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Summary

Objectives:  To compare the quality  of  care  regarding  the use of  elective  percutaneous coronary 

interventions (PCIs)  in the inpatient and outpatient setting and to  evaluate different methods of 

confounder control in this context.

Methods:  Based  on  data  of  three  statutory  health  insurances  including  more  than  nine  million 

insurance  members,  a  retrospective  cohort  study  between  2005  and  2009  was  conducted.  The  

occurrence of myocardial infarction, stroke, further coronary intervention and death was ascertained 

following the first PCI in the study period, which was preceded by a one-year period without a PCI. A  

Cox proportional hazard model was used to assess the influence of the setting of the elective PCI on  

the risk for complications after the PCI for each outcome separately. Age, sex, the number of diseases 

of  the  Elixhauser  comorbidity  measure,  past  acute  coronary  syndrome,  coronary  artery  disease,  

dyslipidemia, past stroke, past coronary artery bypass surgery and the year of the PCI were included  

as covariables. The analyses were repeated in a propensity score matched cohort as well as in inverse  

probability of treatment weighted analyses.

Results:  The cohort comprised 4,269 patients with an outpatient PCI and 26,044 patients with an  

inpatient PCI. The majority of the analyses revealed no statistically significant effect of the setting of 

the PCI on the risk of myocardial infarction, stroke and further coronary interventions, whereas a  

reduced  mortality  risk  was  observed  for  outpatient  PCIs.  Similar  results  were  obtained  in  the  

propensity score analyses.

Conclusions: The analysis revealed that the adjusted risk for complications following an elective PCI is 

similar between the inpatient and the outpatient setting. For mortality the risk differed but this might  

be explained by residual or unmeasured confounding. The different methods applied in this study 

revealed mostly similar results. Since our study only covered one aspect of quality of care in the field  

of PCI and did not consider drug treatment in hospital or in the outpatient setting, further studies are 

needed which include these aspects. 

Keywords:  Percutaneous Coronary Intervention,  Quality  of  Health Care,  Outpatient and Inpatient 

Care, Methods for Confounder Control
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Introduction

Cardiovascular diseases (CVDs) are the leading cause of death worldwide. According to the World 

Health Organization (WHO) more than 17 million died from CVDs in 2008, accounting for more than 

30% of all deaths (1). In Europe more than 40% of all deaths are due to CVDs (2). The prevalence of 

CVDs such as coronary artery disease (CAD) is high and increases with advancing age. In people aged  

65 years or older the lifetime prevalence of CAD is greater than 15% in Germany. Furthermore, CAD is  

observed more frequently in men than in women (3). Therapeutic innovations such as percutaneous 

coronary interventions (PCIs), which are carried out to open blocked or narrowed coronary arteries in 

coronary heart disease and to restore arterial  blood flow to the heart tissue without open heart  

surgery, are increasingly being used in the therapy of CAD (4;5). In the last two decades the use of  

PCIs, increased from 44,030 PCIs in 1991 to 328,654 PCIs in 2011 in Germany (5). A stent, a tiny,  

expandable metal coil, is now often inserted into the newly-opened area of the artery to help keep 

the artery  from narrowing or  closing  again.  Given the increasing  specialization in  the outpatient 

setting, shifts in service from the hospital to the outpatient setting can be assumed (6). Although  

quality  assurance  measures  exist  for  both  settings  (7-10),  different  methods  complicate  a  direct  

comparison of the quality of care. Further, one might assume that high numbers of cases and thus a 

high degree of standardisation in the inpatient setting might lead to a lower complication rate than in  

the outpatient setting. Since routine data of statutory health insurances (SHI) comprise individual  

information on diagnoses and procedures in both settings, they allow an intersectoral comparison of 

the quality of care. 

The decision for the treatment in the in- or outpatient setting strongly depends on the severity of the  

underlying disease and the risk factor profile, thus leading to a more severely diseased population in  

the  inpatient  setting.  Therefore  adequate  controlling  for  confounders  is  of  crucial  importance.  

