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Abstract. The outbreak of coronavirus disease 19 (COVID-19) has dramatically imposed healthcare systems 
to reorganize their departments, including neurological wards. We aimed to describe the rearrangements 
made by stroke units (SU) and neurological intensive care units (ICU) in several German community and 
university hospitals facing the pandemic. This cross-sectional, survey-based, nationwide study collected data 
of 15 university and 4 community hospitals in Germany, being part of IGNITE Study Group, from April 1 
to April 6, 2020. The rearrangements and implementation of safety measures in SUs, intermediate care units 
(IMC), and neurological ICUs were compared. 84.2% of hospitals implemented a separated area for patients 
awaiting their COVID-19 test results and 94.7% had a dedicated zone for their management. Outpatient 
treatment was reduced in 63.2% and even suspended in 36.8% of the hospitals. A global reduction of bed ca-
pacity was observed. Hospitals reported compromised stroke treatment (52.6%) and reduction of thromboly-
sis and thrombectomy rates (36.8%). All hospitals proposed special training for COVID-19 management, 
recurrent meetings and all undertook measures improving safety for healthcare workers. In an unprecedented 
global healthcare crisis, knowledge of the initial reorganization and response of German hospitals to COV-
ID-19 may help finding effective strategies to face the ongoing pandemic. (www.actabiomedica.it) 
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Introduction

The spread of the novel coronavirus responsible for 
the infection termed as ‘Coronavirus disease’ (COV-
ID-19) is overwhelming and straining the healthcare 
systems globally. The steadily increasing number of 
infected patients is flooding the bed capacity of hospi-
tals, resulting in shortage of personal protection equip-
ment and the need for additional workforce in health-
care. Unprecedented reorganization measures within 
the wards still take place to increase the admission of 
COVID-19 patients, in particular in emergency de-
partments and the intensive care setting (1). 

Symptoms are predominantly respiratory but a 
neurotropism of the pathogen seems possible as well 
(2,3). The virus has been found in CSF and in brain 
tissue on autopsy (4) and various neurological condi-
tions associated have been described. As an effect of 
the COVID-19 pandemic, neurological departments 
have been rearranged, particularly the stroke and neu-
ro-intensive care units (2,5-7).

Similar to other European countries, Germany 
has implemented drastic restrictions on everyday life. 
Together with the patients’ epidemiological character-
istics (such as distribution of age groups), the effects of 
the containment measures and the reorganization of 
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the departments may have been crucial in determining 
the relatively low death rate recorded for the popula-
tion of Germany (8). Being different from most other 
countries, most neurological departments in Germany 
do not only consist of stroke (SU) and intermediate 
care units (IMC), but also of neurological intensive 
care units (ICU). In order to assess the different ap-
proaches concerning neurological treatment in hos-
pitals affected by COVID-19, we designed a survey 
aimed at evaluating the rearrangements applied by 
SUs and neurological ICUs in community and univer-
sity hospitals. 

Material and Methods

This survey was designed as a nationwide cross-
sectional study. The existence of a SU and/or a neu-
rological ICU in the hospital was the sole inclusion 
criteria for being enrolled in the study. Both univer-
sity and community hospitals, which are members in 
the Initiative of the German Neuro-Intensive Trial 
Engagement (IGNITE) Study Group, were asked to 
complete the survey questionnaires (Supplemental 
Material) by a consulting neurologist for each center. 
The survey was conducted from April 1 to April 6 in 
2020. Responses beyond this time limit were excluded 
to ensure the comparability of results considering the 
highly evolving and dynamic situation. The question-
naire consisted of 15 questions, with 13 of them re-
quiring a binary and 2 of them a short open answer. 
Depending on the replies, additional items were avail-
able, forming other 15 dichotomous/numeral answers. 
Items were conceived to understand how the hospitals 
had been affected by the COVID-19 pandemic and 
which measures had already been taken to manage the 
ongoing outbreak. Some of the questions involved a 
subjective interpretation on how the pandemic has 
been impacting patient care as well as the medical staff. 

Statistical analysis

Continuous and categorical variables were ex-
pressed as frequency with according percentages, re-
spectively. The reliability of the questionnaire was eval-
uated by means of the Cronbach’s alpha coefficient. 

Chi-squared or Fisher’s exact test were performed to 
analyse categorical variables. Figures with p-values 
lower than 0.05 were considered as statistically signifi-
cant. All statistical analyses were conducted by means 
of the commercial software SPSS (version 24.0, IBM 
Corporation, Armonk, NY, USA). 

