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Abstract
Background During the coronavirus disease 2019 (COVID-19) outbreak, a decrease of stroke’s hospital admissions and reper-
fusion therapy has been reported worldwide. This retrospective observational study assessed the volume of stroke cases managed
in the Emergency Department (ED) and reperfusion therapies in an Italian stroke network with a high incidence of COVID-19,
particularly to evaluate if the in-hospital rerouting and the switch from a drip-and-ship to a mothership model could assure an
adequate volume of acute treatments.
Methods We compared data fromMarch 2020 with those from previous years and formulated five PICO questions regarding (1)
incidence of stroke cases in the ED; (2) relation between stroke cases and COVID-19; (3) differences in the number of reperfusion
therapies, (4) in the call-to-needle and door-to-needle times for intravenous thrombolysis, and (5) in the call-to-groin and door-to-
groin times for thrombectomy.
Results We found (1) a 28% decreased of confirmed stroke cases managed in the ED, (2) a negative correlation between stroke
cases in ED and COVID-19 progression (rs = − .390, p = .030), and (3) a similar number of treatments in March 2020 and
March 2019. The adoption of the mothership model (4) did not delay alteplase infusion (median call-to-needle p = .126, median
door-to-needle p = .142) but led to (5) a significant reduction in median call-to-groin (p = .018) and door-to-groin times (p = .010).
Conclusion The “hospital avoidance” of stroke patients during the “stay-at-home” appeals needs to be considered for future
public health campaigns. A prompt reorganization of the stroke network can guarantee optimal performances at times of crisis.
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DTN Door-to-needle time
CTG Call-to-groin time
DTG Door-to groin time

Introduction

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) pandemic is deeply affecting health care
systems worldwide. This applies tremendously on the
management of time-dependent diseases, like stroke.
Stroke and coronavirus disease 2019 (COVID-19) share
a mutual bond. Stroke and stroke-at-risk population (el-
ders, hypertensives) overlap with the population at
higher risk of severe SARS-CoV-2 infection [1–3]. On
the other hand, arrhythmic and coagulative complica-
tions of SARS-CoV-2 infection may increase the risk
and the severity of cerebrovascular diseases [4–6].
However, during the first phase of the pandemic, there
have been worldwide observations of decreased rates of
stroke patients’ hospital admissions, thrombolysis, and
thrombectomy [7–10]. Italian stroke opinion leaders
confirmed this trend in Italy too (Toni D., on behalf
of Italian Stroke Organization, unpublished data, 2020).
One of the main identified reasons relies on the falling
rate of patients with milder symptoms presenting to
healthcare facilities [11, 12]. Increased social isolation,
misdiagnosis, or a real reduction in stroke incidence due
to behavioral changes are other possible, although not
exhaustive, explanations [13]. Apart from the direct and
indirect influences on stroke epidemiology, the COVID-
19 pandemic forced a complete rearrangement of the
territorial and in-hospital healthcare organization, includ-
ing the neurovascular teams’ one. Different solutions
have been found depending on each area and hospital
characteristics [12, 14].

We operate in a stroke network in the Romagna region,
central Italy, covering two provinces, one of them deeply
affected by the COVID-19 pandemic. During March 2020,
to better cope with hospitals occupation, the stroke net-
work shifted from an integral drip-and-ship model (prima-
ry transport of suspected stroke patients to a Primary
Stroke Centers [PSC or “spoke”] capable of administering
intravenous thrombolysis, followed by secondary transport
to a Comprehensive Stroke Center [CSC or “hub”] to ac-
cess endovascular treatment) to a partial one, having intro-
duced mothership (direct transport of all suspected stroke
patients to the hub) for one of the two provinces (Fig. 1).
Hub’s and spokes’ in-hospitals routes for stroke patients
have been rearranged too. To evaluate changes in inci-
dence and management of suspected stroke cases during
the COVID-19 pandemic in this stroke network, we per-
formed a retrospective analysis on stroke referrals and

acute treatments comparing data from March 2020 with
whom of March 2019.

Material and methods

Anonymized data have been made publicly available at
Harvard Dataverse and can be accessed at https://doi.org/10.
7910/DVN/EVHWSB.

