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Aims As part of the diagnosis related groups in Europe (EuroDRG) project, researchers from 11 countries (i.e. Austria,
England, Estonia, Finland, France, Germany, Ireland, Netherlands, Poland, Spain, and Sweden) compared how their
DRG systems deal with patients admitted to hospital for acute myocardial infarction (AMI). The study aims to
assist cardiologists and national authorities to optimize their DRG systems.

Methods
and results

National or regional databases were used to identify hospital cases with a primary diagnosis of AMI. Diagnosis-related
group classification algorithms and indicators of resource consumption were compared for those DRGs that individu-
ally contained at least 1% of cases. Six standardized case vignettes were defined, and quasi prices according to
national DRG-based hospital payment systems were ascertained. European DRG systems vary widely: they classify
AMI patients according to different sets of variables into diverging numbers of DRGs (between 4 DRGs in Estonia
and 16 DRGs in France). The most complex DRG is valued 11 times more resource intensive than an index case
in Estonia but only 1.38 times more resource intensive than an index case in England. Comparisons of quasi
prices for the case vignettes show that hypothetical payments for the index case amount to only E420 in Poland
but to E7930 in Ireland.

Conclusions Large variation exists in the classification of AMI patients across Europe. Cardiologists and national DRG authorities
should consider how other countries’ DRG systems classify AMI patients in order to identify potential scope for im-
provement and to ensure fair and appropriate reimbursement.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Myocardial infarction † Diagnosis-related groups † Europe † Economics † Prospective payment system †
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Introduction
DRGs are diagnosis-related groups of patients.1 They were origin-
ally developed in the 1970s by a group of researchers around
Robert Fetter at Yale University in an attempt to define ‘hospital
products’ and to enable the measurement of what hospital

actually do.2,3 The basic idea of Fetter4 was to condense the con-
fusingly large number of different (individual) patients treated by
hospitals into a manageable number of (i) clinically meaningful
and (ii) economically homogenous groups. Consequently, every
DRG is characterized by certain clinical characteristics, e.g.
certain diagnoses and/or procedures, and by a specific DRG
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weight, which is a measure of the average costs of treating patients
falling into that DRG.5

Diagnosis-related groups enable assessments of hospital activity,
which are often called performance assessments, and they allow
comparisons of costs, which otherwise would not be possible.4

For example, hospital (or departmental) activity can be assessed
by calculating the casemix, i.e. the sum of all DRG weights ‘pro-
duced’ by a hospital (or department) during a given period of
time; and treatment costs can be compared for similar
patients—those falling into the same DRG. In addition, Medicare
in the USA soon came to realize the potential of DRGs (as defini-
tions of hospital products) for payment purposes, and introduced
the first DRG-based hospital payment system in 1983.2

Since then, DRGs have been adopted in most high-income
countries around the world,6 albeit with different purposes.7 In
some countries, e.g. Sweden and Finland, DRGs mainly serve as
the basis for performance comparisons and benchmarking; in
others, e.g. England, France, and Germany, DRGs are primarily
used for hospital payment. Furthermore, considerable differences
exist between countries in the combination of DRGs with other
payment components, the methods used for the calculation of
DRG weights,8 and the payment adjustments for structural charac-
teristics of hospitals or for regional differences in costs.9 However,
irrespective of the specific purpose of a DRG system, it is essential
that the defined groups of patients are sufficiently homogenous in
terms of treatment costs. Otherwise, performance comparisons
on the basis of DRGs do not adequately control for differences
between patients within the same groups; and reimbursement
for a large number of patients is not appropriate; it can be either
too high or too low.

Diagnosis-related groups are defined by patient classification
systems (PCS)—i.e. DRG systems—which classify treatment
cases into DRGs on the basis of classification variables such as
diagnoses, procedures, and demographic characteristics. [Even
though some systems do not define DRGs in the strict sense of
the word (that is groups are not diagnosis related), this article
uses the term DRGs to summarize all groups of patients defined
by DRG systems or similar PCS.] To assure homogenous groups
of patients, DRG systems need to consider the most important
determinants of resource consumption as classification variables.

