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INTRODUC TION

The COVID- 19 pandemic greatly overwhelmed healthcare facilities 
around the world, including France. French hospitals were reorga-
nized at a local level to optimize the management of patients infected 

by SARS- CoV- 2 [1]. France was one of the main European countries 
where the SARS- CoV- 2 virus initially spread, leading to a marked ex-
cess mortality in March and April 2020 [1,2]. A national lockdown was 
implemented from March 17 to May 11, 2020 (weeks 12 to 19), tar-
geting a population of 66 million inhabitants. Lower rates of patients 
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Background and purpose: The aim of this nationwide study was to assess the impact of 
the COVID- 19 pandemic on stroke hospitalization rates, patient characteristics and 30- 
day case fatality rates.
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I60 to I64 in the national hospital discharge database. Patient characteristics and man-
agement were described according to three time periods: pre- lockdown, lockdown, and 
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65 years. Out- of- hospital 30- day case fatality rates increased between weeks 11 and 15 
among patients who returned home after their hospitalization. Important changes in care 
management were found, including fewer stroke patients admitted to resuscitation units, 
more admitted to stroke care units, and a shorter mean length of hospitalization.
Conclusions: During the first weeks of the lockdown, rates of patients hospitalized for 
stroke fell by 30% and there were substantial increases of both in- hospital and out- of- 
hospital 30- day case fatality rates.

K E Y W O R D S
case fatality, COVID- 19 pandemic, hospitalisations, lockdown, stroke

www.wileyonlinelibrary.com/journal/ene
mailto:
https://orcid.org/0000-0003-1273-8988
mailto:Amelie.GABET@santepubliquefrance.fr
mailto:Amelie.GABET@santepubliquefrance.fr


3280  |    GABET ET Al.

hospitalized for stroke during the COVID- 19 pandemic have been 
described in local areas of France as well as in other countries [1,3– 
14]. However, the magnitude of this decrease differed among coun-
tries, with only a limited decline in stroke admissions in Germany [15] 
compared with a 39% reduction in the United States [3,4] and a 60% 
reduction in the Veneto region of Italy [12,16]. By contrast, a study 
conducted in Brescia, Italy, reported similar rates of stroke admis-
sions and even a higher rate of ischemic stroke admissions during the 
months of March and April 2020 compared to previous years [17]. The 
authors hypothesized that the SARS- CoV- 2 infection might be asso-
ciated with a higher risk of ischemic events [17]. Few studies, how-
ever, have explored the impact of the COVID- 19 pandemic on stroke 
hospitalization at a whole- country level in Europe or North America 
(Table S1). As stroke is an emergency condition that requires quick 
and specific care and represents one of the main causes of disability 
and death in many countries [18], the impact of the pandemic on this 
acute disease is a major public health concern.

The first objective of this study was to evaluate the collateral ef-
fects of the COVID- 19 pandemic on stroke epidemiology, including 
hospitalizations and outcomes. The secondary objective was to evalu-
ate the impact of the pandemic on stroke care organization and stroke 
management. Thus, this nationwide study compares the rates of pa-
tients hospitalized for stroke in France in the weeks before, during, 
and after the lockdown in 2020 with the corresponding weeks in the 
years 2017 to 2019. The study describes changes in patient character-
istics and care management during lockdown and analyses the time 
trends of in- hospital and 30- day out- of- hospital case fatality rates.

METHODS

Data source

For this observational and cross- sectional study, we used data from 
the national hospital discharge database (Programme de médicalisation 
des systèmes d'information [PMSI]), which comprehensively collects all 
stays in both private and public hospitals across France, covering a 
population of approximately 66 million inhabitants [19]. Data collected 
in the PMSI are linked to the French national health database (Système 
National des Données de Santé [SNDS]), which comprehensively gath-
ers individual outpatient data such as healthcare prescriptions and 
procedures reimbursed by the French national health insurance sys-
tem for all individuals living in France and covered by universal medical 
coverage. The SNDS also records the long- term disease status of pa-
tients, which entitles them to 100% reimbursement for all healthcare 
expenditures related to that particular disease [19].

