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Abstract
Background: The COVID-19 pandemic lockdown (CPL) lead 
to a significant decrease in emergency admissions world-
wide. We performed a timely analysis of ischemic stroke (IS) 
and related consultations using the telestroke TEMPiS “work-
ing diagnosis” database prior (PL), within (WL), and after eas-
ing (EL) of CPL. Methods: Twelve hospitals were selected and 
data analyzed regarding IS (including intravenous thrombol-
ysis [intravenous recombinant tissue plasminogen; IV rtPA] 
and endovascular thrombectomy [EVT]) and related events 
from February 1 to June 15 during 2017–2020. In addition, 
we aimed to correlate events to various mobile phone mo-
bility data. Results: Following the significant reduction of IS, 
IV rtPA, and EVT cases during WL compared to PL in 2020 
longitudinally (p values <0.048), we observed increasing 
numbers of consultations, IS, recommendations for EVT, and 
IV rtPA with the network in EL over WL not reaching PL levels 
yet. Absolute numbers of all consultations paralleled best to 
mobility data of public transportation over walking and driv-
ing mobility. Conclusions: While the decrease in emergency 

admissions including stroke during CPL can only be in part 
attributed by patients not seeking medical attention, stroke 
awareness in the pandemic, and direct COVID-19 triggered 
stroke remains of high importance. The number of consulta-
tions in TEMPiS during the lockdown parallels best with mo-
bility of public transportation. As a consequence, exposure 
to common viruses, well-known triggers for acute cerebro-
vascular events and other diseases, are reduced and may 
add to the decline in stroke consultations. Further studies 
comparing national responses toward the course of the CO-
VID-19 pandemic and stroke incidences are needed.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

The current COVID-19 pandemic challenges diagnos-
tics and treatment of patients with a variety of neurologi-
cal diseases. Infection with SARS-CoV-2 has been linked 
to stroke in critically ill patients and unusual stroke man-
ifestations, and may be an additional stroke risk factor 
and predictor for bad outcome [1–8]. A complicating 
matter is that in this scenario stroke neurologists need to 
organize rapid specific stroke management of possible 
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COVID-19-positive patients from the preclinical setting 
through the ambulance and emergency system, to stroke 
units, and in the neuroradiological department, including 
IV thrombolysis (intravenous recombinant tissue plas-
minogen; IV rtPA) and endovascular treatment (EVT), 
and adequate protection of all hospital personnel [9–11]. 
Other phenomena related to the COVID-19 pandemic 
are the compiling reports from hospitals around the globe 
of a significant decline in a large variety of diseases such 
as stroke, subarachnoid hemorrhage (SAH), myocardial 
infarction, acute heart failure, and diverticular disease, 
amongst others [12–19].

Various groups noted a timely link of declining stroke 
cases to the beginning of the various nationwide lock-
downs [16, 20–24]. Controversy exists whether or not this 
phenomenon is purely related to changes in stroke aware-
ness due to reduced social contact or reluctance to seek 
medical treatment in fear of potential COVID-19 infec-
tion after years of successful stroke education efforts and 
changes in hospital transport guidelines. In addition, 
some of these publications report additionally lower 
numbers of IV rtPA, EVT, and large ischemic stroke (IS) 
volumes while others reported unchanged relations of IV 
rtPA and EVT within the smaller stroke collective [2, 19, 
24–30]. However, the unprecedented decline in a broad 
variety of vascular diseases including severe IS, SAH, and 
myocardial infarction needs further analysis.

In a previous analysis of the TEMPiS telestroke work-
ing database, we noted a significant decrease of IV rtPA 
and EVT recommendations within 6 weeks after begin-
ning of the COVID-19 lockdown to parallel activity data 
from mobile phones [31, 32]. In this study, we follow up 
on this development in relation to rising of various activ-
ity levels after easing of social distancing measures.

