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ABSTRACT
Background and purpose Spain has been heavily 
affected by COVID-19. Reallocation of resources for 
managing the outbreak might have caused a disruption in 
stroke care. This study analyses the impact on stroke care 
of reorganising the healthcare system in response to the 
first COVID-19 outbreak peak in Spain and the strategies 
adopted by Spanish stroke units to deal with this impact.
Materials and methods We obtained data from a 
structured survey sent to the responsible of stroke units 
across the country. We recorded the number of strokes, 
stroke code activations, intravenous thrombolysis 
treatments and mechanical thrombectomies during 
February and March 2019 and 2020. We also collected 
information on the impact on workflow metrics and 
on the availability of specialised neurological care and 
rehabilitation treatments, the characteristics of stroke care 
for patients with SARS- CoV-2 infection and the impact on 
human resources. We compared the activity data between 
2019 and 2020 and the information on activity and impact 
on stroke care between regions classified according to the 
disease incidence rate.
Results Fifty- seven (75%) of all stroke units in Spain 
responded to the survey. There was an overall reduction 
in admissions for all stroke types during the outbreak’s 
peak and in the number of stroke code activations and 
intravenous thrombolysis treatments, results that were 
independent of the COVID-19 incidence rate. Participants 
reported a delay in workflow metrics and a reduction 
of admissions to stroke units, outpatient clinics and 
rehabilitation therapies. Specific pathways and protocols 
for managing stroke patients with SARS- CoV-2 infection 
have been established.
Conclusion The COVID-19 outbreak has jeopardised all 
phases of stroke care. As a consequence, some patients 
with stroke did not receive adequate treatment.

INTRODUCTION
SARS- CoV-2 infection, which causes COVID-
19, has spread rapidly throughout the world 
since December 2019 when the first outbreak 
was detected in Wuhan, China. The outbreak 
was declared an international public health 
emergency by the International Health Regu-
lations (2005) Emergency Committee on the 
30 January 2020 and was recognised by the 
WHO as a global pandemic on the 11 March 
2020.

Spain has been one of the countries most 
heavily affected by COVID-19 in Europe.1 The 
first case in Spain was confirmed on the 31 
January 2020, with number rapidly increasing 
thereafter, prompting the declaration of a 
national state of emergency and a population 
lockdown on the 14 March 2020 in an effort 
to halt the spread of the disease and prevent 
the collapse of hospital services. The pandem-
ic’s first peak was reached during the last week 
of March, when the cumulative rate for the 
entire country was 217 cases/100 000 inhab-
itants, ranging from 56 to 612 cases per 100 
000 inhabitants in the various autonomous 
communities (figure 1).2

The burden of patients with SARS- CoV-2 
infection forced the Spanish healthcare 
system to reorganise medical care and reallo-
cate resources for managing COVID-19, which 
might have caused a disruption in stroke care 
and could have resulted in a negative impact 
on outcomes.3–5 Stroke is one of the leading 
causes of death and disability worldwide.6 Due 
to the highly time- sensitive nature of stroke 
treatment, major efforts have been employed 
to construct well- organised healthcare systems 
to ensure rapid access to acute treatment, 
which might have been jeopardised by the 
pandemic. Different strategies to fight this 
threat according to particular situations and 
available resources have been published.7–9 
Collecting information on the impact of first 
pandemic peak and the approaches imple-
mented to cope with it could help us meet the 
challenge of maintaining the adequate care of 
patients with stroke, given that the pandemic 
is still far from being controlled.

