
Original Paper

Neuroepidemiology

Consultations Decline for Stroke, Transient 
Ischemic Attack, and Myocardial Infarction during 
the COVID-19 Pandemic in Germany

Christian Tanislav 

a    Louis Jacob 

b, c    Karel Kostev 

d

aDepartment of Geriatrics and Neurology, Diakonie Hospital Jung Stilling Siegen, Siegen, Germany; bFaculty of 
Medicine, University of Versailles Saint-Quentin-en-Yvelines, Montigny-le-Bretonneux, France; cResearch  
and Development Unit, Parc Sanitari Sant Joan de Déu, CIBERSAM, Barcelona, Spain; dEpidemiology, IQVIA, 
Frankfurt am Main, Germany

Received: October 20, 2020
Accepted: December 4, 2020
Published online: February 2, 2021

Christian Tanislav
Department of Geriatrics and Neurology
Diakonie Hospital Jung Stilling Siegen,  Wichernstrasse 40
DE–57074 Siegen (Germany) 
christian.tanislav @ diakonie-sw.de 

© 2021 S. Karger AG, Baselkarger@karger.com
www.karger.com/ned

DOI: 10.1159/000513812

Keywords
Coronavirus disease 2019 · Pandemic · Stroke · Transient 
ischemic attack · Myocardial infarction · Germany

Abstract
Background: The coronavirus disease 2019 (COVID-19) pan-
demic raises the concern that other non-COVID conditions 
will be affected by a decline in care. Therefore, we aimed to 
investigate the decline in ambulatory presentations for vas-
cular events (stroke, transient ischemic attack [TIA], and 
myocardial infarction [MI]) during the COVID-19 pandemic. 
Methods: Patients with a diagnosis of ischemic stroke, TIA, 
or MI documented anonymously in 1,262 general practices 
in Germany were included. We studied the differences be-
tween 2019 and 2020 (between April and June) in terms of 
rates and baseline characteristics by comparing monthly ab-
solute frequencies. Results: A total of 3,496 patients with 
stroke (mean age: 72.2 years), 1,608 patients with TIA (mean 
age: 71.5 years), and 2,385 patients with MI (mean age: 66.8 
years) were identified between April and June 2020, indicat-
ing a decrease of 10% (stroke), 16% (TIA), and 9% (MI) com-
pared to 2019. For patients with stroke, the decrease in men 
was 13% (women: −6%) but reached 17% in the age catego-
ry 51–60 years. For MI, the decrease was only obvious in 

males (14%). The largest decrease in stroke (−17%) and MI 
(−19%) was noted in April, while that for TIA occurred in May 
(−22%). In June for all 3 conditions, the previous year’s level 
was achieved. Only in TIA, the age differs between 2019 and 
2020 (mean age: 69.9 vs. 71.5 years; p < 0.05). In patients with 
stroke and MI, the proportions of men were lower in 2019 
than in 2020 (stroke: 54.8–50.5%, p < 0.05 and MI: 64–60.2%, 
p < 0.05). Conclusion: Although the decline in the number 
of patients presenting with stroke, TIA, and MI was not as 
noticeable in the ambulatory sector as it was in the area of 
emergency hospital-based care, our data indicate that the 
COVID-19 pandemic affected all sectors within the medical 
care system. © 2021 S. Karger AG, Basel

Introduction

The implementation of strict rules worldwide for com-
bating the impact of severe acute respiratory syndrome 
coronavirus-2, such as closure of medical practices, reduc-
tion of seat places in waiting rooms in medical practices, 
social distancing, and “stay at home” campaigns, has re-
sulted in a decline in the number of people seeking medical 
care and also in how people are coping with illnesses [1–5]. 
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Amid the current situation, maintaining the delivery chain 
for the provision of medical care is essential for stroke neu-
rologists and cardiologists, as time is the most important 
factor when it comes to saving brain/heart tissue in case of 
acute ischemia [6]. In the algorithm for the treatment of an 
acute ischemic vascular event, the first step, the patient’s 
awareness in recognizing the dysfunction and calling for 
medical assistance, may well be the most critical of all [7–9]. 
While acute care delivery could be optimized by streamlin-
ing infrastructures in order to recuperate resources for po-
tential coronavirus disease 2019 (COVID-19) patients, the 
environment of a pandemic with “stay at home” appeals to 
the public may have deterred many from seeking help rap-
idly [7–9], and this might be one of the reasons for a reduc-
tion in presentations.

