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Abstract 

Background During the COVID-19 pandemic and associated public health and social measures, decreasing patient 
numbers have been described in various healthcare settings in Germany, including emergency care. This could be 
explained by changes in disease burden, e.g. due to contact restrictions, but could also be a result of changes in utili-
sation behaviour of the population. To better understand those dynamics, we analysed routine data from emergency 
departments to quantify changes in consultation numbers, age distribution, disease acuity and day and hour of the 
day during different phases of the COVID-19 pandemic.

Methods We used interrupted time series analyses to estimate relative changes for consultation numbers of 20 
emergency departments spread throughout Germany. For the pandemic period (16-03-2020 – 13-06-2021) four dif-
ferent phases of the COVID-19 pandemic were defined as interruption points, the pre-pandemic period (06-03-2017 
– 09-03-2020) was used as the reference.

Results The most pronounced decreases were visible in the first and second wave of the pandemic, with changes of 
− 30.0% (95%CI: − 32.2%; − 27.7%) and − 25.7% (95%CI: − 27.4%; − 23.9%) for overall consultations, respectively. The 
decrease was even stronger for the age group of 0–19 years, with − 39.4% in the first and − 35.0% in the second wave. 
Regarding acuity levels, consultations assessed as urgent, standard, and non-urgent showed the largest decrease, 
while the most severe cases showed the smallest decrease.

Conclusions The number of emergency department consultations decreased rapidly during the COVID-19 pan-
demic, without extensive variation in the distribution of patient characteristics. Smallest changes were observed for 
the most severe consultations and older age groups, which is especially reassuring regarding concerns of possible 
long-term complications due to patients avoiding urgent emergency care during the pandemic.
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Background
The COVID-19 pandemic and associated public health 
and social measures have influenced population health 
and various aspects of healthcare in Germany. Follow-
ing the first introduction of nation-wide public health 
measures in 2020, emergency department consulta-
tions in Germany decreased by about 40% [1, 2]. Similar 
trends were observed in other countries [3–5]. Syndro-
mic surveillance can contribute to the understanding of 
this rather indirect impact of the COVID-19 pandemic 
and associated measures on public health, by monitor-
ing the population’s healthcare seeking behaviour [6]. 
This monitoring can be based on the analysis of rou-
tinely collected data from emergency departments 
(EDs), without creating additional burden for the staff 
on site. The Robert Koch Institute (RKI) has been 
developing an emergency department surveillance sys-
tem using data from about 35 emergency departments 
spread over 11 federal states in Germany. In reaction 
to the COVID-19 pandemic and its possible influences 
on healthcare seeking behaviour, and to inform the RKI 
and other German public health authorities, a situation 
report has been implemented starting from June 2020, 
displaying the overall emergency department consulta-
tions, stratified by age group, disease acuity, and certain 
presenting complaints [2]. The report is published on 
the RKI website on a weekly basis [7] and has been part 
of RKI’s COVID-19 situation reports [8]. The report 
gives a descriptive overview of the general situation 
in participating emergency departments. However, a 
deeper understanding of the utilisation behaviour can 
only be achieved by further analyses of patient dynam-
ics during the pandemic.

Observed changes in the number of emergency depart-
ment consultations might have been due to actual 
changes in disease burden, e.g. with fewer consulta-
tions for traumas (injuries, accidents) due to reduced 
mobility and cancellation of mass gatherings [1]. On the 
other hand, they could have been the result of changes 
in utilisation behaviour, as e.g. patients avoided seeking 
healthcare being concerned about getting infected with 
COVID-19 [9, 10]. Especially with the reduced consul-
tations for acute events like myocardial infarction and 
stroke, concerns arose that patients would forego essen-
tial emergency treatment or lack the access to healthcare 
due to lockdown measures. In turn, this could lead to a 
later “rebound” effect of long-term complications and a 
higher number of deaths outside the healthcare system 

[1, 6, 11] and could call for increased risk communication 
and public health messaging, to raise awareness of the 
importance of emergency care, even in pandemic situ-
ations. Decreasing patient and case numbers have been 
observed in different settings of acute care, across all age 
groups, levels of acuity, and chief complaints. Among the 
most severe diagnoses, especially the number of patients 
presenting with cardiovascular emergencies and stroke 
have decreased during the first wave of the COVID-19 
pandemic [1, 12, 13].

