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Abstract
Background and purpose: Many countries worldwide, including Germany, reported that 
the first wave of the coronavirus disease 2019 (COVID- 19) pandemic in early 2020 influ-
enced the care of acute ischemic stroke (AIS) patients, but data are lacking for further 
pandemic wave periods.
Methods: We conducted a nationwide, retrospective, cross- sectional study of all hospi-
talized patients with the main diagnosis of AIS in 2019 and 2020. Primary outcomes were 
the number of hospitalizations for AIS, the application of stroke unit care, intravenous 
thrombolysis (IVT), and mechanical thrombectomy (MT), as well as the in- hospital mortal-
ity during the different pandemic periods in 2020 compared to the corresponding periods 
in 2019. Secondarily, we analyzed differences in outcomes between patients with and 
without concurrent COVID- 19.
Results: We included 429,841 cases with AIS, of which 1268 had concurrent COVID- 19. 
Hospitalizations for AIS declined during both pandemic wave periods in 2020 (first wave: 
−10.9%, second wave: −4.6%). MT rates were consistently higher throughout 2020 com-
pared to 2019, whereas the IVT rate dropped during the second wave period (16.0% vs. 
17.0%, p < 0.001). AIS patients with concurrent COVID- 19 frequently received recanali-
zation treatments, with an overall MT rate of 8.4% and IVT rate of 15.9%. The in- hospital 
mortality was high (22.8% vs. 7.5% in noninfected AIS patients, p < 0.001).
Conclusions: These findings demonstrate a smaller decline in hospitalizations for AIS in 
the more severe second wave of the COVID- 19 pandemic. AIS patients with and without 
concurrent COVID- 19 who did seek acute care continued to receive recanalization treat-
ments in Germany.
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INTRODUC TION

The year 2020 was dominated by the coronavirus disease 2019 
(COVID- 19) pandemic, caused by severe acute respiratory corona-
virus 2 (SARS- CoV- 2). Several neurological manifestations and com-
plications have been reported, including acute ischemic stroke (AIS), 
that might be mainly caused by an inflammation- induced prothrom-
botic state, but also by angiotensin- converting enzyme- 2 receptor 
dysregulation or COVID- 19- associated cardiac injury [1]. COVID- 19 
in AIS patients is associated with substantially higher mortality [2,3] 
and a frequent appearance of large vessel occlusions (LVOs) [4].

In addition to direct disease- related complications, the first wave 
of the COVID- 19 pandemic influenced AIS care on a global level, with 
a strong decline in the number of AIS patient hospitalizations [5].   
A similar decrease was observed for Germany during the first wave 
of the pandemic in spring 2020 [6]. The decline was attributed to 
lockdown measures and fear of attending hospitals. However, during 
the first pandemic wave period, the acute recanalization therapy 
rates remained at high levels in Germany. As the COVID- 19 pan-
demic is still ongoing, most countries have gone through the second 
wave of this pandemic, including Germany, where the second wave 
started in October 2020. This second wave was even worse, with a 
massive increase in the numbers of new infections with SARS- CoV- 2 
and a substantial rise in COVID- 19- related deaths [7,8]. This devel-
opment also unsettled the stroke community. To date, it is unknown 
to which extend this more severe second pandemic wave might have 
influenced the acute stroke care and the in- hospital mortality of AIS 
patients in Germany.

Therefore, we sought to investigate and compare the number 
of patients hospitalized for AIS, treatment rates with intravenous 
thrombolysis (IVT) and mechanical thrombectomy (MT), and the 
in- hospital mortality rate among AIS patients during the COVID- 19 
pandemic in 2020, including both infection waves, using the full- year 
nationwide data of Germany. Secondarily, we aimed to analyze dif-
ferences in acute care and in- hospital mortality of AIS patients with 
and without concurrent COVID- 19.

METHODS

This study followed the reporting STROBE (Strengthening the 
Reporting of Observational Studies in Epidemiology) guideline.