There is evidence supporting this hypothesis, as the 
incidence rates of various medical emergencies were low-
er during the COVID-19 pandemic [10]. Where stroke is 
concerned, the frequencies of acute hospital admissions 
decreased worldwide during the COVID-19 pandemic, 
resulting in lower rates of recanalization procedures such 
as thrombolysis or thrombectomy [11–15]. In an extend-
ed analysis including data from a large comprehensive 
department for neurology in Barcelona, Rudilosso et al. 
[13] detected a decline for acute ischemic strokes from 
517 in March 2019 to 426 cases in March 2020 (−18%). In 
a comprehensive stroke center in New York, the monthly 
absolute number of acute interventions for stroke treat-
ment decreased from 78 in February 2020 to a low mark 
of 25 cases in May 2020 [15]. Fewer cases of myocardial 
infarction (MI) were also reported, rendering lower rates 
of percutaneous coronary interventions [16–20]. In this 
regard, an analysis including hospital admissions for 
acute coronary syndromes in England a reduction of 40% 
during the pandemic was noted (weekly rate prior pan-
demic: 3,017 cases vs. 1,813 cases per week in the pan-
demic) [17]. As the short-term development information 
on acute vascular ischemic events during the COVID-19 
pandemic is derived from hospital-based datasets, no 
comparable information on stroke and MI is yet available 
from the ambulatory sector [10–20].

In Germany, individuals with severe cardiovascular 
symptoms usually call and let call emergency doctors, 
since people with mild or moderate and especially unclear 
symptoms of stroke, MIA, and transient ischemic attack 
(TIA) often call or visit general (family) physician. There-
fore, the present study was aimed at investigating rates of 
vascular events including stroke or TIA and acute MI 
during the COVID-19 pandemic using data from a large 
database provided by general practitioners in Germany.

Methods

Database
This study was based on data from the Disease Analyzer da-

tabase (IQVIA), which contains diagnoses, drug prescriptions, 
and basic medical and demographic data obtained directly and 
in anonymous format from computer systems used in the prac-
tices of general practitioners and specialists [21]. The database 
covers approximately 3% of all outpatient practices in Germany. 
Diagnoses (according to the International Classification of Dis-
eases, tenth revision [ICD-10]), prescriptions (according to the 
Anatomical Therapeutic Chemical Classification system), and 
the quality of reported data are monitored by IQVIA on an on-
going basis. In Germany, the sampling methods used to select 
physicians’ practices are appropriate for obtaining a representa-
tive database of general and specialized practices. The sampling 
method for the Disease Analyzer database is based on summary 
statistics from all doctors in Germany published yearly by the 
German Medical Association. The statistical unit of IMS uses 
these statistics to determine the panel design according to the 
following strata: specialist group, German federal state, commu-
nity size category, and age of physician [21]. This study con-
tained 1,152 general practices which were open during the last 
36 months including pandemic time and continuously delivered 
data to IQVIA.

Study Outcome
The outcome of this study was the development in the number 

of patients in 1,152 general practices receiving suspected or in-
sured diagnoses of ischemic stroke (ICD-10: I63 and I64), TIA 
(ICD-10: G45), or MI (ICD-10: I21 and I22) for the first time be-
tween January and June 2020, as compared to January–June 2019. 
The absolute numbers were shown monthly. In order to reveal the 
pandemic-related trend, we compared the number of patients re-
ceiving initial diagnoses in each month of 2020 with numbers for 
same months in 2019 and calculated the change as follows (e.g., in 
June):

 

Patients in June 2020 Patients in June 2019
100 .

Patients in June 2019
-

´   

In the second step, the change was calculated for complete pan-
demic period (April–June 2020) versus the nonpandemic period 
(April–June 2019). This change was estimated for all patients with 
stroke, TIA, and MI and was also stratified by age-group (≤50, 
51–60, 61–70, and >70 years) and sex (male and female).

Finally, the baseline characteristics of patients initially diag-
nosed with stroke, TIA, or MI in April–June 2020 were compared 
with those of patients initially diagnosed with stroke, TIA, or MI 
in April–June 2019. These characteristics included age, sex, and 
comorbidities diagnosed within 12 months prior to the first diag-
nosis of stroke, TIA, or MI (diabetes [ICD-10: E10–14], hyperten-
sion [ICD-10: I10], hyperlipidemia [ICD-10: E78], atrial fibrilla-
tion [ICD-10: I48.0, I48.1, I48.2, and I48.9], and depression/anxi-
ety disorder [ICD-10: F32, F33, and F41]).

Statistical Analysis
This study is of a descriptive nature, and no hypotheses were 

tested. As absolute patient numbers and not proportions were 
analyzed, the tests performed were not suitable for producing 
specific reasoning but instead only allowed for a trend descrip-
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tion. Differences in the baseline characteristics between patients 
diagnosed in both periods were analyzed using χ2 tests for sex 
and predefined comorbidities and Wilcoxon test for age. A p 
value of <0.05 was considered statistically significant. The statis-
tical analyses were performed with SAS 9.4 (SAS Institute, Cary, 
NC, USA).

