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Abstract
Introduction: In the early stages of the global COVID-19 pandemic hospital admissions for acute ischemic stroke (AIS) 
decreased substantially. As health systems have become more experienced in dealing with the pandemic, and as the 
proportion of the population vaccinated rises, it is of interest to determine whether the prevalence of AIS hospitalization 
and outcomes from hospitalization have returned to normal.
Patients and methods: In this observational, retrospective cohort study, we compared the prevalence and outcomes 
of AIS during the first four waves of the pandemic to corresponding pre-pandemic periods in 2019 using administrative 
data collected from a nationwide network of 76 hospitals that manages 7% of all in-hospital cases in Germany.
Results: We included 25,821 AIS cases in the study period (2020/2021) and used 26,295 AIS cases as controls 
(2019). Compared to pre-pandemic numbers, mean daily AIS admissions decreased only during wave 1 (from 39.6 
to 34.1; p < 0.01) and wave 2 (from 39.9 to 38.3; p = 0.03) and returned to normal levels during waves 3 and 4. 
AIS case fatality increased in wave 1 only (from 6.0% to 7.6%; p = 0.03). We observed a consistent decrease in 
the prevalences of arterial hypertension, diabetes, and obesity among AIS cases throughout the pandemic and no 
changes in rates of systemic thrombolysis, mechanical thrombectomy, or decompressive craniectomy. The rate of 
transfer to stroke units increased only during waves 2 (by 4.6%; p < 0.01) and 3 (by 3.0%; p < 0.01). The proportion 
of patients with coinciding SARS-CoV-2 and AIS was low, peaking at 3.4% in wave 2 and subsequently decreasing 
to 0.4% in wave 4.
Conclusion: In Germany, the COVID-19 pandemic seems to have had a larger effect on nationwide in-hospital AIS 
care during the early pandemic stages, in which AIS case numbers decreased and case fatality rose. This may reflect a 
nationwide “learning curve” within health care systems in providing AIS care in times of a pandemic.
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Introduction

During the early stages of the global COVID-19 pandemic, 
the prevalence of hospitalization for acute ischemic stroke 
(AIS) decreased and, in some countries, AIS case fatality 
rose.1–9 These findings are unusual given that the over-
whelming majority of cases were SARS-CoV-2-negative 
patients and hospitals in most parts of the world were acces-
sible for emergency stroke care without significant interrup-
tion of service.1,10–12 The most commonly suggested 
explanation is that fear of hospital-acquired COVID-19 
caused AIS patients to delay or defer hospital presenta-
tion.13–19 As health systems and countries have become more 
skilled at dealing with the pandemic, and as the proportion 
of the population vaccinated rises, it is of interest to deter-
mine whether the prevalence of AIS hospitalization and out-
comes from hospitalization have returned to normal.

We compared the prevalence and case fatality rate of AIS 
during early and more recent phases of the pandemic to 
corresponding pre-pandemic periods in 2019 using data 
collected from a nationwide network of hospitals in Germany.

Patients and methods

Patient population and data extraction

In this observational, retrospective cohort study, we included 
administrative data of all patients hospitalized for AIS at 76 
hospitals within the Helios network in Germany between 
January 1, 2020 and October 26, 2021. We present a popula-
tion study including all patients within the Helios network, 
which is the largest private healthcare provider in the country. 
It comprises hospitals in rural and urban areas in 13 of the 16 
federal states of Germany and accounts for about 7% of patient 
hospitalizations nationwide. The Helios hospital network 
admits patients of all health insurance funds available in 
Germany (public and private). This improves the generaliza-
bility of our findings on health care processes and outcomes to 
the entire population of Germany, as there is no selection for 
insurance fund associated subpopulations with specific pro-
files of comorbidities and risk factors. According to the pan-
demic waves and the relatively long non-wave period between 
waves 1 and 2, the study period was subdivided as follows:

‒ � leading up to wave 1 (January 1 to March 12, 
2020),

‒ � wave 1 (March 13 to May 25, 2020),
‒ � between waves 1 and 2 (May 26 to September 19, 

2020),
‒ � wave 2 (September 20, 2020 to February 24, 

2021),
‒ � wave 3 (February 25, 2021 to June 20, 2021),
‒ � wave 4 (June 21, 2021 to October 26, 2021).