Most studies conducted in Germany focused on spe-
cific health outcomes, analysed only changes occurring 
during the first wave of the pandemic, or included data 
from single study sites. The present study goes beyond 
these limitations. To give a more comprehensive picture 
of patient characteristics during the COVID-19 pan-
demic, and to be able to inform a timely surveillance of 
changes in ED utilisation and patient characteristics, it 
includes observations form a national surveillance system 
including emergency departments across Germany, span-
ning across 15 months and 4 pandemic phases, and com-
pares them to a 3-year pre-pandemic reference period. 
Based on this data, this study aims to assess trends in the 
number of overall emergency department consultations, 
but also their age distribution and acuity, just as the tim-
ing of consultation (including day of the week and time 
of day).

Methods
Study setting and variables
We conducted a time series analyses based on routine 
data from emergency departments, which either partici-
pated in the ESEG project [14] or are part of the AKTIN 
emergency department data registry [15, 16], whose data 
are sent to RKI in daily data exports. For both projects, 
inclusion of the EDs is pragmatically based on volun-
tary participation and not on representativity for all EDs 
in Germany. Each observation represents an electronic 
health record of a single emergency department consul-
tation, multiple consultations of a specific patient can-
not be identified in our dataset. The patient-level data is 
anonymized and pre-processed according to a generic 
data model (NotaufnahmeKernDatensatz, NoKeDa), 
which ensures usability of the data across different ED 
information systems and reporting standards [17]. For 
the present study, the following variables were included 
for analysis: age in groups of 0–19 years, 20–39 years, 
40–59 years, 60–79 years, 80+ years (originally collected 
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as: 0–4 years in 1-year age groups, 5–79 in 5-year age 
groups, 80+ years), acuity level (1 = immediate, 2 = very 
urgent, 3 = urgent, 4 = standard, 5 = non urgent) accord-
ing to primary assessment stemming either from the 
Manchester Triage System [18] or the Emergency Sever-
ity Index [19], as well as weekday and hour of each con-
sultation. The choice of variables into the present study 
was mainly based on the variables used in our weekly 
surveillance report [7]. The variables age and acuity level 
are characterised by being relatively standardised across 
all emergency departments, by being operationalised 
clearly, by having virtually no missing values, and are the 
main descriptors of patient characteristics in emergency 
departments. Additionally, weekday and hour of consul-
tation are necessary to explore, whether the typical time 
pattern of emergency department utilisation has changed 
during the pandemic.

Study population
As reference data we included data on 3 years prior to 
the pandemic starting with 06-03-2017. Data for the 
pandemic could be included until 13-06-2021 which 
marked the end of the ESEG project. We included data 
from emergency departments which provided at least 
one consultation recorded for each day of the study 
period. Every consultation recorded within this period 
fulfilling a minimal requirement for data transfer was 
included, i.e. information on age, day and hour of con-
sultation provided.

Statistical analyses
Descriptive analyses included the visualisation of the 
overall number of consultations over time, as well as their 
distribution of age, acuity levels, and consultation timing.

To quantify the changes in patient dynamics during the 
COVID-19 pandemic, we conducted interrupted time 
series analyses using negative binomial regression (Eq. 1)

Equation 1 – negative binomial regression model used 
to estimate relative change in number of consultations

From the exponential of the regression coefficients ßi 
for the pandemic phase indicator variables we derived the 
relative differences between the reference pre-pandemic 
phase and the respective pandemic phases. The interrup-
tions over time were defined by the pandemic phases, as 
proposed by Tolksdorf et al. [20]:

1. First COVID-19 wave between weeks 10–2020 and 
20–2020

(1)
log(count) = ß0 +

i=1−4
ßi ∗ pandemic phasei

2. Summer plateau between weeks 21–2020 and 
39–2020

3. Second COVID-19 wave between weeks 40–2020 
and 08–2021

4. Third COVID-19 wave between weeks 09–2021 and 
23–2021

The dependent variable was the number of overall 
weekly consultations, the interruptions (independent 
variable) were defined as the pre-pandemic period (start 
of study period until start of wave 1) and the respective 
pandemic phases. For the categorical variables age, acu-
ity level, weekday and hour of consultation, stratified 
regression analyses were performed for each value of the 
respective variable. Using the pre-pandemic period as the 
reference category in all regression models, we herewith 
obtain the relative change for each category, irrespective 
of trends or changes in the other categories.

