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Objective: To analyse the characteristics of patients with neurological complaints seeking 
evaluation in an interdisciplinary emergency department (ED) during the rise of the COVID- 
19 pandemic in Germany.
Methods: In this retrospective study, data on the number of ED presentations due to 
neurological complaints in weeks 1–15/2020 were collected. In addition, hospital chart 
data of patients referred for neurological evaluation during weeks 12–15/2020 when the 
pandemic began impacting on public life in Germany were analysed regarding demographic 
information, chief complaints, modes of presentation and disposition and ED discharge 
diagnosis. Both data sets were compared to respective periods from 2017.
Results: During the surge of COVID-19, we found a significant decrease of the total number 
of neurological ED patients by 47.6%. Comparing weeks 12–15 of 2017 and 2020, we found 
a decrease in the number of patients of <30 years (p<0.001) and an increase of those � 70 
years (p<0.001). A higher proportion of patients were admitted to escalated care (p=0.03), 
and fewer patients were discharged against medical advice (p<0.001). In addition, the ratio of 
less acute diagnoses (eg, benign headaches) declined significantly.
Conclusion: Our findings suggest that the pandemic has contributed to a – potentially 
transient – reframing of laypeople’s perception of urgency and necessity for emergency 
presentation. The establishment and promotion of health-care structures and services like 
telemedical consultations and the creation of safe ED environments will be essential to 
enable adequate delivery of care in potential future waves of the pandemic.
Keywords: pandemics, COVID-19, emergency neurology

Introduction
The ongoing COVID-19 pandemic poses novel challenges to health-care systems 
worldwide. Neurologists are affected in many ways: Disease-associated issues, such 
as neurological symptoms as the initial manifestation or neurological complications 
in the course of CoV-SARS2 infection have been identified as relevant aspects of 
the disease. A completely different observation, however, is the decreasing admis-
sion rate for acute neurological disorders, especially acute ischemic stroke that has 
been reported in temporal association with the pandemic and lockdown measures.1,2 
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A decline in emergency department (ED) presentations 
during the pandemic has also been reported in several 
countries and across different disciplines.3–6 In contrast, 
pre-COVID-19 assessments have documented a constant 
rise in the number of patients seeking evaluation and 
treatment in ED due to neurological symptoms. 
Neurological patients account for up to 15% of ED admis-
sions in Germany and up to 26% of medical patients in 
general.7–9

Here we analysed the characteristics of patients pre-
senting with neurological complaints to an interdisciplin-
ary ED during the rise of the COVID-19 pandemic in 
Germany and compared these to data from a control cohort 
during the same weeks of the year 2017. These data will 
provide important insights required to tailor the emergency 
care for neurological patients in the context of the pan-
demic and beyond.

Methods and Materials
Study Population and Design
We retrospectively analysed data from patients who con-
secutively presented or were referred to the interdisciplin-
ary ED for neurological assessment of the University 
Medical Centre, Mannheim, Germany, between January 
2nd, 2017, and April 16th, 2017 (calendar weeks 1–15), 
and between January 1st, 2020, and April 12th, 2020 
(calendar weeks 1–15). Cases were identified by filtering 
the ED database for patients coded to present with a chief 
complaint that was evaluated by emergency medical ser-
vice or ED staff upon arrival to be a neurological symptom 
or complaint. For weeks 1–15 of each year, absolute 
numbers of patients presenting to the ED were collected. 
The year 2017 was chosen because data from ED patients 
of that year were fully and readily available, allowing for a 
rapid and timely comparative analysis with the COVID-19 
epoch in 2020. It is important to note that there were no 
structural or organizational differences regarding the pre-
hospital assessment by emergency medical services or ED 
processes and care between the years 2017 and 2020.

For weeks 12–15, analysed data included basic demo-
graphic characteristics (age, gender), chief complaint,10 

modes of presentation and disposition as well as ED dis-
charge diagnosis.11 Week 12, beginning March 16, 2020, 
was defined as the week when the COVID-19 pandemic 
began to impact public life in Germany. Extended measures 
for social distancing, for example, through closure of 
schools or daycare institutions and partial lock-down in all 

German federal states, were implemented beginning March 
16, 2020, and were strongly advocated by the German 
Chancellor in her television address on March 18, 2020.

In the Mannheim adult interdisciplinary ED, at least 
one neurology resident is present 24/7 either for first-line 
assessment if prehospital assessment or evaluation on arri-
val suggests a neurological condition or second-line if 
first-line assessment by a non-neurologist ED physician 
suggests a neurological condition.

