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WHAT THIS PAPER ADDS
This large scale analysis of nationwide and unselected health insurance claims data covering 316 718 hospitalisations for cardiovascular and cerebrovascular emergencies between January 2017 and October 2020 in
Germany revealed an association between the COVID-19 pandemic and acute stroke and conﬁrmed SARS-CoV-2
infection (for acute stroke, acute limb ischaemia, transient ischaemic attack) led to increased in hospital mortality in patients admitted with cardiovascular and cerebrovascular emergencies. These striking results add to
the extremely limited knowledge base concerning a possible relationship between COVID-19 and stroke. Future
studies are necessary to determine underlying causal factors.

Objective: A previous study revealed a preliminary trend towards higher in hospital mortality in patients
admitted as an emergency with acute stroke during the COVID-19 pandemic in Germany. The current study
aimed to further examine the possible impact of a conﬁrmed SARS-CoV-2 infection on in hospital mortality.
Methods: This was a retrospective analysis of health insurance claims data from the second largest insurance
fund in Germany, BARMER. Patients hospitalised for ST elevation (STEMI) and non-ST elevation (NSTEMI)
myocardial infarction, acute limb ischaemia (ALI), aortic rupture, acute stroke, or transient ischaemic attack
(TIA) between 1 January 2017, and 31 October 2020, were included. Admission rates per 10 000 insured and
mortality were compared between March  June 2017 e 2019 (pre-COVID) and March  June 2020 (COVID).
Mortality rates were determined by the occurrence of a conﬁrmed SARS-CoV-2 infection.
Results: A total of 316 718 hospitalisations were included (48.7% female, mean 72.5 years), and 21 191 (6.7%, 95% CI
6.6% e 6.8%) deaths occurred. In hospital mortality increased during the COVID-19 pandemic when compared with
the three previous years for patients with acute stroke from 8.3% (95% CI 8.0 e 8.5) to 9.6% (95% CI 9.1 e 10.2), while
no statistically signiﬁcant changes were observed for STEMI, NSTEMI, ALI, aortic rupture, and TIA. When comparing
patients with conﬁrmed SARS-CoV-2 infection (2.4%, 95% CI 2.3 e 2.5) vs. non-infected patients, a higher in hospital
mortality was observed for acute stroke (12.4% vs. 9.0%), ALI (14.3% vs. 5.0%), and TIA (2.7% vs. 0.3%), while no
statistically signiﬁcant differences were observed for STEMI, NSTEMI, and aortic rupture.
Conclusion: This retrospective analysis of claims data has provided hints of an association between the COVID-19
pandemic and increased in hospital mortality in patients with acute stroke. Furthermore, conﬁrmed SARS-CoV-2
infection was associated with increased mortality in patients with stroke, TIA, and ALI. Future studies are urgently
needed to better understand the underlying mechanism and relationship between the new coronavirus and acute stroke.
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INTRODUCTION
The rapid spread of a new coronavirus (SARS-CoV-2) threw
the global healthcare system into turmoil.1 Beginning with
the implementation of infection control measures during the
ﬁrst wave of the pandemic, the scientiﬁc community aimed
to better understand possible collateral damage in patients
with emergency conditions.2 In a previous study using health
insurance claims data, the present authors’ observed
declining admission rates for cardiovascular and cerebrovascular emergencies in Germany.3 These ﬁndings conﬁrmed the
growing knowledge base arising of real world data across the
globe.4e8 Available outcome data in that previous study
indicated a trend towards increasing in hospital mortality for
acute stroke.3 This observation was in line with previous
reports suggesting a particular impact of the pandemic on
patients suffering from neurovascular conditions.4,9e14
Only a few months later, the world faced a second pandemic
wave, and numerous questions remained unanswered ahead
of this challenge.15,16 Because of the complex multimorbidity
of patients with cardiovascular and cerebrovascular emergencies, these patients are known to be at particular risk of a
SARS-CoV-2 infection and unfavourable outcomes.17
The current study used large, updated health insurance
claims data and additional information on conﬁrmed SARSCoV-2 infection status to further illuminate the impact of
COVID-19 on in hospital mortality. The research hypothesis
