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Introduction

In-hospital mortality (IHM) of patients presenting with acute
ST Elevation Myocardial Infarction (STEMI) is one of the most
important quality indicators. Despite recent advances in Percu-
taneous Coronary Interventions (PCI) (better stents, higher rates
of transradial PCI, area wide access to 24 hour/7days a week),
the compulsory German quality assurance reports have shown a
steady increase in unadjusted IHM after PCI for STEMI from 2008
to 2013: 6.7%-7.1%-7.4%-7.8%-8.3%-8.7% [1-4]. In the present
paper we have therefore analyzed results of all patients undergo-
ing acute PCI for STEMI in Germany in 2008 and 2013. Starting
from the compulsory German Quality Assurance Registry data-
sets, we have focused upon a risk-adjusted approach to evaluate
if the observed increase in mortality indeed reflects worse perfor-
mance of cath-lab teams or is actually secondary to a higher risk
profile of the patients undergoing PCI for STEMI.

Methods
Patients

The 2008 and 2013 PCI datasets of the German Federal
held by the AQUA institute (Gottingen, Germany),
were analyzed. Registry participation and data collection were

Council,

compulsory and comprises all in-patient procedures performed
in German hospitals. The quality of the dataset was controlled
by a validated system including testing for plausibility and
correctness and, in case of statistical outliers, by structured
interviews. Details of the AQUA PCI registry have been described
in detail previously [5]. The dataset contains parameters such
as baseline clinical characteristics, risk factors/comorbidities,
procedural information, intra-and post-procedural events, and in-
hospital clinical outcomes. For the present analysis, only patients
primarily hospitalized in cardiac departments with a diagnosis of
STEMI and confirmed coronary artery disease requiring primary
PCI were included.

Patients who were initially admitted to non-cardiac
departments were excluded from the analysis mainly to minimize
the impact of non-cardiac comorbidities upon IHM of primary PCI
for STEMI. Finally, patients referred to urgent heart surgery after
coronary angiography/PCl and patients with incomplete data

were excluded from the analysis.

Statistical methods

The primary endpoint of our analysis was to document
that IHM rate was equivalent in 2013 and 2008. We assumed a
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difference not greater than+1% between the two IHM rates. An
equivalence test for IHM was conducted as recommended in
Methods for Equivalence and Non-inferiority Testing [6].

The equivalence hypotheses are

H, : D =[IHM, ;s —IHM, ;| > 0.01
H, :D =[IHM,, —THM,, ;| < 0.01

where IHM, , is the in-hospital mortality for 2008 and
IHM,,, is the in-hospital mortality for 2013. In a first step the
2 cohorts from 2008 and 2013 were compared. In a second step
a risk-/condition-vector was defined for each patient comprising
the following variables: age, sex, previous diagnostic coronary
angiography, previous catheter intervention, previous Coronary
Artery Bypass Graft Surgery (CABG), diabetes mellitus, left
ventricular ejection fraction (EF), clinically apparent heart failure,
renal insufficiency with or without dialysis, cardiomyopathy, aortic
aneurysm, valvular heart disease, hypertensive heart disease,
coronary stenosis>50%, other cardiac diseases, PCI targets (i.e.
number of vessels, PCI at unprotected vessel/unprotected main
stem/completely occluded vessel/last remaining vessel, PCI at
ostium, PCI at bypass vessel), reanimation before procedure, intra-
procedural events (vessel occlusion, transitory ischemic attack,
reanimation), 2-vessel PCI, 3-vessel PCI, implantation of stent(s),
and cardiogenic shock at time of procedure. Patient-clusters with
exactly the same risk-/condition vector were identified for 1:1
analysis of exact matchings. The IHMs for the 2008 or 2013 cohort
of all possible 1:1 matching converged to the result of a minimum
weighting of the clusters. The method, including its mathematical
bases has been previously described [7]. The IHMs of the resulting
cohorts from 2008 and 2013 with identical risk factor profile
were calculated. In addition to the matching, a regression model
(binary logistic) was built using the above-mentioned variables.
This model was applied to the 2013 data to estimate the IHM
of 2013 with the risk adjustment of 2008. While the matching
compares cohorts of cases with exactly the same risk profile, but
uses only two thirds of the available data, the regression model
uses all data, but has an inherent uncertainty as this is only an
estimation of IHM. Results are presented as mean * standard
deviation for baseline continuous variables. Categorical variables,
[HM, intra- and post-procedural events are given as rates. The
statistical analysis was performed in cooperation with the AQUA
Institute using IBM SPSS for Windows Version 24.0. A p value of
0.05 was considered significant.