In many countries, professional medical associations, specialist
experts or consultants formally participate in the process of selec-
tion, definition, and update of classification criteria via committees,
expert hearings or consultations.10– 12 Recently, Häkkinen et al.13

found that DRG-based hospital payment systems for acute myo-
cardial infarction (AMI) patients could possibly be improved by
incorporating additional disease-specific classification variables.
Therefore, it is important that cardiologists are aware of how
their respective patients are classified by their DRG systems in
order to assess whether the classification variables adequately
reflect differences in the complexity of treating different groups
of patients using different techniques. Comparative analyses of
how countries’ DRG systems classify patients can help cardiologists
to scrutinize national standards of classification against European
equivalents in order to identify potential scope for improvement.14

This study performs a comprehensive assessment of DRG
systems across 11 European countries and has three main

objectives: (i) to assess classification variables and algorithms
used to group patients with AMI into DRGs; (ii) to compare varia-
tions in DRG weights; and (iii) to determine DRGs and hospital
quasi prices for six standardized case vignettes of AMI patients
with different combinations of demographic, diagnostic, and treat-
ment variables.

Materials

Definition of episode of care and acute
myocardial infarction index case
Similar methods have been reported previously for other episodes
of care (EoC).15– 17 As part of the EuroDRG project, researchers
from 11 European countries (i.e. Austria, England, Estonia, Finland,
France, Germany, Ireland, the Netherlands, Poland, Spain, and
Sweden) agreed upon a common definition for an AMI EoC. The
definition was based on the International Classification of Diseases
10th edition (ICD-10) for diagnoses and ICD-9 Clinical Modifica-
tion (ICD-9CM) for procedures and is presented in Table 1.
Researchers from each country translated the definition into na-
tional codes for diagnoses and procedures considering available
mappings from the Hospital Data Project (HDP) if applicable.18

An AMI index case was defined to facilitate comparisons of rela-
tive resource intensity of DRGs within countries (see below). The
index case is characterized by the most common patient and treat-
ment characteristics of uncomplicated AMI cases in hospitals
across the selected countries.19

Data sources
In each country, researchers identified national or regional hospital
databases and obtained access to all information necessary for the
purposes of this study. National researchers extracted the number
of AMI cases and the corresponding DRGs from the databases
for each country. Table 2 provides an overview to the databases
and data years available. The number of identified AMI cases
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Table 1 Definition of episode of care and index case

Definition

Name Acute myocardial infarction

Defined by Primary diagnosis AND exclude
bypass procedure

Primary diagnosis
(ICD-10-WHO V2007)

I21 acute myocardial infarction OR
I22 subsequent myocardial

infarction

Procedure (ICD-9CM V2008) 36.1 Bypass anastomosis for heart
revascularization

Index case

Age 70, AMI (NSTEMI) with no relevant complicationsa, no invasive
diagnostic evaluation, no PCI, discharged alive, treated as inpatient
for 6 days

aPatients with ‘no relevant complications’ may well have one or multiple secondary
diagnoses. However, these diagnoses are not relevant for the grouping of patients
into DRGs.
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conforming to our definition ranged from �3400 cases in Estonia
to �202 800 cases in Germany, while the rate per 100 000 inhabi-
tants ranged from 109 in France to 366 in Sweden.

Analysis of patient classification systems
National researchers performed detailed comparative analyses of
classification variables and grouping algorithms of national DRG
systems20– 28 for the most frequent DRGs, i.e. those DRGs that
individually contained at least 1% of all AMI cases in the relevant
database. Grouping algorithms were mapped graphically to facili-
tate comparisons between systems.

To compare the national measure of DRG weight (i.e. cost
weight, score, tariff) of individual DRGs within and across coun-
tries, a DRG weight index was calculated with the DRG containing
the index case (compare Table 1) assuming a value of one.
The index score of all other DRGs was calculated by dividing
the national measure of DRG weight of each DRG by that of the
index DRG.

