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Abstract

Objectives Evaluation of the classification of the patients

with coronary procedures [CP: coronary angiography (CA)

and/or percutaneous coronary intervention (PCI)] in Ger-

many to provide valid data as a basis for the evaluation of

resource planning and comparison of results from other

countries.

Background In the case of CP, most data are restricted to

procedures related to acute coronary syndrome (ACS),

either STEMI or NSTEMI, and does not cover the whole

range of coronary angiographies and therapeutic proce-

dures. To contribute to the clarification of this situation, our

analysis was performed.

Methods The data of all patients with CP documented

according to § 137 German Social Security Code V (SGB

V) by hospitals registered under the requirements of § 108

SGB V were analyzed. By cluster analysis, the most

important predictors for four short-term clinical outcomes

(intra-procedural and post-procedural events, death, length

of hospital stay) were identified. Differences were analyzed

on a national, federal state and interstate level.

Results In 2012, 764,233 CP were performed in 733,337

patients (64.7 % males) in 890 hospitals. In 88.2 % of all

patients, a cardiac disease was detected; in 11.3 %, it was

excluded. 5 clusters were identified which were based on

the following parameters: ACS, invasive coronary proce-

dure, cardiac disease (i.e., hypertensive cardiac disease,

cardiomyopathy, aortic aneurysm, cardiac valve disease),

exclusion of CHD. There were significant differences

between the five patient clusters: percentages of patients

with diabetes, renal insufficiency and CHF varied between

14.1 and 32.9 %, 9.5 and 31.6 %, and 7.0 and 16.9 %,

respectively; average duration of hospitalization and death

rates varied between 5.5 (without ACS) and 8 days (ACS)

and 0.3 and 4.5 %, respectively. The distribution of patient

clusters varied significantly between the German federal

states as well as within a federal state.

Conclusions Five patient clusters with CP showed sig-

nificantly differing profiles of risk, outcome and resource

consumption as well as a regional distribution. This has to

be considered for comparisons between hospitals as well as

on a regional and international level and hospital planning.

Keywords Coronary procedures � Coronary
angiography � PCI � Patient clusters

Introduction

According to a study performed in 12 European countries

of patients with acute myocardial infarction, the use of PCI

differs widely between these countries [1]. Data based

partly on estimations by experts suggest that only 40–60 %
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of patients with STEMI received PCI in Europe [2].In

addition, and perhaps as a consequence, considerable dif-

ferences were reported in the short-term outcome after

acute myocardial infarction between two of the 12 partic-

ipating countries [3]. However, in principle and for meth-

odological reasons, it is difficult to compare health systems

and their outcomes. First of all existing studies usually lack

representative clinical data because they are normally

based on voluntary participants who differ from the overall

national population in behavior, treatment and outcome [2,

4]. In the case of coronary procedures [CP: coronary

angiography (CA), percutaneous coronary intervention

(PCI)], most data are restricted to procedures related to

acute coronary syndrome (ACS), either STEMI or NSTE-

MI and not on the full range of coronary angiographies and

therapeutic procedures [5]. Only a few countries, such as

Sweden and the UK, have continuous clinical registries for

ACS with mandatory participation and comparable datasets

[2].

Based purely on the reported numbers of CP, some

stakeholders have claimed a surfeit of diagnostic and

treatment procedures in Germany. On the other hand, it

should be clarified whether there is an unfulfilled need. The

AQUA Institute, which is commissioned by the German

Federal Joint Committee to analyze the mandatory hospital

quality assurance, stated in its 2012 report [6], that only

4.0 % of the patients with PCI underwent the procedure

without clinical or non-invasive signs of ischemia and that

in 92.4 % clinical or non-invasive signs of ischemia were

the indication for the coronary angiography. To define the

necessary amount of a certain diagnostic or therapeutic

procedure, it would be necessary to know the real need—in

the case of CP, the definition and size of the relevant

population and its needs are to be determined. That means

that the relevant population consists not only of patients

with ACS but also of patients with coronary symptoms and

the need to clarify the diagnosis as a prerequisite for a

targeted invasive therapy.