Data from each phase of the study period were compared to 
corresponding periods in 2019 (control period). Primary 

diagnosis of AIS was made according to International 
Statistical Classification of Diseases and Related Health 
Problems ((ICD-10-GM (German Modification)) codes 
using the main codes I63.0–I63.9. Procedures and treatment 
paths for neurosurgical interventions (decompressive 
craniectomies: 5-012.0, 5-010.00-.03, 5.010.10-.13) as well 
as for thrombolysis (8-020.8, 8-020.d, 8-836.70, 8-836.71), 
thrombectomy (8-836.80, 8-836.81), and mechanical venti-
lation (OPS 8-70x, 8-71x, or duration of ventilation > 0) 
were identified via the Operations and Procedures codes 
(OPS (German adaptation of the International Classification 
of the Procedures in Medicine of the World Health 
Organization, version 2017)). We also examined the preva-
lence of transfer to stroke units among patients without 
mechanical ventilation using code 8-981x.

Relevant stroke comorbidities (such as congestive heart 
failure, cardiac arrhythmias, peripheral vascular disorder, 
hypertension, diabetes mellitus, and obesity) were identi-
fied from encoded secondary diagnoses at hospital dis-
charge and used to calculate the Elixhauser comorbidity 
Index (ECI). To assess the amount of resources allocated to 
AIS treatment as a rough proxy for case severity, we pre-
sent the case mix index (CMI). In Germany, the CMI is 
relevant to the reimbursement of health care providers for 
cases treated by assessing the complexity and severity of 
each case. For this, based on the sum of ICD-10 codes, each 
case is assigned a Diagnosis-Related Group (DRG). Each 
DRG has a specific “relative weight,” which then deter-
mines the amount of reimbursement. The CMI is calculated 
by dividing the sum of all relative weights in a group of 
cases (in our study: AIS cases) by the number of cases per 
time period studied. All data were stored in pseudonymized 
form, and data use was in accordance with national data 
protection standards. Informed consent was waived due to 
the retrospective nature of this study. The study was 
approved by the ethics committee of the University of 
Leipzig on January 28, 2021 (490/20-ek).

Statistical analysis

Administrative data were extracted using QlikView 
(QlikTech, Radnor, Pennsylvania, USA). Inferential statis-
tics were based on generalized linear mixed models 
(GLMM) specifying hospitals as random factor.20,21 We 
employed Poisson GLMMs with log link function for count 
data. Effects were estimated with the lme4 package (ver-
sion 1.1-21)22 in the R environment for statistical comput-
ing (version 4.0.2, 64-bit build).23 In all models, we 
specified varying intercepts for the random factor. 
Incidence-rate ratios (IRR) for the different periods (waves) 
were based on different models comparing the study and 
the control period. IRRs were calculated by exponentiation 
of the regression coefficients; we also provide 95% confi-
dence intervals and p-values. For all tests a two-tailed 5% 
error criterion for significance was applied.
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For the description of the patient characteristics of the 
cohorts, we employed χ2-tests for binary variables and analy-
sis of variance for numeric variables. Here, we report propor-
tions, means, standard deviations, and p-values. For the 
comparison of proportions of selected treatments and out-
comes in the different cohorts, we used logistic GLMMs with 
logit link function. Here, we report proportions, odds ratios 
together with confidence intervals and p-values. The analysis 
of the outcome variable “duration of stay” was performed via 
linear mixed models. For this purpose, duration of stay was 
log-transformed due to its skewed distribution. We report 
means, standard deviations, and p-values. The ECI and its 
items was calculated based on the AHRQ algorithm.24

Results

AIS hospitalizations

From 76 hospitals nationwide, we included 25,821 AIS cases 
in the study period (2020/2021) and used 26,295 AIS cases 
as controls (2019). Compared to corresponding pre-pan-
demic control periods, mean daily admissions were signifi-
cantly decreased during waves 1 and 2, but not during waves 
3 and 4 or during any of the examined non-wave phases 
(Table 1). Figure 1 depicts weekly admission rates for AIS 
during study and control periods in relation to the total num-
ber of COVID-19 hospitalizations within the Helios network. 
Even though wave 1 was less pronounced than all of the later 
waves, corresponding drop-offs in AIS admission rates were 
most substantial in wave 1, compared to corresponding con-
trol periods.

Baseline characteristics

On admission, there were no differences between study and 
control periods in patient sex and age distribution, except 
for in waves 3 and 4, where we observed a significant 
decrease in AIS hospitalizations among patients aged 70–
79 years (Table 2). Across all examined phases of the pan-
demic, AIS cases generally showed a lower prevalence of 
comorbidities, compared to pre-pandemic levels. This 
effect was especially consistent with regard to congestive 
heart failure, peripheral vascular disorders, arterial hyper-
tension, diabetes, renal failure, and obesity. The ECI 
showed a significant decrease only in the phase leading up 
to wave 1 and during wave 4, but not in any other phase of 
the pandemic. The proportion of patients with coinciding 
SARS-CoV-2 and AIS remained in low single digit percent-
ages throughout all phases of the study period (Table 3).