Results

In 2019 (April–June), 3,870 patients in 1,152 private 
continuously accessible practices with stroke were docu-
mented in the database, while a decrease of 10% to 3,496 
of cases presenting was noted for the corresponding pe-
riod in 2020. The decrease in males was 13 versus 6% in 
females. Dichotomizing to age-classes, the largest de-
crease was observed in the category 51–60 years (−17%) 
(Table 1). A slight increase in stroke patients was docu-
mented (+6%) in March 2020 compared to March 2019. 
The proportions for April and May 2020 were lower than 
those for the same period in 2019 (−17 and −13%, respec-
tively), while the level for June was unchanged (2019: n = 
1,227 vs. 2020: n = 1,245) (Fig. 1). Comparing the number 
of stroke patients documented in the period between 
April and June for 2019 versus 2020, no differences in age 
distribution were noted. The proportion of male patients 
decreased from 54.8 to 50.5% (p < 0.05), and the propor-
tion of individuals with hypertension increased from 50 
to 54.8% (p < 0.05) (Table 1). In April–June 2020, the pro-
portion of patients with a first-ever stroke and previous 
intake of oral anticoagulants was higher than in the cor-
responding period in 2019 (2020: 31.4 vs. 2019: 26.2%,  
p < 0.05) (Table 1).

Between April and June 2020, a total of 1,923 patients 
presenting with TIA were documented in the database, 
while a decrease of 16% to 1,608 was noted for the corre-
sponding period in 2020. Dichotomized to age-classes, 
the largest decrease was observed in the category ≤50 
years (−34%) (Table 1). A slight decrease in TIA patients 
was documented (−8%) in March 2020 compared to 
March 2019, and the figures were significantly lower in 
April and May 2020 than for the same period in 2019 (−19 
and −22%) (Fig. 1). The mean age of TIA patients docu-
mented in the period between April and June 2020 was 
higher than that of patients documented in the same pe-
riod for 2019 (mean 69.9 years in 2019 vs. 71.5 years in 
2020, p < 0.05). However, no significant differences be-
tween 2019 and 2020 were observed with regard to the 
distribution of sex, risk factors, and comorbidities (Ta-
ble 1).

A total of 2,618 patients presenting with MI were doc-
umented in the database between April and June 2019, 
while a decrease of 9% to 2,385 was noted for the corre-
sponding period in 2020. The decrease in males between 
2019 and 2020 was 14%, while the absolute number of 
cases increased slightly (+1%) in females. Dichotomized 
to age-classes, the largest decrease was observed in the 
category ≤50 years (Table 1). The number of cases of MI 
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Fig. 1. Differences in the number of patients with a new diagnosis 
of ischemic stroke (a), TIA (b), and MI (c) in 1,152 general prac-
tices between January–June 2020 and January–June 2019. TIA, 
transient ischemic attack; MI, myocardial infarction.
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in March 2020 was similar to that in March 2019 (both  
n = 914). In April and May 2020, the numbers were lower 
than for the same period in 2019 (−19 and −12%), and the 
levels for June 2020 were comparable to those in June 
2019 (2019: n = 1,227 vs. 2020: n = 1,245) (Fig. 1). Com-
paring the number of MI patients documented in March–
June 2019 to the number documented for the same period 
in 2020, it was observed that the proportion of male pa-
tients decreased from 64 to 60.2% in 2020 (p < 0.05), and 
the proportion of patients aged 61–70 years increased 
from 21.8 to 44.6% (p < 0.05) (Table 1).

Discussion

Our results indicate that, following the declaration of 
the worldwide COVID-19 pandemic on March 11, 2020, 
by the WHO, restrictions established in Germany led to 
a substantial reduction in outpatient medical consulta-
tions for potentially life-threatening conditions: stroke 
(10% decrease), TIA (16% decrease), and MI (9% de-
crease). For stroke and MI, the reduction was particular-
ly pronounced in men and among young patients, while 
the decrease in TIA was caused mainly by lower numbers 
of younger patients presenting with the disorder. Medical 
consultations declined dramatically in April and May 
compared to the corresponding period in 2019, while the 
rates in June 2020 were almost equal to those for the pre-
vious year.