One could argue and assume that the official statistics or

health reports such as the quality report of the AQUA

Institute should be suitable for this purpose. But these

reports are based on diagnosis-related groups (DRG), and

the quality indicators of the official health reports do not

lend themselves to detailed needs analysis for several

reasons. The DRG are in a way unclear because of the high

number, are clinically not plausible in every case and are

adopted on a yearly basis. Data from the Disease Man-

agement Programs (DMP) are not valid for several reasons,

for example, over- and under-reporting of events [7].

As a basis for a more profound analysis of possible

oversupply, it is necessary to know details about the pop-

ulation undergoing CP, i.e., whether this population is

homogeneous or could be clustered into specific groups

according to the risk of intra- and post-procedural com-

plications, death and length of stay in the hospital, with the

consequence of different resource consumption. One could

assume that at least patients undergoing coronary angiog-

raphy would differ from those with PCI with regard to

resource consumption and outcome. In case of different

patient clusters, it would be of interest to know the dif-

ferences between the clusters and whether these patient

clusters differ between hospitals or federal states in

Germany.

To contribute to clarification of these topics, all patients

in Germany who underwent CP in 2012 were analyzed on

the basis of the data of the AQUA Institute.

Methods

This analysis is based on the CP datasets of the German

Federal Council, held by the AQUA Institute (Göttingen,

Germany), which were documented in accordance with §

137 Social Security Code V (SGB V) by hospitals regis-

tered under § 108 SGB V. This data collection is com-

pulsory for all in-patient procedures in hospitals billing CP

to German statutory health insurance or private insurance

companies (890 hospitals).

In a first step, factors were identified which had the most

important influence on the four target parameters, i.e., intra-

and post-procedural events, death, and length of hospital

stay. The basis for this were all variables concerning

demography, concomitant risk factors, indication and diag-

nosis per patient available in the dataset, such as age, gender,

indication for CP, diagnosis, diagnostic procedures and

former treatment (PCI, coronary artery bypass grafting).

In a second step and based on the a.m. variables, a

cluster analysis was performed with IBM SPSS 20 two-step

cluster analysis [8] to reveal natural clusters in the dataset.

In step 1, a cluster feature tree (CFT) was calculated

according to a threshold of 0.2 for the distance metric log

likelihood. In step 2, based on the Schwarz Bayesian Cri-

terion, an agglomerative algorithm was used to calculate

five clusters. Analysis of the clusters showed a clear

structure, which led directly to the a priori patient classi-

fication used for this analysis; the clusters are described in

detail. Since it was assumed that there may be differences

between patients with PCI and those with CA without PCI,

these groups were analyzed separately with regard to

anamnestic data, the leading indication for CA, the leading

diagnosis after CA, intra- and post-procedural events and

resource requirements.

Compared to use of the original clusters, the analysis of

the a priori patient classification has the advantages that

the methodology is transparent and reproducible (for

other datasets) and can be used for comparisons over time.
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In a third step and as an example for German federal

states, the distribution of patient clusters within hospitals

in Bavaria was analyzed with regard to resource needs.

The AQUA dataset contains a number of parameters that

could be used to estimate the resource consumption:

mainly, the duration of hospitalization and in addition the

fluoroscopy time and the amount of contrast medium

used.

Results

In 2012, in Germany, 764,233 CP were performed in

733,337 patients (64.7 % male). These cases were reported

by 890 hospitals. The age distribution is shown in Fig. 1.

Whereas 56.9 % of the male patients receiving the

procedures were under 71 years of age, 57.3 % of females

were over 70 years old at the time of the procedure.

In 60.4 % (56.2 % male, 68.3 % female), a diagnostic

coronary angiography without PCI was performed; in

89.2 % of PCI procedures, stents were implanted.