Propensity  score  (PS)  methods  such  as  PS  matching  and  inverse  probability  of  treatment  (IPT)  

weighting using the PS can improve the homogenization of the populations and thus the confounder 

adjustment (11).

Objectives

The aim of this study was to compare the quality of care regarding the use of elective PCIs in the in- 

and outpatient setting in Germany and to evaluate different methods of controlling for confounders 

in this context.
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Methods

Data base

This  study  was  based  on  data  from  the  German  Pharmacoepidemiological  Research  Database 

(GePaRD). GePaRD comprises claims data from four SHIs including more than 17 million insurants.  

The database was described elsewhere (12;13). Besides demographic variables such as age, sex and 

region of residence of the insurance members, GePaRD contains information on outpatient physician  

visits, hospital admissions and outpatient prescriptions. The outpatient data comprises information 

on outpatient diagnoses, for which only the quarter of the year is  specified, and treatments and 

procedures (e.g. PCIs) with their exact dates. Outpatient diagnoses are distinguishable into confirmed 

diagnoses, suspected diagnoses, diagnoses ruled out and status post diagnoses. The hospital data 

include information on admission diagnoses, main hospital discharge diagnoses, a maximum of 40 

secondary hospital discharge diagnoses and procedures with their respective dates. The admission 

diagnosis  represents  the  assumed reason for  the  hospital  admission,  whereas  the  main hospital  

discharge  diagnosis  represents  the  true  reason  for  the  hospital  admission  diagnosed  during  the 

hospital stay. Inpatient and outpatient diagnoses are coded according to the German Modification of  

the International Classification of Diseases 10th Revision (ICD-10-GM) (14). Three SHIs approved the 

use of their data for this study, so that we were able to include more than nine million insurance 

members during the study period 

Use of the data for research purposes needs to be approved by the SHIs contributing the data and by 

local  or  federal  government  authorities  responsible  according  to  data  protection  legislation.  In 

accordance with § 75 of  Volume 10 of  the Social  Insurance Code,  informed consent  of  involved 

insurance  members  was  not  required.  Since  the  study  was  based  on  routinely  collected  

pseudonymized data delivered by the SHIs, a vote of the ethics committee was not required. 

Study design

For the evaluation of the quality of care regarding the use of PCIs, a retrospective cohort study was 

conducted, in which the occurrence of relevant complications (myocardial infarction, stroke, further 

coronary intervention and death from any cause) after an elective PCI was studied. 

Study population

Inclusion criteria
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Patients, in whom at least one PCI was carried out between 2005 and 2009 preceded by a continuous  

one-year insurance period without PCIs, were eligible for inclusion in the study population. 

Exclusion criteria

Patients without valid information on sex, year of birth, and region of residence were excluded from 

the study population. Since only elective PCIs were considered in this study, patients who received an 

admission diagnosis of “acute coronary syndrome” or “recurrent myocardial infarction” during the 

hospitalization in which the first PCI (index-PCI) was carried out, were also excluded from the cohort.

Cohort entry and cohort exit

Cohort entry was at the date of the index-PCI between 2005 and 2009. Patients remained in the 

cohort until the end of the insurance period, end of follow-up (31.12.2009) or the occurrence of the 

myocardial infarction, stroke, further coronary intervention or death. Each outcome was studied in a 

separate analysis.

Ascertainment of exposure, outcomes and comorbidity

Occurrence of unfavourable outcomes after an elective PCI was considered as quality indicators in our 

study and was ascertained by using the ICD-10-GM codes I21 and I22 for myocardial infarction and 

I63  and  I64  for  stroke.  For  the  identification  of  these  outcomes,  only  main  hospital  discharge  

diagnoses  were  considered.  Further  coronary  interventions  were  ascertained using  the  following 

codes for the reimbursement of inpatient procedures (OPS-codes) (15) and the reimbursement of 

outpatient procedures (EBM-codes) (16): 

 OPS-code 8837 (for an inpatient PCI). 
 EBM-codes 5120 and 5122 (until 31.03.2005) or 34291 and 34292 (from 01.04.2005), which 

had both to be coded at the same date (for an outpatient PCI)1

Patients were identified as having died, if the cause for the end of the insurance period was “death”.  

