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BACKGROUND: Acute ischaemic stroke (AIS) after percutaneous coronary intervention (PCI) is a rare, but debilitating, 
complication. However, contemporary data from real-world unselected patients are scarce. 

AIMS: We aimed to explore the temporal trends, outcomes and variables associated with AIS as well as in-hospital 
all-cause mortality in a nationwide cohort.

METHODS: A retrospective analysis of healthcare records from 2006-2021 was implemented. Patients were stratified 
according to the occurrence of AIS in the setting of PCI. The temporal trends of AIS were analysed. A  stepwise 
regression model was used to identify variables associated with AIS and in-hospital all-cause mortality.

RESULTS: A total of 4,910,430 PCIs were included for the current analysis. AIS occurred in 4,098 cases (0.08%). 
An incremental increase in the incidence of AIS after PCI from 0.03% to 0.14% per year was observed from 2006-
2021. The strongest associations with AIS after PCI included carotid artery disease, medical history of stroke, atrial 
fibrillation, presentation with an ST-segment elevation myocardial infarction (STEMI) or non-STEMI and coronary 
thrombectomy. For patients with AIS, a  higher in-hospital all-cause mortality (18.11% vs 3.29%; p<0.001) was 
documented. With regard to all-cause mortality, the strongest correlations in the stroke cohort were found for 
cardiogenic shock, dialysis and clinical presentation with a STEMI.

CONCLUSIONS: In an unselected nationwide cohort of patients hospitalised for PCI, a  gradual increase in AIS 
incidence was noted. We identified several variables associated with AIS as well as with in-hospital mortality. 
Hereby, clinicians might identify the patient population at risk for a peri-interventional AIS as well as those at risk 
for an adverse in-hospital outcome after PCI.
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PCI and acute ischaemic strokes

Coronary artery disease (CAD) and its sequalae are 
associated with a  relevant proportion of the global 
mortality risk attributed to cardiovascular deaths1. 

For revascularisation of CAD, percutaneous coronary inter-
vention (PCI) has become the most commonly utilised treat-
ment method2. Also, a  remarkable safety profile has been 
proven for the peri-interventional phase, including the in-
hospital stay3,4. However, acute ischaemic strokes (AIS) 
with their inherent consequences can occur after a  PCI 
procedure, leading to increased mortality rates both dur-
ing early as well as later follow-up. In these cases, mor-
bidity with subsequent speech and motor impairment is 
a devastating result of AIS, with a decreased quality of life 
in those affected5-7. Over the last years, single-centre and 
registry studies have investigated the characteristics of AIS 
after PCI5,8-13. However, contemporary data with regard to 
AIS after PCI, including the most recent time frame with 
improved interventional techniques and tools, from nation-
wide registries are scarce10,11,13. Moreover, data regarding 
variables associated with in-hospital mortality are lacking 
for patients with AIS after PCI.

Therefore, the aim of this study was to analyse the 
baseline characteristics, incidence, temporal trends, and 
variables associated with outcomes and AIS after PCI using 
an unselected all-comers nationwide sample of hospitalised 
patients from 2006-2021.

Methods
DATA AVAILABILITY
The data underlying this article were provided by the Federal 
Bureau of Statistics in Germany with permission. Data will 
be shared upon request to the corresponding author with 
permission of the German Federal Bureau of Statistics.

STUDY DESIGN
For the purpose of this study, data from the German 
Federal Bureau of Statistics were analysed. For the 
presented analysis, we included all patients ≥18  years of 
age hospitalised for a  PCI procedure, who were admitted 
to an internal medicine or cardiology department, from 
2006 to 2021. Information about baseline characteristics 
including demographics, classical cardiovascular risk 
factors, and prior medical history as well as the procedural 
characteristics of the index PCI were based on the World 
Health Organization (WHO) International Classification 
of Diseases (10th revision of the German Modification 
[ICD-10-GM] and operation and procedure keys [OPS]). 
Subgroups were created according to the diagnosis of 
AIS versus no AIS during the in-hospital stay. Also, the 
length of the hospital stay and in-hospital mortality were 
ascertained. For the full set of ICD-10-GM and OPS codes 

used for the definitions of inclusion criteria, subgroups and 
comorbidities, see Supplementary Table 1. 

ETHICS STATEMENT
This research adhered to the principles outlined in the 
Declaration of Helsinki. The researchers did not have direct 
access to patient information. Instead, access to completely 
anonymised summary findings from the research data centre 
of the German Federal Bureau of Statistics was given. As 
the data were routinely gathered as part of clinical practice, 
institutional review board approval and informed consent 
were not mandated by German law.

STATISTICAL ANALYSIS
The data export was managed by the Federal Bureau of 
Statistics in Germany on the researchers’ behalf. The authors 
provided R codes for aggregated statistical analyses, which 
were then executed by the research data centre of the German 
Federal Bureau of Statistics. The aggregate data underwent 
consistency and secrecy checks by the German Federal Bureau 
of Statistics ahead of publication.

For the current study, binary variables are presented 
as absolute numbers and percentages, while continuous 
variables are expressed as mean±standard deviation 
(SD). For between-group comparisons, a  1-way analysis 
of variance (ANOVA) test was applied to continuous 
variables, and the χ² test was employed for binary variables. 
Stepwise logistic regressions were performed to determine 
the variables associated with stroke and with in-hospital 
mortality, separately. To identify variables which correlated 
with AIS, we used age and all binary variables with at 
least a  2% frequency in the stroke or the non-stroke 
subcohorts. For in-hospital mortality of the AIS cohort, 
age and all binary variables with at least a  2% frequency 
in this cohort were used. First, all variables were entered 
into univariable logistic regressions. Thereafter, all variables 

Impact on daily practice
Acute ischaemic stroke (AIS) after percutaneous 
coronary intervention (PCI) is a  rare, but catastrophic, 
complication. In an analysis spanning 16  years, from 
2006-2021, investigating 4.9 million PCI procedures, we 
describe an increasing trend in AIS after percutaneous 
revascularisation of coronary arteries. Moreover, we 
identified variables which were independently associated 
with AIS and in-hospital mortality, enabling clinicians to 
recognise patients at risk for an adverse in-hospital course 
after PCI and enabling personalised informed consent of 
patients with regard to their individual stroke risk.

Abbreviations
AIS acute ischaemic stroke

CAD coronary artery disease

ICD-10-GM  International Classification of Diseases (10th revision of the 
German Modification)

NSTEMI non-ST-segment elevation myocardial infarction

OPS operation and procedure keys

PCI percutaneous coronary intervention

STEMI ST-segment elevation myocardial infarction
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were used in a  backward selection process. The goal was 
to find the model with the smallest Akaike information 
criterion. The statistical analyses codes were programmed 
at the University Heart & Vascular Center Hamburg using 
R statistical software, version 4.2.1 (R Foundation for 
Statistical Computing); the analyses were conducted at the 
Federal Bureau of Statistics in Wiesbaden. 

Results 
BASELINE CHARACTERISTICS
From 2006 to 2021, a  total of 4,910,430 inpatient PCIs 
were carried out and were included in the current analysis. 
Of these, AIS was noted in 4,098 (0.08%) cases, whilst 
in 4,906,256 cases (99.92%), no AIS was documented. 
Patients with AIS were slightly older (70.90 vs 68.45 years; 
p<0.001) and more likely to be female (34.68% vs 28.63%; 
p<0.001) in contrast to those without AIS. With regard to 
classical cardiovascular risk factors, a  higher prevalence of 
diabetes (36.12% vs 28.94%; p<0.001) was noted in AIS 
patients, whilst rates of arterial hypertension (61.27% 
vs 61.32%; p=0.966) did not differ between groups. 
Hyperlipoproteinaemia (HLP) and obesity were more 
common amongst individuals without AIS. Furthermore, 
in patients with AIS, a  higher prevalence of comorbidities, 
such as history of stroke (3.95% vs 0.72%; p<0.001), atrial 
fibrillation (34.63% vs 17.81%; p<0.001) and carotid 
artery disease (10.05% vs 1.70%; p<0.001), was registered. 
A detailed description of baseline characteristics and classical 

cardiovascular risk factors as well as prior medical history 
can be found in Table 1.