Treatment and outcomes

Throughout all phases of the COVID-19 pandemic, the rates 
of systemic thrombolysis, mechanical thrombectomy, and 
decompressive craniectomy remained stable in patients with 

AIS, compared to 2019 (Table 4). The rate of transfer to 
stroke unit increased only during waves 2 and 3 and 
remained stable in all other periods. Rates of mechanical 
ventilation showed a decrease in waves 2 and 4. AIS case 
fatality rates increased only during wave 1 (by 1.6%) but not 
in any of the other examined phases. Compared to 2019, the 
duration of hospital stay was significantly shorter through-
out the pandemic. During all pandemic waves, the CMI was 
significantly decreased, compared to pre-pandemic levels.

Discussion

This analysis is the first to present nationwide data on the 
impact of COVID-19 on AIS care in all of the four pan-
demic waves that have occurred in Germany, so far. Our 
main observation is that AIS outcomes and processes 
(increased case fatality, reduced hospitalization rate) were 
initially adversely affected by the pandemic, most promi-
nently in wave 1, but returned to expectations over time 
during subsequent pandemic waves.

We also found that SARS-CoV-2 infections were uncom-
mon among AIS patients and even decreased during waves 
2, 3, and 4. In all phases of the pandemic, AIS patients had 
fewer comorbidities, compared to pre-pandemic levels, and 
the prevalence of transfer to a stroke unit was not increased. 
Rates of interventional or surgical treatment consistently 
remained at pre-pandemic levels.

Some authors have hypothesized an association between 
SARS-CoV-2 infections and thromboembolic events, which 
would predict an increase in AIS incidence.13 Like other 
authors, we observed the opposite, namely a decrease in hos-
pitalization rate for AIS during the initial wave, and normal 
AIS hospitalization rates at later stages of the pandemic.1–9 
Certain selective processes during the pandemic are also 
implied by the fact that comorbidities among AIS patients 
were consistently less frequent throughout the pandemic and 
by a decrease in the CMI during all four pandemic waves.

The underlying mechanisms of patient selection at the 
threshold of hospitals during the COVID-19 pandemic 
remain uncertain and numerous factors are currently being 
discussed. Most prominently, it is assumed that fear of 
acquiring COVID-19 in hospitals may deter AIS patients 
from presenting, and health care professionals from referring 
AIS cases.13–19 In our study cohort, AIS patients with known 
comorbidities may have been more reluctant to present to a 
hospital, as, even in the early stages of the pandemic, the 
public had been made aware of a clear association between 
comorbidities and poor outcome of COVID-19.25 As social 
distancing and masking have become normal even outside of 
actual periods of lock-down, patients with mild forms of AIS 
may not have come into sufficient contact with friends, fam-
ily, or neighbors to be made aware of AIS symptoms.19 Also, 
masking and social distancing may have prevented viral 
infections other than SARS-CoV-2 that could have caused 
AIS.26,27 Other factors, such as a lock-down associated 
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decrease in air pollution, less availability of public transport, 
a decreased consumption of unhealthy fast food, or improved 
compliance to medication plans during the pandemic have 
been suggested.19,26,28,29 Furthermore, the pandemic may also 
have prevented patients with diseases mimicking AIS from 
presenting to hospitals. Such mimics may include conversion 
disorder, migraine, and seizures and have been shown to 
account for about a fourth of all cases diagnosed as AIS.30 
The fact that mental health presentations declined substan-
tially during the COVID-19 pandemic may further support 
this hypothesis.31 Finally, it is worth pointing out that during 
the pandemic, many elective procedures were canceled. This 
may have reduced the rate of AIS, as surgical procedures 
increase the risk of stroke.32–35

In the early stages of the pandemic, utilization of AIS 
care capacities may have been suboptimal, since the first 
and smallest wave generated the largest decrease in AIS 
hospitalizations and a rise in the case fatality rate, even 
though, in wave 1, the rate of transfer to stroke unit did not 
differ from pre-pandemic levels. The subsequent change in 
AIS outcomes and hospitalizations back toward pre-pan-
demic levels suggests a “learning effect” over time. In spite 
of the fact that, in waves 2 and 3, which were the most 
pronounced of all four waves, AIS case fatality did not 
increase, we observed a simultaneous increase in rates of 
transfer to stroke units. This may reflect that, during peaks 
of the pandemic, stroke unit transfer may not be a reliable 
indicator of stroke severity. In times of larger pressure on 

Table 1.  Daily admissions for AIS.