Statistical Analysis
Calendar weeks 1 to 11 and 12 to 15 were categorized into 
a variable epoch for the years 2017 and 2020. Poisson 
regression was used to test whether the rate of events (ED 
presentations due to neurological symptoms) changed as a 
function of year (2017 vs 2020), epoch (weeks 1–11, early; 
weeks 12–15, late), and the interaction of year and epoch 
(reflecting the impact of the COVID-19 pandemic). This 
effect is expressed as an incidence rate ratio (IRR) along 
with its two-sided 95% confidence interval. For the covar-
iance matrix, a robust estimator was chosen to account for 
possible overdispersion.

Distributions of continuous variables between groups 
were compared with Student’s t-test or Mann–Whitney U- 
test for independent samples, and distributions of categor-
ial variables were compared using chi-square test or 
Fisher’s exact test, depending on group sizes. In addition 
to p-values, effect sizes and corresponding 95% confi-
dence intervals (CI) are reported as Cohen’s d or as odds 
ratio (OR), depending on the type of the dependent vari-
ables. Statistical analysis was performed with IBM SPSS 
Statistics 25.0 and STATA for Macintosh, StataCorp 2017.

Results
In calendar week 1–15 of 2017, a total of 1511 patients 
presented with neurological symptoms to the ED, while in 
calendar weeks 1–15 of 2020, there were 1403 neurologi-
cal ED patients. Patient numbers in the early epochs of 
2017 and 2020 were 977 and 1069, respectively, while in 
late epochs of 2017 and 2020, 424 and 238 patients pre-
sented for neurological evaluation. Between early (weeks 
1–11) and late (weeks 12–15) investigational periods in 
2017 and 2020, a significant decrease by 47.6% (IRR 
0.524, 95% CI 0.434–0.631, p<0.001) of the total number 
of patients presenting for neurological evaluation was 
noted (Figure 1).

When comparing weeks 12–15 of 2017 vs 2020, a 
significant age difference between the patient samples 
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was found (Table 1), to which both a significant decrease 
in the number of patients of under 30 years of age (2017: 
18.9% vs 2020: 8.8%, OR 0.42 (95% CI 0.24–0.70), 
p<0.001) and a significant increase of those 70 years and 
older (2017: 31.8% vs 2020: 47.5%, OR 1.81 (95% CI 
1.29–2.54), p<0.001) contributed (Figure 2).

Regarding modes of presentation, significantly fewer 
patients were self-presenting in week 12–15 of 2020 
(21.8%) when compared to the respective period in 2017 
(43.4%, OR 0.36 (95% CI 0.25–0.53), p<0.001). At the 
same time, the proportion of patients transported to the ED 
by emergency medical service increased from 44.8% in 
weeks 12–15 of 2017 to 66.8% in weeks 12–15 of 2020 
(OR 2.48 (95% CI 1.76–3.50), p<0.001; Figure 3A).

In the late epoch of 2020, a significantly higher propor-
tion of patients (34.5%) was admitted to escalated care 
(stroke unit/intermediate care unit/intensive care unit) than 
in the late epoch of 2017 (26.2%, OR 1.45 (95% CI 1.01– 
2.08), p=0.03). In contrast, fewer patients were discharged 
against medical advice in the investigational period of 
2020 (0%) than in 2017 (4.5%, OR 0.0 (95% CI 0–0.34), 
p<0.001; Figure 3B).

The spectrum of chief complaints is presented in Table 
1. In the investigational period in 2020, significantly more 
presentations due to seizures and motor deficits were 
noted, whereas the number of patients presenting due to 
headache and visual disturbance decreased.

Two important differences regarding the spectrum of 
ED discharge diagnoses between the 2017 and 2020 inves-
tigational periods were found: The ratio of patients diag-
nosed with migraines and other types of headaches was 

significantly lower in 2020 as well as the ratio of patients 
diagnosed with “other neurological diagnoses”, while an 
increase of diagnoses with cerebrovascular ischemic 
events and non-neurological conditions occurred in 2020 
(Table 1).

Discussion
In a retrospective analysis of ED patient presentations due 
to neurological complaints, we observed shifts of age, 
complaint and diagnostic spectra alongside a dramatic 
reduction of the overall number of patients during a time 
when the COVID-19 pandemic had begun to impact on 
public life in Germany.