INDICATION FOR PERCUTANEOUS CORONARY 
INTERVENTION AND PROCEDURAL CHARACTERISTICS
Overall, the indication for PCI was ST-segment elevation 
myocardial infarction (STEMI) in 18.97% of patients, and in 
21.85% it was due to non-STEMI (NSTEMI). In patients with 
ischaemic stroke, a  higher proportion of patients presented 
with a STEMI (27.40% vs 18.97%; p<0.001) or an NSTEMI 
(38.92% vs 21.84%; p<0.001) than those without AIS. 
Also, a  significant difference in the presence of cardiogenic 
shock was noted between the 2 subgroups (9.83% vs 3.50%; 
p<0.001). 

Concerning procedural characteristics, coronary 
thrombectomy was utilised significantly more often 
in the AIS cohort (5.51% vs 2.75%; p<0.001). The 
major proportion of patients underwent implantation 
of a  coronary stent (overall: 88.81%), although it was 
significantly less frequent in individuals with AIS (84.21%) 
than those without (88.81%; p<0.001). The use of drug-
coated balloons, cutting balloons and rotablation devices 
did not differ between groups. Details concerning the clinical 
presentation and procedural characteristics can be found 
in Table 2. Furthermore, cohort characteristics stratified 
according to presentation with an acute coronary syndrome 
(ACS) or chronic coronary syndrome (CCS) are included in 
Supplementary Table 2.

Table 1. Baseline characteristics of patients with and without periprocedural acute ischaemic stroke after percutaneous coronary 
intervention.

Acute ischaemic stroke 
(n=4,098)

No acute ischaemic stroke
(n=4,906,256)

p-value

Age, years 70.90±11.34 68.45±11.59 <0.001

Female sex 1,421 (34.68) 1,404,594 (28.63) <0.001

Classical CVRF

Diabetes 1,480 (36.12) 1,420,102 (28.94) <0.001

Arterial hypertension 2,511 (61.27) 3,008,456 (61.32) 0.966

HLP 1,892 (46.17) 2,610,917 (53.22) <0.001

Obesity 248 (6.05) 487,026 (9.93) <0.001

Prior medical history

Myocardial infarction 339 (8.27) 565,768 (11.53) <0.001

Ischaemic CMP 364 (8.88) 302,545 (6.17) <0.001

Stroke 162 (3.95) 35,475 (0.72) <0.001

Atrial fibrillation 1,419 (34.63) 874,023 (17.81) <0.001

Carotid artery disease 412 (10.05) 83,263 (1.70) <0.001

PAD 367 (8.96) 288,008 (5.87) <0.001

CKD 798 (19.47) 851,380 (17.35) <0.001

Dialysis-dependent CKD 55 (6.89) 54,304 (6.38) 0.602

Liver disease 96 (2.34) 62,652 (1.28) <0.001

COPD 251 (6.12) 294,975 (6.01) 0.787

Valve disease 673 (16.42) 500,293 (10.2) <0.001

Categorical variables are displayed as absolute numbers (%). Continuous variables are described by mean±standard deviation. CKD: chronic kidney 
disease; CMP: cardiomyopathy; COPD: chronic obstructive pulmonary disease; CVRF: cardiovascular risk factors; HLP: hyperlipoproteinaemia; 
PAD: peripheral artery disease
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PCI and acute ischaemic strokes

TEMPORAL TRENDS OF ISCHAEMIC STROKE AFTER 
PERCUTANEOUS CORONARY INTERVENTION
Between 2006 and 2021, a  stepwise increase of AIS after 
PCI was observed (0.03% from 2006-2008, 0.05% from 
2009-2011, 0.07% from 2012-2014, 0.09% from 2015-
2017 and 0.14% from 2018-2021; p<0.001) (Supplementary 
Table 3). This was accompanied by an increasing age 
(66.72±11.22  years from 2006-2008, 67.58±11.46  years 
from 2009-2011, 68.3±11.6  years from 2012-2014, 
68.98±11.61  years from 2015-2017 and 69.62±11.68  years 
from 2018-2021; p<0.001), an increasing cardiovascular 
risk factor burden (e.g., diabetes mellitus), and an increasing 
proportion of patients with comorbid disease (e.g., atrial 
fibrillation) in the overall cohort; the use of thrombectomy 
devices varied (0.83% from 2006-2008, 3.97% from 2009-
2011, 5.28% from 2012-2014, 2.66% from 2015-2017 and 
1.44% from 2018-2021; p<0.001). Baseline and procedural 
characteristics of the overall population stratified by year 
groups can be found in Supplementary Table 3. Of note, when 
analysing the yearly incidences of AIS after PCI, a  sharp 
increase in AIS rates is noted in 2021 (0.25%), whereas 
a  steady and gradual increase is documented from 2006 
(0.03%) to 2020 (0.11%), as displayed in Figure 1.

VARIABLES ASSOCIATED WITH ISCHAEMIC STROKE AFTER 
PERCUTANEOUS CORONARY INTERVENTION
After applying the stepwise regression analysis, 23 variables 
were found to be associated with AIS. The full set of 
variables is included in the Central illustration. Variables with 
the strongest positive association with AIS included carotid 
artery disease (odds ratio [OR] 5.73, 95% confidence 
interval [CI]: 5.15-6.37; p<0.001), medical history of stroke 
(OR 3.37, 95% CI: 2.87-3.96; p<0.001) atrial fibrillation 
(OR 2.08, 95% CI: 1.94-2.23; p<0.001), presentation 
with STEMI (OR 2.26, 95% CI: 2.08-2.47; p<0.001) or 
NSTEMI (OR 2.66, 95% CI: 2.48-2.87; p<0.001), and 
coronary thrombectomy (OR 1.46, 95% CI: 1.27-1.67; 

p<0.001). In contrast, for HLP (OR 0.83, 95% CI: 0.78-
0.89; p<0.001), obesity (OR 0.59, 95% CI: 0.52-0.68; 
p<0.001) and coronary stent implantation (OR 0.65, 95% 
CI: 0.60-0.71; p<0.001) an inverse association was noted. 
The outcomes of the univariable analysis are included in 
Supplementary Table 4. Also, variables associated with AIS 
according to presentation with ACS or CCS are displayed in 
Supplementary Table 5 and Supplementary Table 6 (for uni- 
and multivariable analysis, respectively).

RATES OF IN-HOSPITAL MORTALITY AND VARIABLES 
CORRELATED WITH IN-HOSPITAL DEATH IN PATIENTS WITH 
ACUTE ISCHAEMIC STROKE AFTER PERCUTANEOUS 
CORONARY INTERVENTION
Patients hospitalised for PCI suffering from an AIS had 
a  notably higher rate of in-hospital all-cause mortality 
(18.11% vs 3.29%; p<0.001) and a  longer in-hospital stay 
(18.00±15.16 days vs 6.21±7.76  days; p<0.001) (Table 3) 
than patients without an AIS. We identified 13 variables 
which were associated with in-hospital mortality in the AIS 
cohort (see Figure 2 for the full set of associated variables). 
For example, cardiogenic shock (OR 6.62, 95% CI: 5.23-
8.83; p<0.001), dialysis (OR 3.19, 95% CI: 1.76-5.81; 
p<0.001) and clinical presentation with STEMI (OR 2.65, 
95% CI: 2.11-3.33; p<0.001) or NSTEMI (OR 1.47, 95% 
CI: 1.18-1.83; p<0.001) were amongst the strongest variables 
associated with in-hospital death. Moreover, for some 
variables, an inverse association with in-hospital all-cause 
mortality was documented, namely arterial hypertension (OR 
0.78, 95% CI: 0.65-0.93; p=0.0055), HLP (OR 0.51, 95% 
CI: 0.42-0.61; p<0.001) and coronary stent implantation (OR 
0.67, 95% CI: 0.53-0.85; p=0.0010). Univariable analysis is 
included in Supplementary Table 7. Variables associated with 
in-hospital mortality after AIS according to presentation with 
an ACS or CCS are displayed in Supplementary Table 8 and 
Supplementary Table 9 (for uni- and multivariable analysis, 
respectively).