We designed a retrospective observational multicenter
study, addressing five PICO (patient, intervention/exposure,
comparator, outcome) questions regarding influences of the
COVID-19 pandemic on suspected stroke epidemiology and
stroke treatments. The study was conducted in a vast stroke
network comprehending two provinces in Emilia-Romagna
region, in central Italy (Fig. 1). Two major cities constitute
the province of Forlì-Cesena (FC), Forlì and Cesena, which
numbered a resident population of 394,627 as on the 1st of
January 2019 [15]. The province of Rimini (RN) has a resi-
dent population of 339,017. Health care system in the two
provinces depends on the same public healthcare company,
named as “Azienda Unità Sanitaria Locale della Romagna”
(AUSL Romagna). The stroke network is based on a hub-
spoke model. The “M. Bufalini” hospital in Cesena is the
hub of the network; until March 2020, it was the primary
stroke center for Cesena territory and received patients from
the main hospitals of Forlì (“Morgagni-Pierantoni” hospital)
and Rimini (“Infermi” hospital) in a drip-and-ship model to
perform endovascular treatments.

As far as the COVID-19 pandemic spread out in Italy,
Rimini province was one of the most hit. On the 7th of
March 2020, it was declared “red zone,” 2 days before the
beginning of national lockdown. The Rimini “Infermi” hospi-
tal was converted to a COVID-19 sole hospital. Hence, all the
RN province-suspected strokes were rerouted to Cesena “M.
Bufalini” hospital, converting the model to a mothership one
(Fig. 1).

At the “M. Bufalini” hospital, the Emergency Department
(ED) planned a double separated route, one committed to
COVID-19-suspected patients (based on anamnesis of con-
tacts, fever or cough) and one for COVID-19-negative pa-
tients. Both routes had a dedicated CT scan. For COVID-19-
negative patients, a CT scan outside ED was used, extending
the internal transporting time. To handle a greater number of
neurological referrals, the Neurology service opened a neuro-
logical fast track outside the ED, with a four-bed intensive
outpatient clinic.

To address the study questions, we compared data from
March 2020 with March 2019. Preliminarily, we also com-
pared data from March 2019 with March 2018 to exclude
potential bias.

As this is an observational study, the Institution Review
Board has been notified as requested by the Italian law.

400 Neurol Sci (2021) 42:399–406

https://doi.org/10.7910/DVN/EVHWSB
https://doi.org/10.7910/DVN/EVHWSB


The detailed description and methods of the 5 PICO ques-
tions can be found in the Supplementary information.

PICO question 1: is the number of suspected and confirmed
strokes managed in ED decreased in March 2020 compared
with March 2019 in the provinces of FC and RN?

We obtained the number of suspected and confirmed stroke
cases managed in the ED in the 2 months. We then calculated
the incidence of suspected and confirmed stroke managed in
the ED for each month based on mean resident population in
the two provinces. To evaluate a reduction in the incidence of
suspected and confirmed stroke managed in the ED, we cal-
culated incidence rate ratio (IRR) between observed incidence
in the two intervals.

PICO question 2: is there a correlation between COVID-19
pandemic progression and the number of suspected stroke
cases managed in the ED in March 2020 in the provinces of
FC and RN?

We run a Spearman’s rank-order correlation to assess the
relationship between daily new COVID-19 cases and daily
new suspected stroke cases managed in ED in the two prov-
inces in March 2020.

PICO question 3: has a reduction of acute stroke treatment
(intravenous thrombolysis, IVT; endovascular thrombectomy,
EVT) occurred in the two provinces in March 2020 compared
with March 2019?

We wondered if the rearrangement of the emergency sys-
tem (both on the territory and in the ED) could affect the
volume of the performed acute stroke treatments. We then
compared the absolute number of IVT, EVT, and combined
treatments between the two time periods in the two provinces
(individually and as a whole). To observe differences in the
clinical characteristics of the treated patients (severity on the
NIHSS score and age of presentation), we adopted the Student
t test and Mann-Whitney U test.

PICO question 4: is the COVID-19 pandemic in
March 2020 influencing the call-to-needle (CTN) and door-
to-needle (DTN) times of IVT in stroke patients in FC prov-
ince, compared with March 2019?