In this study, we analysed the impact of 
the COVID-19 pandemic on stroke care and 
the activity of stroke units (SUs) in Spain, 
according to the burden this pandemic has 
placed on the various regions and we describe 
the organisational strategies implemented 
by Spanish neurologists during the first 
pandemic peak.
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METHODS
Setting
Spain is divided into 17 autonomous communities and 
2 autonomous cities (figure 1). Each community has its 
own regional government with legislative and executive 
autonomy that includes health policies. Healthcare is 
essentially provided by Spain’s public health system and 
hospitals that provide stroke care are managed by the 
regional government of the autonomous communities. 
All communities have developed organisational models 
for stroke care according to their particular characteris-
tics and needs, aiming to provide optimal treatment to 
each patient and equity in terms of access to the best diag-
nostic and therapeutic resources, including management 
in SUs.10 Although the number of available SUs and the 
population- adjusted rate of SU beds differ by community, 
most patients with acute stroke are treated in these facili-
ties and, therefore, data from these units during the first 
pandemic peak could reflect the impact of COVID-19 on 
stroke care in Spain. The number of inhabitants and popu-
lation density vary by community, which might account for 
the differences in the pandemic’s impact among regions. 
We obtained data on the population per community from 
the Spanish National Institute of Statistics11 and infor-
mation on the incidence of COVID-19 from the official 
sources of the Spanish National Ministry of Health.2

Data source
A committee of experts from the Stroke Group of the 
Spanish Society of Neurology developed a structured 

survey that was sent to all neurologists working at SUs in 
hospitals throughout Spain, along with a letter of invita-
tion to voluntarily participate that explained the study 
objectives and provided access to the web- based question-
naire. To avoid data duplication, respondents were asked 
to provide only one survey per hospital. The need to 
provide only verified data and not estimates was empha-
sised. The survey was launched on the 13 April 2020 and 
closed on the 13 August 2020. Throughout the study 
period, reminders were sent to encourage participation.

The survey recorded five different blocks of questions: 
(1) the participants’ names and contact details and the 
number of staff neurologists and residents per neurology 
department, (2) data on SU activity during February and 
March 2019 and 2020 (number of transient ischaemic 
attacks (TIAs), ischaemic strokes (ISs) and intracerebral 
haemorrhages (ICH) treated, number of stroke code 
activations and number of intravenous thrombolysis 
(IVT) treatments and mechanical thrombectomies (MT) 
performed), (3) information on the impact on acute 
stroke care during the pandemic (whether the respon-
dents considered that there was an impact or not and 
whether the impact consisted of longer delays in hospital 
admission, in attention by a neurologist, in the perfor-
mance of diagnostic tests or in initiation of IVT or MT 
or whether the availability of SUs facilities, specialised 
neurological care, Doppler ultrasound studies, outpa-
tient clinics, or rehabilitation treatments was reduced, 
and if telemedicine was reinforced), (4) information 
regarding the characteristics of care for stroke patients 
with a suspected or confirmed diagnosis of SARS- CoV-2 
infection (whether the protocols and care pathways were 
modified and whether the modifications affected the 
stroke code pathways, in- hospital pathways, diagnostic 
protocols, treatment protocols, creation of specific and 
separated SUs and/or neurology wards) and (5) data 
on the impact on human resources (number of medical 
leaves due to contagion or quarantine and the number of 
neurologists reallocated to reinforce other hospital areas 
for the care of patients with COVID-19, whether there was 
a reduction in the number of neurologists dedicated to 
the SUs or the neurology ward and whether there was an 
impact on education and research activities). There was 
the possibility of providing additional information on any 
of these issues if needed.

Data collection and management and statistical analysis
We collected and managed the study data using REDCap 
(Research Electronic Data Capture) tools.12 REDCap is a 
secure, web- based software platform designed to support 
data capture for research studies and allows audit trails 
for tracking data manipulation. We exported the data to 
the STATA V.12.1 statistical package (StataCorp LP, Texas, 
USA) for analysis.

The data are listed as absolute counts and percentages or 
as medians and IQR or minimum and maximum as appro-
priate. We compared the number of TIAs, ISs and ICHs 
treated at the participating hospitals and the number of 

Figure 1 Map of the autonomous communities of Spain. 
Population density and COVID-19 incidence rate. The circles 
represent the incidence rate at the peak of the pandemic (per 
100 000 inhabitants). Population density is shown beside 
the name of the community (inhabitants/km2). 1: Andalucía 
(96). 2: Aragón (28). 3: Principality of Asturias (96). 4: Balearic 
Islands (230). 5: Canary Islands (289). 6: Cantabria (109). 7: 
Castilla y León (25). 8: Castilla- La Mancha (26). 9: Cataluña 
(239). 10: Community of Valencia (215). 11: Extremadura (26). 
12: Galicia (91). 13: La Rioja (63). 14: Community of Madrid 
(830). 15: Murcia region (132). 16: Chartered Community of 
Navarra (63). 17: Basque Country (305). 18: Autonomous City 
of Ceuta (7207). 19: Autonomous City of Melilla (4239).
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stroke code activations, IVTs and MTs performed during 
February and March 2020 against those in February and 
March 2019 using the Wilcoxon signed- rank test for non- 
normally distributed variables or a paired Student’s t- test 
for those that followed a normal distribution.