Study population

All patients hospitalized for stroke between weeks 1 and 24 from 
2017 to 2020 were selected. After week 24, an exhaustive record of 
hospitalizations could not be ensured. Stroke was defined by codes 

I60 to I64 of the International Classification of Diseases, 10th revi-
sion (ICD- 10), which were registered as the main diagnosis of the 
entire hospital stay or one of the medical units where the patient 
stayed [20,21]. For each patient, we selected the first hospitalization 
for stroke between weeks 1 and 24 of each year.

Data collection

The following patient characteristics were recorded for the hospital 
stay: age, sex, type of stroke (ischemic [ICD- 10 codes I63 or I64] and 
haemorrhagic [I60 to I62]), obesity (E66), and stroke signs (speech 
impairment [R47] or paralysis [G81]). We also recorded an infection 
with SARS- CoV- 2 identified with a positive PCR, antigenic or sero-
logic test, or through computed tomography. The weekly number of 
patients hospitalized with a SARS- CoV- 2 infection in France is pre-
sented in Figure S1. Using medical data for the 5 years preceding 
the hospitalization for stroke, cardiovascular and non- cardiovascular 
comorbidities were recorded. We then calculated a Charlson index 
score of comorbidities [22], which included congestive heart fail-
ure, dementia, chronic pulmonary disease, rheumatologic disease, 
mild liver disease, diabetes with chronic complications, hemiplegia 
or paraplegia, renal disease, any malignancy (including leukemia and 
lymphoma), moderate or severe liver disease, metastatic solid tumor, 
and AIDS/HIV. Three groups were defined according to the number 
of comorbidities: scores from 0 to 1, from 2 to 3, and 4 or more. The 
underlined hypothesis of such analysis was the modification of stroke 
care access during the COVID- 19 pandemic according to the level of 
comorbidities. Lastly, treatments given for cardiovascular conditions 
or their risk factors were considered if the patients had at least three 
drug deliveries in the year preceding the hospitalization for stroke.

Several aspects of acute care management were considered. We 
focused on patients' admission to a resuscitation unit or a stroke care 
unit. In France, intensive care units are intended to treat visceral fail-
ures related to a single organ specialty. In the case of multi- visceral 
failure, patients must be transferred to a resuscitation unit which is 
equipped with invasive ventilation. A severity score was completed by 
the physicians for patients admitted to a resuscitation unit. This score 
corresponds to the simplified acute physiology score (SAPSII) [23]. 
Regarding acute stroke treatment, data on mechanical thrombectomy 
(MT) were available exhaustively from 2017 onwards, whereas intra-
venous thrombolysis (IVT) was not. The length of hospital stay was cal-
culated based on the number of nights spent in hospital. At discharge, 
we collected information about whether the patient returned home, 
was transferred to another medical unit (i.e., a short- stay medical unit, 
follow- up and rehabilitation care) or elsewhere (i.e., long- stay facilities, 
nursing home, or hospitalized at home), or died in hospital.

Statistical analyses

Patient characteristics and acute care management were compared 
between the period 2017– 2019 and 2020 using the chi- squared 
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test for categorical variables and the Wilcoxon– Mann– Whitney 
test for quantitative variables. Characteristics were described 
according to three time periods for each year: weeks 1– 11 (pre- 
lockdown), weeks 12– 19 (lockdown), and weeks 20– 24 (post- 
lockdown). We assumed the Poisson distribution for the weekly 
number of patients hospitalized for stroke and the weekly number 
of deaths. For each week, regression models were then used to 
assess changes between 2017– 2019 and 2020 in terms of (1) the 
rates of patients hospitalized for stroke and (2) in- hospital case 
fatality rates. Rates of patients hospitalized for stroke were com-
puted using yearly population estimates provided by the French 
National Institute of Statistics as the denominator. The case fa-
tality rate was defined as the ratio of the number of discharged 
patients who subsequently died to the number of patients hospi-
talized for stroke. When the linear time trend from years 2017 to 
2020 was significant, the incidence rate ratio (IRR) was adjusted 
for this trend. Weekly IRRs of 30- day out- of- hospital case fatality 
rates in patients who returned home at the end of their hospital 
stay were computed for patients affiliated with the French general 
health insurance scheme (health insurance covering approximately 
76% of the population), a subpopulation for which the data on out- 
of- hospital vital status and date of death are rapidly and exhaus-
tively completed.