Mean daily admissions IRR (95% CI) p-Value

  Control period Study period

Leading up to wave 1 39.7 41.7 1.06 (0.92–1.23) 0.39
Wave 1 39.6 34.1 0.74 (0.63–0.88) < 0.01
Between waves 1 and 2 39.0 38.2 0.94 (0.79–1.11) 0.45
Wave 2 39.9 38.3 0.79 (0.64–0.97) 0.03
Wave 3 39.6 39.4 0.81 (0.64–1.04 0.10
Wave 4 39.5 40.9 0.94 (0.74–1.20) 0.62

IRR: incidence rate ratio; CI: confidence interval.

Figure 1.  Moving average weekly admissions for AIS during study period (upper blue line) and control period (red line, 
superimposed from 2019) and for all SARS-CoV2-positive cases admitted to Helios hospitals nationwide (lower blue line).
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in-hospital capacities, as in waves 2 and 3, AIS patients 
without COVID-19 may have been more frequently trans-
ferred from intensive care units (ICU) to stroke units, in 
order to decrease pressure on ICU capacities allocated to 
COVID-19 care.

Another potential factor contributing to changes in in-
hospital AIS care, especially during waves 3 and 4, is the 
growing SARS-CoV-2 vaccination rate. In Germany, full 
vaccination rates increased from 2.3% at the end of wave 2 
to 31.1% in wave 3, and ultimately 66.3% at the end of our 

Table 3.  Rate of SARS-CoV-2 infections among AIS cases 
during study period.

Rate of SARS-CoV-2 infections

Leading up to wave 1 2/3004 0.1%
Wave 1 25/2523 1.0%
Between waves 1 and 2 5/4474 0.1%
Wave 2 208/6050 3.4%
Wave 3 65/4567 1.4%
Wave 4 22/5233 0.4%

Table 4.  Rates of treatment, case fatality, duration of stay, and case mix index.

Control period Study period Odds ratio (95% CI) p-Value

Systemic thrombolysis
  Leading up to wave 1 14.3% (408) 13.8% (414) 0.97 (0.84–1.13) 0.695
  Wave 1 14.3% (419) 15.2% (383) 1.06 (0.91–1.23) 0.487
  Between waves 1 and 2 15.1% (686) 15.4% (691) 1.01 (0.90–1.14) 0.802
  Wave 2 14.4% (907) 15.1% (911) 1.03 (0.93–1.14) 0.548
  Wave 3 15.0% (690) 14.5% (660) 0.90 (0.79–1.01) 0.068
  Wave 4 14.4% (725) 14.1% (736) 0.98 (0.87–1.09) 0.690
Mechanical thrombectomy
  Leading up to wave 1 5.8% (165) 6.9% (206) 1.24 (1.00–1.55) 0.055
  Wave 1 6.7% (195) 6.1% (153) 0.89 (0.71–1.13) 0.338
  Between waves 1 and 2 6.5% (298) 7.4% (332) 1.11 (0.94–1.32) 0.222
  Wave 2 6.6% (416) 6.9% (418) 1.02 (0.87–1.18) 0.838
  Wave 3 6.6% (302) 5.8% (263) 0.88 (0.73–1.05) 0.155
  Wave 4 6.3% (210) 6.1% (320) 0.95 (0.80–1.12) 0.552
Decompressive craniectomy
  Leading up to wave 1 0.4% (11) 0.4% (12) 1.05 (0.46–2.39) 0.906
  Wave 1 0.4% (11) 0.4% (11) 1.15 (0.49–2.66) 0.751
  Between waves 1 and 2 0.5% (22) 0.3% (14) 0.65 (0.33–1.27) 0.204
  Wave 2 0.4% (24) 0.4% (25) 1.06 (0.60–1.86) 0.842
  Wave 3 0.4% (18) 0.5% (23) 1.37 (0.73–2.56) 0.322
  Wave 4 0.5% (24) 0.6% (32) 1.38 (0.81–2.36) 0.238
Transfer to stroke unit among patients without mechanical ventilation  
  Leading up to wave 1 59.8% (1,636) 58.5% (1,681) 0.99 (0.84–1.16) 0.872
  Wave 1 60.9% (1,707) 62.5% (1,507) 1.17 (0.98–1.39) 0.076
  Between waves 1 and 2 61.6% (2,670) 63.7% (2,716) 1.12 (0.98–1.28) 0.103
  Wave 2 59.3% (3,552) 63.9% (3,707) 1.31 (1.31–1.31) <0.001
  Wave 3 60.9% (2,670) 63.9% (2,798) 1.21 (1.06–1.38) 0.006
  Wave 4 61.7% (2,963) 61.5% (3,099) 0.97 (0.86–1.09) 0.578
Mechanical ventilation
  Leading up to wave 1 4.3% (123) 4.4% (131) 1.02 (0.79–1.31) 0.892
  Wave 1 4.3% (127) 4.4% (112) 1.01 (0.78–1.31) 0.936
  Between waves 1 and 2 5.0% (227) 4.7% (210) 0.93 (0.77–1.14) 0.498
  Wave 2 4.9% (312) 4.2% (252) 0.82 (0.69–0.98) 0.027
  Wave 3 4.5% (208) 4.2% (190) 0.96 (0.78–1.18) 0.701
  Wave 4 5.0% (252) 3.7% (195) 0.74 (0.61–0.90) 0.003
In-hospital case fatality
  Leading up to wave 1 6.2% (160) 6.4% (175) 1.05 (0.84–1.31) 0.691
  Wave 1 6.0% (160) 7.6% (177) 1.27 (1.02–1.59) 0.033
  Between waves 1 and 2 6.4% (264) 5.4% (220) 0.83 (0.69–1.00) 0.045
  Wave 2 6.7% (383) 7.1% (390) 1.06 (0.92–1.23) 0.418
  Wave 3 6.2% (258) 6.0% (245) 0.97 (0.81–1.16) 0.710
  Wave 4 6.5% (294) 5.4% (253) 0.82 (0.69–0.98) 0.025