Given that the pandemic has not affected all regions 
in Spain equally, we classified the autonomous commu-
nities into four groups according to the categorisation of 
incidence rate recorded in each community (figure 1). 
We compared the data between the groups to analyse 
whether there were differences in SU activity or the 
impact on stroke care depending on the disease burden 
using the Kruskal- Wallis test or Pearson’s χ2 test, respec-
tively. We also compared the data between those commu-
nities with the highest incidence rate (>300 cases/100 000 
inhabitants) and the other communities.

RESULTS
Fifty- eight SUs responded to the survey, with one response 
discarded because no valid data could be retrieved. Ulti-
mately, we analysed data on 57 surveys from 16 autono-
mous communities, representing 75% of all SUs in Spain. 
The percentage of SUs that responded to the survey per 
community was 66%–100% (table 1).

Table 2 shows the number of TIAs, IS and ICH treated 
in the participating hospitals and the number of stroke 
code activations, IVTs and MTs performed during 
February and March 2019 and 2020.

There was a significant decrease in the number of 
stroke code activations, all types of strokes treated and 
IVT performed in the participating hospitals during 
March 2020, coinciding with the first pandemic peak in 
Spain. Interestingly, the number of MTs was not reduced. 
There were no differences in the percentage reduction 
according to the incidence rate (table 3).

When comparing regions with the highest incidence 
rate with the other regions, the differences were also 
not significant. The dispersion in the results suggests 
heterogeneity in the pandemic’s impact on SU activity 
throughout Spain.

All but one of the participants considered that the 
COVID-19 outbreak had a negative impact on the care of 
patients with stroke, mainly in terms of delays in receiving 
treatment. Seventy- seven per cent of participants reported 
longer times to arrival at the hospital, 14% reported 
longer delays in receiving care by neurologists and 54% 
in performing diagnostic tests, 37% reported longer 
door- to- needle times (if IVT) and 33% reported longer 
door- to- femoral puncture times (if MT). Longer delays in 
attention were more frequently reported by centres in the 
autonomous communities with a higher incidence of the 
disease, although the difference was only significant for 
reported delays in performing diagnostic tests (table 4).

Three participants (5.3%) stated that specific treat-
ments for patients with stroke such as reperfusion ther-
apies were interrupted in their hospitals, 18 (32%) 
reported that patients were not admitted to the SU, and 

one hospital indicated that their patients with stroke were 
no longer managed by neurologists. In 47 SUs (82%), 
rehabilitation treatments were interrupted. Doppler 
ultrasound vascular studies were cancelled in 20 (35%) 
centres. Outpatient clinics reduced their activity in most 
cases, in- person consultations were cancelled in 39 (68%) 
of the participating hospitals, and teleconsultation was 
implemented in all but three hospitals (95%).

Regarding the management of patients with stroke 
with a suspected or confirmed diagnosis of SARS- CoV-2 
infection, most centres progressively adapted their treat-
ment protocols as the number of cases increased, with the 
aim of maintaining adequate treatment for stroke and 
COVID-19, while ensuring the protection of attending 
staff and preventing the spread of the infection. Twenty- 
nine (51%) centres that usually work within a collab-
orative network for providing reperfusion therapies 
reorganised their stroke code pathways and resources to 
provide on- site treatment, avoiding interhospital trans-
fers. In the emergency room, 35 centres (61%) organised 
separate hotspots and triage pathways for these patients’ 
diagnosis and management, 43 (75%) centres designed 
specific protocols for staff protection, 36 (63%) included 