To study time trends in patient characteristics and acute care 
management, we computed the weekly odds ratios (ORs) for 2020 
as compared to the control years (2017– 2019). ORs were also ad-
justed for potential time trends for 2017– 2020. Sensitivity analyses 
were performed. Firstly, we studied the rates of patients hospital-
ized for a transient ischemic attack (TIA) (ICD- 10 code G45) to ver-
ify whether changes in the rates of patients hospitalized for stroke 
could be linked to a possible over-  or under- coding of TIA, which 
might have occurred when access to imaging was unavailable due 
to overwhelmed hospitals. Secondly, we excluded stroke patients 
found to be infected with SARS- CoV- 2. Thirdly, we excluded stroke 
patients with a history of stroke in the 7 months prior to their in-
clusion in the study. Analyses were performed using SAS Enterprise 
Guide 7.1

Ethics approval

In line with the French governmental regulations and the National 
Ethics Committee, no patient consent was required. The databases 
used in the study contained pseudonymized patient information.

RESULTS

In 2020, between weeks 1 and 24, 55,308 patients were hospital-
ized for stroke in France (Table 1), which was a lower number than 
in the same time period in previous years when more than 59,000 
patients were hospitalized annually for acute stroke. The prevalence 
of comorbidities defined by the Charlson index and the prevalence 
of circulatory diseases was lower in stroke patients hospitalized dur-
ing the lockdown (p = 0.006 and p = 0.002, respectively) and in the 
following weeks (p = 0.0001 and p = 0.001, respectively).

When looking at the time trends week by week, we observed sig-
nificantly lower rates of patients hospitalized for stroke from weeks 
10 to 17 in 2020 compared to 2017– 2019 (Figure 1). IRRs decreased 
by almost 30% in week 12 (Figure 1), corresponding to 600 fewer 
patients hospitalized for stroke (i.e., approximately 25% less) for this 
week in 2020 compared to 2017– 2019 (Figure S2). Similar results 
were found by age, sex, and stroke type, except in week 12 when 
there was a significantly greater decrease in patients hospitalized 
for strokes among individuals aged 85 years or over (Figure S3). 
Lower rates of patients hospitalized for stroke were still observed 
after the end of the lockdown in week 19 (Figure 1). Concomitantly, 
a decrease in patients hospitalized for TIA was observed from weeks 
11 to 17 in 2020, with up to a 40% decrease for week 12 (Figure S4).

Important and significant differences in acute care management 
were observed between weeks 1 and 24 in 2020 compared to the 
corresponding weeks in the control years 2017– 2019. A significant 
decrease was observed for the mean length of stay (starting in week 
9, i.e., 3 weeks before the lockdown, Figure 2a) as well as the pro-
portion of stroke patients admitted to resuscitation units (Figure 2c). 
Instead, there was a significant increase in the proportion of stroke 

F I G U R E  1  Weekly incidence rate 
ratios* of patients hospitalized for 
stroke in 2020 compared to 2017– 2019. 
*Adjusted for potential time trends from 
2017 to 2020. Grey zone corresponds to 
the French national lockdown from weeks 
12 to 19 [Colour figure can be viewed at 
wileyonlinelibrary.com]
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patients admitted to stroke care units and the proportion of stroke 
patients transferred at the end of the hospital stay (Figure 2b,d), 
particularly those transferred to follow- up and rehabilitation facil-
ities (Table 1). In patients admitted to resuscitation units, the mean 
SAPSII declined from week 12 onwards (Figure S5). The same ob-
servation was made after excluding stroke patients who died (data 
not shown).

