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Background: National authorities have introduced measures as lockdowns against
spreading of COVID-19 and documented incidences of multiple non-COVID-19 diseases
have dropped. Yet, data on workload dynamics concerning atrial fibrillation and electrical
cardioversion whilst a national lockdown are scarce and may assist in future planning.

Methods: Documented cases of atrial fibrillation and respective electrical cardioversion
episodes at the Emergency Department of the Medical University of Vienna, Austria,
from 01/01/2020 to 31/05/2020 were assessed. As reference groups, those incidences
were calculated for the years 2017, 2018, and 2019. Inter- and intra-year analyses were
conducted through Chi-square test and Poisson regression.

Results: A total of 2,310 atrial fibrillation-, and 511 electrical cardioversion episodes
were included. We found no significant incidence differences in inter-year analyses of
the time periods from January to May, or of the weeks pre- and post the national
lockdown due to the COVID-19 pandemic. However, the intra-year analysis of the year
2020 showed a trend toward decreased atrial fibrillation incidences (rate-ratio 0.982, Cl
0.964-1.001, p = 0.060), and significantly increased electrical cardioversion incidences
in the post-lockdown period (rate ratio 1.051, Cl 1.008-10.96, p = 0.020).

Conclusion: The decreased atrial fibrillation incidences are in line with international data.
However, an increased demand of electrical cardioversions during the lockdown period
was observed. A higher threshold to seek medical attention may produce a selected
group with potentially more severe clinical courses. In addition, lifestyle modifications
during isolation and a higher stress level may promote atrial fibrillation episodes to be
refractory to other therapeutic approaches than electrical cardioversion.
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INTRODUCTION

During the ongoing corona virus disease 2019 (COVID-19)
pandemic, national authorities have introduced measures to
control the outbreak and avoid overloading already-strained
healthcare resources such as intensive care units (1-4). Following
recommendations by the World Health Organization (5), the
response in Austria was local distancing, quarantines and a
general public lockdown, starting in mid-March 2020. These
precautionary measures have been extensively communicated
through media, with information reaching a high percentage
of the population. People subsequently isolated themselves, and
the national healthcare focus was lying on outbreak control and
treatment of infected patients. Therefore, it was hypothesized
that non-COVID-19 diseases received less attention than usually.
On the one hand, patients had to endure longer waiting
times until definitive medical care, and on the other hand
patients might have not been treated at all because of staying
isolated, fearful of contracting COVID-19 in health care
facilities (6).

International data indeed show decreased incidences and
delayed treatment timeframes of acute coronary syndrome,
stroke, or pulmonary embolism (2, 3, 7-10), but also an increase
in out-of-hospital cardiac arrest (11), further stressing the
hypothesis of patients not seeking medical attention too late or
not at all (7).

The suspicion of dysrhythmia such as atrial fibrillation (AF)
being associated with COVID-19 has been claimed before (12—
14), and general AF incidences have been reported to have
decreased during lockdown periods (1, 15). Since AF poses a
prominent cardiovascular issue requiring medical attention and
correct timely treatment (16), consequences of a pandemic and
a subsequent lockdown on AF incidences, patient flow, and
treatment details seem inevitable.

We therefore aimed at validating the reports from Holt et al.
(1) in a Viennese tertiary care Emergency Department (ED),
assessing the dynamics in the ED workload concerning AF,
and clarifying if the need for interventions such as electrical
cardioversion (eCV) follows the hypothesized decreased
AF incidences.

METHODS
Study Population and Data Acquisition

Within the present population-based retrospective observational
study, primarily all cases of AF documented at the Emergency
Department of the Medical University of Vienna, Austria,
between 01/01/2020 and 31/05/2020 were included. As reference
groups, all AF cases of the time periods of 01/01 to 31/05 of
the years 2017, 2018, and 2019 were assessed. The respective
data (incl. patients’ age and gender) were culled from the
department’s anonymized case records, and AF was defined
in accordance with the guidelines of the European Society
of Cardiology (16). Apart from an age <18 years and
a positive COVID-19 status, no specific exclusion criteria
were applied. The Emergency Department of the Medical

University of Vienna, Austria, was a designated non-COVID-
19 hospital during the observational period. Due to fully
anonymized data and because no direct clinical data were
processed, informed consent was waived. The study was
conducted under a positive ethics vote by the Ethics Committee
of the Medical University of Vienna (EC-No. 1568/2014,
registered at NCT03272620), and complies with the declaration
of Helsinki.

