111
inhabitants aged 40 or older. That represe@§-fold utilisation compared to
Spain, the country with the lowest rate.

Conversely, the ratio between the highest alogvest CABGate found at local
level isclose to the Danish ratio arglite low compared tdhe other countries

just 2.3 folded chance of undergoing a CABG intervention for residents in those
local authoritieswith the highest rates. In Spaidependingon their area of
residence populationsstandalmost 10 times more probability of getting a CABG
procedure

The gstematic part of this variation is high in all countries, going up 44%
above that randomly expecteid Englandsee table 4 in appendixd).
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Figured.a Agesex sandardsed utilisationrates inCABGer Figure 4.b. Agsex standardised utilisation rates in CABG per
10,000 ifmabitants(natural scale to compare actual rates). 10,000 inhabitants (normalised scale to compare degree of
Year 2009 variation). Year 2009

* Each dot represents the relevame¢althcareadministrative arean each ECH@ountry (Local Authorities for EnglaipdThe yaxischarts theadministrative
area standardisedate per 10,000 inhabitants 40 age) The figure is builbver the total amounbf CABGnterventionsheldin 2009in the ECH@ountries. In
Figure 4b intervention rates have been normalised to ease comparison of the degree of variation across countries.
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Different healthcare
systems across Europe,
with different
organizational features,
might obtain different
outcomes in dealing with
ischaemic coronary
disease.Comparing the
outcomes across
individual hospitals in
each country provides
insights as to where
intervention might be
targeted to improve case
fatality rate for patients
with coronary conditions.

It alsoallows for a
comparison of national
patterns of hospital
behaviour (minimum
volume of cases,
RA&AOKI NBAY3
drawing useful lessons

b. Hospital approach

Throughthis sectionanalysiswill focus onproviders benchmarlng for 3 quality
outcome indicatos. Two insights to retainthe actualvalue of thehospitalcase
fatality rate (CFR)and the reldive position compared to the ECHO benchmark
and its confidence interval limits (95 and 99% levielslt into a funnel plot This
relative position allows for an assessment of the hospital performaase
average, good, excellent, alarm and alert

ECHO berhmark is built as the expected average behaviour, using data from all
hospitals in the 5 countries analysed (multilevel regression modelling). All CFR are
Riskadjusted for sex, age, severity of the underlying condition anchodidity
(Elixhauser index)This waydifferences across providers should not be amenable

to patient characteristics affectingheir inherent probability of dying after
admission or surgergappendix 4 provides details as to the variables included in
risk-adjustment).

Hospitals teating less than 30 patients or procedures/yédemve beenexcluded
from the analysis in order to avoid noise when modelijtaple 5, appendix 1.b,
details the number of hospitals, per indicator, excluded under this opiteaind

its percentage of treategbatients) In fact, the amount of interventions held at
each hospital or so called "volume"is one of the significant explanatory
variables when analysing the riakljusted CFRherefore, it has been argued as a
plausiblefactor underpinningthe observel differences in rates across hospitals.
Thethresholdfor high and low volume hospitals has been empirically se5ét
patients or procedures/year

Funnel plots enabl¢éhe assessment dhdividualhospital performanceagainst the

international benchmark. Eachospital (dot) is charted by its rigldjusted case
fatality rate and the volume of patients or procedures in a year. The benchma
built on the ECHO hospitals average CFR-ddgksted) and its 95% and 99% C
The solid grey line represents the ECEIER, whileed lines correspond to the 959
confidence interval control limits and the dashed blue litethe 99%limits. Those

thresholds represent the boundary betweaxpectedvariation in outcomes (not
significantly different from averageind significant variation. Hospital outcomes
laying beyond the upper thresholds flag hospitals as poorer performers (in the

or alarm position); outcomes below the bottom limits signal hospitals as goo
excellent performers. Whichever the direction, outliersvarrant further

investigation and analysis to identify underlying factors and either tackle the

use as examples of good practice.

10
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In-hospital mortality in Acute Myocardial Infarction (AMI).