We wanted to address the possibility that COVID-19 could
slow the out-hospital and in-hospital acute care of stroke pa-
tients. We then compared the median call-to-needle and door-
to-needle times inMarch 2020 and 2019 with an independent-
samples Mann-Whitney U test. We narrowed the analysis to
the sole FC province because a drip-and-ship model remained
constant between the years only in this territory.

PICO question 5: is the mothership model adopted in
March 2020 for patients of RN province advantageous over
the previous drip-and-ship model in terms of treatment time?

Since the 13th of March 2020, all the suspected strokes in
RN province were directly rerouted to “M. Bufalini” hospital

Fig. 1. Forlì-Cesena (FC—yellow) and Rimini (RN—red) provinces.
“Morgagni-Pierantoni” hospital in Forlì and “Infermi” hospital in
Rimini are the main Primary Stroke Centers (spokes) of the network;
“M. Bufalini” hospital in Cesena is the Comprehensive Stroke Center

(hub) of the stroke network. Green arrows: drip-and-ship model (light
green arrows: primary transport to the spokes; dark green arrows: second-
ary transport to the hub). Blue arrows: mothership model (direct transpor-
tation to the hub), applied in the province of Rimini
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in Cesena. We selected centralized patients from RN province
that have undergone EVT (± IVT) between the 13th and 31st
of March 2020. We compared their median call-to-needle,
door-to-needle, call-to-groin, and door-to-groin times with
those of EVTs (± IVT) of patients from Rimini of
March 2019 and of the period 1–12 March 2020 with a one-
way ANOVA.

Statistical analysis was made with SPSS v. 25, STATA v.
12, GraphPad Prism v.8.

Results

Comparisons between March 2018 and March 2019

The preliminary comparison of stroke referrals incidence and
acute treatments in March 2018 and March 2019 showed no
significant differences. In the whole stroke network, we found
256 suspected stroke cases managed in the ED in March 2018
and 260 inMarch 2019 (IRR 0.99, 95%CI 0.83–1.18) (Suppl.
Table 1). Confirmed stroke cases discharged from the ED
were 184 in March 2018 and 194 in March 2019 (IRR 0.95,
95%CI 0.77–1.17). Volume of reperfusion therapies was sim-
ilar: 34 patients were treated inMarch 2018 (22 IVT, 3 EVT, 9
combined treatments), while 32 in March 2019 (22 IVT, 4
EVT, 6 combined treatments) (Fig. 3).

PICO 1

Overall, we found a 15% decreased of suspected strokes man-
aged in ED in March 2020 compared with March 2019
(Table 1; suppl. Fig. 2), in line with a 14% decrease of 118’s
“neurological symptom-code” activations (details on the
volume of 118 calls can be found in Supplementary
information). The IRR of suspected strokes managed in ED
presented a non-significant reduction in March 2020 com-
pared with March 2019 in the provinces of FC and RN, con-
sidered both individually and as a whole. Nevertheless, in the
whole stroke network, there was a statistically significant re-
duction of confirmed stroke diagnosis from March 2019 to
March 2020 (28% decrease, IRR 1.40, 95% CI 1.12–1.75).
The comparison of the incidence confirmed stroke cases be-
tween March 2018 and March 2020 validates the results from
the 2019 to 2020 analysis. The IRR of 2018–2020 is a signif-
icant value of 1.33 (95% CI 1.06–1.66: − 25% of cases). The
single-province analysis of confirmed stroke diagnosis of
March 2020, due to allocation modality based on discharge
forms, needs to be evaluated in the light of the shift to the
mothership model, so that the considerable decrease in RN
province is compensated by FC province.

Interestingly, we observed a huge difference in the number
of patients assisted by ambulances and not transported to hos-
pitals due to refusal or at-home management, since itTa
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Fig. 2. a Cumulative incidence of suspected stroke cases during
March 2020 (blue) and March 2019 (orange) and cumulative incidence
of COVID-19 cases in March 2020 (red dots). b Daily cases of suspected

stroke cases during March 2020 (blue) and March 2019 (orange) and
cumulative incidence of COVID-19 cases in March 2020 (red dots)

Fig. 3 Volumes of reperfusion
therapies in March 2018, 2019,
and 2020 in the stroke network

403Neurol Sci (2021) 42:399–406



increased from 15% (113/760) of total “neurological symp-
tom-code” activations in March 2019 to 31% (203/655) in
March 2020.