Table 2. Clinical presentation and procedural characteristics of patients with and without an acute ischaemic stroke after percutaneous 
coronary intervention.

Acute ischaemic stroke
(n=4,098)

No acute ischaemic stroke
(n=4,906,256)

p-value

Clinical presentation

STEMI 1,123 (27.40) 930,599 (18.97) <0.001

NSTEMI 1,595 (38.92) 1,071,391 (21.84) <0.001

UAP 246 (6.00) 734,145 (14.96) <0.001

Cardiogenic shock 403 (9.83) 171,821 (3.50) <0.001

PCI procedural characteristics

Stent implantation 3,451 (84.21) 4,357,211 (88.81) <0.001

DCB 143 (3.49) 188,185 (3.84) 0.266

CTO 31 (0.76) 59,110 (1.20) 0.011

Blade/cutting 95 (2.32) 107,324 (2.19) 0.604

Rotablation 32 (0.78) 40,063 (0.82) 0.867

Coronary thrombectomy 226 (5.51) 134,881 (2.75) <0.001

Categorical variables are displayed as absolute numbers (%). CTO: chronic total occlusion; DCB: drug-coated balloon; NSTEMI: non-ST-segment elevation 
myocardial infarction; PCI: percutaneous coronary intervention; STEMI: ST-segment elevation myocardial infarction; UAP: unstable angina pectoris
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Discussion
In this nationwide cohort including nearly 5 million PCI 
procedures and spanning 16  years, we report the following 
main findings:
1)  Whilst we noted an overall low rate of AIS events of 

0.08%, an increase in the prevalence of AIS after PCI from 
0.03% to 0.14% in the time period from 2006 to 2021 
was documented.

2)  We identified carotid artery disease, history of stroke, 
atrial fibrillation, clinical presentation with myocardial 
infarction and coronary thrombectomy amongst the 
strongest independently associated variables with stroke in 
individuals hospitalised for PCI.

3)  When AIS occurred after PCI, it was associated with 
a  significantly longer in-hospital stay and a  nearly 6-fold 
increase in in-hospital all-cause mortality.
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Figure 1. Temporal trends of acute ischaemic stroke in 
patients undergoing percutaneous coronary intervention.
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 OR (95% CI) p-value

   Carotid artery disease 5.73 (5.15, 6.37) <0.001

   History of stroke 3.37 (2.87, 3.96) <0.001

   NSTEMI 2.66 (2.48. 2.87) <0.001

   STEMI 2.26 (2.08, 2.47) <0.001

   Atrial fibrillation 2.08 (1.94, 2.23) <0.001

   Cardiogenic shock 1.68 (1.50, 1.87) <0.001

   Coronary thrombectomy 1.46 (1.27, 1.67) <0.001

   Diabetes 1.29 (1.21, 1.38) <0.001

   Valve disease 1.24 (1.14, 1.35) <0.001

   Liver disease 1.21 (0.99, 1.49) 0.068

   Female sex 1.20 (1.12, 1.28) <0.001

   Ischaemic CMP 1.18 (1.05, 1.31) 0.0038

   PAD 1.14 (1.02, 1.27) 0.021

   Hypertension 1.12 (1.05, 1.19) <0.001

   Age 1.01 (1.00, 1.01) 0.0010

   COPD 0.87 (0.76, 0.99) 0.033

   History of myocardial infarction 0.84 (0.75, 0.94) 0.0022

   HLP 0.83 (0.78, 0.89) <0.001

   DCB 0.83 (0.70, 0.98) 0.033

   CKD 0.78 (0.72, 0.85) <0.001

   Coronary stent implantation 0.65 (0.60, 0.71) <0.001

   UAP 0.61 (0.53, 0.69) <0.001

   Obesity 0.59 (0.52, 0.68) <0.001
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A) Visualisation of in-hospital all-cause mortality and in-hospital stay according to subgroup. B) Variables associated with acute 
ischaemic stroke in patients undergoing PCI after multivariable stepwise regression analysis. Odds ratios (OR) and the 95% 
confidence interval (95% CI) are given. AIS: acute ischaemic stroke; CKD: chronic kidney disease; CMP: cardiomyopathy; 
COPD: chronic obstructive pulmonary disease; DCB: drug-coated balloon; HLP: hyperlipoproteinaemia; NSTEMI: non-ST-
segment elevation myocardial infarction; PAD: peripheral artery disease; PCI: percutaneous coronary intervention; 
STEMI: ST-segment elevation myocardial infarction; UAP: unstable angina pectoris
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PCI and acute ischaemic strokes

4)  Also, we documented several variables which were 
associated with in-hospital mortality after AIS; amongst 
them were cardiogenic shock, dialysis and clinical 
presentation with either STEMI or NSTEMI as an 
indication for PCI.
Over the last decade, several registries have documented 

varying incidences of post-PCI AIS. The rate reported in 
our current analysis (0.08% peri-interventional AIS after 
PCI) is comparable to the 0.1% reported in the British 
Cardiovascular Intervention Society (BCIS) database, which 
represents the closest comparator to our cohort that is 
available in the literature with regard to the rates of AIS 
after PCI13. Other studies have reported higher rates of AIS, 
ranging from 0.6-1.6%8-15. This might be due to the different 
time frames investigated, as the most recent large-scale cohort 
only reports up to the year 2017. 

We report a continuously increasing trend of PCI-associated 
AIS from 2006 to 2021, with the lowest rates of 0.03% from 
2006-2008 and the highest rates of 0.14% documented in 
the most recent time period, from 2018-2021. This growing 
number of periprocedural AIS after PCI may be explained 
by a  parallel increase in age, cardiovascular risk factors, 

temporally increased use of coronary thrombectomy devices, 
and NSTEMI presentation in our cohort10. Thus, during the 
recorded time frame, an increasingly elderly and comorbid 
population with an increasing burden of comorbidities and 
procedural complexity was documented, potentially leading 
to the increase in AIS for patients hospitalised for a PCI. 

In the current dataset, a  steady increase of AIS was noted 
from 2006-2020, with a  sharp and substantial rise in AIS 
rates in 2021. One hypothesis which could, at least partially, 
explain this surprising finding might be the COVID-19 
pandemic. For example, in a  publication by Qureshi and 
colleagues, amongst 8,162 hospitalised COVID patients, 
a total of 1.3% suffered an AIS16. Of note, AIS occurred most 
commonly in the presence of other cardiovascular risk factors/
comorbidities (hypertension, diabetes, hyperlipidaemia, atrial 
fibrillation, and congestive heart failure). Hence, as the 
investigated cohort represents a  population with prevalent 
cardiovascular disease (i.e., CAD) and in whom a  large 
proportion of patients display cardiovascular risk factors, 
the documented sharp increase could be attributable to this 
finding. Moreover, a COVID-19 infection has been described 
as a trigger for arterial thrombosis, including stroke, for up to 
49 weeks after the initial diagnosis in a large-scale nationwide 
cohort analysis, which may have led to the steep increase of 
the AIS rate in 202117. 

Due to the subsequent morbidity and mortality of 
AIS, interventional cardiologists should aim to prevent 
a periprocedural stroke at all times, and strategies have been 
recommended on how to accomplish this18. Multiple variables 
including carotid artery disease, medical history of stroke, 
atrial fibrillation, clinical presentation with myocardial 
infarction, and coronary thrombectomy were recognised to 
be associated with peri-interventional AIS. Some of these 
factors, such as coronary thrombectomy, emergent PCI, and 
carotid artery disease, are unsurprisingly associated with 
AIS and have been described before10,11,13,19,20. Randomised 
controlled trials investigating coronary thrombectomy for 

Table 3. In-hospital outcome of patients with and without an acute 
ischaemic stroke after percutaneous coronary intervention.