The restraint seeking for medical care in an outstand-
ing situation such as the COVID-19 pandemic seems to 
apply for different disorders and to follow similar rules in 
different countries around the world [4, 5, 9, 10, 15, 19]. 
As the number of COVID-19 patients hospitalized in-
creased in different countries, accumulating reports from 
severe acute respiratory syndrome coronavirus-2 hot 
spots indicated a sharp drop in the number of patients 
seeking other medical care [22–24]. In the early days of 
the pandemic in the USA, the total number of emergency 
department visits was 42% lower than during the same 
period a year earlier [25]. In one of the first investigations 
in Germany in the small state of Saarland, published in 
May 2020, Schwarz et al. [26] determined that there had 
been a decline in acute admissions to hospitals during the 
pandemic COVID-19 for stroke (−23%), TIA (−32%), 
and MI (decline to 2019: −41%). Analyzing visits in 38 
acute emergency departments in Germany, Schlagman et 
al. [10] also detected a considerable reduction in acute 
submissions for stroke/TIA (April 2020 vs. April 2019: 
−24%) and MIs (April 2020 vs. April 2019: −40%). Our 

results are consistent with these investigations, which are 
derived from figures pertaining to acute hospital-based 
care, especially in indicating the chronological develop-
ment and, in particular, the nadir for stroke/TIA and MI 
consultations during the pandemic [10, 26]. In compari-
son with our results, however, which reflect the situation 
in the ambulatory sector on the basis of data provided by 
general practitioners, it seems the decrease observed by 
clinicians in acute hospitals was even more pronounced 
[10, 26]. The decline in consultations for stroke/TIA and 
MI is also obvious in the ambulatory care sector but is not 
as pronounced as that in hospital-based emergency care 
sector [10, 26].

Up to 10% of patients with suspected stroke and about 
1 in every 5 patients with suspected TIA are eventually 
determined to be experiencing functional mimics, while 
in 20–30% of the patients presenting with chest pain are 
of functional origin [27–34]. However, the possibility 
that symptoms have a functional background only ex-
plains our results in part. As functional symptoms are 
more frequent in young patients, the reduction in the 
number of young stroke/TIA or MI patients depicted in 
our study could be linked to this observation [28, 32]. As 
cardiovascular events are often triggered by physical ac-
tivity, this could be also a contributing factor with respect 
to the decline depicted, as restrictions implemented dur-
ing the pandemic might also influence such activities 
[35]. The largest decline detected in our study was in in-
dividuals diagnosed with TIA (−16%), indicating that 
patients with transient deficits or even mild strokes are 
more likely not to seek medical care. Data reported by 
Siegler et al. [36] from a comprehensive stroke center in 
New Jersey (USA) confirm this trend; they found that 
mild strokes were less prevalent in stroke centers during 
the pandemic. Correspondingly, the mean NIH stroke 
scale value increased from 5 in the pre-COVID-19 period 
to 8 during the pandemic [36]. Furthermore, the col-
leagues from New Jersey observed an increasing propor-
tion of patients presenting with acute large vessel occlu-
sion (21–38%) during the COVID-19 pandemic [36]. It 
could be assumed that the lack of treatment for TIA and 
mild strokes as a result of patients failing to seek medical 
care could result in increasing numbers of severe events 
later on [36]. While in our study the absolute number of 
patients diagnosed with an acute stroke declined in the 
pandemic, the frequency of patients with a first-ever 
stroke and previously treated with oral anticoagulants in-
creases from 26.2 in 2019 to 31.4% in 2020. This could be 
interpreted as a shift toward more presented stroke pa-
tients with a previous treatment with oral anticoagulants 
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as a result of a pandemic-related decline in 2020, but it 
also can be speculated the intake of oral anticoagulants 
might be a favorable factor for patients when soliciting 
medical care in case of stroke.

Differences regarding sex depicted in our study could 
be determined by sex-specific coping strategies with re-
gard to illness [37]. There are no conclusive reasons for 
differences regarding the factors of sex depicted in our 
study. In stroke as well as in MI, the proportion decline 
during the pandemic was more pronounced in men, in-
dicating there are sex differences in coping with illness 
[37–39].

In summary, the COVID-19 pandemic seems to have 
had an outstanding impact on established acute medical 
care systems, with our study demonstrating this effect in 
the ambulatory sector for acute vascular events which 
present entirely differently from a clinical perspective. In 
response to the drop in numbers documented, first re-
ports are now being prepared, indicating barriers to the 
delivery of medical care during the COVID-19 pandem-
ic results in higher morbidity and mortality rates [40, 41]. 
However, the decline in visits to emergency medical ser-
vices across sectors during the COVID-19 pandemic 
could also be interpreted as a marker of overcapacities in 
the medical care system. Notwithstanding this, taking 
into account all of the information provided in the lit-
erature and adding the conclusions drawn from our find-
ings, a fear of getting infected with the virus may be one 
of the reasons for the decline in the uptake of medical 
care observed in the COVID-19 pandemic. Facing the 
remarkable decline of treated patients during the pan-
demic in different parts of the globe, it could be specu-
lated the difference to the regular emergence in the pe-
riod of reference might indicate the number of individu-
als who probably missed an adequate therapy. Especially 
in cases, which required an interventional therapy such 
as thrombectomy in stroke or coronary angiography in 
MI, the detected gap might be in particular a matter of 
concern.