Material and Methods

Data from daily consultations at 12 hospitals without neurol-
ogy departments in the telestroke network TEMPiS form the basis 
of this study as previously described [32]. The consultations took 
place between February 1 and June 15 in the years 2017–2020. All 
data were pseudonymized. We extracted the actual working diag-
noses based on telemedical consultation and neuroimaging results, 
mainly cerebral computed tomography. The major “working diag-
nostic groups” of the TEMPiS data were as follows: (1) IS, (2) tran-
sient ischemic attack (TIA), (3) intracranial hemorrhage (ICH, in-
cluding SAH, subdural hematoma and intracerebral bleeding 
[ICB]), (4) epileptic seizure, (5) migraine, (6) other disorder (in-
cluding facial palsy, headache, and brain tumor), and (7) all con-
sultations. Furthermore, cases were analyzed regarding recom-
mendations for IV thrombolysis (IV rtPA) or endovascular thera-
py (EVT, thrombectomy) for large-vessel occlusion.

Before comparing 2020 data with the previous years, data 
from 2017 to 2019 (January–July each) were plotted for all con-
sultations, EVT recommendations, and recommendations for IV 
thrombolysis in order to get a general overview (Fig. 1 and 2). 
Overall, the number of consultations has been increasing slightly 
over the years (presumably based on more and better therapies 
being available, maybe also due to an increase of the average age 
in the overall population or other causes), while the number of 
recommendations for IV thrombolysis seemed to stay roughly 
constant within the analyzed years. As expected, the numbers of 
EVT recommendations had been increasing from 2017 to 2020, 
presumably mainly because this method was established as a 
standard of care. Due to the small case numbers and weekly fluc-
tuations as well as data being only available for the first 6 months 
of each year, we decided against correction for these increasing 
numbers. The lack of correction is unfavorable for our working 
hypothesis – a decrease of case numbers in 2020 due to the lock-
down – and thus should not lead to falsely small significances. 
For this, when comparing with the previous years, we only ana-
lyzed the data regarding potentially significant decreases but not 
increases.

Three 6-week periods were analyzed: prior to (PL) the CO
VID-19 pandemic lockdown (CPL) from February 1 to March 15, 
within (WL) the CPL from March 16 to April 30 and upon easing 
(EL) of the CPL starting May 1 to June 15. These 6-week blocks 
were divided into 3 subgroups again, each spanning a time frame 
of 2 weeks. We decided for blocks spanning such small time frames 
in order to adjust for weekly/seasonal and other fluctuations with-
in the data. Data from the respective time frames from 2017 to 2019 
served as reference.

Exploratory descriptive summary statistics with mean values 
and standard deviations were applied to generate heat maps with 
intensities defined by the ratio of cases in 2020 divided by the mean 
number of cases from 2017 to 2019. For better comparability, the 
overall means and standard deviations of the previous years (Janu-
ary 1–July 15) are shown in an extra column at the right end of the 
heat map.

Three different analyses of the time periods were applied. In a 
first step, data from 2020 were compared to data from 2017 to 
2019. One sample, two-tailed t tests were used on all subgroups to 
calculate the corresponding p values. These tests compared the 
case number in 2020 to the 3 case numbers in 2017, 2018, and 2019. 
The results are shown as a heat map (Fig. 3) with each field repre-
senting one entity in a 2-week block and the color coding repre-
senting the ratio of cases in 2020 to the mean of the case number 
in the previous 3 years. Red fields depict ratios smaller than 1 – cor-
responding to a decrease of cases – while blue fields show an in-
crease in cases, which was mainly but not solely to expect for EVT 
cases in general in 2020.

Additionally, data were analyzed longitudinally in 2020. For 
this, the data were split into the aforementioned 3 blocks – PL, WL, 
and EL, each covering 6 weeks – and compared one to another. 
According to our hypothesis, statistical analysis was performed for 
the comparison of the lockdown situation with the prior lockdown 
situation for IS and related events. “ICH” and “Other” events were 
excluded from this analysis as well as migraine and epilepsy due to 
relatively small numbers. For clarity reasons, additional data are 
shown in the heat map, including the development of cases in the 
EL situation (Fig. 3). As all data are placed within 2020, again there 
was no correction for increasing or decreasing case numbers under 
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the assumption of minor baseline changes in a time frame of the 
considered few weeks. As the null hypothesis was strongly one-
sided – “no change or an increase in cases when comparing the 
within-lockdown situation to the prior lockdown situation” – one-
tailed t tests were performed. p values were Bonferroni-corrected, 
values <0.05 were considered significant.