Data source and study sample

This is a German nationwide retrospective cross- sectional study using 
the administrative diagnosis- related group database (data transmis-
sion according to §21 KHEntgG and §24 para. 2 KHG; official data 
on file, source: Institut für das Entgeltsystem im Krankenhaus, www.  
g- drg.de). In Germany, all inpatient stroke cases are encoded accord-
ing to the German version of the 10th International Classification 
of Diseases (ICD- 10- GM) and operating and procedure (OPS) keys 

issued by the Federal Institute for Drugs and Medical Devices. We 
included all hospitalized patients in Germany with the ICD- 10 main 
diagnosis I63 (ischemic stroke, n = 429,841) from 1 January 2019 to 
31 December 2020. AIS patients being transferred once or multiple 
times from one hospital to another for acute stroke therapy and/
or early rehabilitation were censored to avoid double and multiple 
counting cases with main diagnosis I63 (excluding "discharge key 
06"). Case numbers with the main diagnosis of I63 were aggregated 
at the level of the 3- digit ICD code.

Outcome

Primary outcomes were the number of AIS hospital admissions, ap-
plication of acute recanalization procedures (IVT, MT), stroke unit 
care (SUC), and in- hospital mortality among AIS patients during the 
following predefined periods of interest: 1 January to 29 February 
2020 (pre- first wave), 1 March to 31 May 2020 (first wave), 1 June to 
30 September 2020 (pre- second wave), 1 October to 31 December 
2020 (second wave; Figure S1 in the online supplement). The number 
of AIS recanalization therapies was assessed using the correspond-
ing OPS key for IVT (OPS code 8– 020.8) and MT (OPS 8– 836.80) 
in combination with the main diagnosis ICD I63. The following OPS 
codes combined with the I63 main diagnosis were analyzed to assess 
SUC: 8– 981.x (complex treatment of acute stroke) and 8- 98b.*0/*1 
(other complex treatment of acute stroke without/with teleconsul-
tation). In- hospital mortality was assessed using discharge key 07 
(death during hospital stay).

Secondary outcomes were the acute care and in- hospital mor-
tality of AIS patients depending on the copresence of COVID- 19. 
Comorbid COVID- 19 was assessed by the concurrent coding of ICD 
U07.1 (laboratory- confirmed COVID- 19).

Statistical analysis

Rates are given for categorical variables, and means and SDs for 
continuous variables. Absolute and relative changes in hospitaliza-
tions, treatment rates, and in- hospital mortality rates in AIS patients 
between the different periods of interest are given in numbers and 
percent. We used the chi- squared test for categorical variables and 
t- test for continuous variables to compare each period of interest's 
data with the corresponding previous year period.

Additionally, differences between the periods of interest of 2020 
versus 2019 were investigated using odds ratio (OR) estimates. ORs 
and 95% confidence intervals were calculated for the predefined 
outcomes under the random effects model (DerSimonian– Laird). 
Within and in- between differences were analyzed with the Cochran 
test for heterogeneity and I2 statistics.

The same approach was used to investigate statistical differences 
in outcome measures in AIS patients with concurrent COVID- 19 
(AISpos) compared to noninfected AIS patients. Two- sided p < 0.05 
was set as the level of statistical significance.

http://www.g-drg.de
http://www.g-drg.de
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RESULTS

Number of AIS patients

Before the first wave, the number of hospitalized AIS patients 
slightly increased by 1.0% as compared to the corresponding period 
in 2019. During the first and second waves of the COVID- 19 pan-
demic, there was a marked decline in patients hospitalized for AIS, 
with −10.9% during the first and −4.6% during the second pandemic 
wave period. In between, case numbers increased again, with only 
a mild decline (−1.5%) in hospitalized AIS patients compared to the 
previous year period (Figure 1).

Demographics of AIS patients

The age of hospitalized AIS patients in 2020 did not differ from the 
previous year (Table 1). During both the first and second pandemic 
wave, we observed a greater decline in hospital admissions of female 
as compared to male AIS patients (first wave: −11.8% vs. −10.1%, 
second wave: −6.1% vs. −3.1%). This difference was statistically sig-
nificant for the second pandemic wave (Table 1).

Treatment rates of AIS patients

The proportion of AIS patients who received stroke unit care was 
higher before the first wave (73.9% vs. 72.1%, p < 0.001), during 

the first wave (76.7% vs. 74.2%, p < 0.001), and after the first wave 
(75.9% vs. 75.1%, p < 0.001) of the pandemic as compared to the 
2019 periods. During the second wave, the proportion of SUC de-
creased to 74.1%, which was significantly lower as compared to the 
corresponding period in 2019 (76.4%, p < 0.001; Table 1).

The use of IVT in AIS patients was significantly lower during the 
second wave (16.0% vs. 17.0%, p < 0.001) but did not differ in any 
other period as compared to 2019. The MT rate was consistently 
higher in 2020 as compared to 2019, with the most remarkable 
difference during the first wave of the pandemic (8.1% vs. 6.8%, 
p < 0.001; Table 1).