Diagnosis-related groups and hospital
quasi prices
For the comparison of variations in hospital price levels between
countries, six standardized case vignettes of patients with different
combinations of primary and secondary diagnoses, procedures,
discharge status (dead or alive), and length of stay were defined
in addition to the index case (Table 3). Case vignettes were
selected specifically to illustrate differences in DRG systems
across countries, i.e. only patient and treatment characteristics
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Table 2 Number of identified acute myocardial infarction cases in data year and database by country

Country AMI cases Data
year

Source of data

Number Rate/100 000
inhabitantsa

Austria 16 545 184.6 2008 Leistungsorientierte Krankenanstaltenfinanzierung (LKF) database
of the Bundesministerium für Gesundheit (BMG)

England 73 857 155.3 2007/08 Hospital Epsiode Statistic (HES)

Estonia 3409 230.0 2008 Estonian Health Insurance Fund (EHIF) database

Finland 12 007 248.7 2008 Finnish Hospital Discharge Register and specialized hospitals owned by municipalities

France 69 054 109.0 2008 Programme de Médicalisation des Systèmes d’Information en Médecine, Chirurgie,
Obstétrique (PMSI MCO)

Germany 202 758 268.6 2008 Fallpauschalenbezogene Krankenhausstatistik (DRG-statistic) of the Federal Statistical
Office (Destatis)

Ireland 6192 138.1 2008 Hospital In-patient Enquirey (HIPE) data base of the Health Services Executive (HSE)

Netherlands 31 341 145.3 2008 Diagnose Behandeling Combinaties (DBC) Onderhoud database

Poland 81 634 177.0 2009 Register of episodes of care and reimbursements of the National Health Fund (NHF)

Spain
(Catalonia)

7721 121.7 2008 Hospital Minimum Basic Data Set (CMBD) database of the Public Hospital Network of
Catalonia (XHUP)

Sweden 34 817 366.0 2008 The National Patient register (NPR) of The Board of Health and Welfare

aSource: Rate/100 000 inhabitants is from Eurostat.47 Eurostat data refer to all of Spain and to the UK. Our database contains data only from Catalonia and England.
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Table 3 Description of case vignettes

Case vignettesa

Index
case

NSTEMI, no relevant complicationsb, no invasive
treatment, LOS 6 days

Patient 1 STEMI, cardiogenic shock, diabetes, sequelae of stroke,
no invasive treatment, death after 1 day

Patient 2 NSTEMI, no relevant complicationsb, no invasive
treatment, angiography for diagnostic evaluation,
LOS 4 days

Patient 3 STEMI, no relevant complicationsb, PCI with one BMS,
LOS 5 days

Patient 4 STEMI, no relevant complicationsb, PCI with multiple
DES, LOS 15 days

Patient 5 STEMI, left ventricular failure, diabetes, sequelae
of stroke, haemorrhage complicating a procedure,
PCI with multiple BMS, angiography, LOS 25 days

Patient 6 Subsequent MI, VSD as complication of AMI, congestive
heart failure, ischaemic cardiomyopathy, sequelae
of stroke, PCI with multiple DES, angiography, death
after 2 days

aA complete specification of case vignettes is available as Supplementary material
online, Table S1. All patients were specified to be 70 years old and to be treated as
inpatients.
bPatients with ‘no relevant complications’ may well have one or multiple secondary
diagnoses. However, these diagnoses are not relevant for the grouping of patients
into DRGs.
BMS, bare metal stent; DES, drug-eluting stent; LOS, length of stay; NSTEMI,
non-ST elevated myocardial infarction; PCI, percutaneous coronary intervention;
STEMI, ST-elevated myocardial infarction; VSD, ventricular septal defect.
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were specified that are relevant for the classification of patients
and reimbursement of hospitals in at least one country but not
in all other countries. Patient and treatment characteristics of
case vignettes were varied in order to show the impact that differ-
ent variables have on the classification of and reimbursement for
different types of patients.

Patient 1 receives only medical treatment, while Patients 2–6
receive invasive diagnostic and therapeutic interventions of increas-
ing intensity. Patients 1 and 6 die shortly after admission, while all
other patients are discharged alive after an increasingly long length
of stay (from Patient 2 to Patient 5). The index case and Patients
1–3 were selected in order to illustrate more common combina-
tions of patient and treatment characteristics. Patients 4–6 were
selected to show how different DRG-based hospital payment
systems take into account more complex cases, which can be
particularly relevant for reimbursement.29

National researchers grouped the vignettes into DRGs and
ascertained quasi prices for each case vignette using an approach
similar to that of Koechlin et al.30 Quasi prices were calculated
by converting national measures of DRG weight (i.e. cost
weights, average tariffs, scores—taking account of outlier deduc-
tion/add-ons or additional payments where possible) into monet-
ary values using national conversion rates. If necessary, prices
were deflated to year 2008 national currency using national GDP
deflators,31 and converted to Euros using average currency
exchange rates for the year 2008.32

