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Objectives: The SARS-CoV-2 pandemic greatly influenced the overall quality of
healthcare. The purpose of this study was to compare the time variables for acute
stroke treatment and evaluate differences in the pre-hospital and in-hospital care
before and during the SARS-CoV-2 pandemic, as well as between the first and sec-
ond waves. Materials and methods: Observational and retrospective study from an
Italian hospital, including patients who underwent thrombectomy between January
1st 2019 and December 31st 2020. Results: Out of a total of 594 patients, 301 were
treated in 2019 and 293 in 2020. The majority observed in 2019 came from spoke
centers (67,1%), while in 2020 more than half (52%, p < 0.01) were evaluated at the
hospital’s emergency room directly (ER-NCGH). When compared to 2019, time
metrics were globally increased in 2020, particularly in the ER-NCGH groups dur-
ing the period of the first wave (N = 24 and N = 56, respectively): “Onset-to-
door”:50,5 vs 88,5, p < 0,01; “Arrival in Neuroradiology � groin”:13 vs 25, p < 0,01;
“Door-to-groin”:118 vs 143,5, p = 0,02; “Onset-to-groin”:180 vs 244,5, p < 0,01;
“Groin-to-recanalization”: 41 vs 49,5, p = 0,03. When comparing ER-NCGH groups
between the first (N = 56) and second (N = 49) waves, there was an overall improve-
ment in times, namely in the “Door-to-CT” (47,5 vs 37, p < 0,01), “Arrival in Neuro-
radiology � groin” (25 vs 20, p = 0,03) and “Onset-to-groin” (244,5 vs 227,5,
p = 0,02). Conclusions: During the SARS-CoV-2 pandemic, treatment for stroke
patients was delayed, particularly during the first wave. Reallocation of resources
and the shutting down of spoke centers may have played a determinant role.
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Introduction

Under the banner of “time is brain”,1 the race
towards achieving the fastest treatment in acute stroke
is ongoing. Metrics such as “Onset-to-door”, “Door-to-
groin” and “Groin-to-recanalization” are used to assess
the results and ultimately allow to achieve a better
quality of care.
The SARS-CoV-2 infection first appeared in late 2019 in

Wuhan, China, and quickly evolved into a global pan-
demic in 2020. Last year, more than 82 million people
worldwide contracted the infection and more than 1.8 mil-
lion died.2 This reality had an inevitable impact in health-
care, namely in the management of acute ischaemic
stroke. The very basis of social distancing and the isola-
tion measures that slow down the viral spread, in turn
work against stroke detection, which relies on someone
else to quickly detect a given patient’s symptoms.3
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Italy was the first western country to suffer with the viral
spread,4,5 and as early as February 2020, professionals were
dealing with an unknown threat before every other country
in Europe. This pandemic brought about a paradigm shift,
prompting not only changes in hospital care, but also
social challenges, and Italy was at the forefront of the
battle.5 The initial attempts to contain the spread of the
virus were insufficient and hospital capacity, as well as
resources and personnel were lacking due to reallocation
to COVID-wards, with measures going as far as closing
down strategic departments,5,6 such as stroke units.
Lombardy was the region in Italy with the highest num-

ber of SARS-CoV-2 infections during the first wave.5 In
the specific case of the Niguarda Ca’ Granda Hospital
(NCGH), the initial plan was for it to remain a mostly
SARS-CoV-2 free hospital, given its status as a referral
center, particularly for neurointensive care.5 However, on
February 22nd the first thrombectomy on a SARS-CoV-2
positive patient took place, and by then NCGH was
already at the center of the epidemic in Milan, Lombardy.
Amidst the chaos ensued by the rapid viral spread, most
spoke centers (SC) were shut down and the majority of
cases of suspected stroke were now coming directly to the
emergency room (ER) of NCGH.
Objectives

The aim of this study is to characterize the impact of the
SARS-CoV-2 pandemic on the medical system’s respon-
siveness regarding endovascular treatment for ischaemic
stroke. As secondary objectives, the authors intended to
compare differences between the first and second waves
Fig. 1. Incidences of new cases and new deaths by SARS-CoV-2 in Italy from Febru
was divided in First wave, Intermediate period and Second wave. Adapted from the p
covid-19-data/tree/master/public/data and https://www.ourworldindata.org.
and to evaluate how changes in the pre-hospital organiza-
tion might have influenced the results.

Materials and methods

Population

This is an observational and retrospective study based
on the prospectively managed internal database of the
Neuroradiology Department of NCGH in Milan, Italy.
The clinical sample was retrieved by searching for
patients who underwent endovascular treatment for
ischemic stroke between January 1st 2019 and December
31st 2020, and it included those whose first medical evalu-
ation took place directly at the ER of NCGH or elsewhere
in the hospital in case of inpatients (intra-hospital), and
those that were redirected from one of the SC.
The starting date of the pandemic was based on the day

on which the first SARS-CoV-2 positive mechanical
thrombectomy was performed, i.e., February 22nd, 2020.
Patients treated after this date (pandemic phase) were
subsequently divided into 3 subgroups based on the day
of the treatment (Fig. 1):

1. First wave: the period between February 22nd and
May 31st 2020, in which the first peak of incidence
occurred.7 The lack of knowledge of the disease led to
the adoption of extremely restrictive measures, which
were nonetheless unsuccessful at reducing the burden
on the healthcare system. This was the time during
which healthcare was most vulnerable.