Last, IS and related events information from previous years was 
combined with longitudinal information. For this, ratios of (cases 
[2020]/mean [cases 2017–2019]) were compared using one-tailed 
t tests again with Bonferroni correction and a null hypothesis of an 
increase or no change in ratios for EL to PL. Statistics were only 
applied to events that were regarded as virus triggered/IS or isch-

emia-related again – so for “all consultations,” “EVT recommen-
dations,” “IV rtPA recommendations,” “IS,” and “TIAs”.

Furthermore, the heat map shows the number of COVID-pos-
itive cases in Bavaria. These data are available for public at https://
experience.arcgis.com/experience/478220a4c454480e823b17327
b2bf1d4/page/page_1/. As these data are given in calendar weeks 
rather than in daily format, the numbers of COVID-positive cases 
do not exactly correspond to the given time frames. They only 
serve as illustration and were not used for any statistical analysis.

General public activity curves related to “walking,” “driving,” 
and “public transportation” were created using a moving average 
over the last 28 days based on the mobility data available at https://
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Fig. 1. Blot showing the increasing number 
of recommendations endovascular throm-
bectomies for the first 6 months from the 
years 2017 to 2020. Note the decline with 
the beginning of the COVID-19 pandemic 
starting March 2020.

Fig. 2. Blot showing the relatively steady 
number of recommendations for intrave-
nous thrombolysis for the first 6 months 
from the years 2017 to 2020. Note the de-
cline with the beginning of the COVID-19 
pandemic starting March 2020.
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www.apple.com/covid19/mobility. These mobility data were gen-
erated from the relative request volume for directions in specific 
regions compared to a base volume on January 13, 2020. A similar 
approach was applied for the TEMPiS registered event data before 
calculating correlations. Traffic data were analyzed for all available 
regions regarding Bavaria or the whole of Germany – 7 situations 
with very similar data in total: Munich (driving and walking), 
Nuremberg (driving, walking, and transit), Bavaria (driving), and 
Germany (transit). Transit depicts public transportation. Correla-
tions of moving averages of traffic data to IS, IV rtPA, EVT, and 
consultations in the TEMPiS telestroke database were calculated 
for each of the 7 available datasets. As all traffic curves showed a 
very similar course, the data used for our analyses can be regarded 
as representative for all available datasets in Germany provided by 
Apple mobility data. As these data include different cities in Ba-
varia as well as Bavaria and Germany as whole and all the datasets 
were very similar, it can be assumed to be – at least locally – rep-
resentative for the TEMPiS data spanning a large area in Bavaria. 
One might discuss age effects as it is possible that the data given by 
Apple mobility trends represents a collective younger than the av-
erage TEMPiS patient. Due to a lack of representative data, we can-
not fully exclude such effects. Nevertheless, we would assume such 
effects being rather differences in absolute numbers instead of ra-
tios (e.g., less elderly patients being included in Apple mobility 
trends, but the decline and increase in public transportation, walk-
ing and car usage being similar in younger as well as in older pa-
tients), thus not affecting the course of the data and consequently 
also not the correlation.

Results

A total of 8,498 telemedical consultations with the 12 
TEMPiS network hospitals during the specific time 
frames were investigated. Of these, 29 cases were exclud-
ed before further analysis being non-acute consultations 
(i.e., follow-up examinations). The absolute number of 
COVID-19-positive cases in the whole of Bavaria rose 
from a 2- or at maximum small 3-digit area at the end of 
February 2020 to over 47,000 cases on June 15, 2020, with 
new cases spiking within the COVID-19 lockdown fol-
lowed by a steady decline thereafter (Fig. 3).