As a result of the cluster analysis, the most important

parameters with influence on the clinical outcome (intra-,

post-procedural events, death, length of stay) were acute

coronary syndrome, diagnostic coronary angiography

before admission, leading diagnosis after coronary angi-

ography and leading indication for coronary angiography.

Based on these parameters, the following patient clus-

ters were developed; the percentage per patient cluster and

numbers are given in brackets:

– Patient cluster 1: patients without acute coronary

syndrome (ACS), without preceding coronary diagnos-

tic procedure, diagnoses: hypertensive heart disease or

other cardiac disease, exclusion of coronary heart

disease (CHD) (11.5 %, n = 88,207, mean age

63.1 years);

– Patient cluster 2: patients without ACS, without

preceding invasive coronary diagnostic procedure,

diagnoses: CHD, cardiomyopathy, aortic aneurysm,

cardiac valve disease (22.7 %, n = 173,146, mean age

68.4 years);

– Patient cluster 3: patients without ACS, but with

preceding invasive coronary diagnostics (32.8 %,

n = 250,314, mean age 69.1 years);

– Patient cluster 4: patients with ACS but without

preceding invasive coronary diagnostics (20.9 %,

n = 159,578, mean age 69.1 years);

– Patient cluster 5: patients with ACS and with preceding

invasive coronary diagnostics (12.2 %, n = 92,988,

mean age 70.0 years).

The age distribution per cluster is presented in Fig. 2

and shows a comparable distribution for each cluster with a

peak in the age group of 71–75.

For special analysis and due to the fact that the need for

PCI may influence the outcome and the resource con-

sumption, the 5 clusters were each separated into two sub-

clusters according to the type of procedure (diagnostic vs.

therapeutic). The sub-clusters were marked at the second

digit of the cluster number. For example, cluster 1 is

divided into sub-clusters 1.1 and 1.2. Sub-cluster 1.1

comprises patients of cluster 1 with coronary angiography

only, while sub-cluster 1.2 consists of patients of cluster 1

with PCI either with or without coronary angiography.

In cluster 1, the mean age of patients with CA only was

62.5 years; those with PCI were a mean of 69.4 years old.

The differences between these two groups within the other

clusters were 0.5 years or less. For the diagnostic coronary

angiography, the leading indication and resulting diagnosis

are shown in Figs. 3 and 4.

In cluster 1 are 40,603 patients, who were not treated

with PCI after the coronary angiography, or were not in

Canadian Cardiovascular Society (CCS) class III or IV or

had no signs of instrument-based ischemia or no suspicion

of CHD, this corresponds to 46.0 % of this class and 5.3 %

of all patients. In 21,311 of these 40,603 cases, cardiac-

based dyspnea was documented. For the remaining 19,292
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Fig. 1 Distribution of age of

patients with CP in 2012
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cases (2.5 %), there was no information in the AQUA

database about the reason for coronary angiography.

Patients with ACS (patient clusters 4 and 5) have a

significantly higher risk (p\ 0.05) for an intra-procedural

or post-procedural event (Fig. 5), and the death rate is also

higher (Fig. 5). The event rates are even higher (p\ 0.05)

in patients with ACS and without any preceding invasive

diagnostic despite a more favorable comorbidity profile

(see Fig. 6). Figures 7, 8 and 9 show the results differen-

tiated according to coronary angiography only (cluster 1.1,

2.1, 3.1, 4.1, 5.1) and PCI (cluster 1.2, 2.2, 3.2, 4.2, 5.2).

The death rate varies between the clusters (0.3 % in cluster

1.1, 5.4 % in cluster 4.2, 4.4 % in cluster 5.2) and depends

also on age: 0.9 % in patients younger than 51 years,

16.9 % in very old patients ([95 years).
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Fig. 2 Distribution of age per patient cluster
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Fig. 3 Leading indication for

diagnostic coronary

catheterization
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The fraction of patients with congestive heart failure

differs between the patient clusters: in patient cluster 1 only

7.0 %, in patient cluster 2 21.1 %, in patient cluster 3

10.4 % and in patient clusters 4 and 5 14.7 and 16.3 %.