To account for the potentially not immediate change 
in emergency department utilisation at the start of the 
pandemic phases, we investigated the model fit of three 
different models with the Akaike Information Criterion 
(AIC): fitting the interruption with A) a two-week delay, 
B) a one-week, and C) no delay from the starting point 
of each phase. The model using a two-week delay period 
from the start of each pandemic phase as interruption 
points showed the best fit (Supplementary Fig.  1). We 
additionally modelled all analyses including time as a lin-
ear variable up to the first interruption, and looked at its 
effect size and statistical significance to decide, whether 
or not to include time in the final models. Only small 
changes (between 0.04% and − 0.01%) could be observed 
across the stratified analyses (Supplementary Table  1), 
indicating that consultation numbers did not show major 
time trends before the start of the COVID-19 pandemic. 
We therefore decided not to include time in the final 
model.

All analyses were performed using R version 4.1.2 [21] 
and the packages tidyverse [22], MASS [23], finalfit [24], 
xlsx [25], Table 1  [26], and ggpubr [27].

Results
Between 06-03-2017 and 13-06-2021, a total of 35 emer-
gency departments transferred data from a total of 
3,991,480 consultations to the RKI. Of these, 20 emer-
gency departments fulfilled the inclusion criteria, lead-
ing to a final study sample of 3,143,273 consultations. 
The included emergency departments spread through-
out 9 German federal states and cover all three levels of 
care according to Federal Joint Committee [28] (compre-
hensive care: 13 EDs, extended care: 5 EDs, basic care: 
1 ED). Average consultation numbers per emergency 
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department range from about 200 up to 1600 per week. 
For 5.6% of consultations (n = 176,747) primary assess-
ment of acuity was missing, i.e. it was not carried out or 
not recorded.

Overall consultations
Compared to the pre-pandemic period, a 30.0% (95%CI: 
− 32.2%; − 27.7%) decrease in emergency department 
consultations was detected during the first wave. Con-
sultation numbers increased again during the summer 
plateau, however not reaching those recorded the year 
before, staying at − 8.3% [95%CI: − 10.6%; − 6%] com-
pared to the reference period. During the second pan-
demic wave, consultations dropped again, with a relative 
change of − 25.7% (95%CI: − 27.4%; − 23.9%) compared 
to the pre-pandemic period, followed by an increase 
during the third wave, with a relative change of − 14.5% 
[95%CI: − 17.0%; − 11.9%] compared to the pre-pan-
demic period (Fig. 1, Supplementary Table 2, Supplemen-
tary Fig. 4).

Age distribution
Before the beginning of the first wave of the COVID-
19 pandemic (week 10–2020), 18.5% of all consulta-
tions were younger than 20 years and 16.0% over 80. 
Similar distributions were visible in the first and third 
wave. The number of consultations increased among the 
older age groups during the summer plateau, where the 

0–19-year-olds made up between 16.5 and 17.2% of con-
sultations while 60–79-year-olds increased to 23.4 and 
24.0% (Fig. 2, Supplementary Table 2).

The relative changes in the number of consultations 
for each age group showed similar trends as compared 
to the overall consultations. The decrease was most pro-
nounced among young people (0–19 years), especially 
during the first and second waves (− 39.4% and − 35.0%, 
respectively). The smallest decrease in consultations was 
seen among those aged 60–79, with decreases between 
− 24 and − 5% throughout (Table 1, Fig. 3).

Acuity level
Before the pandemic, most consultations were assessed 
as 3-urgent (37.2%) or 4-standard (40.5%) level of acuity. 
Those two levels also had the highest numbers in all pan-
demic phases. The category with the fewest observations 
was 1-immediate, with 1.1 to 1.4% of consultations. Acu-
ity levels 5-non-urgent accounted for around 4% of con-
sultations. (Fig. 4, Supplementary Table 2).