Acute 
ischaemic 

stroke 
(n=4,098)

No acute 
ischaemic 

stroke
(n=4,906,256)

p-value

Length of 
in-hospital stay, 
days

18.00±15.16 6.21±7.76 <0.001

In-hospital 
all-cause mortality

742 (18.11) 161,273 (3.29) <0.001

Categorical variables are displayed as absolute numbers (%). Continuous 
variables are described by mean±standard deviation.

8.53.01.00.30

 OR (95% CI) p-value

   Cardiogenic shock 6.62 (5.23, 8.38) <0.001

   Dialysis 3.19 (1.76, 5.81) <0.001

   STEMI 2.65 (2.11, 3.33) <0.001

   Liver disease 1.98 (1.20, 3.26) 0.0076

   Coronary thrombectomy 1.57 (1.13, 2.20) 0.0074

   NSTEMI 1.47 (1.18, 1.83) <0.001

   PAD 1.38 (1.03, 1.84) 0.033

   Diabetes 1.28 (1.07, 1.54) 0.0070

   Age 1.03 (1.02, 1.04) <0.001

   Hypertension 0.78 (0.65, 0.93) 0.0055

   History of myocardial infarction 0.74 (0.52, 1.05) 0.089

   Coronary stent implantation 0.67 (0.53, 0.85) 0.0010

   HLP 0.51 (0.42, 0.61) <0.001

Odds ratio

Figure 2. Variables associated with in-hospital mortality in patients undergoing percutaneous coronary intervention with acute 
ischaemic stroke after multivariable stepwise regression analysis. Odds ratios (OR) and the 95% confidence interval (95% CI) 
are given. HLP: hyperlipoproteinaemia; NSTEMI: non-ST-segment elevation myocardial infarction; PAD: peripheral artery 
disease; STEMI: ST-segment elevation myocardial infarction
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emergent PCI in STEMI patients have also shown an excess 
stroke rate in individuals treated by thrombectomy21,22. 
Moreover, this is underscored by our finding that coronary 
thrombectomy was independently associated with stroke 
after PCI, which corroborated previous data from the BCIS 
cohort and others10,13. Interestingly, the rates of coronary 
thrombectomy decreased in our dataset after the above-
named trial results, with regard to stroke incidence during 
routine coronary thrombectomy, were published, potentially 
due to a  heightened awareness of operators regarding this 
specific complication. It must therefore be noted that the 
documented increase in AIS is not solely explainable via the 
utilisation of coronary thrombectomy devices. It is plausible 
that the increase in the burden of comorbidities as well as 
the complexity of interventional procedures may contribute 
to the increased rates of AIS.

Of note, some disease entities, such as HLP, obesity, chronic 
kidney disease and a prior myocardial infarction, were linked 
to a decreased risk of stroke in our analysis. However, in this 
patient population, secondary pharmacological preventive 
measures such as antiplatelet treatment and lipid-lowering 
medication are commonly implemented. Thus, one hypothesis 
could be that these individuals have a  lower risk of AIS due 
to the standard preventive measures (e.g., due to statin-
induced plaque stabilisation or the antithrombotic effects 
of antiplatelet medications) commonly prescribed in this 
population. However, no data with regard to medication were 
available for the current analysis. Also, stent implantation 
was similarly associated with a  decreased risk for incident 
AIS. From an interventional viewpoint, the implantation of 
a stent can be viewed as a successful PCI, thus associated with 
successful lesion preparation and stent deployment, which 
could be correlated with a  lower risk of AIS. Nevertheless, 
these findings warrant confirmation and exploration in 
subsequent studies, as they may be attributable to chance.

When AIS occurs, it is a  debilitating complication for 
the affected individual. In our analysis, we demonstrate 
a significantly longer hospital stay (3-fold longer) and notably 
higher rates of in-hospital mortality (a nearly 6-fold increase) 
in individuals with AIS compared to those without. Recent 
large populations demonstrated an up to 10-fold increase in 
mortality, depending on the initial clinical indication for PCI 
(e.g., 23.5% mortality in STEMI patients with AIS, 9.5% 
in NSTEMI patients with AIS and 11.6% in patients with 
chronic coronary disease)10. Compared with non-PCI patients 
with an AIS undergoing best medical therapy, thrombolysis 
and/or mechanical thrombectomy, our reported mortality 
rates are comparable23-27. 

Of note, in our large-scale analysis, we describe variables 
that were independently associated with incident all-cause 
mortality in patients with AIS after PCI. In particular, the 
most strongly associated variables were cardiogenic shock, 
dialysis and clinical presentation with STEMI. This emphasises 
that, next to comorbidities, the initial clinical presentation 
for the PCI seems to influence outcomes in this vulnerable 
patient population. In contrast, previous data with regard 
to the predictors of early mortality after an ischaemic stroke 
identified clinical parameters − such as the National Institutes 
of Health Stroke Scale score, which was not available for the 
current analysis − as the most important variables associated 

with mortality27. Interestingly, a  recent single-centre study 
of patients with an acute ischaemic stroke documented that 
cardiovascular complications (including acute myocardial 
infarction, heart failure, and cardiac arrest) had the strongest 
correlation with in-hospital mortality in female stroke 
patients28. Overall, the identification of cardiogenic shock and 
STEMI amongst the most relevant variables that correlated 
with mortality showcases that, for this vulnerable patient 
population, cardiovascular disease states like myocardial 
infarction have the most impact on these patients’ outcomes. 
Hence, in addition to the established treatment options for 
AIS, it is imperative to devise an optimised strategy for 
addressing cardiovascular comorbidities in order to enhance 
overall outcomes.

Limitations
Whilst the current study represents a  nationwide analysis 
of AIS in hospitalised PCI patients, some limitations must 
be considered. Datasets were included in the current 
analysis based on standardised codes (both ICD-10-GM 
and OPS codes). However, the treating physician chose the 
utilised code based on clinical interpretation and available 
information, thus leading to a subjective confounding effect. 
Also, further baseline characteristics such as medications 
and vascular access site for PCI are not available for this 
dataset. Moreover, the precise temporal reconstruction of the 
in-hospital course (i.e., exact temporal association of PCI and 
AIS, including the differentiation of very early periprocedural 
or delayed AIS several days after PCI) is limited using ICD-
10-GM and OPS codes. We aimed to account for this bias 
by only including patients who were initially admitted to an 
internal medicine or cardiology department. Nonetheless, 
residual confounding cannot be completely excluded, i.e., 
select patients might have undergone PCI after AIS. Also, 
the severity of stroke, affected cerebral territories, chosen 
treatment for AIS and other cerebrovascular accident entities, 
such as haemorrhagic stroke, were not available or were out 
of the scope of the current analysis and should be examined in 
future investigations. In addition, whilst in-hospital mortality 
is reported for all patients, further follow-up data, causes of 
death as well as other endpoints, including morbidity and 
quality of life, and data on AIS events in outpatient PCIs are 
not accessible. Lastly, since this analysis was based on federal 
data from Germany only, generalisability to other regions is 
limited.

Conclusions
AIS represents a  debilitating and increasingly prevalent 
complication for patients hospitalised for PCI. In the current 
investigation, we describe this in a  large-scale contemporary 
dataset including nearly 5 million PCIs from Germany 
over a  timespan of 16  years. Moreover, we identify several 
variables associated with in-hospital mortality as well as AIS, 
which could enable clinicians to identify patients at risk for 
an adverse outcome and periprocedural ischaemic cerebral 
events after PCI, thereby facilitating tailored counselling 
of patients with specific risk profiles and predicting their 
likelihood for AIS after PCI. This might help to take measures 
aimed at the prevention of AIS and the subsequent morbidity 
and mortality in this vulnerable patient population.
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Supplementary data 
Supplementary Table 1. Variable definitions by ICD-10-GM and OPS codes. 