(Continued)
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Control period Study period Odds ratio (95% CI) p-Value

Duration of hospital stay (mean, days)
  Leading up to wave 1 9.2 ± 9.6 9.9 ± 9.7 – <0.01
  Wave 1 9.7 ± 9.6 8.3 ± 8.3 – <0.01
  Between waves 1 and 2 9.2 ± 8.9 8.7 ± 9.5 – <0.01
  Wave 2 9.7 ± 9.6 9.1 ± 10.9 – <0.01
  Wave 3 9.6 ± 9.1 8.8 ± 9.6 – <0.01
  Wave 4 9.3 ± 9.1 8.9 ± 8.4 – <0.01
Case mix index (mean)
  Leading up to wave 1 1.68 ± 1.3 1.68 ± 1.2 0.66
  Wave 1 1.71 ± 1.4 1.68 ± 1.6 <0.01
  Between waves 1 and 2 1.70 ± 1.2 1.70 ± 1.3 0.37
  Wave 2 1.69 ± 1.3 1.62 ± 1.4 <0.01
  Wave 3 1.71 ± 1.3 1.55 ± 1.2 <0.01
  Wave 4 1.71 ± 1.2 1.54 ± 1.2 <0.01

CI: confidence interval.

Table 4.  (Continued)

study period in wave 4.36 The observed normalization of 
AIS hospitalizations in waves 2, 3, and 4 may in part be due 
to patients being more confident that they will not be 
infected during a hospital stay.

We acknowledge some limitations of our study. First, our 
analysis relies on ICD-10 codes to identify AIS, introducing 
an unknown amount of case misclassification. Nonetheless, 
diagnostic codes for AIS undergo rigorous screening by in-
hospital auditors prior to entry into the hospital system’s 
database. Second, the database does not capture AIS grade 
or type, so outcomes other than case fatality are not availa-
ble. Third, wave 4 of the pandemic is currently still ongoing, 
so estimating its impact on AIS is not yet complete. Fourth, 
our data are not able to assess stroke severity and the 
observed changes in rates of transfer to stroke units may be 
influenced by changes in in-hospital processes due to the 
pandemic rather than by stroke severity itself. Fifth, with 
our data we were not able to further evaluate a potential 
learning curve in managing AIS during a pandemic by 
means of time analyses, such as time to first CT, first contact 
with specialist, or first physiotherapy, mainly since diagnos-
tic and therapeutic processes were coded with a substantial 
delay. Finally, our study is not able to project long-term 
effects of the pandemic on AIS care and its results may not 
be generalizable to health systems outside of Germany.

Conclusion

We found that the COVID-19 pandemic in Germany seems 
to have had a larger effect on nationwide in-hospital AIS 
care during the early pandemic stages, in which AIS case 
numbers decreased and case fatality rose. Many aspects of 
AIS care normalized during waves 2, 3 and 4, which may 
reflect a certain learning curve within health care systems 
in providing AIS care in times of a pandemic. The fact that, 

among AIS patients, the prevalence of comorbidities and 
the case mix index decreased during the pandemic suggests 
selective processes prior to hospitalization that warrant fur-
ther investigation.
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