The proportion of AIS patients who died during the hospital 
stay was significantly higher during the first wave period in 2020 
as compared to the corresponding period in 2019 (8.0% vs. 7.5%, 
p = 0.021), whereas there was no statistical difference in any other 
time period (Table 1). Log OR estimates for all outcomes are dis-
played in Figure 2.

AIS patients with concurrent COVID- 19

Throughout the year 2020, a total of 1268 hospitalized AIS patients 
were coded with a concurrent COVID- 19 diagnosis in Germany. The 
number of these AISpos patients peaked during the first and second 
wave of the COVID- 19 pandemic, with the highest number during 
the second wave period (n = 909, 1.9% of all AIS patients in this 
period; Table 2). The mean age of the AISpos patients was 76.6 years, 
and 50.1% were male. The overall SUC, IVT, and MT rates were 

F I G U R E  1  Relative change in acute ischemic stroke (AIS) patient hospitalizations during 2020. The relative change in AIS patient 
hospitalizations versus the prior year at a specific time point is displayed by the blue line. The cumulative number of hospitalized COVID- 19 
patients at a particular time point is given by the red line [Colour figure can be viewed at wileyonlinelibrary.com]
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48.3%, 15.9%, and 8.4% compared to 75.5% (p < 0.001), 16.3% 
(p = 0.696), and 7.9% (p = 0.461) in AIS patients without COVID- 19. 
Log OR estimates are given in Figure 3.

We observed marked fluctuations of specialized acute stroke 
treatments in AISpos patients during the different pandemic periods 
in 2020. The first and second pandemic waves were characterized 
by a frequent IVT application in AISpos patients (first wave: 18.6%, 
second wave 15.6%, p = 0.278) without a statistically significant 
difference compared to AIS patients without concurrent COVID- 19 
(first wave: 16.7%, second wave: 16.0%, p > 0.05 for both compar-
isons; Table 2). The proportion of AISpos patients receiving MT in-
creased from the first wave (6.7%) to the second wave period (8.5%, 
p = 0.337). There was no significant difference in the use of MT in 
AISpos patients compared to AIS patients without COVID- 19 (first 
wave: 8.1%, second wave: 7.9%, p > 0.05 for both comparisons). The 
highest MT rate in AISpos patients was found during the pre- second 
wave period (14.8% vs. 7.8% in noninfected AIS patients, p = 0.066).

Overall, 289 of 1268 AISpos patients (22.8%) died during hospi-
tal stay compared to 15,619 of 208,986 noninfected AIS patients 
(7.5%, p < 0.001). The in- hospital mortality rate in AISpos patients 
was 20.6% during the first pandemic wave, 10.2% in the pre- second 
wave period, and finally increased to 24.6% in the second pandemic 
wave period (Table 2).

DISCUSSION

There was a substantial decline in patients hospitalized for AIS in 
2020, with the most pronounced decline during the first wave pe-
riod of the COVID- 19 pandemic in Germany. Although the number 
of COVID- 19 patients was much higher during the second pandemic 
wave, the decrease in AIS patient hospitalizations was only approxi-
mately half of that compared to the first wave period. A significant 

decrease in stroke admissions has also been noted in other European 
countries, such as Greece. Data from three representative tertiary 
care hospitals showed that the decline in stroke admissions and 
acute coronary syndromes was almost similar between the first two 
pandemic wave periods, although the number of new infections with 
SARS- CoV- 2 was also higher in Greece during the second wave pe-
riod [9,10]. For Germany, we also found differences in German citi-
zens’ mobility between the two wave periods. The national analysis 
of mobile communication data in Germany revealed an average mo-
bility reduction of −20% during the first and only −9% during the sec-
ond wave period as compared to the corresponding periods in 2019 
[11]. The decline in German citizens' mobility during these periods 
was probably a consequence of the national lockdowns. The prob-
able lower obedience to the second lockdown that the difference 
of the mobility reduction between the first and second wave pe-
riod might reflect indicates a change in behavior of German citizens. 
During the first pandemic wave, there was a great fear of acquiring a 
SARS- CoV- 2 infection during a hospital stay [12]. Although specula-
tive, a reduction in fear of contracting a SARS- CoV- 2 infection might 
attribute to the smaller decline in AIS hospitalizations during the 
second wave period. In this context, the routine implementation of 
hygiene concepts into hospital infrastructure [13] during and after 
the first wave of the pandemic might have reassured the German 
population. On the other hand, public notices like from the German 
Society of Neurology during the first wave of the pandemic encour-
aged the public to seek help in hospitals in case of medical emer-
gencies like stroke [14]. A sensitization of the German population 
to such side effects may also be responsible for the lower decline in 
hospitalized AIS patients during the second pandemic wave.