was that patients with cardiovascular and cerebrovascular
emergencies experience worse direct and indirect mortality
during the COVID-19 pandemic.
METHODS
Study design
This was a retrospective analysis of routinely collected health
insurance claims data. The details of the current analysis have
been published previously.3 In short, based on their primary
diagnosis, all patients having inpatient treatment for cardiovascular and cerebrovascular emergencies between 1
January 2017 and 30 October 2020 were included. These
included 1A) ST segment elevation myocardial infarction
(STEMI), 1B) non-ST segment elevation myocardial infarction
(NSTEMI), 2) acute limb ischaemia (ALI),18 3) acute aortic
rupture, 4A) acute stroke, and 4B) transient ischaemic attack
(TIA) (for detailed coding, see Supplementary Table S1).
The available study data were compared between the
three previous years (1 January 2017 until 31 December
2019) and the time after the ﬁrst disease outbreak news from
the World Health Organization (WHO) had been issued (1
January 2020 until 31 October 2020). To address seasonal
effects in terms of in hospital mortality, data collected during
the peak of the pandemic (COVID: March through June 2020)
were additionally compared with a control period in the
previous three years (pre-COVID: March through June 2017
e 2019). For the comparison of in hospital mortality by SARSCoV-2 infection status, corresponding data concerning
conﬁrmed infection status from 1 March 2020 and 31
October 2020 were available. The primary study endpoint
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was in hospital mortality among the patients admitted with
cardiovascular and cerebrovascular emergencies by study
period and conﬁrmed SARS-CoV-2 infection status.
Sample and database
The longitudinal data of Germany’s second largest insurance
fund, BARMER, includes the outpatient and inpatient medical care provided to up to 9 million (from 2008 to 2020)
German citizens (10.8% of Germany’s population) involving
more than 24 million hospitalisations between 1 January
2008 and 30 June 2020. Details concerning the database
have been described in various previous studies.3,19e21
Study variables
The diagnoses and comorbidities routinely collected in
health insurance claims data follow the commonly accepted
international standard for reporting diseases and health
conditions using World Health Organization (WHO) International Classiﬁcation of Diseases in its 10th revision of the
German Modiﬁcation (ICD-10-GM) and Operations and
Procedures Codes (OPS) as a German adaptation of the
International Classiﬁcation of Procedures in Medicine
(ICPM) by WHO. The code U07.1 was used to identify patients with conﬁrmed (laboratory test, e.g. with polymerase
chain reaction or similar test) SARS-CoV-2 infection as per
request of the WHO since March 2020.
Ethical considerations
The present study complied with the Helsinki Declaration of
2013. Several review boards and consensus guidelines
determined that use of anonymised data from claims or
national statistics retrospectively is not human subject
research as de-identiﬁed datasets are used.22,23
Statistical analysis
Baseline characteristics of the patients were summarised
with means and standard deviation for age and with percentages for discrete variables. A comparison of 95% conﬁdence intervals (CI) and two proportion z test was used to
test for differences. Rates per 10 000 insured were calculated on a monthly base. As sensitivity analysis, both
complete data from 2020 and data concerning only the four
months March  June 2017 e 2019 vs. 2020 were used.
The in hospital percentage mortality was calculated as
the proportion of deceased patients among all patients with
an in hospital stay during the study period. The admission
rate was calculated as number of admissions per 10 000
insured patients during the same time period.
Data processing was performed with software SAS version
9.04 (SAS Institute, NC, USA) and SPSS version 25 (IBM
Corporation, NY, USA). Visualisation was performed with
software Adobe Illustrator version 24.1.2 (Adobe, CA, USA).
RESULTS
Between 1 January 2017 and 31 October 2020, 316 718
hospitalisations were identiﬁed (mean age 72.5 years,
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Table 1. Baseline characteristics of the cohort admitted to a legally endorsed German hospital between January 2017 and October
2020 for peripheral vascular emergencies
ALI