Comparing case numbers in 2020 to the preceding 
years 2017–2019, no 2-week block reached statistical dif-
ference on one-sample, two-tailed T tests when corrected 
for multiple testing (Fig. 3). The lack of significant chang-
es is due to the small case numbers, high fluctuation in 
the data, and the triennium serving as reference. Never-
theless, compared to case numbers of previous years, in 
the weeks prior to lockdown (PL), an increase compared 
to the case numbers of the previous years indicated in 
blue heat map colors could be observed, and overall con-
sultations and EVT recommendations were constantly 
above the means of the previous years. Within the lock-
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Fig. 3. Heat map of working diagnoses in TEMPiS 2020 compared to 2017–2019.
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down (WL) phase, the number of consultations, IS, IV 
rtPA, EVTs, and TIAs stayed constantly below the means 
of the previous years, indicated in red colors. After the 
easing of the lockdown (EL phase), a less homogenous 
picture with some still decreased case numbers compared 
to the previous years (mainly consultations overall, stroke, 
and TIA) and other already increasing case numbers 
could be observed. Overall, this indicates rising case num-
bers again not reaching PL levels yet.

The analysis of case numbers 6-week blocks in 2020 PL 
(February 1–March 15), WL (March 16–April 30), and 
EL (May 1–June 15) revealed significant differences in 
longitudinal analysis. Comparing the PL to WL period, it 
exhibited rapid and significant decreases of all consulta-
tions, IS, IV rtPA, and EVTs (adjusted p values <0.0304, 
0.0017, 0.0269, 0.0472, and respectively). EL, represent-
ing the situation after easing of the lockdown, still re-
vealed decreases.

In order to adjust for both weekly and longitudinal ef-
fects, additionally the ratios of (2020/mean [2017–2019]) 
were compared. Again, the WL ratios of overall consulta-
tions, EVTs, and IS showed significant decreases com-
pared to PL (adjusted p values <0.034 each). With respect 
to public mobility indicated by Apple® mobility trends 
data analysis, the initiation of public lockdown March 15, 
2020, resulted in a decrease in walking, driving, and tran-
sit activity in mid-end March 2020 to about −80% (−70.9 
to −82.45% for 7 different traffic datasets, minimum on 

March 21, 2020) on a day-based level, resulting in a de-
crease to about 40% (35–45%) for moving averages over 
the last 28 days reaching their minima at the midst of 
April.

When correlating mobility data to telestroke network 
consultation, correlation coefficients between traffic data 
and IS ranged from 0.91 to 0.97 (mean 0.94), for IV rtPA 
from 0.84 to 0.94 (mean 0.90), and for EVTs from 0.69 to 
0.85 (mean 0.76) for the available datasets. Consultations 
showed the highest value of correlation with Germany 
public transport (range = 0.90–0.97, mean = 0.94), al-
though all mobility datasets showed a similar picture. 
Specifically, correlation coefficients of Germany public 
transport and TEMPiS consultations were as followed: 
0.97 for all consultations, 0.85 for EVT, 0.90 for rtPA, 0.92 
for stroke, and 0.84 for TIAs (Fig. 4). Data of COVID-
positive cases did not parallelize to any of the subgroups 
of events registered in TEMPiS suggesting no positive 
correlation.

Discussion

The current study using the TEMPiS telestroke work-
ing database shows a correlation between the decrease 
and recovery of teleconsultations and population activity 
levels during COVID-19 lockdown for all stroke subtypes 
except ICH. The number of consultations with facing dis-

Correlation of transit in Germany and events in TEMPiS 2020
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abling stroke from IS requiring IV rtPA or EVT also di-
minished and increased in parallel to activity levels with-
out reaching prior levels yet. The COVID-19 lockdown 
itself appears to have a profound effect not only on stroke 
occurrence and intensity, but on other (neuro-) vascular 
diseases and illnesses as well. The common perspective is 
that altered prehospital awareness and reluctant behavior 
to seek medical help during the lockdown resulted in di-
minished and less timely stroke code alerts, yet also dif-
ferent physical activity levels and especially an overall 
lower risk of general infection due to social distancing 
and wearing of mouth-nose masks may play a role.