The corresponding date of insurance exit was defined as the date of death.

For  the  identification  of  the  comorbidity  of  the  patients,  the  30  diseases  of  the  Elixhauser  

comorbidity measure (ECM), a comorbidity measure which was developed for the prediction of the  

inpatient  mortality  (17),  were  ascertained.  Since  the  ECM  comprises  many  non-cardiovascular 

1 In the association of the SHI physicians in Bremen (Kassenärztliche Vereinigung Bremen) different 
codes for the identification of outpatient PCIs were used (supplementary material).  
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diseases, five other relevant cardiovascular risk factors or diseases (past stroke, recurrent myocardial 

infarction,  past  acute  coronary  syndrome,  other  coronary  artery  disease,  dyslipidemia)  were 

additionally considered. For this purpose, confirmed outpatient diagnoses and main and secondary 

hospital discharge diagnoses in the year preceding the cohort entry were considered. A list of the 

considered diseases can be found in the supplementary material. 

Statistical Analysis

Primary Analysis

The incidence rates of the outcomes after elective PCI were calculated by dividing the number of 

incident  cases  by  the  accumulated  person  time  in  the  respective  follow-up  period.  Confidence 

intervals (CI) for incidence rates were calculated using the substitution method (18). To assess the  

influence of the setting of the elective PCI on the risk of complications after the PCI, a multivariable 

Cox proportional hazard model was used. The following independent variables were included in the 

full model: year of cohort entry, age at cohort entry (continuous), sex, number of diseases of the ECM  

(19), past acute coronary syndrome, CAD, dyslipidemia, past stroke, and past coronary artery bypass 

surgery.  The year of  the index PCI  was included in the final  model,  in  case the respective effect  

estimate was significantly different from 1 (Wald test p-value < 0.05). All statistical analyses were 

conducted using SAS 9.2 (SAS Institute Inc.).

Propensity Score Analyses

The effect of the setting on complications was subsequently studied using the PS matched cohort . 

The PS was defined as the probability  of  an elective PCI in the outpatient setting given a set  of  

variables likely influencing this probability. It was estimated by a logistic regression model including 

age, sex, region of residence, year of cohort entry, diseases of the ECM and other comorbidities and  

interventions  as  explanatory  variables  (supplementary  material).  A  Greedy  6->1  Digit  Matching 

strategy was used to perform a 1:1 matching of patients with respect to the setting of the PCI (20).  

The balance of all variables in the PS matched cohort was examined with the standardized difference.  

For continuous variables, the standardized difference was defined as       

                             
SD=

| x́amb− x́stat|

√ samb
2

−sstat
2

2

and for binary variables, it was defined as
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SD=
| x́amb− x́stat |

√ x́amb(1− x́amb)− x́stat (1− x́stat)2

where  x́amb  and  x́stat  denote  the  mean  of  the  respective  variable  in  patients  with  an 

outpatient PCI and inpatient PCI, respectively, and  samb
2  and sstat

2  denote the sample variance 

of  the respective variable  in  patients  with  an outpatient  PCI  and inpatient  PCI,  respectively.  The  

standardized difference was calculated in the full  cohort and the matched cohort.  A standardized 

difference of greater than 0.1 indicated an important imbalance (21).

We  also  used  the  PS  to  perform  an  inverse  probability  of  treatment (IPT)  weighted  analysis. 

Therefore,  the  primary  analysis  was  repeated  and  the  contribution  of  each  patient  to  the  log-

likelihood of the Cox model was weighted by the inverse of the probability of receiving a PCI in the  

respective setting. In particular, the weights were 1/PS for patients with an outpatient PCI and 1/(1-

PS) for patients with an inpatient PCI. The analysis was further repeated with stabilized IPT weights. 

Here,  the  weights  for  patients  in  the  outpatient  and  inpatient  setting  were  multiplied  by  the 

proportion  of  patients  in  the  outpatient  and  inpatient  setting,  respectively  (22).  In  addition,  to 

examine the impact of  extremely low and high stabilized IPT weights on the effect  estimate, we 

performed three analyses with stabilized weights where the lowest and highest 1%/5%/10% of the  

weights were truncated to the 1%/5%/90% and 99%/95%/90% quantile of the weight distribution, 

respectively (23). 