Mean no. of hospital
cases per month
Females
Age e y
In hospital mortality
Monthly mean
admission rate per
10 000 insured
Hospital cases with
SARS-CoV-2 test
Thereof conﬁrmed
SARS-CoV-2
infection

Aortic rupture

Acute stroke

2017e2019
n [ 16 312

JaneOct 2020
n [ 4 070

2017e2019
n [ 1 662

JaneOct 2020
n [ 397

2017e2019
n [ 114 831

JaneOct 2020
n [ 28 996

2017e2019
n [ 43 758

TIA
JaneOct 2020
n [ 10 537

453

407

46

40

3 190

2 900

1 216

1 054

8 726 (53.5)
72.6  0.6
969 (5.9)
[5.6e6.3]
0.49

2 193 (53.9)
72.4  0.7
209 (5.1)
[4.5e5.9]
0.45

609 (36.7)
74.3  1.6
711 (42.8)
[40.4e45.2]
0.05

151 (38.2)
72.8  2.9
154 (38.8)
[34.0e43.8]
0.04

63 501 (55.3)
74.8  0.5
9 738 (8.5)
[8.3e8.6]
3.46

16 092 (55.5)
74.9  0.7
2 665 (9.6)*
[9.1e10.2]
3.24

26 079 (59.6)
72.9  0.7
148 (0.3)
[0.3e0.4]
1.32

6 248 (59.3)
73.5  0.6
42 (0.4)
[0.3e0.5]
1.18

N/A

3 323

N/A

314

N/A

23 997

N/A

8 515

N/A

63 (1.9)
[1.5e2.4]

N/A

7 (2.2)
[0.9e4.5]

N/A

588 (2.5)
[2.3e2.7]

N/A

150 (1.8)
[1.5e2.1]

Data are presented as n (%) [95% conﬁdence interval] or mean  standard deviation, unless stated otherwise. TIA ¼ transient ischaemic attack;
ALI ¼ acute limb ischaemia; N/A ¼ not available.
*
p < .001 for comparison of 95% conﬁdence interval and two-proportion z test.

48.7% females, 95% CI 48.6% e 48.9%) for cardiovascular or
cerebrovascular emergencies (monthly mean 6 885 patients). Among all hospitalisations, a total of 21 191 (6.7%,
95% CI 6.6% e 6.8%) deaths occurred. Between March and
June 2017 e 2019, 84 106 hospitalisations were registered,
and 25 024 hospitalisations were registered between March
and June 2020.
Using data for the entire study period, the monthly
hospital admission rate for cardiovascular or cerebrovascular emergencies was an average of 1.25 per 10 000 and
decreased from 1.27 per 10 000 before 2020 to 1.15 per 10
000 in 2020.
Monthly hospital admissions for cardiovascular and
cerebrovascular emergencies between 2017 e 2019 and
2020
When comparing the time period between 2017 e 2019
(pre-COVID-19) and 2020 (COVID-19), the hospital admission rates per 10 000 insured people were 0.72 e 0.66/10

000 (9%) for STEMI, 1.59 e 1.48/10 000 (8%) for
NSTEMI, 0.49 e 0.45/10 000 (9%) for ALI, 0.05 e 0.04/10
000 (17%) for aortic rupture, 3.46 e 3.24/10 000 (5%)
for acute stroke, and 1.32 e 1.18/10 000 (13%) for TIA
(Tables 1 and 2).
Comparison of in hospital mortality in patients admitted
with cardiovascular and cerebrovascular emergencies
between 2017 and 2020
When comparing the pooled four months (March e June)
between 2017 and 2020, the in hospital mortality of patients admitted with acute stroke increased during the
COVID-19 pandemic when compared with the last three
years from 8.3% (95% CI 8.0% e 8.5%) to 9.6% (95% CI 9.1%
e 10.2%). No statistically signiﬁcant differences were
observed in patients admitted with STEMI, NSTEMI, ALI,
aortic rupture, and TIA (Table 3). The in hospital mortality of
patients admitted with acute stroke was negatively associated with hospital admission rate. In patients admitted with