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

In 2009 at the ECHO countries, 146,859 hospital admissions in patients 18 and
older were flagged as Acute Myocaatl infarctions. From those, 12,582 passed
away. After riskadjusting modelling, tbse figures place the ECHO average CFR at
99.03 per 1,000 hospitalised patients, which means that 10 AMI admissions
resulted in dead

The totalnumberof ECHO hospitanalyseds 435 55% of them, flaged ashigh
volumehospitals(more than 250 AMI patients in a yeatdok care of 82.5% of
the total AMI hospitalised patieni{see tables 5 and 6 in appendix 1.b)

Regarding theEnglishhospitals, 125 out of 149centreswere high volume in
2009, and took care d34% of all AMI hospitalised patientthis s the largest
share of AMI patients treated at high volume hospitals among the ECHO
countries

Onthe other hand, § out of the 149 centreswere flaggedasa | £ S MIi & | ANE
performers In terms of exposure, almo8fo of all AMI patients were treated at
GK2a$S al t SNI ¢ wdillgthe fsdcondsallektpeicedfagelamang all
ECHQountries.Nevertheless, it is also true thd#d.25% of all AMI patients were
admitted to hospitals placecasd 32 2 R¢ 2 NJ S@Sy & SEséSt t S,
table 6, appendixL.b, for further details)

Figure 5 shows the riskdjustedCFRn each othe ECHhospitals drawing their
relative position tahe ECH®enchmarkin a funnel pla.

11
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ECHO countries’ hospitals

® English hospitals

—=Cl85 - Ci.09

1,000 patients

Hospital Risk Adjusted Case Fatality Rate *

Hospitalised patients

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

* Each @t represents one of the ECHO hospitals that treated more than 30 AMI cases in that year. The expected number of dek@asémggitalised
patients is built on the average across ECHO hospitals.

Outcomes showin the funnel indicate a rather good performance, where 66% of
hospitals are at the average position indicating a -gdjusted irhospital
mortality not significantly different from ECHO benchmark.

In the ECHO framewky an important issue toconsideris the variation in
outcomesamong hospitalsdepending on the volume of AMI patients treated.
Most of hospitals flgged as alarm and alert arewer activity hospitalseven
though this pattern doesnot show so clearly irEngland as in other ECHO
countries becomes low volume hospitals are rare

In-hospital mortality after Percutaneous Coronary Intervention (PCI)

In 2009, 132,737 patients 40 and older underwent PCI procedure at one of the
ECHO countries hospitals. 2,688 them passed awaythat is, 1 in each 51
intervened patients These figureteavethe ECHQisk-adjusted CFRt 19.86 per
1,000 patientg+40) undergoing PCI procedur&éhat year Englandhad Ly farthe

12
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*1.000 patients

Q
o

smallestrisk-adjusted CFR6.2 per thousand poist below ECHO benchmark.
Within the ECHO frameworl80% of the hospitals performing PCI procedures
were high volumeand took care of 95.44% of patients undergoing that procedure.
In Englandhat figure reache®7.246(see tables 5 and 6 in appendix 1.b)

As shown in figure 6, English hospitals have rather good outcomes in
performance according to ECHO benchm&learly the highest percentagein
ECHOof patients undergoing PCI treated at good or excellent perfiogm
hospitals (36%) In this particular caseynlike whatis generally observed and
thus, expected volume does not seem to have an impact in outcomes (only one
of the lower volume centres was flagged as poorer perform@ckually only
3.35% of English patients undergoing coronary angioplastye treated at
alarm/alert hospitals the smallest percentagacrossECHO countriegSeetable

7, appendixl.b, for further details)

ECHO countries’ hospitals

® English hospitals

—C1.05 = (1.09

Hospital Risk Adjusted Case Fatality Rate

1000 2000 3000

Patients undergoing procedure

Figureb. In-hospitd case fatality rate after Percut@ous Coronary Intervention across hospitals in ECHO courtgas.2009.

* Each dot represents one of the ECHO hospitals that performed more than 30 PCI in that year. The expected number peddce@ebsspitalised
patients is built on the arage across ECHO hospitals

13
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In-hospital mortality after Coronary Artery Bypass Graft (CABG)

In the 89 ECHO hospitals perfing CABG surgery, 33,683 patieriged 40 and
older, were intervened in 2009 and almost 4% of thpassed away. In terms of
risk-adjusted CFRhis meansl in 20 patients undergoing the procedure. More
than half of those 89 centres was categorised agthiolume”, and they took
care of 82.16% of total CABG performed that year at ECHO countries.

It is also worth highlighting that 61.26% of all patients were treated at hospitals
placed in the alert/alarm” zone, versus the 5.61% treated at hospitals feabgs
"good/excellence performante

In this ECHO context, England showsparticulaly different picture. The
percentage of English patients undergoing CABG surgery treated at higher
volume hospitals risesip to 100%. Only 29 of their hospitals perform BT
surgery and none of them was flagged as poor or less safe at performance while
y o 6 SNROUSSHERSE t Sy ¢ o

The scenario of theisk-adjustedcase fatality rate after CABG shownfigure 7
placed Englandn 2009at the highest level of performrmee. Compared to the
ECHO benchmark, the Englishsaskusted CFR for CABG is the lowest, 22.52 per

thousand points below the ECHO average and less than half of the Spanish one,
the country with the highest rate.