Variable ICD-10-GM or OPS-Code 

Diabetes E10, E11 

Arterial hypertension I10, I15 

HLP E78.0, E78.2, E78.4, E78.5 

Obesity E66 

Prior Myocardial infarction I25.2 

Ischemic CMP I25.5 

Prior Stroke I63-64 

Atrial fibrillation I48 

Carotid artery disease I65.2 

PAD I70.2 

CKD N18 

- Dialysis dependent 
CKD N18.5 

Liver disease K70-77 

COPD J44 

Valve disease I34-37 

Clinical presentation  

STEMI I21.0, I21.1, I21.2, I21.3 

NSTEMI I21.4 

UAP I20.0 

Cardiogenic shock R57.0 

PCI   



 

PCI overall 

8-837, 8-837.0, 8-837.00, 8-837.01, 8-837.1, 8-837.10, 8-837.11, 8-
83d.6, 8-837.5, 8-837.50, 8-837.51, 8-839.9, 8-839.90, 8-839.91, 8-

839.92, 8-839.93, 8-837.k, 8-837.k0, 8-837.k3, 1-275.1, 1-275.2, 1-275.3, 
1-275.4, 1-275.5 AND 8-837.k4, 8-837.k5, 8-837.k6, 8-837.k7, 8-837.k8, 
8-837.k9, 8-837.ka, 8-837.kb, 8-837.kc, 8-837.kx, 8-837.m, 8-837.m0, 8-
837.m1, 8-837.m2, 8-837.m3, 8-837.m4, 8-837.m5, 8-837.m6, 8-837.m7, 
8-837.m8, 8-837.m9, 8-837.ma, 8-837.mx, 8-837.p, 8-837.q, 8-837.w, 8-
837.w0, 8-837.w1, 8-837.w2, 8-837.w3, 8-837.w4, 8-837.w5, 8-837.w6, 
8-837.w7, 8-837.w8, 8-837.w9, 8-837.wa, 8-837.wx, 8-837.x, 8-837.y, 8-

83b.b6, 8-83b.b7, 8-83b.b8, 8-83b.b9, 1-275.0 

Stent implantation 

8-837.k, 8-837.k0, 8-837.k3, 8-837.k4, 8-837.k5, 8-837.k6, 8-837.k7, 8-
837.k8, 8-837.k9, 8-837.ka, 8-837.kb, 8-837.kc, 8-837.kx, 8-837.m  8-

837.m0, 8-837.m1, 8-837.m2 , 8-837.m3, 8-837.m4, 8-837.m5, 8-
837.m6, 8-837.m7, 8-837.m8, 8-837.m9, 8-837.ma, 8-837.mx, 8-837.p, 

8-837.w, 8-837.w0, 8-837.w1, 8-837.w2, 8-837.w3, 8-837.w4, 8-837.w5, 
8-837.w6, 8-837.w7, 8-837.w8, 8-837.w9, 8-837.wa, 8-837.wx 

DCB 8-83b.b6, 8-83b.b7 , 8-83b.b8 , 8-83b.b9 

CTO 8-839.9, 8-839.90, 8-839.91, 8-839.92, 8-839.93 

Blade/Cutting 8-837.q 

Rotablation 8-837.5, 8-837.50, 8-837.51 

Coronary thrombectomy 8-837.t  

Ischemic stroke  

Acute ischemic stroke 

I63.0, I63.1, I63.2, I63.3, I63.4, I63.5, I63.8 AND 8-020.8, 8-836.00, 8-
836.10, 8-836.20, 8-836.30, 8-836.70, 8-836.80, 8-836.p0, 5-010.0, 5-
010.00, 5-010.01, 5-010.02, 5-010.03, 5-010.04, 5-010.0x, 5-010.1, 5-
010.10, 5-010.11, 5-010.12, 5-010.13, 5-010.14, 5-010.1x, 5-010.2, 5-
010.3, 5-010.4, 5-010.x, 5-010.y, 5-012.0, 5-013.4, 5-013.40, 5-013.41, 

5-013.42, 5-013.4x, 5-029.1 
CKD Chronic kidney disease, CMP Cardiomyopathy, COPD Chronic obstructive pulmonary 
disease, CTO Chronic total occlusion, CVRF Cardiovascular risk factors, DCB Drug-coated 
balloon, HLP Hyperlipoproteinemia, ICD-10-GM German modification of the International 
Statistical Classification of Diseases and Related Health Problems (10th revision), NSTEMI 
Non ST-Elevation myocardial infarction, OPS German Operational and Procedural codes PAD 
Peripheral artery disease, STEMI ST-Elevation myocardial infarction UAP Unstable angina 
pectoris.  



 

Supplementary Table 2 Baseline characteristics, clinical presentation, PCI procedural 
characteristics, incidence of acute ischaemic stroke and in-hospital outcomes according to 
presentation with an acute coronary syndrome (ACS) or chronic coronary syndrome 
(CCS). 

 ACS 
(n=2,665,071) 

CCS 
(n=2,245,359) p-value 

Age 67.59 ± 12.33 69.47 ± 10.55 <0.001 

Female Sex 787,356 (29.54 %) 618,689 (27.55 %) <0.001 

Classical CVRF    

Diabetes 744,255 (27.93 %) 677,356 (30.17 %) <0.001 

Arterial hypertension 1,584,079 (59.44 %) 1,426,942 (63.55 %) <0.001 

HLP 1,376,283 (51.64 %) 1,236,567 (55.07 %) <0.001 

Obesity 253,787 (9.52 %) 233,493 (10.4 %) <0.001 

Prior medical history    

Myocardial infarction 217,309 (8.15 %) 348,805 (15.53 %) <0.001 

Ischemic CMP 164,457 (6.17 %) 138,455 (6.17 %) 0.836 

Stroke 21,478 (0.81 %) 14,165 (0.63 %) <0.001 

Atrial fibrillation 420,266 (15.77 %) 455,202 (20.27 %) <0.001 

Carotid artery disease 38,004 (1.43 %) 45,680 (2.03 %) <0.001 

PAD 143,656 (5.39 %) 144,719 (6.45 %) <0.001 

CKD 442,409 (16.6 %) 409,783 (18.25 %) <0.001 

- Dialysis dependent 
CKD 29,530 (6.67 %) 24,831 (6.06 %) <0.001 

Liver disease 37,203 (1.4 %) 25,547 (1.14 %) <0.001 

COPD 147,939 (5.55 %) 147,290 (6.56 %) <0.001 

Valve disease 222,094 (8.33 %) 278,885 (12.42 %) <0.001 

Clinical presentation*    

STEMI 931,723 (34.96 %) - - 



NSTEMI 107,3021 (40.26 %) - - 

UAP 734,395 (27.56 %) - - 

Cardiogenic shock 152,738 (5.73 %) 19,488 (0.87 %) <0.001 

PCI procedural 
characteristics 

Stent implantation 2,446,817 (91.81 %) 1,913,910 (85.24 %) <0.001 

DCB 91,807 (3.44 %) 96,527 (4.3 %) <0.001 

CTO 15,058 (0.57 %) 44,083 (1.96 %) <0.001 

Blade/Cutting 48,039 (1.8 %) 59,381 (2.64 %) <0.001 

Rotablation 14,241 (0.53 %) 25,854 (1.15 %) <0.001 

Coronary thrombectomy 129,564 (4.86 %) 5,544 (0.25 %) <0.001 

Acute ischemic stroke 

2,873 (0.11 %) 1,225 (0.05 %) <0.001 

Outcome 

Length of in-hospital stay 7.4 ± 8.22 4.83 ± 6.95 <0.001 

In-hospital all-cause mortality 137,066 (5.14 %) 24,953 (1.11 %) <0.001 

Categorical variables are displayed as absolute numbers and percentages. Continuous variables 
are described by mean ± standard deviation (SD) or median and the 25th percentile/75th 
percentile. CKD Chronic kidney disease, CMP Cardiomyopathy, COPD Chronic obstructive 
pulmonary disease, CTO Chronic total occlusion, CVRF Cardiovascular risk factors, DCB 
Drug-coated balloon, HLP Hyperlipoproteinemia, NSTEMI Non ST-Elevation myocardial 
infarction, PAD Peripheral artery disease, STEMI ST-Elevation myocardial infarction, UAP 
Unstable angina pectoris. 