Results
Unadjusted overall patient cohorts

The number of patients undergoing PCI for acute STEMI
increased from 15.642 in 2008 to 18.241 in 2013 (p<0.001).
Baseline parameters and risk factors of the 2 cohorts are
presented in Table 1. Patients undergoing PCI in 2013 were older
and had a more complex risk profile than patients treated 2008.
Gender distribution and incidence of diabetes mellitus were not
significantly different in 2008 and 2013.There was a statistically

significant increase in patients with cardiogenic shock, EF<40%,
chronic heart failure, and renal failure at time of procedure. With
respect to technical characteristics of the primary PCI procedure
an increase towards more complex and high risk procedures
like PCI stem/
completely occluded vessel/last remaining vessel, PCI of bypass
grafts was noted (58.7% in 2008 and 60.7% in 2013; p<0.001).
PCI of occluded vessels was the most frequent indication for
revascularization (Table 1). For both cohorts the rates of serious
complications (i.e. TIA/stroke, occlusion of coronary vessel,
resuscitation) was low. Nevertheless, an increase of overall
intra-procedural complications was noted in 2013 as compared
to 2008: 8.7% vs. 7.6%, p<0.001 (Table 2). Rates of overall post-
procedural complications increased by 1.2%, a relative increase
of approximately 16% of the observed rate of 7.6% (Table 3).
Unadjusted IHM as primary endpoint of this analysis increased
from 5.9% in 2008 to 7.3% in 2013 (p<0.001). IHM in men was
5.0% (2008) and 6.3% (2013) (p<0.001), in women 8.2% (2008)
and 10.0% (2013) (p<0.001).

of unprotected vessel/unprotected main

Table 1: baseline data.

Parameter STEMI 2008 | STEMI 2013 value
(n=15.642) | (n=18.241) | P
Age (a"egal‘)’:")e LYEAS | 635+129 | 63.9+132 0.005
Age > 80 years (%) 9.7 11.7 <0.001
Sex (female, %) 28.1 27.4 0.169
Diabetes mellitus (%) 19.4 189 0.295
EF <40% (%) 13.9 18.0 <0.001
Prior CABG (%) 3.8 3.3 0.007
Renal insufficiency not
dialysis dependent (%) 133 163 <0.001
Prior diagnostic CA 205 201 0.434
(%)
Prior Resuscitation
(%) 0.2 0.2 0.398
Cardiac insufficiency 15.6 17.6 <0.001
(%)
Cardiogenic shock at
time of procedure (%) 6.1 72 <0.001
PCI at 2 vessels (%) 8.4 8.5 0.014
PCI at occluded vessel 518 556 <0.001
(%)

(SD: Standard Deviation, EF: Ejection Fraction, CABG: Coronary Artery
Bypass Grafting, CA: Coronary Angiography, PCl: Percutaneous Cor-

onary Intervention)

Table 2: intra-procedural events (overall and selected specific events).

Intra-proce- STEMI 2008 STEMI 2013
dural event (n=15.642) (n=18.421) P
Overall (%) 7.6 8.7 0.001
Resuscitation
(%) 1.4 2.3 0.001
TIA /stroke (%) 0.05 0.1 0.1189

(TIA: transient ischemic attack)
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Table 3: Unadjusted overall cohort: post-procedural events (overall and
selected specific events).