Interestingly, there was a greater decline in female AIS pa-
tient hospitalizations, particularly during the second wave period. 
Preliminary data from the official German death statistic of 2020 
did not demonstrate a sex difference in overall case fatalities, 

TA B L E  1  Characteristics of acute ischemic stroke patients

Characteristic
Jan– Feb [pre- first 
wave] Mar– May [first wave]

Jun– Sep [pre- second 
wave]

Oct– Dec [second 
wave]

2020, n (2019) 38,155 (37,764) 51,554 (57,889) 73,472 (74,616) 47,073 (49,318)

Relative change, 2020 vs. 2019 +1.0% −10.9% −1.5% −4.6%

Age, years (2019) 74.4 ± 9.2 (74.4 ± 9.1) 74.3 ± 9.1 (74.4 ± 9.1) 74.0 ± 9.1 (74.0 ± 8.9) 74.2 ± 9.2 (74.2 ± 9.1)

Gender, male (2019) 52.4% (52.4%) 53.2% (52.8%) 53.1% (53.2%) 52.9% (52.1%)

Change in male patients, n (%) +224 (+1.1%) −3,096 (−10.1%) −656 (−1.7%) −809 (−3.1%)

Change in female patients, n (%) +167 (+0.9%) −3,239 (−11.8%) −488 (−1.4%) −1,436 (−6.1%)

IVT rate 16.2% (16.3%) 16.7% (16.4%) 16.1% (16.0%) 16.0%a (17.0%)

MT rate 7.5%a (7.1%) 8.1%a (6.8%) 7.8%a (7.0%) 7.9%a (7.3%)

SUC rate 73.9%a (72.1%) 76.7%a (74.2%) 75.9%a (75.1%) 74.1%a (76.4)

In- hospital mortality rate 7.4% (7.4%) 8.0%a (7.5%) 7.1% (7.0%) 8.0% (7.8%)

Note: Age is given as mean ± standard deviation, and rates are given in percent. Pandemic periods in 2020 are defined as pre- first wave: January to 
February, first wave: March to May, pre- second wave: June to September, and second wave: October to December 2020. The corresponding control 
periods in 2019 are given in parentheses.
Abbreviations: IVT, intravenous thrombolysis; MT, mechanical thrombectomy; SUC, stroke unit care.
ap < 0.05 comparing pandemic periods to the corresponding previous year periods.
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irrespective of age groups. Therefore, we do not assume that the 
observed difference is attributed to a sex difference in the popula-
tion at risk for stroke due to an unequal increase of deaths among 

German women [15]. One possible explanation is that compared to 
men, much more women older than 70 years receive out-  or inpa-
tient nursing care in Germany (1,926,000 vs. 878,000 in 2019) [16]. 

F I G U R E  2  Log odds ratio of primary outcomes stratified by the different pandemic periods. Log odds ratio > 0 indicates a higher 
likelihood for patients during 2020. CI, confidence interval; IVT, intravenous thrombolysis; MT, mechanical thrombectomy; SUC, stroke unit 
care [Colour figure can be viewed at wileyonlinelibrary.com]
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Since March 2020, German nursing institutions were almost sealed 
off. They had to comply with strict quarantine rules due to COVID- 
19- related outbreaks in these institutions, with consequent high 
numbers of deaths in this vulnerable population of older people 
[8,17,18]. Therefore, we speculate that acute medical care was se-
verely compromised in German care facilities. Another explanation 
could be that a disparity in behavior between women and men in 
responding to the COVID- 19 pandemic- related lockdown measures 
and sex differences in the perception regarding the seriousness of 
COVID- 19 contributed to the observed sex differences of AIS hos-
pitalizations. Galasso et al. reported that women from eight coun-
tries, including Germany, more often considered COVID- 19 a severe 
health problem than men. Furthermore, the agreement and compli-
ance with restraining measures and rules were also higher in women 
[19]. Although these results might not be directly transferable to our 

findings, a sex difference in behavior might also explain the more 
pronounced decline in female AIS patients during the two pandemic 
waves in Germany.