Table 1 Survey responses by autonomous community

Autonomous 
community

Number of 
responses

% of stroke 
units 
responding 
in the 
community

% of total 
responses

Andalucía 9 88.9 15.8

Aragón 2 100 3.5

Principality of Asturias 2 100 3.5

Balearic Islands 1 100 1.7

Canary Islands 2 100 3.5

Cantabria 1 100 1.7

Castilla y León 4 80 7

Castilla- La Mancha 2 66.7 3.5

Cataluña 8 66.7 14

Community of 
Valencia

4 66.7 7

Extremadura 2 100 3.5

Galicia 3 100 5.3

La Rioja * 0 0 0

Community of Madrid 11 91.7 19.3

Murcia region 2 100 3.5

Chartered Community 
of Navarra

2 100 3.5

Basque Country 3 75 5.3

Autonomous City of 
Ceuta †

0 0 0

Autonomous City of 
Melilla †

0 0 0

*La Rioja has one stroke unit.
†Ceuta and Melilla have no stroke units.
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specific tests for COVID-19 within their urgent diag-
nostic protocols such as performing chest CT together 
with neuroimaging, additional blood tests and PCR for 
SARS- CoV-2 in nasal and oropharyngeal swabs and 26 
centres (46%) modified their management protocols, 
including more restrictive criteria for reperfusion ther-
apies. There were organisational changes for hospital 
admissions, separating COVID- free from COVID- positive 
areas in all centres. Seven (12%) centres created a 
specific SU for patients with COVID-19, 10 (18%) created 
a COVID-19 neurology ward and 30 (53%) of the respon-
dents stated that their patients with stroke and COVID-19 
were admitted to internal medicine wards and not to the 
neurology wards or SU.

The outbreak also affected the human resources of 
the neurology departments and their activities, with a 
reduced number of dedicated neurologists due to medical 
leave as a consequence of contagions and quarantines as 
well as reallocations to reinforce other hospital areas for 
the care of patients with COVID-19. Table 5 shows the 
number of medical staff in the participating hospitals and 
the number of contagions, quarantines and reallocations 
during the study period.

Due to the reduced number of available neurolo-
gists, 89% of the participating centres reported changes 
in their usual activities, which included a reduction 
in the number of neurologists dedicated to the SU or 
the neurology ward in 49% of cases, in the number of 
on- call neurologists in 18% and in discontinuation of the 

neurology on- call service in one case (2%). Most of the 
participants discontinued their research and teaching 
activities (72% and 82%, respectively).

DISCUSSION
This study provides data on the impact of the COVID-19 
pandemic on stroke care in Spain and on how Spanish SUs 
reorganised their management procedures in a health 
system overwhelmed by the rapid surge of patients with 
COVID-19. Although partial data from specific regions 
and centres have been previously published,3–5 8 13 there 
was a need for information from a national perspective 
similar to that provided by other European countries.9

This study confirms the overall reduction in admissions 
of all types of strokes during the first peak of the outbreak 
in Spain and the significant reduction in the number of 
stroke code activations and IVTs performed, while the 
number of MTs did not significatively decrease. However, 
the magnitude of the decrease varied considerably 
among the participating centres, with a number of them 
reporting no decrease, and it did not appear to be related 
to the incidence of COVID-19 in the regions. This finding 
probably reflects the differences in these centres’ char-
acteristics in terms of size, catchment area and volume 
of patients treated in normal conditions and the differ-
ences among the regions in the organisational systems 
for providing care. A decrease in stroke admissions as a 
consequence of the pandemic has been also reported 

Table 2 Stroke unit activity in Spanish hospitals during the peak of the pandemic and during the same period in 2019

Number of responses February 2019 February 2020 P March 2019 March 2020 P

TIA 49 7 (4,12) 6 (3;10) 0.12 8 (4,12) 6 (3,8) 0.019

Ischaemic stroke 53 31 (23,43) 34 (24;47) 0.84 35 (20,48) 27 (18,37) 0.000

Cerebral haemorrhage 51 7 (4,10) 7 (4;11) 0.78 6 (4,10) 5 (3,10) 0.008

Stroke code activation 41 33 (19,51) 35 (20;59) 0.9 35 (16,53) 24 (13,43) 0.000

Intravenous thrombolysis 56 6 (4,8) 7 (4;11) 0.67 7 (4,11) 5 (3,9) 0.000

Thrombectomy 56 6 (3,11) 8 (2;12) 0.09 7 (2,13) 6 (2,12) 0.10

Data indicate the number of cases per month presented as: median (IQR).
TIA, transient ischaemic attack.