PICO 2

To better outline the impact of the COVID-19 pandemic pro-
gression on stroke epidemiology, we compared cumulative
incidences and new daily cases of stroke and COVID-19.

In March 2020, 2120 new cases of COVID-19 have been
diagnosticated in the territory of the two provinces. At the 31st
of March 2020, the total number of cases of COVID-19 was
730 in FC and 1407 in RN. At the same date, the incidence of
COVID-19 was 291/100,000 inhabitants in the whole territo-
ry, with an important difference between the provinces: 185/
100,000 in FC and 414/100,000 in RN.

Figure 2a shows the cumulative incidence of COVID-19 in
March 2020 and the cumulative incidence of cases of
suspected stroke managed in ED in March 2020 and
March 2019 in both the provinces. Despite the progression
of COVID-19 pandemic, the cumulative incidence of
suspected stroke cases managed in the ED in March 2020
maintained the same slope, reduced but similar in shape com-
pared with the one of 2019.

As better outlined in Fig. 2b, the monthly distribution of the
number of daily cases of suspected stroke managed in ED in
March 2020 was similar to the one on March 2019 in the first
part of the month; as the pandemic proceeded, a decrease in

suspected stroke cases in ED occurred especially in RN prov-
ince, where the incidence of COVID-19 increased mostly.

There was a statistically significant negative correlation
between COVID-19 progression (cumulative incidence) and
daily new cases of suspected stroke managed in ED, rs = −
.390, p = .030. When considered individually, FC province
didn’t show the aforementioned correlation (rs = − .220, p =
.234), while RN province confirmed the negative correlation
(rs = − .434, p = .015).

PICO 3

We did not observe a reduction in the absolute number of
acute stroke treatments (IVT and EVT) between March 2020
compared with March 2019 or March 2018 in the whole net-
work (Fig. 3; details on single-province volume are depicted
in suppl. Fig. 3), nor differences in basal NIHSS score or age
of treated patients of 2020 compared with 2019 (respectively,
7 vs 6.5, p = .379 and 71 vs 70, p = .852).

In March 2020, the absolute number of treatments
remained unchanged (32 in 2019 vs 34 in 2020), despite
a reduction of stroke patients. Indeed, the 16.5% of con-
firmed strokes in March 2019 received a reperfusion
therapy, whereas in March 2020, this percentage in-
creased to 24.5%. From the analysis of the characteris-
tics of treated patients, we could not conclude that treat-
ed patients were elderly or had a more severe stroke at
baseline.

Table 2 Performances of
intravenous thrombolysis in FC
province in March 2019 and
March 2020. Noteworthy, in
March 2020

IVT
no.

EVT
no.

Combined
treatment no.

Median call-to-needle
time (min)

Median door-to-needle
time (min)

March 2019 11 2 4 108.5 (IQR 34) 69 (IQR 41)

March 2020a 10 2 3 96 (IQR 23) 49 (IQR 37)

p .126 .142

a Three IVT, one EVT, and five combined treatments were carried out in Cesena but were excluded because they
were transported from RN province due to the switch to a mothership model

Fig. 4 Door-to-needle (DTN),
call-to-needle (CTN), door-to-
groin (DTG), and call-to-groin
times in RN provinces. Red and
blue bars represent drip-and-ship
(D-a-S) treatments in, respective-
ly, March 2019 and the first part
of March 2020; yellow bars rep-
resent mothership (MS) treat-
ments in March 2020.

404 Neurol Sci (2021) 42:399–406



PICO 4

In FC province, 15/145 (10%) suspected stroke patients man-
aged in ED in March 2019 and 13/118 (11%) in March 2020
received IVT (alone or combine with EVT) (Table 2).

We did not find any significant difference in out-hospital
(call-to-needle) and in-hospital (door-to-needle) time intervals
in acute stroke management in March 2020 compared with
March 2019 in treated stroke patients from the province of
FC. InMarch 2018, 16 suspected stroke cases were treated with
IVT (alone or combined with EVT) in the same province; the
Kruskal-Wallis test comparing median of DTN times of 2018,
2019, and 2020 did not show significant differences (p = .161).