COVID-19 Dynamics

COVID-19 was first detected in Austria on 25/02/2020, and
reached the city of Vienna on 27/02/2020. Details and dynamics
of epidemiological data concerning the pandemic within the
observation period (starting with the first case on 25/02/2020
until 31/05/2020) were obtained from official government
records (4).

Statistical Analysis

Incidences of AF and electrical cardioversion were calculated
per week. Continuous data are presented as median and the
respective interquartile range (IQR) and compared among
subgroups using Mann-Whitney-U-test. Categorical parameters
are presented as counts and percentages and were analyzed
using Chi-square test including testing for linear association.
For intra-year analyses of incidences in 2020, Poisson regression
was conducted. Statistical significance was assumed through two-
sided p < 0.05. Statistical analyses were performed using SPSS
24.0 (IBM SPSS, USA).

RESULTS

In the observational periods of January to May 2017, 2018,
2019, and 2020, a total of 2310 AF episodes were noted, of
which 511 episodes (22.1%) necessitated electrical cardioversion.
This leads to an average of 116 AF episodes and 26 electrical
cardioversions per month. No significant differences were seen
when comparing patients’ age and gender in the single year
periods of 2017, 2018, 2019, and 2020, and the cumulative values
0f 2017-2019 (Table 1).

Four-Year Dynamics

In an inter-year analysis of the observational periods within
the years 2017, 2018, 2019, and 2020, only a trend, but no
significant differences were found in AF incidences (596 vs.
571 vs. 614 vs. 529 episodes, respectively, p = 0.232). Thereby,
similar results could be shown for the therapeutic approach of
eCV (130 vs. 133 vs. 120 vs. 128 episodes, respectively, p =
0.479). Moreover, these results remained non-significant in a
differentiated analysis of the weeks before- (weeks 1-11) and
after (weeks 12-22) the national lockdown due to COVID-19 in
2020 (Table 2).

An Intra-Year Analysis of 2020

Within the weeks of January to May 2020, a total of 6,678 patients
had been treated at the study center’s ED for internal medicine
diseases, resulting in an average of 1,336 patients per month or
44 patients a day, with a fluctuation toward higher numbers on
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TABLE 1 | Patients’ age and gender characteristics for the atrial fibrillation (AF) and electrical cardioversion episodes of the respective weeks 1-22 of the years 2017,

2018, 2019, 2020, and the cumulative values for 2017-2019 for comparison.

AF episodes 2017 2018 2019 2017-2019 2020 p-value
Age, years (IQR)

Weeks 1-22 75 (65-81) 74 (65-81) 75 (66-82) 75 (66-82) 76 (67-83) 0.354
Weeks 1-11 74 (64-79) 76 (65-80) 75 (65-83) 75 (65-81) 76 (66-82) 0.299
Weeks 12-22 75 (65-80) 75 (66-81) 75 (66-83) 75 (65-82) 76 (66-82) 0.301
Male gender, n (%)

Weeks 1-22 288 (48.3) 281 (49.1) 307 (50.0) 876 (49.2) 261 (49.9) 0.293
Weeks 1-11 168 (50.3) 149 (49.0) 149 (48.9) 462 (49.0) 143 (49.3) 0.098
Weeks 12-22 126 (48.1) 133 (49.8) 154 (49.8) 419 (49.9) 117 (49.0) 0.109
Electrical cardioversions 2017 2018 2019 2017-2019 2020 p-value
Age, years (IQR)

Weeks 1-22 67 (56-75) 69 (65-75) 65 (565-75) 67 (565-75) 63 (564-75) 0.180
Weeks 1-11 67 (56-77) 68 (64-74) 65 (565-74) 67 (55-76) 64 (65-77) 0.200
Weeks 12-22 66 (56-74) 69 (65-74) 64 (54-74) 66 (54-74) 63 (564-75) 0.198
Male gender, n (%)

Weeks 1-22 76 (58.5) 74 (55.6) 83 (69.2) 233 (60.8) 77 (60.2) 0.092
Weeks 1-11 42 (59.2) 37 (66.1) 38 (69.1) 117 (60.9) 34 (60.7) 0.103
Weeks 12-22 34 (57.6) 37 (65.2) 45 (69.2) 116 (60.7) 43 (69.7) 0.099

Continuous data are presented as median and the respective interquartile range (IQR) and compared among subgroups using Mann-Whitney—U-test.