In our study, several other factors could not be ana-
lyzed. First, information of other potential reasons that 
medical emergency declined was lacking. These factors 
include fewer industrial accidents due to manufacturing 
and construction closures, fewer sports injuries, fewer 
stress-related cardiovascular events due to stress at work 
or spectator sporting events, and so on. Second, there may 
be a reduced rate at which medical services can accom-
modate non-COVID presentations during the pandemic. 
Third, stroke, TIA, and MI diagnosis data relied solely on 
ICD-10 codes, and no data were available on the diagno-

sis process or the severity/activity of the disease. Fourth, 
no information was available on behavioral factors (e.g., 
alcohol use, smoking, and sedentary lifestyle), and the 
roles played by these factors could not be examined. Fifth, 
the database used does not contain any data on mortality, 
and no effect of the delay on the diagnosis of MI and 
stroke on the mortality could be investigated. Sixth, no 
hospital data were available, and only outpatients were 
analyzed. The 2 major strengths of this study are the num-
ber of patients available for analysis and the detailed anal-
yses using real-world data.

Conclusion

Our findings concerning outpatient care during the 
COVID-19 pandemic complement data previously re-
ported in hospital-based reports. In our study, the decline 
in the number of consultations for the diagnosis of stroke, 
TIA, and MI was obvious but was still less pronounced 
than that shown in the corresponding data pertaining to 
hospital-based emergency care. For factors associated 
with the decline in consultations in the ambulatory sec-
tor, we observed the same trend as previously reported for 
younger age, male sex, and, in the case of TIA, the con-
junction with less severe events. Our data add valuable 
information to the field, indicating that the decline in 
stroke, TIA, and MI cases during the COVID-19 pan-
demic affected all sectors within the medical care delivery 
system. Studies are needed to assess further factors pos-
sible associated with a decline in the number of patients 
with acute events in Germany. Especially investigations 
for identifying those who refrained from seeking medical 
care in the pandemic are important to unveil the non-
COVID-19-related morbidity caused in this specific en-
vironment. This would allow to estimate the overall im-
pact of the pandemic.

Statement of Ethics

German law allows the use of anonymous electronic medical 
records for research purposes under certain conditions. According 
to this legislation, it is not necessary to obtain informed consent 
from patients or approval from a medical Ethics Committee for 
this type of observational study that contains no directly identifi-
able data. Because patients were only queried as aggregates and no 
protected health information was available for queries, no approv-
al from an institutional review board was required for the use of 
this database or the completion of this study.



Consultation Decline for Vascular Events 
in the COVID-19 Pandemic

7Neuroepidemiology
DOI: 10.1159/000513812

Conflict of Interest Statement

We received no funding for this study. All authors hereby de-
clare that they have no conflicts of interest or competing interests 
related to the current manuscript.

Author Contributions

K.K. and C.T. developed the idea for the study; K.K. analyzed 
the data. C.T., K.K., and L.J. wrote the manuscript. All authors 
contributed and reviewed the final version of the manuscript.

References

 1 Flynn D, Moloney E, Bhattarai N, Scott J, 
Breckons M, Avery L, et al. COVID-19 pan-
demic in the United Kingdom. Health Policy 
Technol. 2020; 9(4): 673–91.

 2 Jafarzadeh-Esfehani R, Mirzaei Fard M, Habi-
bi Hatam-Ghale F, Rezaei Kalat A, Fathi A, 
Shariati M, et al. Telemedicine and computer-
based technologies during coronavirus dis-
ease 2019 infection;  a chance to educate and 
diagnose. Arch Iran Med. 2020; 23(8): 561–3.

 3 Marroquín B, Vine V, Morgan R. Mental 
health during the COVID-19 pandemic:  ef-
fects of stay-at-home policies, social distanc-
ing behavior, and social resources. Psychiatry 
Res. 2020 Nov; 293: 113419.

 4 Dopfer C, Wetzke M, Zychlinsky Scharff A, 
Mueller F, Dressler F, Baumann U, et al. CO-
VID-19 related reduction in pediatric emer-
gency healthcare utilization:  a concerning 
trend. BMC Pediatr. 2020; 20(1): 427.