Supplementary Table 3. Baseline characteristics, clinical presentation, PCI procedural characteristics and incidence of acute ischaemic stroke 
in the overall cohort according to different time periods. 

2006-2008 
(N=752,118) 

2009-2011 
(n=834,768) 

2012-2014 
(n=921,209) 

2015-2017 
(n=1,028,254) 

2018-2021 
(n=1,374,081) p-value

Age 66.72 ± 11.22 67.58 ± 11.46 68.3 ± 11.6 68.98 ± 11.61 69.62 ± 11.68 <0.001 

Female Sex 215,485 (28.65%) 239,671 (28.71%) 264,591 (28.72%) 294,425 (28.63%) 391,873 (28.52%) 0.005 

Classical CVRF 

Diabetes 195,509 (25.99%) 234,927 (28.14%) 268,457 (29.14%) 307,333 (29.89%) 415,385 (30.23%) <0.001 

Arterial 
hypertension 457,032 (60.77%) 512,566 (61.4%) 569,275 (61.8%) 632,216 (61.48%) 839,932 (61.13%) <0.001 

HLP 381,695 (50.75%) 431,188 (51.65%) 478,039 (51.89%) 551,407 (53.63%) 770,521 (56.08%) <0.001 

Obesity 102,538 (13.63%) 83,605 (10.02%) 84,758 (9.2%) 95,089 (9.25%) 121,290 (8.83%) <0.001 

Prior medical 
history 
Myocardial 
infarction 78,509 (10.44%) 87,381 (10.47%) 103,487 (11.23%) 124,855 (12.14%) 171,882 (12.51%) <0.001 

Ischemic CMP 27,805 (3.7%) 40,057 (4.8%) 55,847 (6.06%) 71,138 (6.92%) 108,065 (7.86%) <0.001 

Stroke 3,803 (0.51%) 5,579 (0.67%) 6,981 (0.76 %) 8,453 (0.82%) 10,827 (0.79%) <0.001 

Atrial fibrillation 92,458 (12.29%) 123,521 (14.8%) 161,158 (17.49%) 204,223 (19.86%) 294,108 (21.4%) <0.001 



 

Carotid artery 
disease 11,873 (1.58%) 13,456 (1.61%) 14,898 (1.62%) 17,780 (1.73%) 25,677 (1.87%) <0.001 

PAD 36,288 (4.82%) 45,008 (5.39%) 54,291 (5.89%) 65,494 (6.37%) 87,294 (6.35%) <0.001 

CKD 110,843 (14.74%) 143,805 (17.23%) 159,046 (17.26%) 186,047 (18.09%) 252,451 (18.37%) <0.001 

- Dialysis 
dependent 
CKD 

- 7,565 (5.26%) 12,689 (7.98%) 14,343 (7.71%) 19,764 (7.83%) <0.001 

Liver disease 6,014 (0.8%) 8,136 (0.97%) 10,863 (1.18%) 15,098 (1.47%) 22,639 (1.65%) <0.001 

COPD 36,720 (4.88%) 46,386 (5.56%) 56,424 (6.12%) 68,514 (6.66%) 87,185 (6.34%) <0.001 

Valve disease 47,304 (6.29%) 60,335 (7.23%) 84,433 (9.17%) 116,594 (11.34%) 192,313 (14%) <0.001 

Clinical 
presentation       

STEMI 173,859 (23.12%) 173,085 (20.73%) 176,297 (19.14%) 176,387 (17.15%) 232,095 (16.89%) <0.001 

NSTEMI 126,048 (16.76%) 165,571 (19.83%) 208,746 (22.66%) 242,354 (23.57%) 330,302 (24.04%) <0.001 

UAP 150,326 (19.99 %) 145,245 (17.4 %) 139,427 (15.14 %) 133,433 (12.98 %) 165,964 (12.08 %) <0.001 

Cardiogenic shock 20,217 (2.69%) 26,369 (3.16%) 32,664 (3.55%) 38,692 (3.76%) 54,284 (3.95%) <0.001 

PCI procedural 
characteristics       

Stent implantation 668,088 (88.83%) 742,913 (89%) 808,451 (87.76%) 913,383 (88.83%) 1,227,892 (89.36%) <0.001 



 

DCB - - 37,752 (4.1%) 60,587 (5.89%) 89,995 (6.55%) <0.001 

CTO - 5,126 (0.61%) 9,699 (1.05%) 17,485 (1.7%) 26,831 (1.95%) <0.001 

Blade/Cutting 6,187 (0.82%) 13,726 (1.64%) 15,730 (1.71%) 24,076 (2.34%) 47,701 (3.47%) <0.001 

Rotablation 2,018 (0.27%) 3,295 (0.39%) 5,240 (0.57%) 8,538 (0.83%) 21,004 (1.53%) <0.001 

Coronary 
thrombectomy 6,234 (0.83%) 33,108 (3.97%) 48,648 (5.28%) 27,326 (2.66%) 19,792 (1.44%) <0.001 

Acute ischemic 
stroke       

 244 (0.03%) 442 (0.05%) 602 (0.07%) 911 (0.09%) 1,899 (0.14%) <0.001 

Categorical variables are displayed as absolute numbers and percentages. Continuous variables are described by mean ± standard deviation (SD) or 
median and the 25th percentile/75th percentile. CKD Chronic kidney disease, CMP Cardiomyopathy, COPD Chronic obstructive pulmonary disease, 
CTO Chronic total occlusion, CVRF Cardiovascular risk factors, DCB Drug-coated balloon, HLP Hyperlipoproteinemia, NSTEMI Non ST-Elevation 
myocardial infarction, PAD Peripheral artery disease, STEMI ST-Elevation myocardial infarction, UAP Unstable angina pectoris. 
 



 

Supplementary Table 4. Variables associated with acute ischaemic stroke in patients 
undergoing percutaneous coronary intervention after univariable stepwise regression 
analysis. 

  
Odds Ratio (95% 

Confidence interval) p-value 

Age 1.02 (1.02, 1.02) <0.001 

Female sex 1.32 (1.24, 1.41) <0.001 

Classical CVRF   

Diabetes 1.39 (1.3, 1.48) <0.001 

Hypertension 1 (0.94, 1.06) 0.95 

HLP 0.75 (0.71, 0.8) <0.001 

Obesity 0.58 (0.51, 0.66) <0.001 

Prior medical history   

Myocardial infarction 0.69 (0.62, 0.77) <0.001 

Ischemic CMP 1.48 (1.33, 1.65) <0.001 

Stroke 5.65 (4.83, 6.61) <0.001 

Atrial fibrillation 2.44 (2.29, 2.61) <0.001 

Carotid artery disease 6.47 (5.85, 7.17) <0.001 

PAD 1.58 (1.42, 1.76) <0.001 

CKD 1.15 (1.07, 1.24) <0.001 

Liver disease 1.85 (1.51, 2.27) <0.001 

COPD 1.02 (0.9, 1.16) 0.76 

Valve disease 1.73 (1.59, 1.88) <0.001 

Clinical presentation   

STEMI 1.61 (1.51, 1.73) <0.001 

NSTEMI 2.28 (2.14, 2.43) <0.001 

UAP 0.36 (0.32, 0.41) <0.01 



 

Cardiogenic shock 3.01 (2.71, 3.33) <0.001 

PCI procedural 
characteristics   

Stent implantation 0.67 (0.62, 0.73) <0.001 

DCB 0.91 (0.77, 1.07) 0.25 

Blade/Cutting 1.06 (0.87, 1.3) 0.57 

Coronary 
thrombectomy 2.06 (1.81, 2.36) <0.001 

Odds Ratios (OR) and the 95% Confidence interval (95% CI) are given. CKD Chronic kidney 
disease, CMP Cardiomyopathy, COPD Chronic obstructive pulmonary disease, CTO Chronic 
total occlusion, CVRF Cardiovascular risk factors, DCB Drug-coated balloon, HLP 
Hyperlipoproteinemia, NSTEMI Non ST-Elevation myocardial infarction, PAD Peripheral 
artery disease, STEMI ST-Elevation myocardial infarction, UAP Unstable angina pectoris. 
  