Results

The questionnaire proved to be reliable, with an 
acceptable alpha coefficient of 0.74. Nineteen (63.3%) 
out of 30 hospitals replied on time and were included, 
consisting of 14 university and 5 community hospitals 
(Table 1). 

The majority of hospitals (84.2%) had imple-
mented a separated area for patients awaiting testing 
and measures were undertaken by all hospitals in order 
to ensure higher safety and security distances. 94.7% 
of hospitals had implemented a dedicated COVID-19 
area (Figure 1). 

A reorganization was carried out with rearrange-
ments of bed capacity, reduced outpatient treatment 
and a little decrease in neurological ICUs (from 170 
to 166 beds) as well as SUs (from 242 to 226 beds) 
and IMC beds (from 68 to 66 beds). Outpatient treat-
ment was reduced in 63.2% and completely suspended 
in 36.8% of hospitals. Stroke treatment was compro-
mised in 52.6% of hospitals and a reduction of treat-
ments was reported by 36.8% of them (Figure 2). 

All hospitals had implemented special training for 
medical staff regarding a safe approach to the manage-
ment of the COVID-19 patients, with frequent staff 
meetings focusing on new information about COVD-
19. Noteworthy, 56.2% of hospitals provided psycho-
therapeutic assistance for the medical staff. 

No differences between community and university 
hospitals could be detected for any variable (Table 1). 
Earlier treatment of infected patients in the hospitals’ 
SUs or neurological IMCs was associated with a lower 
probability that the hospital/department had created 
a dedicated COVID-19 ward (p=0.0209) and had re-
duced or suspended neurological outpatient treatment 
(p=0.0162). In SUs and neurological IMCs with a dedi-
cated COVID-19 team fewer stroke treatments were 
performed (p=0.0233 and p=0.0202, respectively). 
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Table 1. Replies to the questionnaire broken for community and university hospitals.

Item Community hospital University hospital

No Yes No Yes

Does your hospital have a stroke unit? 0 (0.0%) 5 (100.0%) 0 (0.0%) 14 (100.0%)

Did you already treat SARS-CoV-2 infected patients at your 
stroke unit?

4 (80.0%) 1 (20.0%) 12 (85.7%) 2 (14.3%)

Does your stroke unit have a dedicated team of medical staff 
(physicians, nurses) for the management of COVID-19 
patients?

5 (100.0%) 0 (0.0%) 9 (64.3%) 5 (35.7%)

Are all admitted patients tested for SARS-CoV-2? 4 (80.0%) 1 (20.0%) 7 (50.0%) 7 (50.0%)

Does your hospital have a neurological IMC unit? 2 (40.0%) 3 (60.0%) 7 (50.0%) 7 (50.0%)

Did you already treat SARS-CoV-2 infected patients at your 
IMC unit?

1 (33.3%) 2 (66.7%) 6 (85.7%) 1 (14.3%)

Does your IMC unit have a dedicated team of medical staff 
(physicians, nurses) for COVID-19 patients?

1 (33.3%) 2 (66.7%) 2 (28.6%) 5 (71.4%)

Are all admitted patients tested for SARS-CoV-2? 1 (33.3%) 2 (66.7%) 4 (57.1%) 3 (42.9%)

Does your hospital have a neurological ICU? 2 (40.0%) 3 (60.0%) 1 (7.1%) 13 (92.9%)

Did you already treat SARS-CoV-2 infected patients at your 
ICU?

3 (100.0%) 0 (0.0%) 12 (92.3%) 1 (7.7%)

Does your ICU have a dedicated team of medical staff 
(physicians, nurses) for COVID-19 patients?

3 (100.0%) 0 (0.0%) 9 (69.2%) 4 (30.8%)

Are all admitted patients tested for SARS-CoV-2? 2 (66.7%) 1 (33.3%) 6 (46.2%) 7 (53.8%)

Have you already executed rearrangements regarding bed 
capacity during the COVID-19 pandemic?

0 (0.0%) 5 (100.0%) 2 (14.3%) 12 (85.7%)

Does your hospital/department have a separated area for 
patients with unknown SARS-CoV-2-status, waiting for the 
test result (e.g. floating area)?

1 (20.0%) 4 (80.0%) 2 (14.3%) 12 (85.7%)

Did your hospital/department create a dedicated ward for 
COVID-19-patients?

0 (0.0%) 5 (100.0%) 1 (7.1%) 13 (92.9%)

Did your hospital/department take any measures in order to 
enable higher security distances between patients or medical 
staff?

0 (0.0%) 5 (100.0%) 0 (0.0%) 14 (100.0%)

Did your hospital/your department reduce neurological 
outpatient treatment?