TABLE 2 | The number of atrial fibrillation (AF) episodes and electrical
cardioversions in an inter-year analysis.

Number of AF 2017 2018 2019 2020 p-value
episodes

Weeks 1-22 596 571 614 529 0.232
Weeks 1-11 334 304 305 290 0.174
Weeks 12-22 262 267 309 239 0.369
Number of electrical 2017 2018 2019 2020 p-value
cardioversions

Weeks 1-22 130 133 120 128 0.479
Weeks 1-11 71 66 55 56 0.878
Weeks 12-22 59 67 65 72 0.457

Weeks 12-22 of 2020 depict the COVID—19 pandemic period after the national lockdown.
Categorical parameters are presented as counts and percentages and analyzed using
Chi-square test. Statistical significance was defined by two-sided p < 0.05.

weekends and national holidays, and lower numbers on work
days. The number of ambulatory patients having been treated in
an out-patient manner amounted to 4,897 (73.3%; 979 per month
or 32 per day), that of admitted patients to 1,779 (26.6%; 355
per month or 12 per day). A more detailed analysis revealed a
noticeable damper in overall patient numbers and numbers of
patients requiring intermediate care unit (IMCU) treatment with
the introduction of the national lockdown in mid-March 2020
(Figure 1).

Poisson regression analysis for the weeks stratified in before-
and after the national lockdown revealed a trend toward a

decrease in the incidence of AF (rate ratio 0.982, CI 0.964-
1.001, p = 0.060) (Figure 2). Of importance, the same analysis
conducted for eCV episodes yielded a significant increase toward
the lockdown period (rate ratio 1.051, CI 1.008-10.96, p = 0.020)
(Figure 3); this continuous rise in eCV numbers is unique to the
year of 2020.

DISCUSSION

The presented data highlight the notch in general patient flow
in our study center during the lockdown due to the COVID-
19 pandemic. Moreover, we demonstrate a decrease of AF-, but
an increase in eCV incidences from the pre-lockdown- toward
the lockdown phase within the year 2020. To our knowledge,
this analysis presents the first data on AF dynamics in a tertiary
non-COVID-19 ED during the COVID-19 pandemic.

A Decreased Workload of Specialized

Centers

Our data on a designated non-COVID-19 tertiary care university
hospital ED that serves—amongst others—as a primary contact
point for acute coronary syndrome, stroke and as a cardiac
arrest center in the city of Vienna, showed a decreased general
patient flow and an associated reduced workload, being in
accordance with international literature: Numbers of patients
with the described diseases have dropped during national
lockdown measures in numerous countries, including Austria. A
fear of COVID-19 infection and a “watchful waiting” approach
of medical caregivers toward less-symptomatic patients have
been suggested as major drivers for this (2, 3, 7-10), also
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FIGURE 1 | Depiction of the Emergency Department’s (ED) patient flow from January to May 2020. The bold vertical line shows the national lockdown due to
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acting as a reasonable explanation for our findings. This effect
might be gravest in ambulatory out-patient-department patients,
not seeking medical attention themselves anymore (Figure 1),
bearing the risk of a high rate of undetected diseases actually
requiring treatment. To countersteer, a public information
campaign addressing this dilemma in times of lockdowns might
be reasonable. Of utmost importance, whenever COVID-19
numbers should rise to a state that tertiary care centers cannot
longer be reserved as “non-COVID-19” facilities, the dilemma
might become even worse: General COVID-19 patients and
especially those in need of tertiary care (e.g., extra-corporal
membrane oxygenation) could further crowd out others in need.

Dropping AF Rates Fitting in the Picture

Before the background of AF as a possible complication of
COVID-19 (12), it seems imperative not to oversee non-COVID-
19 AF patients within the bigger picture. Even though our trend
of decreased non-COVID-19 AF rates in an inter-year analysis
did not reach statistical significance, our findings are in line
with recent international data: Holt et al. report on a nationwide
47%-decrease in new-onset AF coded by the registry-based

healthcare system, and warn of complications of underdiagnosis
(1). Again, fear of contagion and a higher threshold of seeking
medical attention has been discussed as the main reason (1, 15).
We strengthen these data with our intra-year analysis of 2020
showing a trend toward a drop of AF incidences in the lockdown
period (rate ratio 0.982, CI 0.964-1.001, p = 0.060).