 

Supplementary Table 5. Variables associated with acute ischaemic stroke according to 
presentation with an acute coronary syndrome (ACS) or chronic coronary syndrome 
(CCS) after univariable stepwise regression analysis.  

 ACS, OR (95% CI) p-value CCS, OR (95% CI) p-value 

Age 1.02 (1.02, 1.03) <0.001 1.01 (1, 1.02) <0.001 

Female Sex 1.35 (1.25, 1.46) <0.001 1.19 (1.06, 1.34) 0.0045 

Classical CVRF     

Diabetes 1.47 (1.36, 1.59) <0.001 1.29 (1.15, 1.45) <0.001 

Arterial hypertension 1.11 (1.03, 1.2) 0.0047 0.84 (0.75, 0.94) 0.0033 

HLP 0.73 (0.68, 0.79) <0.001 0.87 (0.78, 0.98) 0.017 

Obesity 0.53 (0.45, 0.62) <0.001 0.73 (0.59, 0.9) 0.0034 

Prior medical history     

Myocardial infarction 0.85 (0.73, 0.98) 0.023 0.69 (0.58, 0.82) <0.001 

Ischemic CMP 1.16 (1.01, 1.34) 0.038 2.29 (1.94, 2.7) <0.001 

Stroke 5.25 (4.36, 6.32) <0.001 6.02 (4.47, 8.12) <0.001 

Atrial fibrillation 2.83 (2.62, 3.05) <0.001 2.1 (1.87, 2.36) <0.001 

Carotid artery disease 7.9 (7, 8.92) <0.001 5.19 (4.3, 6.27) <0.001 

PAD 1.76 (1.55, 2) <0.001 1.36 (1.11, 1.66) 0.0025 

CKD 1.18 (1.07, 1.29) <0.001 1.17 (1.02, 1.34) 0.030 

- Dialysis dependent 
CKD - - - - 

Liver disease 1.56 (1.21, 2.01) <0.001 2.48 (1.76, 3.49) <0.001 

COPD 0.98 (0.84, 1.16) 0.84 1.18 (0.96, 1.46) 0.12 

Valve disease 1.66 (1.49, 1.85) <0.001 2.26 (1.98, 2.57) <0.001 

Clinical presentation*     

STEMI 1.19 (1.11, 1.29) <0.001 - - 



 

NSTEMI 1.85 (1.72, 1.99) <0.001 - - 

UAP 0.25 (0.22, 0.28) <0.001 - - 

Cardiogenic shock 2.34 (2.1, 2.62) <0.001 4.36 (3.24, 5.88) <0.001 

PCI procedural 
characteristics     

Stent implantation 0.7 (0.62, 0.79) <0.001 0.48 (0.43, 0.55) <0.001 

DCB 0.98 (0.8, 1.2) 0.84 0.87 (0.65, 1.17) 0.35 

Blade/Cutting 1.38 (1.09, 1.75) 0.0073 0.74 (0.49, 1.1) 0.14 

Coronary thrombectomy 1.56 (1.36, 1.79) <0.001 - - 

Odds Ratios (OR) and the 95% Confidence interval (95% CI) are given. CKD Chronic kidney 
disease, CMP Cardiomyopathy, COPD Chronic obstructive pulmonary disease, CVRF 
Cardiovascular risk factors, DCB Drug-coated balloon, HLP Hyperlipoproteinemia, NSTEMI 
Non ST-Elevation myocardial infarction, PAD Peripheral artery disease, STEMI ST-Elevation 
myocardial infarction, UAP Unstable angina pectoris. 
 
  



 

Supplementary Table 6. Variables associated with acute ischaemic stroke according to 
presentation with an acute coronary syndrome (ACS) or chronic coronary syndrome 
(CCS) after multivariable stepwise regression analysis.  

 ACS, OR (95% CI) p-value CCS, OR (95% CI) p-value 

Age 1.01 (1.01, 1.01) <0.001 0.99 (0.99, 1) 0.0088 

Female Sex 1.21 (1.12, 1.31) <0.001 1.17 (1.04, 1.33) 0.012 

Classical CVRF     

Diabetes 1.31 (1.21, 1.41) <0.001 1.23 (1.09, 1.39) <0.001 

Arterial hypertension 1.21 (1.12, 1.31) <0.001 0.91 (0.81, 1.02) 0.12 

HLP 0.79 (0.73, 0.85) <0.001 - - 

Obesity 0.55 (0.47, 0.65) <0.001 0.68 (0.55, 0.84) <0.001 

Prior medical history     

Myocardial infarction - - 0.68 (0.57, 0.82) <0.001 

Ischemic CMP 0.89 (0.77, 1.03) 0.11 1.97 (1.66, 2.34) <0.001 

Stroke 3.11 (2.58, 3.76) <0.001 4.1 (3.04, 5.55) <0.001 

Atrial fibrillation 2.24 (2.07, 2.44) <0.001 1.73 (1.52, 1.97) <0.001 

Carotid artery disease 6.65 (5.86, 7.55) <0.001 4.24 (3.49, 5.14) <0.001 

PAD 1.21 (1.06, 1.38) 0.0050 - - 

CKD 0.76 (0.69, 0.84) <0.001 0.82 (0.71, 0.95) 0.0081 

Liver disease - - 1.54 (1.09, 2.19) 0.015 

COPD 0.81 (0.69, 0.95) 0.010 - - 

Valve disease 1.13 (1.01, 1.26) 0.035 1.54 (1.33, 1.78) <0.001 

Clinical presentation*     

STEMI 0.93 (0.85, 1.01) 0.076 - - 

UAP 0.26 (0.23, 0.3) <0.001 - - 



 

Cardiogenic shock 1.61 (1.43, 1.81) <0.001 2.67 (1.97, 3.62) <0.001 

PCI procedural 
characteristics     

Stent implantation 0.75 (0.66, 0.84) <0.001 0.56 (0.49, 0.64) <0.001 

DCB - - 0.74 (0.55, 1.01) 0.054 

Blade/Cutting 1.28 (1.01, 1.63) 0.038 0.73 (0.48, 1.09) 0.12 

Coronary thrombectomy 1.41 (1.22, 1.63) <0.001 - - 

Odds Ratios (OR) and the 95% Confidence interval (95% CI) are given. CKD Chronic kidney 
disease, CMP Cardiomyopathy, COPD Chronic obstructive pulmonary disease, CVRF 
Cardiovascular risk factors, DCB Drug-coated balloon, HLP Hyperlipoproteinemia, PAD 
Peripheral artery disease, STEMI ST-Elevation myocardial infarction, UAP Unstable angina 
pectoris. 
  