0 (0.0%) 2 (reduced; 40.0%); 3 
(suspended; 60.0%)

0 (0.0%) 10 (reduced; 71.4%); 
4 (suspended; 

28.6%)
Do you believe that the COVID-19-pandemic has 
compromised treatment of stroke patients?

2 (40.0%) 3 (60.0%) 7 (50.0%) 7 (50.0%)

Did you observe a decrease of cases of thrombolysis / 
thrombectomy at your hospital during the ongoing COVID-19 
pandemic?

4 (80.0%) 1 (20.0%) 8 (57.1%) 6 (42.9%)

Did your hospital/department train nurses and physicians 
regarding a safe approach towards COVID-19 patients (i.e. 
correct use of protective equipment)

0 (0.0%) 5 (100.0%) 0 (0.0%) 14 (100.0%)

Did your hospital/department schedule frequent staff meetings 
regarding COVID-19?

0 (0.0%) 5 (100.0%) 0 (0.0%) 14 (100.0%)

Does your hospital/department offer psychotherapeutic 
assistance for the medical staff regarding COVID-19 cases?

1 (20.0%) 4 (80.0%) 8 (57.1%) 6 (42.9%)

SARS-CoV-2 = Severe Acute Respiratory Syndrome – CoronaVirus – 2; COVID-19 = Coronavirus Disease 2019; ICU = Intensive Care 
Unit; IMC = Intermediate Care
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Figure 1. Main rearrangements during the COVID-19 pandemic

Figure 2. Bed Capacity rearrangement before and during the COVID-19 pandemic.
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Discussion

Being the first, this work provides detailed infor-
mation how the ongoing COVID-19 pandemic has 
affected operational processes in SUs and neurological 
ICUs in hospitals in Germany. 

All hospitals implemented measures to prevent 
the spread of the virus among healthcare staff and hos-
pitalized patients such as separated areas for patients 
with unknown COVID-19 status, dedicated wards for 
COVID-19 patients, frequent meetings, and special 
training for medical staff regarding a safer approach 
towards patients, and enabling larger security distanc-
es. Results are in line with the literature (9). Further-
more, we observed a slight, but not significant decrease 
in bed capacity because of the attempt to isolate and 
manage COVID-19 patients and to stop the spread 
of infections. Bed reorganization, mostly in neuro-
logical ICUs, was possible because of the quantity of 
semi-intensive and intensive care beds in Germany, 
being higher than in the rest of the world (10). An-
other important aspect is the reduction of outpatient 
treatments to secure the treatment of critically ill pa-
tients, and to implement social distancing. Currently, 
this remains acceptable, but a persistently protracted 
pandemic could result in an inadequate treatment of 
neurological chronic diseases. 

Regarding acute stroke treatment, about one 
third of hospitals reported reduced IV thrombolysis/
endovascular treatments, in line with other studies 
suggesting a decreased number of patients with TIA 
in emergency rooms (1). Despite the possibility of a 
temporary reduction of admission of acute strokes to 
emergency departments, it is extremely relevant to im-
plement stroke pathways by creating protected code 
algorithm for patients with hyperacute stroke requir-
ing urgent treatments (6,7). 

During the study period, 42.1% of SUs tested 
every admitted patient, whereas 57.9% tested only 
symptomatic patients. This demonstrates that hospi-
tals followed different approaches, rather than a unique 
global guideline. Finally, significantly decreased num-
bers of thrombolysis and endovascular treatment for 
acute stroke have been observed in hospitals with 
a dedicated COVID-19 team. Some patients with 
stroke, indeed, could have been referred to centers al-

ready prepared to manage the COVID-19 pandemic. 
In summary, German SUs, IMCs, and neurological 
ICUs have undergone important changes regarding 
daily operational processes. As the ending of the pan-
demic is not yet foreseeable, it is too early to evaluate 
the preventive effects of these rearrangements, as well 
as the impact on the usual clinical routine. 

The major limitation of the study is that the sur-
vey captures a specific organizational phenomenon 
performed in a significant number of semi-intensive 
and intensive neurological settings, but it is not com-
prehensive enough to assess the reorganization of 
the entire German healthcare system. Additionally, 
this cross-sectional study offers an initial and static 
snapshot of the situation, which develops constantly 
and dynamically. Finally, this scenario is specific for 
Germany and might not be suitable for other coun-
tries with different healthcare organizations and bed 
capacities. 