Post-procedural STEMI 2008 STEMI 2013
event (n=15.642) (n=18.421) p
Overall (%) 7.6 8.8 <0.001
Repeat MI (%) 0.6 03 <0.001
MI <36 h past
procedure (%) 03 02 <0.001
MI >36 h past
procedure (%) 03 01 <0.001
TIA / stroke
(%) 0.1 0.1 0.086
Resuscitation
(%) 0.9 1.3 <0.002

(MI: myocardial infarction, TIA: transient ischemic attack)

Risk adjusted analysis

Supplement Table 1: Basic and intra-procedural parameters of the

matched cohorts.

STEMI STEMI it:r"d'
Parameter 2008 2013 P value differ-
(n=8,979) | (n=8,979)
ence
Age (average i. years) 61.9 61.9 1 0
Males (%) 76.3 76.3 1 0
EF <40% (%) 5.5 5.5 1 0
Prior CABG (%) 0.3 0.3 1 0
Renal insufficiency
not dialysis depen- 6.8 6.8 1 0
dent (%)
Diabetes mellitus (%) 11.1 111 1 0
PCI at one vessel (%) 96.6 96.6 1 0
PCI at 2 vessels (%) 3.4 34 1 0
PCI at occluded
vessel (%) 52.9 52.9 1 0
PCI at ostium (%) 1.2 1.2 1 0
Prior diagnostic CA
(%) 9.3 9.3 1 0
Cardiac insufficiency
%) 5.0 5.0 1 0
Cardiomyopathy (%) 0.2 0.2 1 0
Other cardiac diseas-
es /%) 2.0 2.0 1 0
Resuscitation before
procedure (%) 01 01 L 0
Cardiogenic shock
at time of procedure 1.5 1.5 1 0
(%)

(EF: ejection fraction, CABG: coronary artery bypass graft surgery, PCl:
percutaneous coronary intervention, CA: coronary angiograph)

Exact matching resulted in 2 cohorts of 8.979 patients in each
group (Supplement Table 1). As result of the matching method
patients in each group had an identical risk factor profile. Use of
drug-eluting stents use increased from 17.2% in 2008 to 77.4% in
2013 (p<0.001), as well as the proportion of cases receiving more

than 3 stents during the procedure (2.9% vs.10.7% (p<0.001)).
Rates of risk-adjusted ITHM were not different between 2008
and 2013 (2.3% vs. 2.6%, p=0.244). Equivalence testing yielded
equivalent rates of IHM in 2008 and 2013 within an interval
of +1% (p-values: 0.002 and <0.001). Rates of overall post-
procedural events were 4.3 % for both 2008 and 2013 and thus not
different (p=0.941). There were no differences in MI, TIA/stroke,
pulmonary embolism, resuscitation, revision, or complications at
puncture site. The results of the regression model analysis (based
on the 2008 data but applied to the 2013 data) are shown in Table
4. There was no difference between observed and expected [HM
(p=0.466) confirming the results of the matched-pair analysis.
Again, equivalence testing yielded equivalent rates of IHM in 2008
and 2013 within an interval of +1% (p-values: 0.003 and <0.001).

Table 4: Regression model results

2013 observed 2013 expected
alive 16,911 16,497
[HM n (%) 1,330 (7.3) 1,294 (7.1)
total 18,241 18,241

(IHM: intra-hospital mortality)

Discussion

Three main findings are emerging from our analysis: 1).
In Germany unadjusted IHM after primary PCI for STEMI has
increased from 2008 (5.9%) to 2013 (7.3%, p<0.001 vs. 2008).
2) With improved operators’ confidence and routine of acute
PCI, more and even older and sicker (higher-risk) patients have
been treated with primary PCI in 2013, a group which was
previously excluded from this life-saving therapy. Also, more
complex coronary procedures were performed during primary
PCL.3) Finally and most importantly analysis of risk adjusted IHM
revealed no differences in IHM between 2008 and 2013 (2.3%
v. 2.7%, p=0.244), which was confirmed by regression model
analysis.