The decline of severe stroke cases requiring IV rtPA 
and even EVT observed in the TEMPIS telestroke net-
work after initiation of the lockdown parallels the devel-
opment in a large variety of vascular diseases as shown by 
several groups [18, 27–29, 32–34]. The general notion in 
the stroke expert field toward falling numbers of stroke 
cases strongly suggest that patients and stroke symptoms 
observing persons refrain to seek medical help because of 
the risk of SARS-Cov-2 infection in the hospital [35, 36]. 
In addition, Aguiar de Sousa et al. [37] speculated on ad-
ditional reasons for this phenomenon: (1) reduced social 
contact between relatives may lower third party detection 
rate of stroke symptoms that patients themselves are of-
ten not aware of, (2) the emergency system may be “clot-
ted” with COVID-19 cases and patients do not reach the 
hospital, (3) ongoing COVID-19 respiratory infection are 
the leading clinical working diagnosis overshadowing 
stroke, and (4) altered environmental factors such as re-
duced pollution may have a more profound effect than 
previously thought. Indeed, in Akershus University Hos-
pital, Norway, stroke patients during the lockdown had 
on average a significantly higher NIHSS than before (5.9 
vs. 4.2), and upon multivariable logistic regression ad-
justed for sex, age, living alone, and NIHSS ≤5, there was 
a significantly increased odds ratio for not reaching hos-
pital within 4.5 h for IV rtPA [6]. This observation is in 
line with data from Hongkong, China, with prolonged 
symptom to hospital time during the CPL [19]. Diegoli et 
al. [16] analyzing a population-based stroke registry in 
Joinville, Brazil, found 36.4% reduction in stroke admis-
sions upon initiation of lockdown measures in 2020 com-
pared to the equivalent time in 2019 with no difference in 
admissions for severe stroke defined as NIHSS >8, ICB, 
and SAH. These findings may also be local phenomenon 
as shown by a publication of the Lyon Stroke Center net-
work and the combined descriptive data of 4 German uni-
versity stroke units by Hoyer et al. [2, 38]. The latter group 
showed a significant decrease in the number of admis-

sions for TIA in 3 of 4 centers upon the lockdown by 85% 
and a reduction of stroke admission to 46% in 2 of 4 cen-
ters. A relevant effect on reperfusion therapies was found 
for a single center only with a 60% reduction for both IV 
rtPA and EVT. In accordance with our current study they 
found a positive correlation in 3 of 4 centers between mo-
bility data obtained from Teralytics® (Zurich, Switzer-
land) and stroke admissions. They conclude that “there 
are no reasons to assume that the incidence of stroke is 
decreasing, if anything, it may rise in the context of the 
pandemic, given the disease-associated predisposition for 
thromboembolic events.” It has to be kept in mind that 
strict epidemiological data are scarce and travel restric-
tions, COVID-19 outbreaks in neighboring hospitals 
with its temporary closure, and re-organization of local 
emergency pathways to specific high-end hospitals such 
as university hospitals may limit the assertion of single-
center studies.

The perhaps largest study to date analyzed data of the 
central RAPID-software platform and Kansagra and 
Goyal confirm that also severe stroke volumes dimin-
ished during the early lockdown phase of the COVID-19 
pandemic [27]. The number of ischemic core volumes 
100–150 and >150 mL were observed to decrease by 39.2 
and 45.5%, respectively; core volumes 15–100 mL de-
creased by 16.6 and 25%; and very small core infarct vol-
umes measuring 0–15 mL decreased 41%. The decrease 
in the number of very small infarct volumes may well be 
explained by the generally proposed hesitation to seek 
emergency care. However, the observed reduction in 
large ischemic core volumes, consistent with fewer large-
vessel occlusions and less severe stroke symptoms, is 
more in line with our study including the decline in IV 
thrombolysis and thrombectomy recommendations.

Severe disabling stroke symptoms are impressive 
events even for non-medical educated persons and initi-
ate emergency alerts, and the same applies to patients ex-
periencing excruciating headache from SAH. Two publi-
cations on the rate of SAH during COVID-19 pandemic 
describe a marked reduction of aneurysmal SAH in To-
ronto, Canada, and Paris, France [14, 17]. Our dataset 
does not show any significant changes in either SAH, ICB, 
or subdural hematoma; however, the numbers are small. 
No publications with regard to ICB during the CO- 
VID-19 pandemic have been published to the best of our 
knowledge and the prevalence of ICB in COVID-19 pa-
tients appears low [39].

Our data show a parallelization of cerebral ischemic 
events to traffic data with high correlation coefficients. 
While correlation cannot prove causality, we suggest that 
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this strong correlation may indicate some kind of depen-
dency in between these variables. This, for example, can 
be observed looking at the number of traumatic brain in-
juries during the CPL in New York [40]. Another expla-
nation could be, on the other hand side, that there might 
be one or more other variables influencing both ischemic 
events and traffic data or that the COVID-19 pandemic 
event itself influences both the curves without any cau
sality between traffic and the consultation activity in 
TEMPiS.