Results
Figures 1 and 2 provide a graphic illustration of grouping algorithms
and classification variables of DRG systems in 11 European coun-
tries. The figures show classification variables of those DRGs that
individually represent at least 1% of AMI cases in each country (and
certain DRGs that are necessary for understanding the grouping
logic). On the left-hand side, the figures specify the version of
the DRG system and the percentage of all identified AMI cases
that are shown in the graphs. The arrows indicate the sequence
in which different types of classification variables are considered
in the grouping algorithm. The last column on the right shows
the percentage of AMI cases covered by each DRG and the
DRG weight index. Figures 1 and 2 differ slightly as countries
included in Figure 2 use death or length of stay before death as a
classification variable.

The Finnish and the Swedish algorithms are combined as
both use versions of the NordDRG system which are very
similar for AMI. Diagnosis-related group containing ,1% of
cases in the national database are shaded in light grey and are
not considered in the following analysis. The index DRGs are high-
lighted in dark grey.

Patient classification of acute myocardial
infarction cases in Europe
Overview: number of diagnosis-related groups, number
of classification variables
Figures 1 and 2 demonstrate that there is great variation in DRG
systems across Europe. The percentage of all AMI cases covered
by the DRGs included in our analysis ranges from 92% in

Germany to 99% in Poland. Similarly, the number of DRGs
differs substantially across countries ranging from 4 DRGs in
Estonia to 16 DRGs in France. The most populated DRG in
Germany covers only �24% of cases, while in England �68% of
all cases fall into a single DRG.

In addition, the number of classification variables differs: The
Austrian system differentiates only between certain types of proce-
dures, when classifying AMI patients. In contrast, the French system
differentiates (i) primary diagnoses (concerning the time since
onset of symptoms), (ii) procedures, (iii) level of complications
or comorbidities (CC), age groups, (iv) with or without death
during admission, and (v) length of stay.

Characteristics of classification variables
In all DRG systems, treatment characteristics, i.e. cardiologic pro-
cedures dominate the grouping algorithm. Most importantly, all
systems identify patients treated with percutaneous coronary
intervention (PCI). Some DRG systems, i.e. the English HRG
system, the German (G)-DRG system, the Dutch DBC system,
and the Polish JGP system, further, differentiate whether treatment
involved more than one stent (Germany, Poland), more than two
stents (England), or more than one vessel (Netherlands). Further-
more, some systems have specific DRGs for drug-eluting stents
(DES), i.e. the Austrian LKF system, the Polish JGP system, and
the AP-DRG system used in Spain. All DRG systems except for
the Estonian version of NordDRGs and the AP-DRG system
(Spain) use invasive cardiologic diagnostic evaluation as a classifica-
tion variable. Finally, certain countries, e.g. England and Germany
have further procedural classification variables, such as pain man-
agement procedures in England or the duration of mechanical ven-
tilation in Germany.

Most DRG systems use a primary diagnosis of AMI as a classifi-
cation variable after having considered certain procedures. Only
the English HRG system and the Polish JGP system do not
require a primary diagnosis of AMI for the classification of patients
with cardiologic procedures. The Netherlands and Poland are the
only countries distinguishing between patients with ST-segment
elevation and those without.

The presence of relevant secondary diagnoses, i.e. CC, influ-
ences the classification of patients in most countries. Age plays a
role in the classification process of some systems (i.e. England,
Germany, Poland, and France). Death or death during the first
days of admission is considered a classification variable in all
DRG systems included in Figure 2. The length of stay is relevant
for grouping cases into DRGs only in France and Finland, though
it is considered for outlier deductions or additional payments in
a number of other countries such as England, Germany, France,
and Austria.9

Distribution of acute myocardial infarction cases
and variation in relative resource intensity
In most countries, the majority of AMI cases is grouped into the
highlighted index DRG (in Figures 1 and 2) containing the index
case, i.e. patients without invasive procedures. In England, almost
68% of patients fall into the index DRG (EB10Z), while in all
other countries, the index DRG accounts for �50% of AMI
patients or less. However, in Poland, Estonia, and France, the
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Figure 1 Graphic illustration of grouping algorithms and classification variables of diagnosis-related group systems in five European countries.
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Figure 2 Graphic illustration of grouping algorithms and classification variables of diagnosis-related group systems in six European countries.
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most populated DRGs are for patients treated with PCI. In France,
the most populated DRG containing 26% of cases has a DRG
weight index score of 1.55, implying that hospitals receive a 55%
higher reimbursement for these patients than for the index case.
In Poland, the most populated DRG (�36% of cases) has a DRG
index score of �6.6. In Estonia, �46% of cases are grouped into
a DRG with a DRG weight that is 11 times higher than that of
the index DRG.