Results

The influence of the in- and exclusion criteria on the size of the study population is shown in the  

sample flow chart (Figure 1). The cohort comprised 30,313 patients with an elective PCI between 

2005 and 2009, of which 4,269 (14.1%) were conducted in the outpatient setting (Table 1). The mean 

age at cohort entry and the mean number of diseases of the ECM were similar between the in- and  

outpatient  setting.  Patients  with  an  outpatient  PCI  had  more  frequently  diagnoses  of  CAD  and 

dyslipidemia  in  the  year  prior  to  the  PCI.  Past  strokes  were  more  common in  patients  with  an  

inpatient  PCI.  Furthermore,  the  prevalence  of  heart  failure,  cardiac  arrhythmias,  complicated 

hypertension and complicated diabetes mellitus, all diseases which are part of the ECM, was also  

somewhat higher for patients in the inpatient setting (Table 1). The mean follow up time was 2.1 

years (standard deviation (SD): 1.4) for the outcome “myocardial infarction”, 2.2 years (SD: 1.4) for 
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the outcome “stroke”, 1.7 years (SD: 1.5) for the outcome “further coronary intervention” and 2.2  

years (SD: 1.4) for the outcome “death”, respectively. 

Primary Analysis

The age- and setting-specific incidence rates of complications after an elective PCI are shown in table 

2.  The multivariable Cox regression showed that higher age was associated with an increased risk in 

all  four outcomes (Table 3).  An ECM of  >5 was associated with an increased risk concerning the 

outcomes  “stroke”  and  “death”,  but  showed no  association  with  the  outcome “further  coronary 

intervention”  or  “myocardial  infarction”.  A  reduced  mortality  risk  and  a  reduced  risk  of  further 

coronary interventions were observed for women compared to men. The setting of the PCI had no 

influence on the occurrence of myocardial infarction and stroke. Regarding the outcome “death” and 

“further coronary intervention”, a reduced HR was seen for outpatient PCIs.

Propensity Score Analyses

The matched cohort comprised 4,007 patients of all patients with an elective PCI in the outpatient 

setting (93.9%) and 4,007 of all patients with an elective PCI in the inpatient setting (13.2%). The  

standardized  difference  for  each  of  the  variables  in  the  full  cohort  and  the  matched  cohort  is 

displayed in Figure 2. In the full cohort, many variables had a standardized difference of more than 

0.1 indicating important imbalance, e.g. for the region of residence, dyslipidemia and CAD. After the  

matching, none of the variables showed an important imbalance between the outpatient and the  

inpatient setting.

The results of the Cox regression in the PS matched cohort and in the full cohort with IPT weights are  

presented in Table 4. The results were largely similar to those of the primary analysis, however, the 

protective  effect  of  outpatient  PCIs  on  further  coronary  interventions  that  was  observed  in  the 

primary analysis was no longer significant. Estimates of the IPT weighted analysis and the stabilized 

IPT weighted analyses were almost identical. The stabilized IPT weights ranged from 0.14 to 21.00 

with a mean of 1.00 (SD=0.39). After a 5% truncation, the stabilized IPT weights were close to 1  

(range: 0.69 - 1.24, mean=0.99, SD=0.11). 

Discussion

Based on German health insurance data, we investigated the risk of complications after an elective 

PCI  in  relation  to  the  setting  of  the  PCI.  The  majority  of  the  analyses  revealed  no  statistically 

significant  effect of the setting of the PCI on the risk of myocardial infarction, stroke and further  

coronary  interventions,  whereas  a  reduced  mortality  risk  was  observed  for  outpatient  PCIs.  The 

different methods for confounder control applied in this study mostly revealed similar results.
8



Due to an increasing specialisation in the outpatient setting, PCIs are now also performed outside the  

hospital. Stent insertion is commonly carried out in PCIs to prevent restenosis or closure of the artery.  