14
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Figure?. In-hospitd case fatality rate after CABG across hospitals in ECHO couvigas2009.

* Each dot represents one of the ECHO hospitals that performed more than 30 BYPAS surgeries in that year. The ehectédieceases per 1,00
hospitalisedpatients is built on the average across ECHO hospitals
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CID admissions are
considered a proxy of the
burden of cardiovascular
disease at geographial

level.

Inthe ECHO framework
this indicator iused as
cocalbratore 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 the alternative revascularization procedures performed in
Englandwill be analysed from an internal perspective, comparing what happens
at the differenthealth care relevanadministrative areas (geographic approach)

or hospitals (providers approach) within the country.

Following the same structure as the previous chapter, the analysis ifotded:

a. Geographic approach: it compares the paidn burden of disease and
the exposure to intensity of treatment, depending on the place of
residence (both the magnitude and the withtountry variation) across
local authorities and regions;

b. Hospital approach: it examines the quality of hospital caréerms of
their case fatality rates for patients with acute myocardial infarction
(AMI) and for the procedures of election in those cases. These outcomes
are used to benchmark individual English hospitals

a. Geographic approach

The magnitude and # variation in coronary condition and/or revascularization
procedures across the country will be mapped out following two health relevant
administrative tiers: 326 local authorities and 9 regig@®vernment Offices for
RegionsGORs) While local authorigs would represent local provision of care,
regions are used as a surrogate for regional policies affecting all the local
authorities within

Coronary Ischaemic Disease admissions (CID)

In 2009,141,167CID admissions occurred kngland, whiclmeans 1 dmission
per 311 Englishadult inhabitants.

Differences in CID admissions between local authoritigk extreme high and
low rates reached 24old difference.Although systematic variation was ju8%
above that randomly expected, it was higihtfiluenced- up to 29% by the region
where thelocal authoritybelongs(see table® and10at the appendix 2.a)

16
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Values range

Observed to expected
| No cases below 50% less
Q1 (15.71-24.43) 20-50% less
Q2 (24.52-28.48) 20% less

Q3 (28.50-32.98)
Q4 (33.00-39.50)
Q5 (39.62-63.48)

| not significant
20% more
20-50% more

above 50% more

London Area

. 4

Figure8. Agesex standardised CID hospitalisatirate per 10,000

Figure9. CID Admission Ratabserved/expectedly Local
inhahitants byLocal AuthoritiesYear 2009

Authorities Year 2009

Observed to expected

below 50% less

20-50% less
20% less

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

___ South West (26.80)
| South East (26.86)

East of England (30.91)

West Midlands (32.22)

London (33.07)

East Midlands (34.62)

Yorkshire and The Humber (37.83)

North West (40.28)

North East (42.64)

®

Figure D. Agesex standardised CID hospitalisation rate per 10,0 Figure 1. CID Admissiond®o observed/expectety regions. Year
inhabitantsby regions. Year 2009 2009

* Maps on the left (standardised rates) merely represent the amount of admissions flagg#d abrssionsthe darker the colour, the higher the amount
admissionqalways per 10,00@dult inhabitanty. Areas are clustered into 5 quintiles according to their rate value (Q1 togf@gend within the maps provid:
the range of standardised rates within each quintile. Maps on the right represlative risk of hospitalization @&ach area using as a protte ratio observed t

expected number oflIDhospitalisatiors. Population livingt areas with values above 1 (bluishan tobe overexposetb risk ofCIDhospitalisation; populatio
at areas witha ratio below 1 (pinkjnean tobe underexposed task ofCID hospitalisation.
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Local authoritiewith high CID admission rates are foundhe northern half of
Englandfigure8). Residents in most of thesareasbear at least 20% more risk of
CID admission than national average (bluish areas in figur@n the contrary
local authorities with low rates, where residents have lower risk of CID
hospitalisations are found in the souttrepart of the country.

At regional level, residents iNorth East, North West, Yorkshire and East
Midlandsbearmore risk of undergoing CID hospitalisation than national average.
In turn, population living irSouth West,South East, East of England andstVe
Midlands has at least 20% less risk than averagresidens in London region
standan averagerisk ofadmissions (figurel).