A reduction of cases compared to the pre-pandemic 
time was especially visible for the acuity levels 3-urgent, 
4-standard and 5-non-urgent, during the first wave 
of COVID-19. The most severe cases (acuity level 1) 
reduced by − 24.3% [95%CI: − 29.4%; − 18.8%] in the 
first and − 11.1% [95%CI: − 15.3%; − 6.6%] in the second 
wave, but were at a similar level as in the reference period 
during the summer plateau (− 3.8% [95%CI: − 8.6%; 
1.2%]) and the third wave (− 1.5% [95%CI: − 7.2%; 4.6%]) 
(Table 1, Fig. 5).

Fig. 1 Absolute weekly number of emergency department consultations in the pre-pandemic period (01-01-2018 – 01-06-2019) compared to the 
pandemic period (01-01-2020 – 01-06-2021); the x-axis refers to the pandemic period
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Weekday and hour of consultation
While consultations on Fridays and Saturdays were 
slightly fewer during the summer plateau, they were 
slightly increased for Tuesdays and Wednesdays during 
the second and third wave. Overall however, consulta-
tions were evenly distributed with 12.3 to 15.8% across 
all days of the week prior to the COVID-19 pandemic 
and in each pandemic phase. Prior to the pandemic, 
just as within all pandemic phases, most consultations 
occurred between 9 am and 1 pm, the fewest patients 
were recorded between 3 am and 5 am (Supplementary 
Table 2).

Based on the results from the interrupted time series 
analyses, consultations decreased by about − 30% for 
all days of the week in the first and second waves of the 
pandemic. Also, for the time of consultation, a reduc-
tion of about − 30% on average was recorded during the 
first COVID-19 wave (Table  1, Supplementary Fig.  5). 
As the only exception, the numbers dropped by − 10.9 
and − 16.1% at 6 am and 7 am, while in the second and 
third wave of the pandemic the number of consultations 

increased during those hours up to 14.5 and 14.0% (sec-
ond wave) and up to 45.2 and 30.6% (third wave), com-
pared to pre-pandemic times (Supplementary Fig. 6).

Discussion
Key results
The COVID-19 pandemic and the associated public 
health and social measures have impacted emergency 
department utilisation in Germany. During the first 
wave of the COVID-19 pandemic a substantial and rapid 
decrease of emergency department consultations was 
observed, this change presented across all age groups 
and all acuity levels, weekdays, and hours of consultation. 
Similar trends were observed in the second wave. How-
ever, the decrease was much smaller during the sum-
mer plateau and the third wave. The drastic decrease of 
consultations at the start of the public health and social 
measures in Germany beginning in week 10–2020 is in 
accordance with studies and reports from other coun-
tries like the UK and the US [5, 29, 30]. In our analysis, 
the COVID-19 pandemic and associated measures had 

Fig. 2 Absolute weekly number of emergency department consultations stratified by age group in the pre-pandemic period (01-01-2018 – 
01-06-2019) compared to the pandemic period (01-01-2020 – 01-06-2021)
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the most impact on moderately severe and non-urgent 
cases (acuity levels 3, 4, and 5). This might indicate that 
less urgent emergency department consultations were 
avoided. Similar findings were also described in a study 
from the UK, analysing the change in consultation counts 
during the first pandemic wave [4]. Generally, the num-
ber of most severe consultations were similar to the pre-
pandemic phase, except for a decrease in the first wave, 
which is disconcerting and might further underpin the 
fear of unmet needs for acute events in the emergency 

department during the COVID-19 pandemic. The older 
age groups (60–79 years, 80+ years) showed the smallest 
decrease in the number of consultations, indicating that 
utilisation behaviour did not change within those more 
vulnerable groups and they were not lacking access due 
to public health and social measures. Generally speak-
ing, the probability to be assessed with more urgent acu-
ity levels and the necessity for an inpatient admission 
is increasing with increasing age. This also means that 
an immediate need for action is given, for many elderly 

Fig. 3 Relative change in % and 95 confidence interval for all emergency department consultations by age group, comparing every pandemic 
phase with the pre-pandemic reference period
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patients there is no alternative to an ED consultation 
[31]. Meanwhile, the great and rapid decrease in the 
youngest age group could point towards parents not tak-
ing their children into emergency departments, possibly 
being concerned of an infection with SARS-CoV-2 [32]. 
In addition, the reduction of consultations in that age 
group might be related to a reduction of trauma-related 
injuries due to lockdown measures, suspension of sports 
activities and school closures [33]. Studies conducted in 
the US and UK during the first pandemic wave showed 
similar results, with the biggest reduction in consulta-
tions described for the age groups 0–19 [5], 5–14 [4], and 
children younger than 14 [30], and the smallest decrease 
in older age groups. The changes described for the tim-
ing of the consultations (i.e. weekday and time of day) 
are in accordance with the overall decrease in consulta-
tion numbers of about − 30%. This is contrary to findings 
from the UK, where the biggest reductions were reported 
for Monday through Wednesday [4]. This however may 
also be due to differences in COVID-19 measures, in the 
healthcare structure and access to emergency depart-
ments in these two countries.