In 20-30% of the cases, an in-stent-restenosis, that is a renewed narrowing of the coronary artery due  

to cell proliferation occurs after stent placement, which can lead to a myocardial infarction, unless a 

further PCI is performed (24).  Without stent placement, restenosis occurs in 30-50% of all patients 

solely undergoing a dilatation of the narrowed coronary artery (25) Furthermore, stroke represents 

an important  complication after  a  PCI,  although strokes  occur  less  often compared to the other 

complications  (26).  With respect to these possible complications, we chose myocardial infarction, 

stroke, death and further coronary interventions as outcomes and possible quality indicators in our  

study.

Since the decision whether to conduct the PCI in the inpatient or outpatient setting likely depends on 

the severity of the underlying disease and the patient’s comorbidities, adequate confounder control  

is of great importance when comparing the complication risk between both settings. In a first step, 

we excluded in-hospital PCIs due to acute coronary syndrome to restrict the PCIs to elective PCIs,  

since PCIs carried out in the outpatient setting are assumed to be overall elective. With consideration  

of the ECM and further cardiovascular risk factors, we also considered a large number of possible  

confounders in the analyses. Despite this extensive confounder adjustment in the conventional Cox 

regression model, a statistically significantly reduced risk of death and further coronary interventions  

in the outpatient setting was observed. Most of the PS analyses did not confirm this significantly  

reduced risk of further coronary interventions. The matched PS cohort analysis showed a statistically 

significantly reduced risk of myocardial infarction which was not seen in the conventional regression 

analysis and in the IPT-weighted PS analyses. Since the matched PS analysis excluded 22,299 patients  

(73.6%) with PCI, the differing result might be due to the exclusion of this large number of patients.  

Overall,  the  PS  analyses,  especially  the  IPT  weighted  analyses,  yielded  similar  results  to  the 

conventional confounder-adjusted regression analysis. This is in line with a review of Stürmer et al.,  

who similarly found that PS analyses did not  yield substantially different estimates compared with 

conventional multivariable methods (27).

One advantage of  PS  analyses  is  that  additional  covariables  may be considered in  the statistical  

analysis in case of a limited number of outcomes, since all covariables are combined into the PS and 

therefore consideration of a large number of covariables will not lead to unstable statistical results. In  

our study, the region of residence and each individual disease of the ECM were considered in the  

calculation of the PS, whereas in the primary analysis, the ECM was included aggregated and the 

region of residence was not further considered. Nevertheless, the PS analyses can only account for  

covariables that are available in the data. Thus, unmeasured confounding due to lack of information 
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on  relevant  confounders  such  as  nutrition,  physical  activity,  smoking  behaviour  and  alcohol 

consumption  cannot  be  resolved  by  the  PS  analyses.  Another  approach  to  overcome  possible 

confounding in  the risk  estimate for  mortality  might  be to  analyse the data by  use of  the high-

dimensional PS approach. This automated search for confounders is thought to make use of proxy 

information  for  unmeasured  confounders  and  might  thereby  be  able  to  partly  adjust  for  the 

unmeasured confounders (28).

Another theoretical advantage of a PS matched analysis is that the matching excludes patients in 

which the effect of the setting cannot be estimated. When considering the distribution of the PS in 

the outpatient and inpatient setting, it could happen that for very low and very high values of the PS,  

the distribution of the PS in both settings will not overlap (29). These patients will not be included in  

the matched population, since no matching patient with a similar PS exists. However, in our study, 

there was an overlap of the PS distributions for all values of the PS. 