The percentages of patients with an ejection fraction of

\40 %, with diagnosis of congestive heart failure, with

diabetes or renal insufficiency are shown in Fig. 6. In

patients without ACS—clusters 1–3—any objective indi-

cations of stress-induced ischemia were reported for 30.0/

33.0/30.7 %, cardiac-induced dyspnea (rest or stress
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Fig. 5 Intra-procedural and
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discharge). Differences are
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induced) was documented for 53.6/63.8/60.3 % and further

symptoms such as rhythm disturbances in 37.4/36.7/

30.9 %. No angina was found in 32.0/30.7/24.9 %.

In patients without ACS, the percentage with diabetes

was higher in those who were treated with a PCI than

patients with coronary angiography only:
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– In cluster 1, 25.6 vs. 14.1 %,

– In cluster 2, 25.3 vs. 21.8 %,

– In cluster 3, 30.2 vs. 27.3 %.

Whereas 43.1 % (patient cluster 5) and 51.0 % (patient

cluster 4) of ACS patients remained in the hospital for

5 days or more after the procedure, the patients without

ACS stayed a significantly shorter time (patient cluster 1/2/

3:15.8/25.8/17.7 %).

In patient cluster 1, the smallest group, the main reason

for the diagnostic CA was in 83.5 % the exclusion of a

cardiac disease; in 6.4 %, the reason was not specified—by

definition, these patients were hospitalized for PCI directly.

In 18.9 %, a hypertensive heart disease and in 7.6 %

another cardiac disease was diagnosed, in 73.5 % the

suspicion of a coronary disease was not confirmed. In

cluster 2 (patients without ACS and without preceding

invasive coronary diagnostics) in 82.2 % a coronary dis-

ease [CHD with narrowing of lumen either C50 % (=rel-

evant CHD) or less than 50 %] was detected by

angiography. In 88.2 % of all patients, a cardiac disease

was detected (74.7 % CHD, 2.8 % cardiomyopathy, 4.0 %

valve vitium, 3.3 % hypertensive heart disease, 3.5 % other

cardiac disease) and in 11.3 % excluded. Diabetes was

documented in a range of between 14.1 % (cluster 1.1) and

32.9 % (cluster 5.2). In patients without ACS and without

preceding invasive coronary diagnostic (cluster 1 and 2),

there were 43.2 % with relevant CHD.

Figure 7 shows the consumption of resources per patient

cluster, differentiated according to CA only and PCI,

referring to the variables available in the AQUA dataset.

The requirements differ substantially between the patient

clusters. Average fluoroscopy time was 7.0 ± 9.4 and

8.7 ± 10.3 min in patients without/with ACS (median 4.2/

6.1 min), Contrast medium for patients without ACS was

118.7 ml (median 100 ml) compared to 145.3 ml (median

125 ml) in patients with ACS. The differences were sta-

tistically significant (p\ 0.05).

The mean duration of hospitalization per patient cluster

is 1–2 days longer for patients with ACS. More than a third

of patients with ACS stayed longer than 7 days in the

hospital (Fig. 8).

After the CP, a substantial percentage of patients with

ACS stay in hospital for more than 4 days, whereas this is

true for less than a quarter of patients without ACS

(Fig. 9).

Taken the mean length of stay as the parameter, the

resource consumption varies by up to 2.5 days between the

patient clusters.

Differences between hospitals are remarkable: in

Bavaria, the mean length of stay differs between 3.2 and

10.8 days. In a similar way, the distribution of patient

clusters differs considerably within Bavaria: the percentage

of patients with ACS varies between 54.2 and 0 %

(Fig. 10)—even in hospitals with more than 1000 cases per

year. The duration of hospitalization differs accordingly

(data not shown), as does the duration of post-procedural

hospitalization.