Strengths and limitations
The present study is using interrupted time series anal-
yses to quantify the impact of public health and social 
measures associated with the COVID-19 pandemic. 
This gives additional insights into changes in emergency 
department utilisation as compared to descriptive anal-
yses previously done [2]. We included 20 emergency 
departments across 9 states in Germany of different sizes 
and levels of care. Although we cannot assess the repre-
sentativeness of the included emergency departments 
due to the lack of comparative data on the national level, 
we believe that this possible limitation is negligible in our 
study due to regional dispersion and the variables we have 
selected. As with all routinely collected secondary data, 
the quality of the data is dependent on documentation 
practice in the respective emergency department, which 
might for example lead to missing values in certain vari-
ables. While this can be challenging in many use cases of 
emergency department surveillance, it is assumed to be a 
minor problem for the present analyses. The only variable 
used in the present study that is affected by this is acuity 
level, where about 5% of all consultations either had no 

Fig. 4 Absolute weekly number of emergency department consultations stratified by acuity level in the pre-pandemic period (01-01-2018 – 
01-06-2019) compared to the pandemic period (01-01-2020 – 01-06-2021)
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acuity level documented or were not assessed in triage 
as they had immediate physician contact. The nature of 
the data furthermore doesn’t allow us to identify struc-
tural changes within the emergency department. E. g. 
during the pandemic, single emergency departments 
opened special COVID-wards, where suspected cases 
were directly transferred. We don’t expect a large number 
of ED consultations to have been documented outside of 
the ED, which is why we are not expecting this to be a 
major issue for our analyses [34].

The pandemic phases used to determine the interrup-
tion points and defined by Tolksdorf et al. [20] are based 
on different parameters like notified cases of COVID-19, 
number of tests, hospitalisation incidence, and intensive 
care capacities. The public health and social measures in 
Germany were largely also driven by those parameters, 
but were, apart from the first “lockdown” in March 2020, 
not uniform across different German states. This might 
affect the interpretability of the present results concern-
ing the impact of public health and social measures. 

Fig. 5 Relative change in % and 95 confidence interval for all emergency department consultations by acuity level, comparing every pandemic 
phase with the pre-pandemic reference period
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Additionally, there is no substantial evidence to back up 
assumptions about delay periods between the introduc-
tion of specific public health and social measures and 
healthcare utilisation. In the present study, the two-week 
delay period was therefore chosen based on the best 
model fit. The pandemic phases include different seasons.  
However, we were able to include data since March 2017, 
allowing us to use three pre-pandemic years as a refer-
ence period, where there was no substantial seasonal  
variation visible.

Conclusions
Analysing data from a syndromic surveillance system 
using emergency department data can retrospectively 
contribute to the wider understanding of the impact of 
the COVID-19 pandemic and associated public health 
and social measures. However, given the implemented 
surveillance system at RKI where data is available on a 
daily basis, changes in health-care seeking behaviour 
could also be detected instantaneously and be routinely 
fed into public health decision-making. The basis of both 
of these aims is the analysis of changes in consultation 
numbers and the distribution of patient characteristics, 
as presented in this study.

The presented results show that while the overall 
number of consultations decreased during each phase of 
the COVID-19 pandemic compared to the time before 
the pandemic, the distribution of patient characteristics 
did not vary extensively. Especially older age groups and 
those presenting with more severe complaints showed 
the smallest relative decrease in each pandemic phase. 
This indicates that patients assumed to be more vulner-
able did receive necessary emergency treatment and 
were not lacking access to emergency departments.

Better and early understanding of the population’s 
reasons for emergency care avoidance can in the future 
help target up-to-date public health messaging and the 
development of strategies to increase confidence in 
the safety of healthcare institutions despite pandemic 
situations.
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