In Austria, England, and Ireland, the DRG with the highest weight
has a DRG weight index score below or close to 2, indicating that
these systems do not systematically account for cases that are
more than twice as resource intensive as the index case. In
Germany, Finland, Sweden, France, and Spain, the highest valued
DRG has a DRG index score between 2.6 and 3.7.

Diagnosis-related groups for patients treated with PCI always
have DRG weights higher than that of the index case. However,
the size of this difference varies considerably. In England, the
DRG for patients with PCI, having received 0–2 stents, and no sub-
sequent angiography (HRG EA31Z) has a DRG weight index score
of 1.18. In France and Germany, patients with PCI would be
grouped into DRGs with a DRG weight index score of at least
1.38 in Germany (DRG F52B) and 1.46 in France (GHM
05K061). As mentioned above, in Estonia and Poland, PCI DRGs
are associated with much higher DRG weights.

Interestingly, in Austria, England, and France, DRGs for patients
who receive invasive diagnostic procedures (MEL21.01E in Austria,
EA36Z in England, 05K101 in France) have a DRG weight below
that of the index DRG, implying that hospitals would receive
higher reimbursements if they did not perform these procedures.
Furthermore, in England, a DRG for patients receiving certain pain
management procedures has a DRG weight that is only about half
the size of the index DRG.

In all countries taking into account secondary diagnoses in the
classification of patients, DRGs for patients with CCs are always
associated with much higher DRG weights than DRGs for similar
patients without CCs.

Diagnosis-related groups and hospital
quasi prices for case vignettes
Table 4 shows a comparison of DRGs and hospital quasi prices for
the index case and the six case vignettes under the assumption that
hospital payment would be exclusively based on DRGs. For each
case vignette, the first column specifies the DRG into which a
case vignette patient would be classified, while the second
column shows the corresponding quasi price.30

Partially reflecting differences in terms of GDP per capita,31 the
quasi price of the index case varies substantially across countries,
ranging from E420 in Poland to E7930 in Ireland. However, coun-
tries that pay a higher price for one patient do not necessarily pay a
higher price for all types of patients. For example, hospitals in
England would receive much higher payments than hospitals in
Germany for a patient with no comorbidities, treated with PCI
and a single-bare metal stent (BMS) and who is discharged alive
after 10 days (Patient 3). However, hospitals in Germany would
receive much higher payments than hospitals in England for a
70-year-old patient with AMI and multiple comorbidities who is

treated with PCI and multiple DES and who has a subsequent angi-
ography but dies after 2 days in hospital (Patient 6). (see Supple-
mentary material online, Figure S1 facilitates these kinds of
comparisons by presenting the results of Table 4 using a quasi
price index score, which compares hospital quasi prices within
countries for each patient to the quasi price for the index case.)

In addition, Table 4 shows that countries award the highest pay-
ments for different kinds of patients. For example, in Austria, and
Germany, hospitals would receive the highest payments for
patients treated with multiple DES (Patients 4 and 6), with margin-
ally higher payments for Patient 6 who has multiple comorbidities
and who is evaluated with subsequent angiography. In contrast, in
England, Ireland, and Poland, quasi prices are highest for Patient 5
who is treated with multiple BMS and has a very long length of stay
(see Supplementary material online, Figure S1).

Interestingly, Austria, England, and Estonia pay a quasi price for
Patient 2 (no secondary diagnoses, evaluated with angiography)
that is below the quasi price for the index case, while Poland
and Ireland pay quasi prices that are almost equivalent to those
for Patient 3 who is treated with PCI and a BMS. Furthermore,
in Estonia and Poland, quasi prices increase up to 11-fold for
patients treated with PCI when compared with patients treated
without PCI.