As shown for Bavaria as an example for a federal state,

the distribution of patient clusters also differs significantly

between the federal states. The percentage of patients with

ACS varies between 23.2 % in Mecklenburg-West Pom-

erania and 58.7 % in Bremen (Fig. 11).

Discussion

This detailed analysis provides information about the risk

factor profile and the short-term outcome of all patients

who underwent a coronary procedure, either coronary

angiography only or PCI only or combined angiography

and PCI in Germany during 2012. The data allow identi-

fication of groups of patients with different risk profiles

with regard to intra-procedural and post-procedural events

or death during hospitalization and resource consumption.

In addition, a certain assessment of the adherence to

guidelines is possible.

In the smallest group (11.5 % of all cases, patient cluster

1), the leading indications for coronary angiography were

suspicion of CHD and exclusion of CHD (83.5 %), and

CHD was excluded in 73.5 %, corresponding to 9.6 % of

all patients; in 26.5 %, a coronary disease was diagnosed.

This seems to be low compared to data of the CathPCI

Registry in the US [9] which described, in patients without

known CHD, a prevalence of 41.0 % for obstructive CHD

(stenosis[50 %). In our case, the corresponding patients

originate from cluster 1 and 2 and the resulting 43.2 %

correspond very well to the US data.

The exclusion rates for CHD within the other clusters

varied between 0 (cluster 2, given by the definition of this

cluster) and 8.6 % in cluster 4 (patients with ACS as a pre-

angiography diagnosis). These data almost correspond to

the 7.0 % of patients who underwent coronary angiography

with the indication of vague chest pain in the Swedish

SCAAR registry [10]. Considering the results of the Ger-

man CPU-registry [11], 20.2 % of Troponin-positive

patients had no ACS and the most frequent non-coronary

diagnoses in non-revascularized patients were arrhythmias

(13.4 %), pericarditis/myocarditis (4.5 %), decompensated

congestive heart failure (3.7 %), Takotsubo cardiomyopa-

thy (2.7 %) and hypertensive crisis (2.4 %), our results

seem plausibly.

Whereas the procedure for patients in clusters 2–5 can

be considered as conforming to ESC guidelines on the

management of stable coronary artery disease, respec-

tively, on myocardial revascularization [12, 13] by
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definition, in cluster 1 there are 40,603 patients with sus-

pected CHD/exclusion of CHD/known CHD as leading

indication for coronary angiography, who were not treated

with PCI after the coronary angiography or were not in

Canadian Cardiovascular Society (CCS) class III or IV or

had no signs of instrument-based ischemia, corresponding

to 46.0 % of this class and of 5.3 % of all patients. That

means that 5.3 % may not be treated conforming to

guidelines. As cardiac-induced dyspnea is considered as

indication for coronary angiography, this percentage

reduces to 2.5 %, for which no information about the

reason for angiography is documented in the AQUA

database. This does not mean that CA was not indicated; it

is still the treating physician together with the patient who

decides about indication and procedure.

Overall, the percentage of patients with an event during

the procedure is relatively low. However, it is more than

twice higher in patients with ACS (patient clusters 4 and 5)

than in patients without ACS (patient clusters 1, 2 and 3).

The higher number of intra- and post-procedural events in

patients with ACS without (cluster 4) compared to those

with preceding coronary diagnostic (cluster 5) cannot be

explained by the data, but it can be assumed that the latter

were treated for diagnosed CHD before the index event and

thereby the prognosis may be positively influenced. In each

cluster, the percentage of intra-procedural and post-proce-

dural events is higher in the group with PCI. For post-

procedural complications, the relation is similar, but on a

higher level (1.0–6.9 %). Also, the death rates during the

hospitalization period are higher in patient clusters 4

(3.7–5.4 %) and 5 (3.4–4.4 %) compared to patients

without ACS (0.3–0.8 %), reflecting the higher risk of

patients with ACS. These results are not surprising and

correspond to data from other countries. The in-hospital

mortality in the Melbourne Interventional Group (MIG)

Registries was 1.4 % in patients undergoing PCI (urgent or
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elective) due to single or multi-vessel CHD. The MIG data

did not differentiate between urgent and elective PCI and

therefore the results cannot be directly compared to ours.