Table 2. Baseline characteristics of the cohort admitted to a legally endorsed German hospital between January 2017 and October
2020 for cardiac emergencies
STEMI

Mean no. of hospital cases per month
Females
Age e y
In hospital mortality
Monthly mean admission rate per
10 000 insured
Hospital cases with SARS-CoV-2 test - n
Thereof conﬁrmed SARS-CoV-2 infection

NSTEMI

2017e2019
n [ 24 078

JaneOct 2020
n [ 5 931

2017e2019
n [ 52 910

JaneOct 2020
n [ 13 236

669
8 957 (37.2)
67.8  0.6
2 996 (12.4)
[12.0e12.9]
0.72

593
2 212 (37.3)
67.8  0.8
723 (12.1)
[11.4e13.1]
0.66

1 470
21 957 (41.5)
73.1  0.6
3 195 (6.0)
[5.8e6.2]
1.59

1 324
5 598 (42.3)
72.9  0.6
728 (5.5)
[5.1e5.9]
1.48

N/A
N/A

4 882
117 (2.4) [2.0e2.9]

N/A
N/A

10 712
318 (3.0) [2.7e3.3]

Data are presented as n (%) [95% conﬁdence interval] or mean  standard deviation, unless stated otherwise. STEMI ¼ ST-elevation myocardial
infarction; NSTEMI ¼ non-ST-elevation myocardial infarction; N/A ¼ not available.
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Table 3. In hospital mortality for patients admitted for cardiovascular and cerebrovascular emergencies in March, April, May, and
June before (2017e2019) vs. during (2020) the COVID pandemic

STEMI
NSTEMI
ALI
Aortic rupture
Acute stroke
TIA

Pre-COVID March to June 2017e2019

During COVID March to June 2020

Change e %

11.8 [11.1e12.6]
5.7 [5.4e6.1]
5.9 [5.3e6.6]
43.0 [38.9e47.1]
8.3 [8.0e8.5]
0.3 [0.2e0.4]

11.6 [10.3e12.9]
5.4 [4.8e6.0]
5.5 [4.4e6.7]
38.1 [30.4e46.2]
9.6 [9.1e10.2]
0.3 [0.2e0.5]

0.2
0.3
0.4
4.9
þ1.3
0

*

Data are presented as % [95% conﬁdence interval]. STEMI ¼ ST elevation myocardial infarction; NSTEMI ¼ non-ST elevation myocardial
infarction; ALI ¼ acute limb ischaemia; TIA ¼ transient ischaemic attack.
* p <.001 for two proportion z test.