Whereas AIS patients were treated significantly more often in 
a stroke unit during the first 9 months in 2020 compared to 2019, 
SUC significantly decreased during the second pandemic wave from 
October to December 2020. This might be most likely attributed to 
the substantially heavier second pandemic wave, with a significant 
increase of new infections with SARS- CoV- 2 and consecutively ris-
ing numbers of critically ill patients treated in intensive care units in 
Germany [7,8]. This development resulted in a reorganization of care 
with newly established separated COVID- 19 intermediate and inten-
sive care units that consecutively decreased the number of stroke 
unit beds in some areas. Furthermore, the number of hospitalized 
AIS patients with concurrent COVID- 19 was 3.6 times higher during 

TA B L E  2  Characteristics of AIS patients with concurrent COVID- 19 (laboratory confirmed)

Characteristic
Jan– Feb [pre- first 
wave] Mar– May [first wave]

Jun– Sep [pre- second 
wave]

Oct–  Dec [second 
wave]

N 18 253 88 909

% of all AIS 0.05%a 0.5%b 0.1%a 1.9%b

Age, years 72.1 ± 7.9 (74.4 ± 9.2) 76.6 ± 10.8c (74.3 ± 9.1) 75.6 ± 9.6 (74.0 ± 9.1) 76.7 ± 10.9c (74.1 ± 9.1)

Sex, male 66.7% (52.4%) 52.6% (53.2%) 52.3% (53.1%) 48.8%c (52.9%)

IVT rate 0a,c (16.2%) 18.6% (16.7%) 13.6%a (16.1%) 15.6% (16.0%)

MT rate 0a,c (7.5%) 6.7% (8.1%) 14.8%a (7.8%) 8.5% (7.9%)

SUC rate 0a,c (73.9%) 52.6%c (76.8%) 45.5%a,c (75.9%) 48.4%c (74.6%)

In- hospital mortality rate 22.2% (7.4%) 20.6%c (7.9%) 10.2% (7.1%) 24.6%c (7.7%)

Note: Age is given as mean ± standard deviation, and rates are shown in percent. Pandemic periods in 2020 are defined as pre- first wave: January to 
February, first wave: March to May, pre- second wave: June to September, and second wave: October to December 2020. The corresponding data of 
patients without concurrent COVID- 19 is given in parentheses.
Abbreviations: AIS, acute ischemic stroke; IVT, intravenous thrombolysis; MT, mechanical thrombectomy; SUC, stroke unit care.
ap <0.05 for comparing pre- first and pre- second wave periods.
bp <0.05 for comparing first and second wave periods.
cp <0.05 for comparing AISpos patients and AIS patients without COVID- 19 in the corresponding period.

F I G U R E  3  Log odds ratio of outcomes according to the presence of concurrent COVID- 19. Log odds ratio > 0 indicates a higher 
likelihood for AIS patients with concurrent COVID- 19. AIS, acute ischemic stroke; CI, confidence interval; IVT, intravenous thrombolysis; MT, 
mechanical thrombectomy; SUC, stroke unit care [Colour figure can be viewed at wileyonlinelibrary.com]
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the second wave compared to the first pandemic wave period. AIS 
patients with concurrent COVID- 19 were usually not treated on the 
regular stroke units in Germany but again on specialized COVID- 19 
intensive care units. The decline in the SUC rate paralleled the sig-
nificantly lower use of IVT in AIS patients during the second pan-
demic wave period. It has been reported that IVT use has been 
affected by the pandemic on a global level during the height of the 
first pandemic period from March to June 2020 [5]. However, this 
was not true for Germany, where the first pandemic wave was much 
weaker than the second wave period with lower numbers of new 
infections with SARS- CoV- 2 weekly [7].

In contrast, the use of MT was consistently higher throughout 
the year 2020 compared to 2019, with the highest relative differ-
ence during the first pandemic wave period (+1.3%). The higher use 
of MT in 2020 is probably part of Germany's steadily rising MT rate 
over the past years [20– 22]. However, together with the marked de-
cline in AIS patients and the significantly higher in- hospital mortality 
of AIS patients during the first pandemic wave period, we assume 
that hospitalized AIS patients during the first wave had more severe 
strokes, whereas primarily patients with minor stroke did not seek 
medical care in hospitals. Based on our findings, this hypothesis does 
not apply to the second pandemic wave, in which the decline in hos-
pitalized AIS patients was lower and in- hospital mortality was not 
different from the previous year period.