Nevertheless, mortality rates of clusters 1 and 2 fall in the

range of MIG data [14]. The Belgium STEMI registry

reported an in-hospital mortality of 5.5 % after STEMI,

compared to 7.4 % in octogenarians [15]. This data coin-

cide with data from Switzerland: during 2007 and 2012, the

in-hospital mortality rate was 4.5 % in younger patients

with ACS and 7.4 % in octogenarians [16]. In the Swedish

SWEDEHEART registry [17] in patients undergoing PCI,

the in-hospital mortality varied between 0.8 and 14 %

depending on age (\60,[95 years), which fits very well

with our data, which show a death rate of 0.9 % in patients

younger than 51 years and of 16.9 % in very old patients

([95 years); complications were reported in 1.8 %. The in-

hospital death rate of around 4 % in patients with ACS

(patient cluster 4 and 5) is comparable to the death rate

reported from Sweden (5.8 %) and considerably lower than

the 8.8 % in the UK [3]. In this comparison, it should be

taken into consideration that the German population with

ACS (cluster 4 and 5) has a much higher percentage of

patients with congestive heart failure (14.7–16.9 %) than in

Sweden and the UK (15 % vs 9.7 respectively 5.3 %). The

same applies for the rate of patients with diabetes: in

Germany, the percentage of diabetes as comorbidity in

patients with ACS varied between 20.7 % (patient cluster

4) and 32.3 % (patient cluster 5), whereas the national

outcome registries of Sweden and the UK report percent-

ages of 22.7 and 17.4 %, respectively. [3, 14].The higher

comorbidity may be one reason that the mean duration of

stay of 8 days in these patients is longer than in Sweden

(5 days) and the UK (6 days). Another reason may be that

the time before the procedure in patients with ACS in

Germany is 1.6 days. This seems to be long compared to

the delay from symptom to primary PCI reported from

Sweden (198 min) and the UK (199 min) [3], but the

AQUA dataset does not contain this information and

therefore such a comparison would be misleading.

The differences in the length of stay between the patient

clusters reflect the reasons for CP. Patients with ACS are

hospitalized 1–2 days longer than patients without ACS,

i.e., those who do not present as emergency patients. The

data about the duration of hospitalization in Germany are

nearly identical with the 5.1 and 6.4 care days from the

intensive heart care unit to discharge described in the

SEPHIA-report [18] or the Swedish SWEDEHEART

registries.

The differences between the hospitals and also between

the federal states are far from negligible; in fact, they are

somewhat surprising in their extent. At the level of the

hospital, they may reflect regional epidemiology as well as

specialization, while differences at the level of the large

states may be more difficult to explain. At least we can

conclude that the total demand for a hospital’s resources

will depend heavily on the mixture of patients treated. This

could serve as an improved estimation for resource con-

sumption. On the other hand, the differences could be a

hint as potential for improvement and optimization of care

and resources. Reasons for these differences are unknown

and topic of actual research. On the national level, differ-

ences in knowledge about risk factors or guidelines may be

causal. Regional differences in the burden of disease and

the prevalence of risk factors could play an important role

too as described actually [19, 20]. These differences apply

not only to medical risk factors such as hypertension,

diabetes—prevalence ranged between 7.5 % and 15.8 %—

or other factors of the metabolic syndrome but also to

socio-demographic parameters such as unemployment rate

(3.5–12.3 %) and education level, which are different in

the federal states. Similar differences were reported from

the SWEDEHEART registry: in Sweden, the use of CA

and PCI varied by a factor of 2–3 among counties, partly

owing to variations in cardiovascular sickness. But in

accordance with the authors of the RIKHS-HIA report, it

has to be considered that comparisons between regions or

hospitals must be interpreted with great caution and that,

i.e., patient characteristics have to be considered.