STEMI, NSTEMI, ALI, aortic rupture, and TIA, no association
between in hospital mortality and hospital admission rate
was observed.
Comparison of in hospital mortality in patients admitted
with cardiovascular and cerebrovascular emergencies by
conﬁrmed SARS-CoV-2 infection status
Since the submission of a positive SARS-CoV-2 test result was
requested by the WHO and German authorities in March
2020, a total of 1 243 patients (2.4%, 95% CI 2.3% e 2.5%)
were treated with conﬁrmed infection among the cohort.
The infection rate varied between 1.8% (95% CI 1.5% e
2.1%) in patients admitted with TIA and 3.0% (95% CI 2.7% e
3.3%) in patients admitted with NSTEMI (Tables 1 and 2).
The in hospital mortality of SARS-CoV-2 positive patients
admitted with cardiovascular and cerebrovascular emergencies was statistically signiﬁcantly higher when compared with
non-infected patients for acute stroke (12.4% vs. 9.0%), ALI
(14.1% vs. 4.9%), and TIA (2.7% vs. 0.3%). No statistically
signiﬁcant differences were observed in mortality for patients
admitted with STEMI, NSTEMI, or aortic rupture (Fig. 1).
DISCUSSION
In this large scale retrospective analysis of health insurance
claims from Germany, the results suggested an association
between the COVID-19 pandemic and increased in hospital
mortality in patients admitted as an emergency with acute
stroke. This association was apparent when comparing those
treated during the pandemic vs. previous years, while mortality rates were not statistically signiﬁcantly different during
the pandemic in all other included emergency conditions.
Thereby, increasing mortality rates in acute stroke patients
were associated with a declining hospital admission rate. At
patient level, conﬁrmed SARS-CoV-2 infection status was
associated with higher in hospital mortality in acute stroke,
as well as in ALI and TIA. These striking results conﬁrm
previous international reports using real world data from
imaging systems or registries.4,9e12
Kansagra et al. used preliminary data from imaging
software to analyse 231 753 patients treated at 856 hospitals in the USA from July to April 2020. The authors
observed a distinct decrease in the numbers of patients

who underwent acute stroke imaging by 39% during the
COVID-19 pandemic.4 While the present authors previous
study on emergency admissions in Germany conﬁrmed
these declining presentations of patients with acute stroke,
unfortunately neither study provided reliable outcome data
to further illuminate a possible relationship between
COVID-19 and short term mortality. The current study provided complementary data on mortality by SARS-CoV-2
infection status.
Interestingly, Mao et al. reported a case series of 214
patients with new coronavirus disease treated in a known
COVID-19 hotspot in Wuhan, China.24 Neurological manifestations were common among infected patients, suggesting an association between COVID-19 and acute stroke
symptoms.24 There is growing evidence for a neuro-invasive
potential of SARS-CoV-2, but it remains challenging to
interpret the direction of the interaction between acute
stroke and SARS-CoV-2 infection using data from clinical and
administrative registries.13,25,26 There is also evidence for an
increased rate of cryptogenic strokes possibly related to an
acquired hypercoagulability and mortality, emphasising the
complex confounding in available studies.10 Having said this,
future studies should further illuminate the possible
neurological impact of a conﬁrmed SARS-CoV-2 infection.
To answer that question, Ntaios et al. recently initiated a
global COVID-19 stroke registry. The authors used data on
patients with acute ischaemic stroke in 28 sites in 16
countries to perform a propensity score matched comparison of COVID-19 positive vs. negative patients (n ¼ 336).
An association between COVID-19 and severe stroke was
observed, further emphasising the need for studies to uncover their underlying relationship.12 Notably, in another
registry analysis using data on almost 800 endovascular
thrombectomies in Germany, the authors found no changes
in workﬂow time intervals, efﬁcacy, and functional outcomes during the COVID-19 pandemic when compared with
2019. However, only data from experienced stroke centres
were included while the nationwide reality also includes
patients admitted to low volume hospitals, as also discussed
in a survey among stroke units in Germany.27 Emphasising a
potential difference between cohorts, Tiedt et al. included
fewer female patients with a slightly higher age when
compared with the current study. Furthermore, the
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In-hospital mortality – %
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0
STEMI

NSTEMI
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Patient without SARS-CoV-2 infection

Aortic
rupture

Acute
stroke *

TIA *

Patient with confirmed SARS-CoV-2 infection

Figure 1. In hospital mortality as % and 95% conﬁdence interval of patients treated for cardiovascular (ST
elevation myocardial infarction [STEMI] or non-ST elevation myocardial infarction [NSTEMI]) and cerebrovascular (acute stroke or transient ischaemic attack [TIA]) emergencies between March and October 2020 by
the occurrence of SARS-CoV-2 infection of no submitted infection (blue) or conﬁrmed SARS-CoV-2 positive
infection (red). ALI ¼ acute limb ischaemia. *p < .001 for two proportion z test.