PICO 5

From RN province, 4/115 (3.5%) suspected stroke patients in
March 2019 and 9/102 (8.3%) in March 2020 received EVT,
alone or combined with IVT (Suppl. Fig. 3; 2018 results are
presented in supplementary information). Of these, three pa-
tients were treated between 1 and 12 March 2020, while 6
between 13 and 31 March 2020.

No significant differences in median NIHSS (p = .194) or
age (p = .946) were found. While we found no statistically
significant differences in DTN and CTN times among time
intervals, the DTG and the CTG times were statistically dif-
ferent among the three periods (respectively, p = .006 and p =
.013). Post hoc analysis revealed no significant differences
between the two drip-and-ship groups, while there was a de-
crease from 145 to 79 min in DTG (p = .010) and a decrease
from 192 to 137 min in call-to-groin times in the mothership
group (p = .018).

Despite the COVID-19-related troubles affecting the
healthcare system, a mothership model guaranteed significant
reduced call-to-groin time, without significantly affecting the
timing of infusion of alteplase (Fig. 4).

Discussion

In this study, we found a significant 25–28% decrease of
confirmed strokes cases managed in ED in March 2020
compared with the same month of previous years,
confirming the phenomenon observed by other stroke net-
works. Overall, the total number of calls to the emergency
number for neurological symptoms decreased, while it
doubled the number of patients managed at home or that
refused to be transported to the hospital, probably because
of fear of in-hospital Sars-CoV2 infection. The daily num-
ber of suspected strokes in ED in March 2020 negatively
correlated with the progression of the COVID-19 pandem-
ic, and this was particularly true for the province of RN
where the incidence of the infection was more than double.

This may confirm the “hospital avoidance” phenomenon
that has grown as the pandemic spread out. Despite the
reduction of confirmed stroke cases, the absolute number
of treatments remained similar to the previous years. This
corroborates the hypothesis of a more refined selection of
suspected stroke, with a reduced seek for helping and hos-
pitalization of patients with transient or non-debilitating
neurological symptoms. The consequences of missed eval-
uation of all these cases have to be addressed in the next
future. Undoubtedly, the “stay-at-home” message has been
fundamental to COVID-19 restraint. However, the redun-
dant and often passionate politicians and healthcare profes-
sionals or other stakeholders’ stay-at-home appeals were
not counterbalanced by messages regarding the need to
regularly seek assistance for non-COVID-19–related emer-
gencies. Public campaign to increase awareness on stroke
risk may be needed, even more than before.

Regarding the response of our stroke network, the results
obtained by our model shift are encouraging. Screening and
triaging COVID-19–suspected patients at the entrance of ED
and adopting two parallel intra-hospital routes for suspected or
not suspected patients permitted to manage stroke patients in
safety without affecting the effectiveness of the neurovascular
team. Not only was the absolute number of treatments slightly
higher than the previous year but we also obtained a decrease
in DTN time, despite not statistically significant. Importantly,
as the province of RN switched to the mothership model, we
obtained a significant reduction in CTG time with respect to
the previous year, without significantly delaying the alteplase
infusion, indicating that in our stroke network, a mothership
model can be advantageous. Our results corroborate with real-
world data the strength of the recommendations given by
stroke experts [7].

This study has some limitations. Limiting the analysis to
the month ofMarch, this study only considered the first weeks
of national lockdown, which lasted until mid-May. The eval-
uation of efficiency of the mothership model has been con-
ducted on limited data since it was adopted in just one of the
provinces. Moreover, we could not obtain data about the onset
time of all stroke cases, limiting the evaluation of delays in the
onset-to-call interval. Indeed, the call-to-needle/groin time
does not account for the patient or bystander delay, which is
of special interest during this pandemic as the patient may be
more reluctant to contact medical services.

There are several lessons to be learned from the
COVID-19 pandemic; as a stroke team, we need to be
flexible and prepared for a quick reorganization of our
services, not only in the in-hospital settings. We need to
know our territory, adapt our models, and participate in
the awareness of our population.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10072-020-04914-4.
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