 5 Benke C, Autenrieth LK, Asselmann E, Pané-
Farré CA. Stay-at-home orders due to the 
COVID-19 pandemic are associated with el-
evated depression and anxiety in younger, but 
not older adults:  Results from a nationwide 
community sample of adults from Germany. 
Psychol Med. 2020 Sep 8: 1–7.

 6 Liaw N, Liebeskind D. Emerging therapies in 
acute ischemic stroke. F1000Res. 2020 Jun 5; 

9: F1000.
 7 Nishijima H, Kon T, Ueno T, Haga R, 

Yamazaki K, Yagihashi K, et al. Effect of edu-
cational television commercial on pre-hospi-
tal delay in patients with ischemic stroke. 
Neurol Sci. 2016; 37(1): 105–9.

 8 Dombrowski SU, White M, Mackintosh JE, 
Gellert P, Araujo-Soares V, Thomson RG, et 
al. The stroke ‘Act FAST’ campaign:  remem-
bered but not understood? Int J Stroke. 2015; 

10(3): 324–30.
 9 Sharma M, Lioutas VA, Madsen T, Clark J, 

O’Sullivan J, Elkind MSV, et al. Decline in 
stroke alerts and hospitalisations during the 
COVID-19 pandemic. Stroke Vasc Neurol. 
2020 Dec; 5(4): 403–5.

10 Slagman A, Behringer W, Greiner F, Klein M, 
Weismann D, Erdmann B, et al. Medical 
emergencies during the COVID-19 pandem-
ic. Dtsch Arztebl Int. 2020; 117(33–34): 545–
52.

11 Schlachetzki F, Theek C, Hubert ND, Kilic M, 
Haberl RL, Linker RA, et al. Low stroke inci-
dence in the TEMPiS telestroke network dur-
ing COVID-19 pandemic:  effect of lockdown 

on thrombolysis and thrombectomy. J 
Telemed Telecare. 2020 Aug 18: 

1357633X20943327.
12 Hautz WE, Sauter TC, Exadakytlos AK, 

Krummrey G, Schauber S, Müller M. Barriers 
to seeking emergency care during the COV-
ID-19 pandemic may lead to higher morbid-
ity and mortality:  a retrospective study from a 
Swiss university hospital. Swiss Med Wkly. 
2020; 150: w20331.

13 Rudilosso S, Laredo C, Vera V, Vargas M, 
Renú A, Llull L, et al. Acute stroke care is at 
risk in the era of COVID-19:  experience at a 
comprehensive stroke center in Barcelona. 
Stroke. 2020; 51(7): 1991–5.

14 Teo KC, Leung WCY, Wong YK, Liu RKC, 
Chan AHY, Choi OMY, et al. Delays in stroke 
onset to hospital arrival time during COV-
ID-19. Stroke. 2020; 51(7): 2228–31.

15 Agarwal S, Scher E, Rossan-Raghunath N, Ma-
rolia D, Butnar M, Torres J, et al. Acute stroke 
care in a New York City comprehensive stroke 
center during the COVID-19 pandemic. J 
Stroke Cerebrovasc Dis. 2020; 29(9): 105068.

16 Kwok CS, Gale CP, Kinnaird T, Curzen N, 
Ludman P, Kontopantelis E, et al. Impact of 
COVID-19 on percutaneous coronary inter-
vention for ST-elevation myocardial infarc-
tion. Heart. 2020 Dec; 106(23): 1805–11.

17 Mafham MM, Spata E, Goldacre R, Gair D, 
Curnow P, Bray M, et al. COVID-19 pandem-
ic and admission rates for and management of 
acute coronary syndromes in England. Lan-
cet. 2020; 396(10248): 381–9.

18 Braiteh N, Rehman WU, Alom M, Skovira V, 
Breiteh N, Rehman I, et al. Decrease in acute 
coronary syndrome presentations during the 
COVID-19 pandemic in upstate New York. 
Am Heart J. 2020; 226: 147–51.

19 Folino AF, Zorzi A, Cernetti C, Marchese D, 
Pasquetto G, Roncon L, et al. Impact of CO-
VID-19 epidemic on coronary care unit ac-
cesses for acute coronary syndrome in Veneto 
region, Italy. Am Heart J. 2020; 226: 26–8.

20 De Filippo O, D’Ascenzo F, Angelini F, Boc-
chino PP, Conrotto F, Saglietto A, et al. Re-
duced rate of hospital admissions for ACS 
during covid-19 outbreak in Northern Italy. 
N Engl J Med. 2020; 383(1): 88–9.