In Germany, SARS- CoV- 2 infection was present in 0.6% of all pa-
tients hospitalized for AIS in 2020. As expected, the highest numbers 
of hospitalized AISpos patients were noted during the first and sec-
ond wave periods. This German SARS- CoV- 2 infection rate is lower 
than the recently published data of 457 selected stroke centers from 
more than 70 countries that report a SARS- CoV- 2 infection rate of 
3.3% among 52,026 stroke admissions. Two aspects might be respon-
sible for the observed differences between the two studies. First of 
all, the study by Nogueira et al. [5] focused on the 4 months at the 
first pandemic wave height and included several countries that were 
more severely affected by the pandemic than Germany. Second, this 
study included all types of cerebrovascular events (transient ischemic 
attack, ischemic stroke, and intracerebral hemorrhage), whereas our 
study focused on ischemic stroke patients.

Although LVOs are probably more frequent in COVID- 19- 
associated AIS [4,23] the general use of MT in AISpos patients was 
similar to noninfected AIS patients. Nevertheless, treatments with 
MT and IVT showed a dynamic difference during the different pan-
demic periods in Germany. The IVT rates of AISpos patients were 
consistently high in 2020, whereas the MT rate in AISpos patients 
peaked during the pre- second wave period and declined again 
during the second wave period. However, the MT rate in the sec-
ond wave period was still higher as compared to the first wave 
period, with its much lower number of COVID- 19 patients. The in-
crease of the MT rate since the first pandemic wave period might 
be attributed to a particular focus on LVOs in AISpos patients and 
the routine implementation of practical hygiene concepts, result-
ing in a fast and safe triage of patients with reduced risk of in-
fection of health care workers. Furthermore, shortening the delay 

from onset to initiation of recanalization treatment could also be 
attributed to an earlier presentation of AIS patients to the hospital 
during the second wave, but this remains speculative, as this data-
set does not provide such information. Although recanalization 
treatments were frequently applied in AISpos patients in Germany, 
the mortality rate remained high, supporting that AIS and concur-
rent COVID- 19 are associated with worse prognosis [24].

Limitations

Our nationwide study has limitations. The data refer to the overall 
number of hospitalized patients with a main diagnosis of AIS, ir-
respective of the clinical details, such as time of onset, symptom 
severity, premorbid functional status, and comorbidities. Thus, the 
data of treatment rates are at risk of confounding. Although in- 
hospital mortality data are recorded, we do not have information 
on long- term functional outcomes, such as the modified ranking 
scale after 90 days. However, our administrative data have high ac-
curacy, because registration of all stroke cases and acute treatment 
procedures is a prerequisite to get financial compensation. To rule 
out that an incorrect coding leads to better remuneration for the 
respective hospitals, the medical health insurance services closely 
control the process, including the coding of operating and proce-
dure keys for MT and IVT. Nevertheless, incorrect coding cannot 
be excluded in some cases, but systematic error is unlikely. To ex-
clude double- coding procedures, the system itself assures that one 
IVT or MT procedure refers to only one AIS patient, even if the 
patient has been transferred to a second hospital for MT.

Reliance on routine clinical coding might underestimate the 
incidence of minor strokes, which can be misdiagnosed as a tran-
sient ischemic attack or stroke mimics. However, we do not assume 
a systematic over-  or underestimation of AIS in the respective pe-
riods, because that would have resulted in a noticeable change in 
the proportion of AIS patients treated with, for example, IVT or MT. 
Furthermore, there was no change in the German coding system nor 
a revision of the ICD version during the analyzed periods that could 
have affected the coding quality.

Despite these common limitations, administrative data have 
been considered appropriate for investigating such dynamics over 
the years [25].

CONCLUSIONS

A substantial decline in AIS hospitalizations characterized the first 
pandemic wave in spring 2020. Although the number of patients 
with COVID- 19 was much higher during the second wave period in 
fall/winter 2020, the decline in AIS hospitalizations was substan-
tially lower compared to the first wave period. This was most likely 
attributable to reduced fear of infection, routine implementation of 
hygiene concepts, and improvements in hospital infrastructure for 
effective clinical management of COVID- 19 patients.
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Irrespective of comorbid COVID- 19, acute AIS therapies re-
mained at high levels in Germany during the first and second pan-
demic wave period, including recanalization treatments and SUC. 
Nevertheless, AIS and concurrent COVID- 19 were associated with 
very high in- hospital mortality.
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