 

Supplementary Table 7. Variables associated with in-hospital mortality in patients 
undergoing percutaneous coronary intervention with an acute ischaemic stroke after 
univariable stepwise regression analysis. 
 Odds Ratio (95% 

Confidence interval) p-value 

Age 1.02 (1.01, 1.03) <0.001 

Female sex 1.17 (1, 1.38) 0.055 

Classical CVRF   

Diabetes 1.24 (1.06, 1.46) <0.001 

Arterial hypertension 0.66 (0.56, 0.78) <0.001 

HLP 0.44 (0.38, 0.53) <0.001 

Obesity 1.08 (0.78, 1.49) 0.66 

Prior medical history   

Myocardial infarction 0.7 (0.51, 0.97) 0.03 

Ischemic CMP 0.89 (0.67, 1.19) 0.43 

Stroke 1.08 (0.73, 1.61) 0.68 

Atrial fibrillation 1.15 (0.98, 1.36) 0.094 

Carotid artery disease 0.91 (0.69, 1.19) 0.48 

PAD 1.39 (1.07, 1.79) 0.013 

CKD 1.43 (1.19, 1.73) <0.001 

Dialysis dependent 
CKD 2.75 (1.58, 4.78) <0.001 

Liver disease 2.28 (1.49, 3.51) <0.001 

COPD 1.14 (0.82, 1.56) 0.44 

Valve disease 1 (0.81, 1.24) 0.97 

Clinical presentation   

STEMI 2.69 (2.28, 3.17) <0.001 

NSTEMI 0.89 (0.76, 1.05) 0.18 



 

UAP 0.59 (0.4, 0.87) <0.001 

Cardiogenic shock 8.49 (6.83, 10.56) <0.001 

PCI procedural 
characteristics   

Stent implantation 0.86 (0.7, 1.07) 0.17 

DCB 0.88 (0.56, 1.37) 0.57 

Blade/Cutting 0.99 (0.58, 1.68) 0.97 

Coronary 
thrombectomy 2.52 (1.89, 3.35) <0.001 

Odds Ratios (OR) and the 95%-Confidence interval (95%-CI) are given. CKD Chronic kidney 
disease, CMP Cardiomyopathy, COPD Chronic obstructive pulmonary disease, CTO Chronic 
total occlusion, CVRF Cardiovascular risk factors, DCB Drug-coated balloon, HLP 
Hyperlipoproteinemia, NSTEMI Non ST-Elevation myocardial infarction, PAD Peripheral 
artery disease, STEMI ST-Elevation myocardial infarction, UAP Unstable angina pectoris. 
  



 

Supplementary Table 8. Variables associated with in-hospital mortality after an acute 
ischaemic stroke according to presentation with an acute coronary syndrome (ACS) or 
chronic coronary syndrome (CCS) after univariable stepwise regression analysis.  

 ACS, OR (95% CI) p-value CCS, OR (95% CI) p-value 

Age 1.02 (1.01, 1.03) <0.001 1.03 (1.01, 1.05) <0.001 

Female Sex 1.06 (0.88, 1.27) 0.57 1.58 (1.09, 2.29) 0.016 

Classical CVRF     

Diabetes 1.19 (0.99, 1.43) 0.066 1.44 (1, 2.08) 0.051 

Arterial hypertension 0.62 (0.52, 0.74) <0.001 0.78 (0.54, 1.13) 0.19 

HLP 0.48 (0.39, 0.58) <0.001 0.42 (0.28, 0.61) <0.001 

Obesity 1.3 (0.89, 1.89) 0.18 0.74 (0.35, 1.57) 0.44 

Prior medical history     

Myocardial infarction 0.8 (0.55, 1.15) 0.23 0.7 (0.37, 1.33) 0.27 

Ischemic CMP 1.26 (0.9, 1.75) 0.18 0.46 (0.23, 0.93) 0.030 

Stroke 1.06 (0.68, 1.66) 0.80 1.05 (0.41, 2.7) 0.93 

Atrial fibrillation 1.12 (0.93, 1.35) 0.22 1.31 (0.91, 1.9) 0.15 

Carotid artery disease 0.9 (0.67, 1.22) 0.52 0.93 (0.5, 1.74) 0.82 

PAD 1.39 (1.04, 1.86) 0.024 1.2 (0.65, 2.21) 0.56 

CKD 1.45 (1.17, 1.8) <0.001 1.47 (0.97, 2.22) 0.071 

- Dialysis dependent 
CKD 2.44 (1.21, 4.93) 0.013 7.45 (3.15, 17.61) <0.001 

Liver disease 2.57 (1.53, 4.3) <0.001 1.83 (0.74, 4.5) 0.19 

COPD 1.24 (0.85, 1.8) 0.26 1.12 (0.58, 2.15) 0.74 

Valve disease 0.83 (0.63, 1.09) 0.18 2.28 (1.56, 3.33) <0.001 

Clinical presentation*     

STEMI 2.21 (1.85, 2.65) <0.001 - - 



 

NSTEMI 0.57 (0.48, 0.68) <0.001 - - 

UAP 0.47 (0.32, 0.7) <0.001 - - 

Cardiogenic shock 7.48 (5.91, 9.47) <0.001 7.7 (4.15, 14.32) <0.001 

PCI procedural 
characteristics     

Stent implantation 0.7 (0.54, 0.92) 0.0094 0.73 (0.5, 1.08) 0.12 

DCB 0.9 (0.54, 1.5) 0.68 1.02 (0.4, 2.63) 0.97 

Blade/Cutting 0.91 (0.5, 1.64) 0.75 1.2 (0.35, 4.07) 0.77 

Coronary thrombectomy 1.93 (1.43, 2.61) <0.001 8.77 (3.02, 25.4) <0.001 

Odds Ratios (OR) and the 95% Confidence interval (95% CI) are given. CKD Chronic kidney 
disease, CMP Cardiomyopathy, COPD Chronic obstructive pulmonary disease, CVRF 
Cardiovascular risk factors, DCB Drug-coated balloon, HLP Hyperlipoproteinemia, NSTEMI 
Non ST-Elevation myocardial infarction, PAD Peripheral artery disease, STEMI ST-Elevation 
myocardial infarction, UAP Unstable angina pectoris. 
  



 

Supplementary Table 9. Variables associated with in-hospital mortality after an acute 
ischaemic stroke according to presentation with an acute coronary syndrome (ACS) or 
chronic coronary syndrome (CCS) after multivariable stepwise regression analysis. 

 ACS, OR (95% CI) p-value CCS, OR (95% CI) p-value 

Age 1.03 (1.02, 1.04) <0.001 1.03 (1.01, 1.05) 0.0081 

Classical CVRF     

Diabetes 1.21 (0.98, 1.49) 0.080 1.43 (0.97, 2.12) 0.074 

Arterial hypertension 0.75 (0.61, 0.92) 0.0062 - - 

HLP 0.53 (0.43, 0.65) <0.001 0.45 (0.3, 0.67) <0.001 

Obesity 1.44 (0.94, 2.19) 0.092 - - 

Prior medical history     

Myocardial infarction 0.71 (0.46, 1.08) 0.10 - - 

Ischemic CMP - - 0.52 (0.25, 1.07) 0.075 

PAD 1.45 (1.04, 2.01) 0.029 - - 

CKD 1.21 (0.93, 1.56) 0.15 - - 

- Dialysis dependent 
CKD 1.91 (0.84, 4.34) 0.12 5.85 (2.35, 14.6) <0.001 

Liver disease 2.05 (1.12, 3.77) 0.020 - - 

COPD 1.4 (0.93, 2.11) 0.11 - - 

Valve disease 0.75 (0.55, 1.02) 0.068 1.84 (1.21, 2.8) 0.0044 

Clinical presentation*     

STEMI 1.88 (1.52, 2.31) <0.001 - - 

Cardiogenic shock 6.49 (5.03, 8.38) <0.001 6.81 (3.51, 13.2) <0.001 

PCI procedural 
characteristics     

Stent implantation 0.64 (0.48, 0.85) 0.0022 - - 

Coronary thrombectomy 1.38 (0.97, 1.95) 0.071 9.43 (2.93, 30.35) <0.001 



 

Odds Ratios (OR) and the 95% Confidence interval (95% CI) are given. CKD Chronic kidney 
disease, CMP Cardiomyopathy, COPD Chronic obstructive pulmonary disease, CVRF 
Cardiovascular risk factors, DCB Drug-coated balloon, HLP Hyperlipoproteinemia, PAD 
Peripheral artery disease, STEMI ST-Elevation myocardial infarction, UAP Unstable angina 
pectoris. 
 