Table 3 Percentage reduction in stroke unit activity during the peak of the pandemic (March 2020 compared with March 
2019) according to the incidence rate

Total sample

Incidence rate (cases/100 000 inhabitants)

50–100 100–200 200–300 >300 P

TIA 19 (0,53) 17 (−22,56) 32 (0,62) 0 (0,50) 33 (−20,56) 0.75

Ischaemic stroke 21 (0,37) 15 (−6,32) 21 (6,31) 15 (0,27) 37 (23,46) 0.11

Cerebral haemorrhage 26 (0,50) 29 (−33,67) 21 (0,50) 7 (0,35) 29 (16,50) 0.37

Stroke code activation 28 (9,42) 33 (20,42) 21 (10,32) 12 (6,42) 37 (35,54) 0.26

Intravenous thrombolysis 25 (0,50) 42 (−12.5,48) 50 (0,75) 22 (0,52) 36 (0,54) 0.80

Thrombectomy 18 (0,43) 19 (−16,72) 12 (0,25) 26 (0,43) 19 (12.5,43) 0.78

Data are presented as median (IQR).
TIA, transient ischaemic attack.
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in other countries9 14 and in certain areas of Spain.3–5 13 
This decrease has been attributed to several reasons15: 
fear of contagion that might prevent individuals from 
seeking medical care, especially for milder or transient 
strokes, non- recognition of symptoms by isolated or older 
patients, misdiagnosis in the context of the concomitant 
symptoms of SAR- CoV-2 infection and overload of emer-
gency medical and ambulance services. Our survey did 
not include questions about the possible explanations 
for the decrease in stroke admissions, but the findings 
suggest that numerous causes could have contributed 
at the light of the significant variability observed in the 
reported data. Moreover, admissions for all types of stroke 
were similarly reduced, and the decrease in stroke code 
activations did not correlate with the incidence rate in 
the communities. Whatever the reasons for the decrease 
in activity and given there is no reason to suspect that 
fewer strokes occurred during the pandemic, our results 
suggest that a number of patients did not reach hospi-
tals and therefore did not receive appropriate treatment 
during this period.

Most of the participants reported increased delays in 
arrival to the hospital, and half of the participants indi-
cated delays in the performance of diagnostic tests, which 
possibly reflects the overload of the emergency services, 
given that delays were more frequently reported among 
those centres in the communities that experienced 
higher COVID-19 incidence rates. This, together with the 
decrease in stroke admissions and delayed arrival at the 
hospital beyond the window of opportunity for recanali-
sation therapies, might have accounted for the reduced 
number of IVTs and MT shown. These results are consistent 
with those of previous studies that reported a decrease in 
the absolute number of reperfusion therapies performed 
during the outbreak.3–5 16 17 However, most of these studies 
showed that the percentage of eligible patients who was 
treated remained stable,4 5 17 and two studies reported no 

significant time delays in door- to- IVT or door- to- MT.3 16 
In our survey, delays in receiving care from a neurologist 
and in starting IVT or MT were less frequently reported 
than delays in other workflow metrics, and the number of 
MTs was not reduced. Together with the abovementioned 
reports, these results might reflect the significant efforts 
undertaken by neurologists to preserve in- hospital stroke 
care despite the adverse conditions.