Percutaneous Coronary Interventions (PCIl) compared to burden of
Coronary Ischaemic Disease (CID).

During 200963,220PCI inkrventions were performed iEngland- 1 procedure
per 407 inhabitants aged 40 or older.

A 25-fold differencein exposure to the proceduravas found betweerlocal
authoritieswith extreme rates. Systematic variation wé above that randomly
expected, and regiors explain only 7% of it, which may suggesthat local
authorities are the main drivers of variation in this proced(see table® and10
in appendix 2.a).

There was no clear geographical pattern for PCI utilisationay be eme
concentrationof local authorities with higler rates in the soutkcentral part of
the country (figure 2).

One could expect some overlapping betwaatensity of PCI utilisatioand risk

of CID admission, considering CID admission as a proxy of burden of coronary
disease.That correlationwas detectedin North East regiorthigh PCI rates and
populationenduiing higher risk than average of CID admis$@md in SouttEast

and East of Englanfow PClrates and risk of CID admissidower than
expected. In turn, residents inLondon wherethe highest PQiate wasfound, do

not bearsignificantlymorerisk of CIEadmission (figures 14 and 15).
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EUROPEAN COLLABORATION F

Values range Observed to expected

| No cases below 50% less

Q1(7.90-19.17) H 20-50% less

Q2 (19.22-22.00) 20% less

Q3 (22.03-25.28) | not significant

SR an e (8
-92-96. 20-50% more /

( ) above 050% more

Figure 2. Agesex standardised PCI utilisation rate per 10,000

Figure B. CIDAdmissions Ratiobserved/expectetly Local
inhabitantsby Local AuthoritiesYear 2009

Authorities Year 2009

Observed to expected
North West (22.67) below 50% less
East Midlands (23.01) 20-50% less
East of England (23.35) 7 20% less
South East (24.09) 7 | not significant
Yorkshire and The Humber (24.19) //— 20% more

South West (24.49) {
West Midlands (24.93) e
North East (30.13) \
London (30.20)

20-50% more
above 50% more

Figure 4. Agesexstandardised PCI utilisation rate per 10,000

Figure 5. CIDAdmissions Ratiobserved/expectebly regions
inhabitantsby regions. Year 2009

Year 2009

* Maps on the left (standareed rates) merely represent the amountmbcedureslagged as Percuteeous Coronary Interventiothe darker thecolour, the
higherthe amountof procedures performecer 10,000 inhabitantsver 40 years oldAreas areslustered into 5 quintiles according to their rate value (Q1 to
¢legend within the maps provides thange of standardied rates withineach quintile Maps on the right representlative risk of hospitalization aach are¢
using as a proxy the ratio observed to expected numbetfiéSpitalisatiors. Population livingat areas with values above 1 (iBh)mean tobe overexposetb
risk ofCardiovascular hospitalisation; populatiahareas witha ratio below 1 (pinkinean tobe underexposed tiask ofCardiovascular hospitalisation
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Coronary Artery Bypass Graft (CABG) compared to burden of
Coronary Ischaemic Disease (CID).

Along 2009, 20,434 CABG procedures were performed England which
represents 1 surgery per248inhabitants aged 40 or older.

The ratio acrosfocal authorities with extreme rates reached 2-fold difference
and 7% of this variationcould not be deemed random.As describedor PCI
utilisation, variation in CABG surgery is gpaxplained by regions, judtl% of
the observed variation could be related to the region whére local authority
belongs (see tablesand10in appendix2.d).

Again, here was no cleargeographical distributiorof CABG utilisation. Local
authorities with high CABG rategere found in southeagern and norh western

parts of the countryln this casethere was no clear shared pattern for CABG
intensity and CID admissiarsk At locallevel therewas some correlation in a

few local authorities (figure @and 17). Zooming out atregional leveljntensity of

CABG usand the isk of CID hospitalisation sednversely relatedn Yorkshire,

East Midlands, East of England &wlith Wesregions In turn, there was some
positive correlationin North West and South Eastgions high CABG rates with

high risk of CID admissions in the first case, and low CABG rates with less relative
ClDadmissiorrisk in the second (figurek8 and 19).