A weakness of a PS matched analysis is that patients without a matching partner are excluded from 

the analysis. Highly differing population sizes, as it was the case in our study, lead to a considerable  

fraction of unmatched patients in the larger subpopulation whereas almost all patients of the smaller 

subpopulation are included in the matched sample. This would imply two consequences. First, the 

exclusion of unmatched patients would lead to a somewhat reduced efficiency in the effect estimates 

compared to the analysis including all patients. A fixed ratio of controls (e.g. 1:2 or 1:3 matching)  

might have led to the exclusion of patients from the already small subpopulation of outpatient PCIs,  

due to an insufficient number of matching partners. This would have also reduced the efficiency of  

the effect estimates. Second, the smaller matched population might be different from the original  

population which can influence the results obtained in a PS matched analysis as e.g. we observed for  

the risk of myocardial infarction in our analysis.  This should be considered when interpreting the 

effect estimates (30). The validity of the PS matched analysis critically relies on the balance of the 

covariables  in  the  matched  cohort  which  might  not  be  given  in  all  situations.  In  our  study,  the  

standardized difference revealed no imbalance in any of the covariables after the matching. However,  

lack of imbalance does not necessarily imply validity, if important confounder information is missing. 

In an IPT weighted analysis all study subjects are considered, since the PS is only used for weighting  

each patient’s contribution to the likelihood of the Cox model. As a consequence, the effect estimate  

of an IPT weighted analysis corresponds to the whole study population (30). However, a violation of 

the positivity  assumption might be present (31).  The positivity  assumption states that there is  a  

nonzero probability of receiving each treatment at each level of the confounding factors (23). High 

IPT weights indicate a practical violation of the positivity assumption that could lead to bias and 

variance inflation of the effect estimates (23;31). To address this problem, stabilized IPT weights are 
10



recommended, which are less variable than unstabilized weights (22). To further explore the impact  

of the high stabilized IPT weights on the effect estimates, a truncation of high weights at different 

levels can be performed (23). In our study, the analysis with the stabilized version of the IPT weights 

and a truncation of the stabilised IPT weights yielded only slightly smaller CIs than the IPT weighted 

analysis, indicating that there is no violation of the positivity assumption in the IPT weighted analysis. 

Strengths and Limitations

The major strength of this study is the large and supraregional population on which the analyses were 

based.  In  addition,  it  could  be  shown that  the  age-  and  sex-distribution  of  patients  included  in  

GePaRD is similar to that of Germany (13), suggesting external validity of the results. However, these  

analyses were conducted on the basis of four SHIs. For this study, three SHIs approved the use of  

their data. Furthermore, we directly compared the quality of care regarding the use of elective PCIs 

between the inpatient and outpatient setting. Previous studies evaluated the quality of care in both 

settings separately and on the basis of different methods (8;9). 

However, there are also several limitations. German SHI data do not comprise information on lifestyle  

factors such as nutrition, physical activity, smoking behaviour and alcohol consumption. Furthermore,  

information on disease severity is not contained for most diseases in the ICD 10 classification and 

thus lacking in German SHI routine data. While we adjusted for a large number of diseases in the  

statistical analyses, we were not able to account for the severity of these diseases. The severity might 

have been higher for patients treated in the inpatient setting, contributing to residual confounding by  

comorbidities in the analyses. Although we restricted our analyses to elective PCIs, the exclusion of 

inpatient PCIs due to an acute coronary syndrome might not have been successful in all cases, if this  

diagnosis was not sufficiently coded. Exclusion of emergency PCIs may also not have been complete, 

if the admission diagnosis was not confirmed during the hospital stay, e.g. if a patient was admitted 

to the hospital for an elective PCI due to a stable angina pectoris (admission diagnosis), but the stable 

angina pectoris turned out to be an acute coronary syndrome (main discharge diagnosis), for which 

reason an emergency PCI was done. 

Conclusion

This study showed that the adjusted risk for complications following an elective PCI is similar between 

the inpatient and the outpatient setting. For mortality the risk differed but this might be explained by  

residual  or unmeasured confounding.  The different  methods for  confounder control,  which were 

applied in this study, mostly revealed similar results. In the context of an aging society and therefore  
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increasing numbers of patients with CAD, this represents an important finding for care planning. Our 

study  only  covered  one  aspect  of  quality  of  care  in  the  field  of  PCI.  Other  aspects,  such  as  

antithrombotic drug therapy following a PCI should be considered in further studies. In the end, the 

decision for an inpatient or outpatient PCI also depends on the patient preference, independently 

from potential differences in the quality of care.
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