21 Rathmann W, Bongaerts B, Carius HJ, Krup-
pert S, Kostev K. Basic characteristics and rep-
resentativeness of the German Disease Ana-
lyzer database. Int J Clin Pharmacol Ther. 
2018; 56(10): 459–66.

22 Tam CF, Cheung KS, Lam S, Wong A, Yung 
A, Sze M, et al. Impact of coronavirus disease 
2019 (COVID-19) outbreak on ST-segment-
elevation myocardial infarction care in Hong 
Kong, China. Circ Cardiovasc Qual Out-
comes. 2020; 13(4): e006631.

23 Lazzerini M, Barbi E, Apicella A, Marchetti F, 
Cardinale F, Trobia G. Delayed access or pro-
vision of care in Italy resulting from fear of 
COVID-19. Lancet Child Adolesc Health. 
2020; 4(5): e10–1.

24 Metzler B, Siostrzonek P, Binder RK, Bauer A, 
Reinstadler SJ. Decline of acute coronary syn-
drome admissions in Austria since the out-
break of COVID-19:  the pandemic response 
causes cardiac collateral damage. Eur Heart J. 
2020; 41(19): 1852–3.

25 Hartnett KP, Kite-Powell A, DeVies J, Coletta 
MA, Boehmer TK, Adjemian J, et al. Impact 
of the COVID-19 pandemic on Emergency 
Department visits:  United States, January 1, 
2019–May 30, 2020. MMWR Morb Mortal 
Wkly Rep. 2020; 69(23): 699–704.

26 Schwarz V, Mahfoud F, Lauder L, Reith W, 
Behnke S, Smola S, et al. Decline of emergen-
cy admissions for cardiovascular and cerebro-
vascular events after the outbreak of COV-
ID-19. Clin Res Cardiol. 2020; 109(12): 1500–
6.

27 Löwe B, Gerloff C. Functional somatic symp-
toms across cultures:  perceptual and health 
care issues. Psychosom Med. 2018; 80(5): 412–
5.

28 Wilkins SS, Bourke P, Salam A, Akhtar N, 
D’Souza A, Kamran S, et al. Functional stroke 
mimics:  incidence and characteristics at a Pri-
mary Stroke Center in the Middle East. Psy-
chosom Med. 2018; 80(5): 416–21.

29 Jones AT, O’Connell NK, David AS. Epidemi-
ology of functional stroke mimic patients:  a 
systematic review and meta-analysis. Eur J 
Neurol. 2020; 27(1): 18–26.

30 Amort M, Fluri F, Schäfer J, Weisskopf F, 
Katan M, Burow A, et al. Transient ischemic 
attack versus transient ischemic attack 
mimics:  frequency, clinical characteristics 
and outcome. Cerebrovasc Dis. 2011; 32(1): 

57–64.
31 Fleet RP, Dupuis G, Marchand A, Burelle D, 

Arsenault A, Beitman BD. Panic disorder in 
emergency department chest pain patients:  
prevalence, comorbidity, suicidal ideation, 
and physician recognition. Am J Med. 1996; 

101(4): 371–80.

https://www.karger.com/Article/FullText/513812?ref=1#ref1
https://www.karger.com/Article/FullText/513812?ref=1#ref1
https://www.karger.com/Article/FullText/513812?ref=2#ref2
https://www.karger.com/Article/FullText/513812?ref=3#ref3
https://www.karger.com/Article/FullText/513812?ref=3#ref3
https://www.karger.com/Article/FullText/513812?ref=4#ref4
https://www.karger.com/Article/FullText/513812?ref=5#ref5
https://www.karger.com/Article/FullText/513812?ref=6#ref6
https://www.karger.com/Article/FullText/513812?ref=7#ref7
https://www.karger.com/Article/FullText/513812?ref=8#ref8
https://www.karger.com/Article/FullText/513812?ref=9#ref9
https://www.karger.com/Article/FullText/513812?ref=10#ref10
https://www.karger.com/Article/FullText/513812?ref=11#ref11
https://www.karger.com/Article/FullText/513812?ref=11#ref11
https://www.karger.com/Article/FullText/513812?ref=12#ref12
https://www.karger.com/Article/FullText/513812?ref=13#ref13
https://www.karger.com/Article/FullText/513812?ref=14#ref14
https://www.karger.com/Article/FullText/513812?ref=15#ref15
https://www.karger.com/Article/FullText/513812?ref=15#ref15
https://www.karger.com/Article/FullText/513812?ref=16#ref16
https://www.karger.com/Article/FullText/513812?ref=17#ref17
https://www.karger.com/Article/FullText/513812?ref=17#ref17
https://www.karger.com/Article/FullText/513812?ref=18#ref18
https://www.karger.com/Article/FullText/513812?ref=19#ref19
https://www.karger.com/Article/FullText/513812?ref=20#ref20
https://www.karger.com/Article/FullText/513812?ref=21#ref21
https://www.karger.com/Article/FullText/513812?ref=22#ref22
https://www.karger.com/Article/FullText/513812?ref=22#ref22
https://www.karger.com/Article/FullText/513812?ref=23#ref23
https://www.karger.com/Article/FullText/513812?ref=24#ref24
https://www.karger.com/Article/FullText/513812?ref=25#ref25
https://www.karger.com/Article/FullText/513812?ref=25#ref25
https://www.karger.com/Article/FullText/513812?ref=26#ref26
https://www.karger.com/Article/FullText/513812?ref=27#ref27
https://www.karger.com/Article/FullText/513812?ref=28#ref28
https://www.karger.com/Article/FullText/513812?ref=28#ref28
https://www.karger.com/Article/FullText/513812?ref=29#ref29
https://www.karger.com/Article/FullText/513812?ref=29#ref29
https://www.karger.com/Article/FullText/513812?ref=30#ref30
https://www.karger.com/Article/FullText/513812?ref=31#ref31