In conclusion, we showed that the COVID-19 
pandemic has imposed great changes on health care 
systems, in particular for the management of critically 
ill patients in neurological stroke and intensive care 
units. Our findings suggest that stroke treatment has 
been compromised in neurological departments, as-
sociated with reported decreasing numbers of throm-
bolysis/thrombectomy. Despite some limitations, we 
believe that our findings offers an overview on the ini-
tial reorganization and response of German hospitals 
to COVID-19.
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APPENDIX

Supplementary Material: Survey
Preparation of German Stroke-Units and neurological ICUs during the COVID-19 pandemic

The spread of COVID-19, caused by the novel coronavirus (SARS-CoV-2) is associated with great challenges regarding capacity and 
equipment of hospitals, as well as it leads to demanding tasks for medical staff.
While COVID-19 patients usually present respiratory symptoms, there have been reports suggesting a possible neurotropism of the 
novel coronavirus. While it is too early to evaluate the impact of possible neurological manifestations directly caused by the virus, it 
seems obvious that the ongoing pandemic is affecting the treatment of neurological patients, especially the critically ill.
In order to evaluate different approaches concerning the management of neurological patients affected by COVID-19 in the future, 
we created the following survey and kindly ask you to answer to the questions. Altogether it takes less than five minutes to answer 
and most of the questions can be answered with ‘yes’ or ‘no’. 

1. Which hospital do you work at?

2. Does your hospital have a stroke unit?
yes	 ○	 no	 ○

If answered ‘yes’, please specify
-	 Usual bed capacity of your stroke-unit 	 ____
-	 Current bed capacity of your stroke unit	 ____
-	 Did you already treat SARS-CoV-2 infected patients at your stroke unit? 
yes 	 ○	 no	 ○
-	 Does your stroke unit have a dedicated team of medical staff (physicians, nurses) for the management of COVID-19 patients?  
yes 	 ○	 no	 ○
-	 Are all admitted patients tested for SARS-CoV-2?
yes 	 ○	 no, only patients with corresponding symptoms	 ○

3. Does your hospital have a neurological IMC unit?
yes 	 ○	 no	 ○

If answered ‘yes’, please specify
-	 Usual bed capacity of your IMC  unit	____
-	 Current bed capacity of your IMC unit	 ____
-	 Did you already treat SARS-CoV-2 infected patients at your IMC unit? 
 yes 	 ○	 no	 ○
-	 Does your IMC unit have a dedicated team of medical staff (physicians, nurses) for COVID-19 patients?
yes 	 ○	 no	 ○
-	 Are all admitted patients tested for SARS-CoV-2?
yes 	 ○	 no, only patients with corresponding symptoms	 ○ 	

4. Does your hospital have a neurological ICU?
yes 	 ○	 no	 ○

If answered ‘yes’ , please specify
-	 Usual bed capacity of your ICU 	 ____
-	 Current bed capacity of your ICU	 ____
-	 Did you already treat SARS-CoV-2 infected patients at your ICU? 
 yes 	 ○	 no	 ○
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-	 Does your ICU have a dedicated team of medical staff (physicians, nurses) for COVID-19 patients?
yes 	 ○	 no	 ○
-	 Are all admitted patients tested for SARS-CoV-2?
yes 	 ○	 no, only patients with corresponding symptoms	 ○

5. Have you already executed rearrangements regarding bed capacity during the COVID-19 pandemic? (If answered ‘yes’, please specify)
yes 	 ○  ________________________________________________________________
no 	 ○

6. Does your hospital/department have a separated area for patients with unknown SARS-CoV-2-status, waiting for the test result (e.g. floating area)?
yes 	 ○	 no	 ○

7. Did your hospital/department create a dedicated ward for COVID-19-patients?
yes 	 ○	 no	 ○

8. Did your hospital/department take any measures in order to enable higher security distances between patients or medical staff?
yes 	 ○	 no	 ○

9. Did your hospital/your department reduce neurological outpatient treatment?
yes, outpatient treatment was reduced	 ○
yes, outpatient treatment was suspended	 ○
no	 ○

10. Which ‘elective’ neurological services were preserved despite the ongoing pandemic?

11. Do you believe that the COVID-19-pandemic has compromised treatment of stroke patients?
Yes, treatment has been compromised moderately	 ○
Yes, treatment has been compromised severely	 ○
No, treatment has not been compromised	 ○

12. Did you observe a decrease of cases of thrombolysis / thrombectomy at your hospital during the ongoing COVID-19 pandemic?
yes 	 ○	 no	 ○

13. Did your hospital/department train nurses and physicians regarding a safe approach towards COVID-19 patients (i.e. correct use of protec-
tive equipment)
yes 	 ○	 no	 ○

14. Did your hospital/department schedule frequent staff meetings regarding COVID-19?
yes 	 ○	 no	 ○

15. Does your hospital/department offer psychotherapeutic assistance for the medical staff regarding COVID-19 cases?
yes 	 ○	 no	 ○