Regarding comorbidities, no significant change in the propor-
tion of patients with a Charlson index score ≥2 was observed in the 
weekly analysis (Figure 3). However, a higher proportion of patients 
presenting speech impairment or paralysis was found in weeks 9– 13 
in 2020 compared to 2017– 2019 (Figure 3). The increase in the pro-
portion of patients with these symptoms reached 10% in week 13. 
The weekly ORs for MT increased significantly over the weeks of the 
lockdown (Figure S6).

In- hospital case fatality rates increased by 30% at the beginning 
of the lockdown in France compared to previous years (Figure 4). This 
observation occurred in all age groups and types of stroke, although 
a greater increase in in- hospital case fatality rates (approximately 
60%) was found in stroke patients aged under 65 years (Figure S7). 
Concomitantly, patients hospitalized for ischemic stroke in week 13 
were 15% more likely to have atrial fibrillation in 2020 compared to 
2017– 2019 (Figure S8). In weeks 11– 15, an increase in 30- day case 
fatality rates after hospital admission was also observed among pa-
tients affiliated to the general health insurance scheme who returned 

home at the end of their hospitalization for stroke (Figure 4). All the 
results remained unchanged when excluding stroke patients with a 
history of stroke or those infected by SARS- CoV- 2.

DISCUSSION

To the best of our knowledge, this is the first study to investigate the 
nationwide impact of the COVID- 19 pandemic and the lockdown on 
hospitalizations for stroke in France. We observed a 30% decrease in 
hospitalization rates for stroke during the lockdown, with a concomi-
tant 30% increase in in- hospital case fatality rates during the early 
weeks of the lockdown and an almost 60% increase in case fatality 
rates among stroke patients aged under 65 years. In addition, 30- day 
out- of- hospital case fatality rates after hospital admission increased 
by up to 70%. Stroke patients hospitalized during the lockdown 
were more likely to have major stroke symptoms. Finally, important 
changes in stroke patient management were observed, as patients 
were less likely to be admitted to resuscitation units, more likely to 
be admitted to stroke care units, and more likely to be quickly trans-
ferred to rehabilitation units after the acute stage of stroke care.

According to our findings, the decrease in hospitalization rates 
for stroke started 2 weeks before the beginning of the lockdown in 
weeks 10 and 11 and persisted after the lockdown. International 
comparisons are limited because of the differences in the spread 

F I G U R E  2  Weekly comparison of stroke acute care management in 2020 compared to 2017– 2019. (a) Mean length of stay. (b) Odds 
ratio (OR)* for stroke patients admitted to a stroke care unit in 2020 vs. 2017– 2019. (c) OR* for stroke patients admitted to a resuscitation 
unit in 2020 vs. 2017– 2019. (d) OR* for stroke patients transferred at the end of the hospital stay in 2020 vs. 2017– 2019. *ORs adjusted for 
potential time trends from 2017 to 2019. Grey zone corresponds to the French national lockdown from weeks 12 to 19 [Colour figure can be 
viewed at wileyonlinelibrary.com]

(a)

(c) (d)

(b)