20



EUROPEAN COLLABORATION F

Values range

Ry Observed to expected
|| Nocases o ! H below 50% less
o (2.55-6.03) \ 20-50% less

Q2 (6.04-7.32) ’ 20% less
Q3(7.33-847) | not significant
Q4 (8.48-9.73)

20% more
20-50% more
above 50% more

Q5 (9.76-19.03)

Figure B. Agesex standardised CABG utilisation rate pg0Q0

Figure Z. CIDAdmissions Ratiobserved/expectetly Local
inhabitantsby Local AuthoritiesYear 2009

Authorities Year 2009

|| East Midlands ( 6.60)
Yorkshire and The Humber ( 7.00)

Observed to expected

below 50% less

South East ( 7.34) gg;/st:% less
West Midlands ( 7.91) | lo .esi_ i
South West ( 8.23) || gg‘)/snr?‘r:r ;can
Eon: E?sé (82.)38) 20-80% more

.onaon i
East of England ( 8.88) above 50% more
North West ( 8.97)

Figurel8. Agesex standardised CABG utilisation rate per 10,00

Figurel9. CIDAdmissions Ratiobserved/expectebly regions
inhabitantsby regions. Year 2009

Year 2009

* Maps on the left (standardised rates) merely represent the amount of procedures flagGedoasiry Artery Bypass Gratfie darker the colour, the higher tl
amount of sirgeriesperformed, perl0,000 inhabitants over 40 years old. Areas are clustered into 5 quintiles according to their rate value (QZley&pts
within the maps provides the range of standardised rates within each quintile. Maps on the right represent relativeospitaization at each area using as
proxy the ratio observed to expected number of CID hospitalisations. Population living at areas with values above rhdafuighpe overexposed to risk
Cardiovascular hospitalisation; population at areas with a rbéilow 1 (pink) mean to be underexposed to risk of Cardiovascular hospitalisation).

21
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Percutaneous Coronary Interventions (PCI) vs. Coronary Artery
Bypass Graft (CABG).

PCl and CABG are effective and safe revascularization procedures that have
improved survival and quality of life the last decades. PCI has been proven to

be the best option at reducing the risk of death, mostly when the number of
affected blood vessels is low (in fact, primary PCIl has superseded any other
alternative); however, CABG is still considered more effectiien dealing with
multivessel disease (3 or more vessels implied).

To a certain extent these procedures could be acting asittwarventionswith
RATFSNBY(G Ot AyAOlIf AYRAOIFIGAZ2YasX 2NE |-
same clinical conditian Therefore, considering together their patterns of
utilisation may shed some light as to how populations are being served. Trends in
GKS alrys RANBOUAZ2Y TF2NJ 620K LINR OSRUdz
hypothesis; opposed patterns, on the other hand, nsaggest a certain degree

of compensation across procedures.

Another hypothesis that may contribute to explain how utilisation of each
procedure relates to the other, lays on the fact that greater exposure to PCl may
lead to lower need for CABG by effeetiv diminishing the population probability

of disease progressing to the multivessel stagéich is the primary indication

for CABG. Under this hypothesis, sustained high levels of PCI intensity would lead
to a decrease in CABG utilisation, and may b® &bsvering the CID/AMI
admission rate.

Comparing the relative risk of exposure both interventions, in a few local
authorities exposure is abovedlexpectedfor the two proceduresandin others,
PClexposure below expectation coexst with under exposre to CABGAt
regional level, Yorkshire, East Midlands and East of Engtand lessexposure
than expected to both procedures, meanwhile residents in London region
showed higherrelative risk of undergoingboth interventions. Thusin those
regions, sbstitution between revascularisation proceduredoes notseem to
occur.

Conversely a certain inverse relation orsubstitution between these two
procedurescould be observed ifNorth West region, whereesident€®? S E LJ2 & dzN
was below averagtor PCI and aba/for CABG. Thy# this region CABG may be

the preferred revascularisation alternative (figur@-23). It is also possible that
relative underexposure to PCI could be increasing the proportion of severe cases
and, thus, the need for CABG.
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Figure ®. PCI utilisation ratiobserved/expectetly Local
Authorities Year 2009

Observed to expected

below 50% less
20-50% less f
20% less 4

not significant &
20% more ;
20-50% more f
above 50% more A\ N

Figure 2. PCI utilisation ratiobserved/expectetly regions. Year

2009

F ¢KSasS YILlaA NBLNBaSyid GKS tS@gSt

Figure 4. CABG utilisation ratiobserved/expectedy Local
Authorities Year 2009

Observed to expected P4

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

not significant

20% more
20-50% more
above 50% more

Figure 3. CABG utilisation ratiobserved/expectedly regions.

Year 2009

risk of cardiovascular intervention. Population living at areas with values above 1 (bluish) mean to be overexposedshoofteertain cardiovascula
interventiors; population atareas with a ratio below 1 (pink) mean to be underexposed to the rihlosdcardiovasculamterventiors.
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