Tanislav/Jacob/KostevNeuroepidemiology8
DOI: 10.1159/000513812

32 Eslick GD. Noncardiac chest pain:  epidemiol-
ogy, natural history, health care seeking, and 
quality of life. Gastroenterol Clin North Am. 
2004; 33(1): 1–23.

33 Wertli MM, Dangma TD, Müller SE, Gort 
LM, Klauser BS, Melzer L, et al. Non-cardiac 
chest pain patients in the emergency depart-
ment:  do physicians have a plan how to diag-
nose and treat them? A retrospective study. 
PLoS One. 2019; 14(2): e0211615.

34 Wang W, Sun YH, Wang YY, Wang YT, 
Wang W, Li YQ, et al. Treatment of function-
al chest pain with antidepressants:  a meta-
analysis. Pain Physician. 2012; 15(2): E131–42.

35 Hammoudeh AJ, Haft JI. Coronary-plaque 
rupture in acute coronary syndromes trig-
gered by snow shoveling. N Engl J Med. 1996; 

335(26): 2001.
36 Siegler JE, Heslin ME, Thau L, Smith A, Jovin 

TG. Falling stroke rates during COVID-19 
pandemic at a comprehensive stroke center. J 
Stroke Cerebrovasc Dis. 2020; 29(8): 104953.

37 Bartley EJ, Fillingim RB. Sex differences in 
pain:  a brief review of clinical and experimen-
tal findings. Br J Anaesth. 2013; 111(1): 52–8.

38 Hodes GE, Epperson CN. Sex differences in 
vulnerability and resilience to stress across the 
life span. Biol Psychiatry. 2019; 86(6): 421–32.

39 Fletcher K, Prigerson HG, Paulk E, Temel J, 
Finlay E, Marr L, et al. Gender differences in 
the evolution of illness understanding among 
patients with advanced cancer. J Support On-
col. 2013; 11(3): 126–32.

40 Hautz WE, Sauter TC, Exadakytlos AK, 
Krummrey G, Schauber S, Müller M. Barriers 
to seeking emergency care during the COV-
ID-19 pandemic may lead to higher morbid-
ity and mortality:  a retrospective study from a 
Swiss University Hospital. Swiss Med Wkly. 
2020; 150: w20331.

41 Kolikonda MK, Jandrasupalli KK, Lippmann 
S. Association of coronavirus disease 2019 
and stroke:  a rising concern. Neuroepidemi-
ology. 2020; 54(5): 370–4.

https://www.karger.com/Article/FullText/513812?ref=32#ref32
https://www.karger.com/Article/FullText/513812?ref=33#ref33
https://www.karger.com/Article/FullText/513812?ref=34#ref34
https://www.karger.com/Article/FullText/513812?ref=35#ref35
https://www.karger.com/Article/FullText/513812?ref=36#ref36
https://www.karger.com/Article/FullText/513812?ref=36#ref36
https://www.karger.com/Article/FullText/513812?ref=37#ref37
https://www.karger.com/Article/FullText/513812?ref=38#ref38
https://www.karger.com/Article/FullText/513812?ref=39#ref39
https://www.karger.com/Article/FullText/513812?ref=39#ref39
https://www.karger.com/Article/FullText/513812?ref=40#ref40
https://www.karger.com/Article/FullText/513812?ref=41#ref41
https://www.karger.com/Article/FullText/513812?ref=41#ref41

	StartZeile
	Zwischenlinie
	startTableBody