Discussion
This is the most comprehensive comparative analysis of grouping
algorithms, classification variables, and (quasi) prices for AMI
patients in different DRG systems in Europe. It shows great vari-
ation across countries: (i) in the number of DRGs used to classify
AMI cases; (ii) in the characteristics of classification variables; (iii) in
the degree of differentiation between DRG weights for complex
and less complex cases; and (iv) in the quasi prices for different
types of patients (case vignettes).

As DRGs are used to assess the activity (performance) of hos-
pitals (including that of cardiologists) and to determine hospital
payment,9,33 it is important that DRG systems consider the most
appropriate classification variables and define as many groups as
necessary to assure that performance comparisons and hospital
payments are fair.34 However, at the same time, DRG systems
must avoid providing unintended incentives that carry the danger
of distorting decision-making towards more invasive treatment
than clinically indicated.

Given the identified large variation between DRG systems for
the classification of AMI patients, it is possible that some systems
use classification variables that would improve the classification
of patients also in other countries. Cardiologists can influence deci-
sions about how to define classification variables in their roles as
advisors to national authorities responsible for defining and updat-
ing the DRG systems of their countries.10–12 International compar-
isons can provide a useful new perspective when thinking about
how to improve an existing DRG system. Yet, before drawing con-
clusions on the basis of this study’s findings, limitations of our data
and methodology need to be considered.

First, the data that were used to identify patients and to assess
the relative importance of different DRGs in different countries,
originated from routine inpatient databases in 11 countries,
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Table 4 Comparison of diagnosis-related groups and hospital (quasi) prices for acute myocardial infarction patients in Europe (in year 2008, E)

Index case Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

DRG (Quasi)
Price (E)

DRG (Quasi)
Price (E)

DRG (Quasi)
Price (E)

DRG (Quasi)
Price (E)

DRG (Quasi)
Price (E)

DRG (Quasi)
Price (E)

DRG (Quasi)
Price (E)

Austriaa HDG06.03B 2601 HDG06.03Bj 916 MEL21.01E 2258 MEL21.02A 5040 MEL21.02A 12 813 MEL21.02Ak* 11 220 E MEL21.02Aa 13 048

Englandb EB10Z 4533 EB10Z 4533 EA36Z 4088 EA31Z 5825 EA33Z* 7626 EA34Z* 9622 E EA34Z 7988

Estoniac 122 960 123 774 122 960 112 10 606 112 10 606 112 10 606 E 112 10 606

Finlandd 122 2189 123 1320 125A 2681 112E 4182 112E 4182 112F 6106 E 112F 6106

Francee 05M041 1837 05M21E 912 05K101 1611 05K051 3662 05K051k 7399 05K052k 7119 E 05K051 6975

Germanyf F60B 2926 F60Aa 1180 F41B 3451 F52B 4045 F24C 8770 F24Bk 8490 E F24Ba 9187

Irelandg F60B 7933 F60C 6576 F41B 13 100 F10Z 14 926 F10Z 14 926 F10Zk 17 894 E F10Z 14 926

Netherlands 110002050103 4493 110002040103 4111 110002050103 4493 110002040243 9260 110002040243 9260 110002040243 9260 E 110002040243 9260