Besides the aforementioned changes in prehospital 
stroke detection, stroke awareness, and avoidance of hos-
pital admission upon only minor stroke symptoms among 
others during the COVID-19 pandemic, we propose 2 ad-
ditional mechanisms by which not only stroke but a vari-
ety of other diseases may be affected: reduced physical 
activity – represented by transit data in our study – and 
low infectious burden by social distancing and face masks. 
Physical activity is well known to be accompanied by sud-
den and sometimes extensive blood pressure increases, 
thus leading to aneurysmal SAH and myocardial infarc-
tion [41, 42]. The most interesting concept for diminish-
ing cardiovascular disease during the COVID-19 pan-
demic may be an overall reduction of common infection 
by face masks and social distancing. These measures have 
recently been proven to be highly effective in reducing the 
spread of SARS-Cov-2, and may indeed hinder other viral 
infections [43, 44]. And general viruses have shown to 
trigger atherosclerosis and plaque rupture resulting in 
neuro- and cardiovascular morbidity [45, 46]. In a na-
tionwide survey in Denmark, Butt et al. [47] also observed 
falling IS numbers during the CPL but also less cases of 
influenza virus infection that is well known for triggering 
IS. A reduction of Helicobacter pylori infection, also a 
strong risk factor for acute upper gastrointestinal bleed-
ing, may be responsible for an observed reduction of 40% 
of this emergency in a majority of Austrian hospitals [48, 
49]. Reduced common respiratory tract infection that 
could trigger acute heart failure and myocardial infarc-
tion may explain the up to 50% decline in cases reported 
from centers in the USA, Great Britain, Denmark, and 
France [15, 18, 50]. An interesting recent publication 
linking reduced stroke incidence and new-onset atrial fi-
brillation during the COVID-19 pandemic has analyzed 
the Danish national registry with all of its 5.6 million in-
habitants. Holt et al. [50] noted a close to 50% decrease of 
new-onset atrial fibrillation following the lockdown, and 
atrial fibrillation remained strongly associated with se-
vere stroke symptoms, and general inflammation is a 
strong trigger for atrial fibrillation [51].

The assumption that additional factors evoked by the 
COVID-pandemic lockdown such as physical activity 
and social distancing may lead to a reduced infectious 
burden and significantly contribute to the decline and 
now rise in stroke cases in our telestroke network cannot 
be proven with our dataset. But, the correlation between 
number of consultations and mobility levels is striking 
and almost exactly parallels the fast reduction and (slow-
er) recovery. The mobility “walking” may resemble best 
physical activity, while mobility “transit/ public transpor-
tation” may reflect social distancing/face mask wearing as 
people refrain to public transportation being afraid for 
SARS-Cov-2 transmission.

Limitations of the study are (a) the retrospective anal-
ysis of a teleconsultation registry, not discharge diagnosis, 
(b) data from 12 hospitals of a larger network were used 
with a defined structure and defined standard operating 
procedures not optimized for the COVID-19 pandemic, 
and (c) incidence was different in each county of the par-
ticipating hospitals [32]. However, the large amount of 
data of teleconsultations and the multicenter approach 
strengthen the results of this study.

Conclusions

Our study using the TEMPiS telestroke database dem-
onstrate a parallel development of stroke consultations. 
The magnitude of the decline in IV rtPA and EVT as an 
indicator for severe stroke as well as reports on reduced 
SAH and severe cardiac disease by other groups question 
the notion that only reluctance within the population to 
seek immediate medical assistance is solely responsible 
for this phenomenon. We postulate that factors related to 
mobility, especially reduced physical activity and reduced 
general infection due to social distancing measures, may 
significantly contribute as with rising mobility we observe 
higher stroke consultations in our telestroke network. 
This effect may potentially complicate stroke treatment 
with regard to a “second wave.” Larger datasets on both, 
epidemiological data and behavioral changes during the 
COVID-19 pandemic are needed to shed light into this 
phenomenon.
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