www.wileyonlinelibrary.com


    | 3285HOSPITALIZATION FOR STROKE DURING COVID- 19 PANDEMIC IN FRANCE

of the COVID- 19 epidemic (Table S1). In a Danish nationwide study, 
stroke admissions rates after the lockdown returned to similar lev-
els during the time period prior to the COVID- 19 pandemic [7]. 
Although we observed similar declines in patients hospitalized for 
both ischemic and haemorrhagic strokes, the Danish study showed 
different time trends according to the type of stroke, with no de-
cline in admissions for haemorrhagic strokes [7], which are more 
severe than ischemic strokes. In our study, however, the lower hos-
pitalization rates in 2020 compared to 2017– 2019 also impacted 
the most severe strokes. A similar decrease in hospitalization for 
TIA was also observed, which raises concerns about the possible 
increase in related strokes in the future. The decline in hospitaliza-
tion rates for stroke might have been attributable to patients' fear 
of being infected with SARS- CoV- 2, causing them not to seek med-
ical attention. A decline in stroke triggers such as stress and air pol-
lution during the lockdown might also partly explain the decline in 
hospitalization rates for stroke [24,25]. Finally, the lower incidence 
of stroke hospitalizations might be explained by the high mortality 
of the SARS- CoV- 2 infection, mechanically reducing the number of 
inhabitants at risk of stroke. In England and Wales, cerebrovascular 

mortality rates declined by 18% in March 2020 compared to the 
previous years [26].

We found greater in- hospital case fatality rates during the first 
weeks of the lockdown in France and higher out- of- hospital 30- 
day case fatality rates after hospital admission in the subpopula-
tion of patients affiliated to the general health insurance scheme. 
Several studies have reported higher mortality rates in stroke 
patients hospitalized during the pandemic [17,27]; however, no 
study to date has shown such an increase in in- hospital case fatal-
ity rates in stroke patients aged under 65 years (Table S1). Several 
explanations could account for this result. Longer delays in the 
management of stroke patients have been described during the 
lockdown in parts of France as well as in other countries, which 
could have contributed to their greater stroke severity at admis-
sion and thus poorer outcomes. However, we did not observe a 
decrease in the proportion of patients who received MT during 
the lockdown, which is a proxy of acute stroke management. 
Therefore, it could be assumed that patients presenting minor or 
mild strokes were not hospitalized, leading to an increase in the 
proportion of severe strokes during this period and consequently 

F I G U R E  3  Weekly comparison of stroke patient characteristics in 2020 compared to 2017– 2019. (a) Odds ratio (OR)* for stroke patients 
with a Charlson score ≥2. (b) OR* for stroke patients with speech impairment or paralysis. *ORs adjusted for potential time trends from 2017 
to 2020. Grey zone corresponds to the French national lockdown from weeks 12 to 19 [Colour figure can be viewed at wileyonlinelibrary.
com]

(a) (b)

F I G U R E  4  Weekly incidence rate ratios (IRRs) of case fatality rates in 2020 compared to 2017– 2019. (a) Weekly IRRs* of in- hospital case 
fatality rates. (b) Weekly IRRs* of 30- day case fatality rates among patients who returned home at the end of their hospitalization and were 
affiliated to the general health insurance scheme (n = 32,443 patients for 2020 and n = 105,060 for 2017– 2019). *Adjusted for potential time 
trends from 2017 to 2020. Grey zone corresponds to the French national lockdown from weeks 12 to 19 [Colour figure can be viewed at 
wileyonlinelibrary.com]

(a) (b)

www.wileyonlinelibrary.com
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higher in- hospital case fatality rates. In line with this observation, 
several studies have shown an increase in severity scores [8] or 
in the proportion of severe strokes during the lockdown [28]. A 
study from the United States showed a rise in the proportion of 
large vessel occlusion strokes during the COVID- 19 pandemic, 
thus highlighting higher rates of severe stroke [8]. We found a sig-
nificant increase in the probability of atrial fibrillation in patients 
hospitalized for ischemic stroke during week 13, the second week 
of the lockdown. This could reflect the higher rates of cardio- 
embolic strokes, which are generally more severe types of stroke. 
Moreover, a nationwide Danish study demonstrated a trend to-
wards an increase in ischemic strokes related to atrial fibrillation 
following the lockdown [29]. The rise in the proportion of patients 
with speech impairment or paralysis that we observed is consis-
tent with the assumption of higher rates of patients hospitalized 
for severe stroke during the first weeks of the lockdown in France.