Poland E18 420 E16 771 E13 3306 E13 3306 E23 4133 E12k 4721 E E23 4133

Spainh 122 4115 123 3973 122 4115 808 6363 853 6752 808 6363 E 853 6752

Swedeni 122 2981 123 1397 125 2975 112E 7304 112E 7304 112F 8362 E 112F 8362

aReported values are based on calculated scores. Actual hospital payment depends on decisions of states, which make the use of nationwide DRG scores in different ways. Patients 3–6 are grouped into MEL21.02A because the sum of the MEL
score and procedural surcharge for the insertion of stents is higher for MEL21.02A than for MEL21.01A or MEL21.07A.
bBased on 2009–10 non-elective tariffs and HRG version 4.
cQuasi prices were calculated by multiplying cost weights with the national base rate. In actual payment, hospitals are paid through a mix of DRG-based payment and fee-for-service. The actual DRG-based payment is only 70% of the reported
Quasi price. In Estonia outliers are identified on the basis of cost thresholds. Because costs were not specified for the case vignettes, outlier status for case vignettes could not be determined.
dActual hospital payment varies by type of hospital (i.e. university, central, and local hospitals) and hospital district. Provided figures based on cost accounting of Helsinki and Uusimaa Hospital district and thus do not represent any actual
reimbursement systems. Outlier limits and associated outlier reimbursement differ between hospital districts.
eReported prices are for public sector hospitals since private hospital prices do not reflect full costs. Quasi prices for Patients 3–6 include the averages of maximum and minimum add-on tariffs for stents (between E1220 and 1550 for DES and
between E550 and 1100 for BMS, up to a maximum of three stents per vessel, source: www.ameli.fr).
fCalculated using national DRG cost weights and the average of state-wide base rates in 2008 (E2803.05). Indicated (quasi) prices for Patients 4 and 6 include supplementary payments for drug-eluting stents (based on applicable supplementary
payment tariffs for the year 2009 of E693.11/DES deflated to 2008).
gCalculated using AR-DRG V 5.1 and the national average inpatient ‘base price’ of E5219 for a relative value of 1 and the other casemix parameters (including low and high length of stay trim points) from the 2009 inpatient casemix model (used
to estimate the 2010 casemix budgetary adjustments on the basis of 2008 activity and cost data). Information on type of stent (drug-eluting or non-drug-eluting) is not available in ICD-10-AM.
hAP-DRGs in Spain are used when patients receive care in non-resident autonomous communities (ACs). The prices shown are the rate that would be paid for these patients, calculated by multiplying national Spanish cost weights with the
national base rate. The payment to hospitals for other patients depends on the hospital payment system in the AC. When using AP-DRGs in Spain, inliers/outliers are not determined.
iActual hospital payment depends on the county council, which decides how to pay hospitals. In Sweden, outliers are mostly identified on the basis of cost thresholds. However, because outlier payments differ between counties, relevant
adjustments could not be determined.
jCases are considered short-stay outliers and presented (quasi) prices reflect outlier status.
kCases are considered long-stay outliers and presented (quasi) prices reflect outlier status.
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which have a number of drawbacks when compared with regis-
tries.35 For example, as highlighted by the HDP,18 there are differ-
ences in coding practices across countries, and the quality of data is
not always comparable. Furthermore, coding practices may be
influenced by the characteristics of the country-specific DRG
system, which may provide incentives for increasing coding
efforts or even manipulating coded data in order to increase reim-
bursement (‘upcoding’).9 In addition, differences exist in the coding
systems used across countries. Most countries included in our
study use a country modified version of ICD-10, while Spain
uses ICD-9-CM codes. Yet, this should not be particularly prob-
lematic for our study as our definition of the AMI episode of
care was based on the International Shortlist of Hospital Morbidity
Tabulation (ISHMT), which also provides mappings from ICD-10
codes for AMI and their translation into ICD-9-CM.

Secondly, differences in hospital payment systems between
countries complicate comparative analyses of payment levels
(Table 4). On the one hand, different countries set DRG-based
payment rates at different levels as they include different cost cat-
egories. For example, in Germany, fixed capital costs are not
included in DRG-based payment rates, whereas in most other
countries, DRG-based payment rates include capital costs.30 On
the other hand, different systems of additional payments exist, e.g.
England assigns additional (‘unbundled’) HRGs for intensive care
unit treatment (‘critical care’),36 and Poland and Austria have add-
itional per-diem-based payments for stays in intensive care units.
Furthermore, the Netherlands and Finland have several DRGs per
hospital stay, each leading to additional DRG-based payments.
In Finland outlier limits and associated outlier reimbursement
differ between hospital districts. Last but not least, DRG-based pay-
ments are adjusted in several countries to account for differences
between hospitals or regions. Therefore, the absolute price levels
should not be directly interpreted as reflecting more expensive
care in one country compared with another. However, relative
price levels within countries that were used for comparisons in
Figure 1, Figure 2 and Supplementary material online, Figure S1
should be less affected by differences in payment systems as they
were always compared with the in-country DRG index case.

Thirdly, as we limit part of our comparative analysis to DRGs
that account for at least 1% of cases (Figure 1, Figure 2), we partially
neglect how different systems deal with rare outliers, which may,
however, be particularly relevant for reimbursement.