previous study was limited to endovascular thrombectomies while this study included all comers independent of
their treatment modality.28 Another recent cross sectional
study of patients from a large New York healthcare registry
found that patients diagnosed with COVID-19 had only 25%
the odds of stroke compared with other patients, but these
stroke patients had a nine fold increase in mortality.29
Again, the current study could conﬁrm these ﬁndings.
In light of these previous studies, the current study
ﬁndings suggest that the COVID-19 pandemic has a negative
impact on short term outcomes in acute stroke patients in
Germany, although there are various confounders and a
selection bias probably interfering with the COVID-19 and
mortality relationship. It has been discussed that patients
with severe neurological symptoms will still be hospitalised
while less affected patients avoid emergency services.
Another interesting ﬁnding of the current study was
related to the admission and treatment of patients suffering
from ALI.18 In contrast to previous reports suggesting an
increasing rate of this emergency during the COVID-19
pandemic, the current study observed rather stable
admission rates.30e32 However, the pronounced association
between conﬁrmed SARS-CoV-2 infection and in hospital
mortality in patients with ALI conﬁrms that there is an
underlying relationship between the two conditions. From
this study, it must be highlighted that the German healthcare system with its distinct peculiarities in terms of hospital beds and intensive care infrastructure was less
affected than other healthcare systems such as in Italy or
Spain.

This study has limitations. The retrospective observational design of the current study allows only derivation of
associations and generation of hypotheses valid for Germany, which should be addressed by prospective randomised studies in the future. There are probably various
confounders with possible impact on the relationship between COVID-19 and in hospital mortality in the affected
target population. Besides the direct impact of a SARS-CoV2 infection on mortality, it appears also possible that
changed stafﬁng or infrastructure led to worsened accessibility to care. It remains unknown whether a patient ﬁrst
got infected with SARS-CoV-2 and then developed stroke, or
the other way around. Moreover, data on the severity of
the disease for the admitted patients was not available.
False positives in reverse transcription PCR testing might
additionally interfere with the results of the current study.
Unfortunately, the nature of the data and timeliness of the
research question made adjusted analyses impossible.
Having said that, a statistically signiﬁcant selection with
impact on central conclusions cannot be ruled out. However, the striking observations made in the current study
and the circumstances during the ongoing health crisis
emphasise the importance of searching for hypotheses in
the available data. Furthermore, because of the topicality of
the current study data, it may be possible that missing
outcome data introduce a possible selection bias. As
sensitivity analysis, both complete data from 2020 and data
concerning only the four months March to June were used,
where appropriate completeness was secured. Because of
the ecological study design, it cannot be quantiﬁed to what
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extent the declining hospital admission rate potentially explains higher acute stroke mortality. Yet, the fact that mean
age and sex ratio were largely stable over time in this patient group provides little evidence for this hypothesis.
Further, in hospital mortality and COVID-19 time period
were unrelated in all other conditions included in this study.
And ﬁnally, the direct impact of SARS-CoV-2 infection on
acute stroke mortality was visible at patient level. A statistically signiﬁcant selection bias in the current study
cannot be ruled out as only inpatients admitted to legally
endorsed hospitals were included. It appears possible that
there is a subgroup not covered because they decided not
to use the emergency system.
The cardiovascular community should further support
ongoing efforts to collect data to protect patients from
avoidable collateral damage.33 With growing evidence for
an impact of COVID-19 on patients with acute stroke
derived from real world data, particular attention should be
paid to this vulnerable group. Increased awareness and
public recommendations to use emergency services may be
reasonable.
Conclusions
This retrospective analysis of claims data provided hints for
an association between the COVID-19 pandemic and
increased in hospital mortality in patients with acute stroke.
Furthermore, conﬁrmed SARS-CoV-2 infection was associated with increased mortality in patients with stroke, TIA,
and ALI. Future studies are urgently needed to better understand the underlying mechanism and relationship between the new coronavirus and acute stroke.
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