Our data on decreasing AF rates not reaching statistical
significance might have various explanations:

First, various factors may counteract the effect of the general
reluctance of presenting to an ED or calling emergency medical
services: Lifestyle modifications such as higher calories intake,
a lack of physical activity or higher stress levels have all been
reported both as being highly prevalent in lockdown periods,
and as AF facilitators (1, 17-19). Indeed, severe emotional stress
has been noted in populations after COVID-19 lockdowns (20,
21), and mental health seems to be affected (22). In particular,
economic insecurity and unemployment, as often found during
lockdown periods, are known risk factors for AF development
(23, 24).

Secondly, a shift of AF patients from more specialized AF
centers or cardiologic out-patient-departments to the ED could
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FIGURE 2 | The incidences of (A) atrial fibrillation (AF) and (B) of electrical cardioversion in an intra-year analysis of the year 2020 National lockdown due to COVID-19
was conducted in mid-March. Poisson regression analysis was used to compare weeks 1-22 of 2020. A trend toward a decrease in AF could be found,
corresponding to a rate ratio of 0.982 [95% CI 0.964-1.001, p = 0.060], and a significant increase in electrical cardioversions was seen, corresponding to a rate ratio

have taken place since those might have been closed during
the lockdown.

The Higher Demand of Electrical

Cardioversion

Surprisingly, our data showed a significant increase of eCV rates
toward the lockdown period in the intra-year analysis of 2020
(rate ratio 1.051, CI 1.008-10.96, p = 0.020), which cannot
explained by a sudden increase in patients’ age or significant
dynamics in patients’ gender (Table1). This has not been

reported before and stands in contrast to falling AF incidences in
the same time period. Similar explanatory hypotheses apply as to
the fact of AF rates not dropping as severely as in other literature:
A modified lifestyle and increased stress levels during lockdown
and a shift of patients from specialist centers toward the ED
can be assumed. However, the increased demand of eCV parallel
to dropping general AF incidences can also depict a higher
necessity of rhythm control in AF patients presenting to the ED.
In patients developing AF, the above mentioned factors might
pose promotors of an increased chance for the current episode
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the year 2020, see Figure 2.
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FIGURE 3 | Numbers of electrical cardioversions from January to May in the years 2017, 2018, 2019, and 2020 (corresponding to Table 1). For a detailed analysis of

to be refractory to other therapeutic approaches (frequency
control, electrolyte adjustment, symptomatic treatment, and even
pharmacological cardioversion), therefore making eCV necessary
in more cases than usual. In addition, the higher threshold of
seeking medical attention might “sort out” the lesser-severe AF
cases that usually also present to the ED, leaving more complex,
more therapy-refractory episodes. This hypothesis could mean
that—if validated in future research—special attention should be
paid to those AF patients reaching medical attention regardless
of a lockdown: These could be the patients needing a smooth
workflow toward eCV.

Study Limitations

The main limitation of the present analysis represents its single
center setting. Our results are therefore prone to potential
selection bias or further unknown factors influencing patient
counts at our study center. Moreover, we do not have sufficient

information about other medical centers potentially shifting
AF and eCV cases to our center due to the lockdown. Also,
the interesting finding of a notch in eCV numbers in March
of each observed year (Figure3) cannot be fully explained.
Seasonal dynamics in AF incidences might play a role (25),
but other influencing factors not identified by us can also not
be ruled out. Lastly, no in-depth epidemiological patient data
could be provided in order to further understand the described
dynamics—this should be focus of further research.

CONCLUSION

Our data of atrial fibrillation and electrical cardioversion
incidences before and during a national lockdown due to
COVID-19 show a trend toward decreased atrial fibrillation
incidences, but a higher demand of electrical cardioversions
during the lockdown period. A higher threshold of patients
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to seek medical attention may result in a subsequently
selected group with potentially more severe clinical courses.
In addition, lifestyle modifications during isolation and a
higher stress level may promote atrial fibrillation episodes
to be refractory to other therapeutic approaches than
electrical cardioversion.
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