The survey results show that various organisational 
strategies have been implemented in Spanish hospitals to 
ensure stroke care and to protect patients and staff from 
contagion. The observed variability is probably due to the 
differences in the available resources and in healthcare 
system organisations between regions and to the need 
to rapidly adopt decisions in the absence of substanti-
ated recommendations or specific roadmaps. Resources 
of SUs and neurology departments were reallocated to 
cope with the massive arrival of patients with COVID-19, 
which has had a negative impact on stroke care. A third 
of centres in our survey stated that patients with stroke 
could not be admitted to their SU, and the outpatient 
clinics and rehabilitation therapies were cancelled in 
most centres. The situation was even poorer for patients 
with SARS- CoV-2 infection and stroke. Few centres could 
organise COVID-19 SUs or neurology wards, and most 
patients had no access to SUs or specialised neurological 
care. Telemedicine was reinforced in almost all partici-
pating centres, a good option for patient follow- up but 
it needs adequate planning and technical equipment,14 
which, in this stressful situation, was far from optimal. It 
is highly likely that the disruption in all steps of stroke 
care during the pandemic has affected the recovery and 
adherence to secondary prevention measures of patients 
who experienced a stroke in Spain.

The impact of the outbreak on human resources is 
also remarkable and has contributed to jeopardise stroke 
care. Not only were numerous neurologists reassigned 

Table 4 Reported impact on stroke care during the pandemic according to the incidence rate

Total sample

Incidence rate (cases/100,000 inhabitants)

50–100 100–200 200–300 >300 P

Longer delay to hospital arrival 44 (77) 10 (77) 9 (75) 12 (71) 13 (86) 0.74

Longer delay to neurologist 8 (14) 2 (15) 1 (8) 1 (6) 4 (27) 0.35

Longer delay to diagnostic tests 31 (54) 6 (46) 5 (42) 7 (41) 13 (88) 0.035

Longer door- to- needle time 21 (37) 5 (38) 4 (33) 4 (23.5) 8 (53) 0.37

Longer door- to- puncture time 19 (33) 4 (31) 4 (33) 6 (35) 5 (33) 0.99

Data are presented as number (%) of affirmative responses in each group.

Table 5 Impact on human resources

Total number per 
neurology department

Number of 
reallocated % reallocated

Number of 
contagions

Number in 
quarantine

% of medical 
leaves

Staff neurologists 17 (7; 35) 4 (0; 14) 22 (0; 73) 2 (0; 12) 1.5 (0; 7) 18 (0; 57)
Resident neurologists 6 (0; 16) 4 (0; 16) 51 (0; 100) 1 (0; 6) 1 (0; 3) 23 (0; 75)

Data are presented as mean (range).
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to the care of patients with COVID-19 but many of them 
also become infected and/or had to quarantine. There 
was also major variability between centres, which prob-
ably reflects the varying exposure risk. Healthcare practi-
tioners are at high risk18 and therefore measures need to 
be assured to protect them.

Finally, another important issue addressed in this study is 
the effect of the pandemic on education and research activ-
ities that were discontinued in most of the centres. These 
activities need to be preserved because are crucial for main-
taining high standards of quality in the healthcare system.

Given that stroke is the second leading cause of death 
and one of the main causes of disability, it is important 
to preserve the quality of stroke services even in these 
adverse conditions. At the beginning of this unprece-
dented situation, hospitals had to improvise solutions, 
which is not the case at present. There are lessons to 
learn from the experience published worldwide and 
from the suggested guidelines to protect professionals 
and patients.19–21 The pandemic is currently far from 
being controlled, and efforts should be made to balance 
the allocation of resources to guarantee the adequate 
management of COVID-19 and other prevalent and 
disabling diseases such as stroke. Institutions should not 
lose sight of this goal, or they will risk losing the trust of 
their health workers and the population.

Our study has a number of limitations. First, we did not 
collect information on the characteristics of the partic-
ipating SUs. We therefore could not adjust the results 
accordingly. Second, this study was not based on system-
atically recorded data, thereby it has a risk of bias in the 
reporting. There was also a lack of data on the outcomes.

In conclusion, the rapid surge of the COVID-19 outbreak 
has greatly stressed the healthcare system in Spain, which 
has led to disruption of all phases of stroke care. As a 
consequence, some patients with stroke have not received 
adequate treatment, due to not reaching the hospitals 
in time or because they could not be managed by stroke 
physicians in specialised facilities, which might have nega-
tively impacted the patients’ outcomes. Lessons should be 
learnt from this experience to prevent this situation from 
reoccurring.
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