Various investigations across several countries and 
disciplines have highlighted a decrease of ED admis-
sions due to serious medical conditions such as stroke or 
myocardial infarction.1,2,12,13 Corroborating data from 
general ED populations,14,15 we found significant 
changes at either end of the age spectrum as well as 
changes related to presenting chief complaints and sub-
sequent ED discharge diagnoses. While a direct impact 
of school closures and social distancing measures on the 
number of paediatric emergency presentations – in par-
ticular, due to lower numbers of admissions for diseases 
with airborne or oral-faecal modes of transmission16 – 
could be assumed, reasons for our observation in an 
adult population are not as straightforward but require 
a contextualization with additional information: ED 
admissions due to headache as well as final ED diag-
noses of migraine and other types of headache decreased 
during the COVID-19 epoch. The majority of patients 
presenting to EDs with headache receive a diagnosis of 
primary benign headache and usually belong to younger 
age segments.17,18 Similarly, the number of presenta-
tions due to visual disturbances, a broad term covering 
a wide range of manifestations from blurred vision to 
symptoms indicating potentially serious pathology such 
as amaurosis fugax or hemianopia, also decreased. In 
our ED, there is no clear-cut a priori distinction as to 
whether patients are referred to the ED neurologist or 
the hospital’s ophthalmological emergency service. 
Studies on ophthalmological emergency presentations 
identified a substantial number of non-urgent ED visits 
in this patient population with an association of non- 
urgent reasons for visits with younger age.19,20

In contrast, the ratio of presentations due to motor 
deficits and ED discharge diagnoses of cerebrovascular 
ischemic events was significantly more frequent during 

Figure 1 Numbers of neurological ED patients during calendar weeks 1–15 of 2017 
and 2020. 
Notes: Solid line, weeks 1–15 of 2017; dashed line, weeks 1–15 of 2020. 
Abbreviation: ED, emergency department.
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the COVID epoch in 2020. While prior studies had identi-
fied a collateral effect of the COVID-19 pandemic on 
stroke admissions, in particular on patients presenting 
with transient, mild or moderate stroke symptoms1,2 as 
well as the utilization of reperfusion manoeuvres during 
the pandemic,12,21,22 they did not consider the overall 
composition of neurological ED admissions. Our finding 
implies that those patients who did eventually come to the 
ED were seriously affected, which is also underscored by 
the fact that a larger percentage of patients had to be 
admitted to escalated care in the COVID-19 epoch. 
Significantly fewer patients were discharged against 

medical advice, which may be mediated by the change in 
age spectrum23 with a predominance of younger patients 
leaving against medical advice and the relative paucity of 
presentations due to headache, a complaint frequent 
among DAMA patients in general ED populations as 
well as in the neurological ED clientele.9,24

Previous investigations have found that a large propor-
tion of patients presenting to EDs with neurological symp-
toms does ultimately not require hospitalization11 and 
patients’ self-assessment of urgency is strikingly different 
from the result of a professional evaluation.25 The clinical 
relevance of neurological complaints thus appears to be 

Table 1 Characteristics of the Study Population

Variables CW 12–15 2017 (n=424) CW 12–15 KW 2020 (n=238) Cohen’s d/OR (CI) P value

Age, mean (± SD) 54.88 (21.76) 63.13 (20.51) −0.39 (−0.55- 
(−0.23))

<0.001

Male, N (%) 217 (51.2) 113 (47.5) 0.86 (0.62–1.20) 0.37

Chief complainta, N (%)

Ataxia 3 (0.8) 1 (0.4) 0.59 (0.01–7.41) 1.00

Disturbed consciousness 23 (5.4) 8 (3.4) 0.60 (0.23–1.43) 0.26
Seizure 43 (10.2) 43 (18.5) 1.95 (1.20–3.16) <0.01

Headache 63 (14.9) 14 (6.0) 0.36 (0.18–0.66) <0.001
Pain 15 (3.5) 5 (2.1) 0.58 (0.16–1.72) 0.35

Motor deficit 59 (13.9) 50 (21.5) 1.64 (1.05–2.54) 0.02

Amnesia 17 (4.0) 9 (3.9) 0.94 (0.36–2.27) 0.88
Disturbed vision 19 (4.5) 2 (0.9) 0.18 (0.02–0.76) 0.01

Sensory loss 32 (7.6) 15 (6.4) 0.82 (0.40–1.60) 0.54

Language or speech problem 43 (10.2) 21 (9.0) 0.86 (0.47–1.52) 0.58
Vertigo 67 (15.8) 36 (15.5) 0.95 (0.59–1.50) 0.81

Other neurological complaint 17 (4.0) 10 (4.3) 1.05 (0.42–2.47) 0.91

Unspecified 22 (5.2) 19 (8.2) 1.58 (0.79–3.13) 0.15

ED discharge diagnosisb, N (%)

Peripheral nerve palsy 12 (2.8) 8 (3.4) 1.19 (0.42–3.22) 0.70
Seizure 57 (13.4) 35 (14.8) 1.11 (0.68–1.79) 0.65