In contrast to observations reporting a decreasing IHM after
primary PCI for STEMI from 1990 to 2008 [8-12] our findings - in
unadjusted patients cohorts - are in accordance with the National
Cardiovascular Data Registry (NCDR) Cath PCI Registry [13].
Despite shortened door-to-balloon time, the NCDR has similarly
shown increasing IHM between 2005 and 2011 in a growing and
changing population of patients undergoing primary PCI. The
Nationwide Inpatient Sample (NIS) database [14] has reported
a decrease of IHM following myocardial infarction from 2003 to
2009 (9.49 to 7.17%) but an increase thereafter (8.25% in 2011).
Both analyses showed-similar to our results higher baseline risk
of more comorbid patients undergoing primary PCI, explaining
higher rate of observed IHM. In the NIS registry adjusted OR
for IHM increased from 2.74 (2008) to 4.16 (2011) together
with an increase of co-morbidities (i.e. diabetes, hypertension).
In our analysis the percentage of elderly patients (>75 years)
increased from 9.7% to 11.7% in 2008 and 2013 respectively.
An increased age, per se, is related to a higher IHM in patients
presenting with ACS [16]. Similarly, the percentage of patients
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presenting with renal insufficiency as risk factor of IHM [17] has
increased from 13.3% to 16.3%. Cardiogenic Shock (CS) is one
of the most important reasons for IHM in patients with STEMI
[18-19]. Wayangankar et al. [15] hypothesized that [HM in MI
patients with cardiogenic shock who are managed invasively
is decreasing with improved use of timely revascularization,
mechanical ventricular support, and advanced medical treatment.
But despite the evolution of medical technology and use of
contemporary therapeutic measures, they found that IHM in CS-
AMI patients who are managed by PCI continued to rise from
27.6% in 2005 to 30.6% in 2013. In our data this is reflected by
an increased resuscitation rate in CS patients referred for primary
PCI in STEMI. Although direct measurements of the impact of a
worsened risk profile is challenging, we have estimated that up to
0.4% of the annual increase of 1.4% of IHM may be attributable to
the increased reanimation rate observed in patients presenting in
cardiogenic shock at time of referral for PCI (data not shown). In
fact, the continuous amelioration of some structural and logistical
components of the health care system (e.g. improved patient
transportation, increased availability/capacity of catheter labs
and reduced distance to catheter labs all leading to a shortening of
the pre-hospitalization period) may have resulted in an increased
number of highly comorbid patients at increased risk for [HM-
that actually reach the hospital alive and are candidates for PCI
treatment of STEML

Limitations

Our analysis has several limitations. The dataset structure has
allowed us to analyze only the rates of IHM. Moreover, our analysis
is confined to the in-hospital period while longer-term follow-up
is not captured in the registry. Incompleteness of the submitted
data, which is inherent to all observational registry data, cannot
be excluded, especially as events are reported without routine
on-site data verification. In any case, the primary endpoint of our
analysis has been [HM, which by nature should be valid. Finally,
the number of co-morbidities and additional pre-procedural
information documented in the database is limited. Therefore,
possible and additional confounding factors such as comorbidities
like chronic obstructive airways disease, hypertension, anemia,
rheumatic disease, and socioeconomic status or even nutritional
status [20], which may have an important impact upon IHM, are
not available. The same is true for laboratory parameters like
biomarker levels [21,22] and pre-procedural pharmacological
management. Moreover, evaluation of experience and skills of
the treating physician/team, both strictly related to IHM, was not
available in the used dataset.

Conclusion

The increase of IHM rate after primary PCI for STEMI during
the years 2008 and 2013 can be mostly explained by an increased
pre-procedural risk profile of the referred patients. This is
supported by the fact that, after risk adjustment, exact matching
analysis has shown no statistically significant differences in [HM.
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