Lower rates of MT, however, were found in our study in 2020 
compared to 2019, as previously described in a national multicentre 
study in France [30]. We observed an increase in the proportion of 
patients with ischemic strokes who benefitted from this treatment 
during the lockdown. As mentioned above, this could be attribut-
able to the higher severity of stroke patients hospitalized during the 
lockdown, mainly characterized by large vessel occlusion. Of note, in 
another French study based in a single centre in Lyon, rates of MT 
remained unchanged during the COVID- 19 outbreak [31], whereas 
lower rates of all revascularization treatments were observed in 
Alsace, one of the centres of the epidemic in France [32]. Local 
experiences might differ from national observations, as the differ-
ent French territories were not equally affected by the COVID- 19 
spread. As data on IVT were not available exhaustively, they were 
not analysed in our study. This should be addressed in future studies 
to explore the lower rates of IVT reported in local stroke centres in 
France [31] and abroad [6,28], and the delay in administering endo-
vascular treatments [4,6,28,33].

Important changes in acute care management during the lock-
down in France were evidenced, notably with lower rates of stroke 
patients admitted to resuscitation units. This was associated with a 
decrease in the mean SAPSII for patients admitted to resuscitation 
units. These results could reflect the fact that patients with more 
severe stroke with lower chances of recovery may not have been ad-
mitted to resuscitation units because of the limited number of avail-
able beds, which were mainly attributed to patients infected with 
SARS- CoV- 2. In our study, other care management indicators sup-
ported the assumption of an effective post- stroke care pathway, as 
we observed a quicker transfer to follow- up and rehabilitation units 
during the lockdown. Possible explanations may be that the rehabil-
itation services had more available beds during this period because 
of the decrease in admissions due to road accident trauma as well as 
the reduction in non- urgent scheduled surgeries in French hospitals. 
As a result, the mean length of stay in acute care during the lock-
down was shorter, which may have contributed to an increase in the 
proportion of patients admitted to stroke care units. This highlights 
the efficient organization of stroke care networks in France.

Our study provides an exhaustive report on stroke hospital-
izations during the COVID- 19 pandemic in France for the period 
before, during and after the lockdown, and compares these data 
to the same time periods in 2017– 2019. Nevertheless, several lim-
itations should be highlighted. We were unable to include certain 
stroke characteristics such as the formal evaluation of severity 
using a dedicated scale or the mechanisms of ischemic stroke, thus 
limiting the interpretation of the results regarding the severity of 
stroke patients during the COVID- 19 pandemic and the higher in- 
hospital case fatality rates during this period. However, our study 
included in- hospital case fatality rates and 30- day mortality, two 
major outcomes directly linked to stroke severity. In addition, 
several aspects relating to care management were not available, 
such as the time between the onset of stroke symptoms and hos-
pital admission, while others were not fully available, such as IVT. 
Caution should be taken in the interpretation of results based on 
one single week.

In conclusion, this nationwide study shows the substantial im-
pact of the COVID- 19 pandemic and the lockdown on stroke hos-
pitalizations in France, with an increase in in- hospital case fatality 
rates, especially in patients aged under 65 years, which was prob-
ably related to the hospitalization of more severe stroke patients 
and the possible delay in hospital admissions. An important increase 
in 30- day out- of- hospital case fatality rates was also found among 
patients who returned home at the end of their hospitalization for 
stroke. Although the impact was limited in time and thus should 
be interpreted with caution, stroke awareness in the general pop-
ulation should be more intensively promoted during the COVID- 19 
pandemic to minimize the delay between the onset of stroke symp-
toms and the admission to hospital. The French stroke care network 
generally seemed to have effectively handled the first wave of the 
crisis, although further analyses are required to assess any regional 
variations in greater detail and to evaluate the cause of death data 
in France in order to estimate the possible out- of- hospital excess 
deaths related to stroke. Prolonged surveillance of hospitalization 
for stroke will be needed to analyse the mid- term impact of the 
COVID- 19 pandemic and the lockdown on stroke patients in France.
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