Migraine and other headaches 56 (13.2) 8 (3.4) 0.22 (0.09–0.49) <0.001

CNS tumor 2 (0.5) 1 (0.4) 0.89 (0.02–17.19) 0.92
Transient global amnesia 6 (1.4) 2 (0.8) 0.59 (0.06–3.33) 0.52

Vertigo 48 (11.3) 33 (14.0) 1.26 (0.76–2.08) 0.34

CNS infection 3 (0.7) 2 (0.8) 1.19 (0.10–10.45) 0.85
Autoimmune inflammatory CNS disorder 12 (2.8) 3 (1.3) 0.44 (0.08–1.65) 0.19

Movement disorder 3 (0.7) 2 (0.8) 1.19 (0.10–10.45) 0.85

Ischemic events 93 (21.9) 70 (29.7) 1.48 (1.01–2.16) 0.03
Intracranial hemorrhage 11 (2.6) 2 (0.8) 0.31 (0.03–1.48) 0.12

Other neurological diagnosis 38 (9.0) 11 (4.7) 0.49 (0.22–1.00) 0.04

Non-neurological diagnosis 59 (13.9) 52 (22.0) 1.73 (1.12–2.67) 0.01
No classification possible 24 (5.7) 7 (3.0) 0.51 (0.18–1.23) 0.11

Notes: aData regarding chief complaint available for 423 patients in 2017 and for 233 patients in 2020. bData regarding ED discharge diagnosis available for 236 patients in 
2020. 
Abbreviations: CI, confidence interval; CNS, central nervous system; CW, calendar week; DAMA, discharge against medical advice; ED, emergency department; EMS, 
emergency medial service; ICU, intensive care unit; IMC, intermediate care unit; LWBS, left without being seen; OR, odds ratio; SD, standard deviation.
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difficult to assess for patients and non-neurologists, so 
prehospital care providers’ safety thinking may lead them 
to allocate patients to the ED for immediate neurological 
assessment even with benign conditions.26 Since there is 
no reason to assume that the prevalence of symptoms like 
headache has decreased during the pandemic – if anything, 
headache could occur more frequently as it has been 
described as a manifesting symptom of CoV-SARS2 
infection27 – one may hypothesize that the pandemic has 
contributed to a – potentially transient – reframing of 
urgency and necessity for emergency neurological assess-
ment particularly in younger individuals with non-urgent 
complaints and patients with transient or less impairing 
symptoms. High levels of perceived threat by COVID- 
1928 and concomitant fear of in-hospital infection29 as 
well as the adherence to stay-at-home orders alongside a 
reduction of general population mobility may be contribut-
ing factors. Theoretically, improved public knowledge 
about serious vs non-serious symptoms could be con-
founding the results. However, this is rather unlikely 
because there are no campaigns targeted at increasing 

public awareness about this specific aspect. It also bears 
mentioning that neurological signs and symptoms are 
often non-specific – even transient or subtle symptoms 
may be indicative of serious underlying pathologies but 
may be difficult for non-neurological medical profes-
sionals to recognize.30 Finally, the effects of public educa-
tional programs, which are mainly targeted at the 
recognition of stroke symptoms, have brought about only 
modest changes.31,32

It would have been desirable to analyse a longer 
time-period so as to allow for an assessment during 
later stages of the pandemic as well as to obtain data 
from multiple sites. In addition, an investigation into 
patients’ motivations to come to the ED – and reasons 
to avoid doing so – as well as potential COVID-19- 
related concerns and fears in the context of an ED 
presentation would be informative in order to gain a 
deeper understanding of changes of health-related beha-
viours during the COVID-19 pandemic.

In sum, we identified a shift towards an older patient 
population that is more severely affected with serious 
conditions in patients presenting with neurological com-
plaints during the COVID-19 pandemic in a German ED. 
We assume an underlying complex interplay of individual 
and societal factors during the pandemic, causing a tem-
porary re-calibration of perceived sense of need for an 
emergency work-up of neurological complaints particu-
larly in younger patients. Given the difficulties in properly 
assessing the relevance of neurological complaints, it is 
paramount to establish health-care structures and services 
like telemedical consultations, to create safe ED environ-
ments and to inform the public about these strategies so as 
to enable adequate delivery of care during potential future 
waves of the pandemic.

Figure 3 ED admission (Left) and disposition (Right) modes during calendar weeks 12–15 of 2017 and 2020. 
Note: Data regarding emergency department disposition were available for 237 patients in 2020. 
Abbreviations: DAMA, discharge against medical advice; ICU, intensive care unit; IMC, intermediate care unit; LWBS, left without being seen.

Figure 2 Age distribution of neurological ED patients in calendar weeks 12–15 of 
2017 and 2020. 
Note: ***p<0.001.
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