Finally, although there are European guidelines for the manage-
ment of AMI patients,37,38 large disparities exist in clinical practice
across countries. For example, .80% of AMI patients in Germany
are treated with primary PCI, while this number is ,25% in
England.35 In addition, coded patient characteristics differ consider-
ably: The percentage of ST-elevated MI (STEMI) ranges from 24%
in Sweden to 77% in France, and there is a large variation in the
presence of (coded) comorbidites.19 Therefore, it is possible that
differences in DRG systems between countries reflect some of
these disparities. However, there is no apparent relationship
between differences in (coded) clinical practice and DRG system
design. For example, PCI is used as a classification variable in all
countries—even if the number of patients being treated with PCI
is relatively low; the insertion of multiple stents is used as a classi-
fication variable in England, where the percentage of patients

treated with multiple stents is only �1%; and the type of infarction
(STEMI vs. non-STEMI) is considered only in the Polish and Dutch
DRG systems, where the percentage of STEMI patients is neither
particularly high nor particularly low.

In spite of these limitations, our study has major implications
for cardiologists and national authorities involved in the redesigning
of national DRG systems. First, awareness about classification
algorithms and variables in other countries should encourage
cardiologists to think about alternative and possibly better ways
for classifying their patients into DRGs. For example, while eight
countries differentiate between patients with certain CC and
those without, three countries (Austria, England, and the Nether-
lands) do not make this distinction. Previous studies have found
that comorbidities are associated with higher mortality and
resource use in AMI patients.19,39– 42 Diagnosis-related group
systems should account for differences between patients, in
order to assure that hospitals and cardiologists treating a greater
share of more complex cases than others, are adequately paid
for their greater efforts. Therefore, Austria, England, and the Neth-
erlands could investigate whether homogeneity of patients within
DRGs would be increased by introducing classification variables
for comorbidities.

Secondly, concerning the reimbursement of hospitals, all DRG
systems differentiate between patients treated with PCI and
those without. This is in line with a comment by Widimsky
et al.35 who compared reperfusion strategies across Europe and
noted that PCI hospitals were, in general, adequately reimbursed,
which is important as PCI is associated with higher costs of care
for AMI patients.19,43 However, our results show that ‘adequately’
means very different things across Europe. For example, in England,
where the percentage of patients treated with PCI is comparatively
low,35 hospitals receive only 1.2 times higher reimbursement for
patients treated with PCI (0–2 stents, without subsequent angiog-
raphy, i.e. HRG EA32Z) than for those without PCI (see Figure 1).
In contrast, hospitals in Germany and France would receive 1.4 and
1.5 times higher reimbursements, respectively, for PCI compared
with no PCI; and in Estonia, hospitals receive 11 times higher reim-
bursements for PCI compared with no PCI. It is at least conceiv-
able that the lower reimbursement for PCI in England is one of
the reasons for the lower rate of PCI in England (15%), when com-
pared with Estonia, Germany, or France (.40% in all of these
countries, compare Figure 1 and Figure 2).

Thirdly, DRG-based hospital payment systems in Austria, France,
Germany, Poland, and Spain differentiate between patients treated
with DES and BMS, either by classifying cases into specific DES
DRGs (Austria, Poland, and Spain) or by providing additional pay-
ments for DES (France and Germany). Current ESC guidelines on
myocardial revascularization44 recommend that DES should be
‘considered by default in nearly all clinical conditions and lesion
subsets’. However, a recent review by the Cochrane collaboration45

concluded that ‘the increased cost of drug-eluting stents and lack of
evidence of their cost-effectiveness means that various health
funding agencies are having to limit or regulate their use in relation
to price premium.’ Therefore, both strategies, either providing
incentives for the use of DES or avoiding these incentives, appear
to be justified. However, being aware of different choices in different
countries can inform policy debates within countries.
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Finally, the aim of any DRG system is to give a concise measure
of what hospitals do. This measure is useful only if DRGs describe
a sufficiently homogenous group of patients.46 Therefore, quantita-
tive research is needed to verify whether the most important
determinants of cost are considered in different PCSs, and
whether differences between systems reflect country-specific dif-
ferences in treatment patterns. However, it is also important for
cardiologists and other medical specialists to be aware of the sig-
nificance of adequately designed DRG systems and to engage in
optimizing these systems. Ultimately, this contributes to assuring
adequate reimbursement for treated patients and fair comparisons
of activity or performance on the basis of DRGs.

Supplementary material
Supplementary material is available at European Heart Journal
online.
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