But the a.m. parameters do not explain the differences

between hospitals. At the moment, reasons for these dif-

ferences are unknown. One could speculate that some

hospitals are more specialized on diagnostic procedures or

selection of patients.

One of the strengths of this analysis is that it is based on

the data of all hospital CP cases of the statutory and the

private health insurance in Germany for the year 2012.

Therefore, a selection bias can be excluded and the data

describe the reality in Germany. Comparisons between

hospitals and even between countries are possible.

To our knowledge, for coronary angiography and PCI, our

analysis describes differences with regard to structure of

patients, length of stay, etc., at the level of hospitals and

federal states in Germany for the first time. The analysis

provides benchmarks for patient segments which enable the

comparison of specific patient segments within a hospital and

between hospitals. The results could serve as basis for further

research to improve quality of care. Different patient profiles

should be taken into consideration: the high mortality rate of

32.5 % in a university-based intensive cardiac care unit may

serve as a hint [21]. Different risk of development of acute

kidney injury (AKI) may be another example—9.6 % of

STEMI patients developed AKI according to a recent retro-

spective observational study [22]. The ALKK PCI registry

[23] provided an additional hint: in patient with STEMI, the

use of drug-eluting stents in the ALKK hospitals ranged

between 2.3 and 58.3 % during the study period of
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2006–2011. It is much more operable for a CP center with

lower quality if it can identify patient segments where it is

underperforming. At the regional level, this could lead to the

initiation of specific prevention strategies as well as to

implement structural changes. As it is well known that

information and feedback about quality differences is an

important motive for changes, our results may be one reason

for such initiatives, i.e., on the level of hospitals.

In addition, the dataset allows to a certain extent com-

parison with available international data that also cover the

population and not only selected samples [24]. And in

contrast to the recent study by Laut et al. [1], which tried to

explain the differences in utilization of PCI across 12

European countries mostly by health-care-associated eco-

nomic and demographic characteristics, our study includes

medical parameters such as indications for CP and some

comorbidities.

The database has some limitations. One is the limited

number of comorbidities documented in the database of the

AQUA Institute. Another limitation is the lack of follow-up

information after discharge from the hospital; information

on the 30-day mortality, for example, is an important out-

come indicator of medical and hospital performance. This is

planned to be included from 2016 [25] and would enable

comparisons with other registries such as SWEDEHEART

and international databases. A principle issue and limitation

may be systematic differences concerning the classification

of ACS and as consequence the encoding, for example, the

differentiation between NSTEMI-ACS with and without

elevation of troponin. The same is true for the evaluation of

CHD, which usually is not based on objective criteria

derived from quantitative CA or fractional flow reserve. In

addition, the AQUA dataset does not contain data necessary

to calculate pre-test probability of coronary events.

Based on the identification of clusters of patients with

CP, which show significantly different profiles of risk,

outcome and resource consumption, we were able to con-

firm that considerations based on average values of a whole

patient population may be misleading. This is particularly

the case if the groups compared are not homogeneous in

terms of the most important variables with influence on

outcome or resource consumption or if the homogeneity

could not be tested. For national and international com-

parisons, sophisticated analyses are necessary to avoid

incorrect or even misleading conclusions. The ratios of the

patient clusters should be considered in the planning and

controlling of hospital resources.

Conclusion

Based on data of all patients with CP of one year in Ger-

many, for the first time, analysis showed that patients with

CP can be grouped into clusters according to their risk

factor profile and short-term outcome. These clusters result

in different resource consumption. Despite higher rate of

comorbidity (diabetes, CHF) in Germany, the data corre-

spond well to results from other countries such as Sweden

referring to in-hospital mortality as well as indication for

CA, and are more favorable than in the UK. Concerning

patient profile and resource consumption, there are relevant

differences between the German federal states and hospi-

tals. This has to be considered for comparisons between

hospitals as well as on a regional and international level

and hospital planning.
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