2. Intermediate period: between May 31st and October 1st
2020. This time window between both waves was
characterized by the lowest incidence of infections7
ary 22nd to December 31st. For the purpose of this study, the pandemic phase
ublicly available database by Our World in Data at: https://github.com/owid/

https://github.com/owid/covid-19-data/tree/master/public/data
https://github.com/owid/covid-19-data/tree/master/public/data
https://www.ourworldindata.org
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and, consequently, a partial recovery of the healthcare
system.

3. Second wave: from October 1st to December 31st 2020,
the incidence of infections began to rise exponentially,
with its peak around November 2020.7 Even though
the number of infections far exceeded that of the first
wave, the experience and knowledge gained made it
possible to avoid the collapse of the healthcare sys-
tem.

Metrics and data

For each patient, the following time metrics were evalu-
ated in minutes:

� Onset-to-door: time interval between onset of symp-
toms and arrival at any ER (NCGH or other);

� Door-to-CT: time interval between arrival at any ER
(NCGH or other) and the first image of the CT scan
(NCGH or other);

� Agreement for sending � arrival in Neuroradiology:
time interval between discussion with the neurologist
in the ER (NCGH or other) and arrival at the NCGH
neuroradiology department;

� Arrival in Neuroradiology � groin: time interval
between arrival at the NCGH neuroradiology depart-
ment and femoral artery puncture;

� Door-to-groin: time interval between arrival at the ER
(NCGH or other) and femoral artery puncture;

� Onset-to-groin: time interval from onset of symptoms
to femoral artery puncture;

� Groin-to-recanalization: time interval from femoral
artery puncture to recanalization.

The following demographic, clinical and neuroimaging
variables were also registered:

� Age and gender;
� Where the patient was first evaluated by a stroke
professional (ER or elsewhere intra-hospital in
NCGH, or in one of the SC);

� SARS-CoV-2 infection (antigen test result or, in ini-
tial cases, based on chest CT findings);

� National Institutes of Health Stroke Scale (NIHSS)
score at presentation (initial) and at 24 h (dichoto-
mized as high if > 6 and low if � 6);

� Alberta Stroke Programme Early CT Score
(ASPECTS) at presentation (dichotomized as high if
> 6 and low if � 6);

� Quality of collateral circulation (good, intermediate
or poor, following Tan Scoring system8 grades 3, 2
and 1, respectively);

� Presence of tandem occlusion;
� Administration of intravenous fibrinolytic;
� Modified treatment in cerebral ischemia (mTICI)
score (dichotomized as good if � 2b and bad if< 2b);
� Deployment of intracranial or cervical stent.

Statistical analysis

For the statistical analysis, the 4.0.2 version of the R
software (The R Foundation)9 was used. To check whether
the continuous variables were normally distributed, a
Shapiro-Wilk test was performed; considering that the
distribution was never normal, the different groups were
compared using the Wilcoxon test. Fisher’s exact test was
used for discrete variables. The time metrics registered,
displayed as medians and interquartile range (IQR), were
compared by repeating the statistical analysis among sub-
groups in three different ways:

1. Patients treated in 2020 vs patients treated in 2019;
both globally and considering only patients from the

ER of NCGH (ER-NCGH).

2. Patients treated in the period of the first wave of the
pandemic vs patients treated in the same period of the
year of 2019, considering all patients regardless of
their origin, as well as specifically those from ER-
NCGH and from SC.

3. Patients treated during the first wave of the pandemic vs
patients treated during the secondwave of the pandemic,
in both cases considering only ER-NCGH patients.

Results

A total of 594 patients were included: 348 from the pre-
pandemic phase (301 from 2019 and 47 from 2020, before
February 22nd) and 246 from the pandemic phase (76 dur-
ing the first wave, 89 in the intermediate period and 81
during the second wave). Only 11 (1,8%) of the total sam-
ple were considered positive for SARS-CoV-2 infection at
the time of the ischaemic event - 9 had a positive reverse-
transcription polymerase chain reaction swab test, and in
two of the earliest cases, the diagnosis was done by pre-
sumption based on thoracic CT findings. This was accord-
ing to the best available evidence at the time and
considering swab tests were not as available, nor as sensi-
tive, back then.10,11

2019. vs 2020 (all patients)

Table 1.1 discriminates the demographic, clinical and
neuroimaging variables and Table 1.2 shows the differen-
ces in time metrics.
Of the 301 patients from 2019, 90 came directly from the

ER-NCGH, 202 were redirected from SC and 9 were intra-
hospital NCGH cases. Out of the total 293 cases from 2020
(pre-pandemic and pandemic phases), 153 came from the ER-
NCGH, 132 from SC and 8 were intra-hospital. The total
number of patients from each year did not differ significantly,
but their distribution across the sites of first medical



Table 1.1. Demographic, clinical and neuroimaging variables between the 2019 and the 2020 groups.

Variables 2019 (N=301) 2020 (N=293) P Value

Age (average § SD) 72 § 15.5 70 § 14.6 .4

Gender (% female) 51.2% 46.1% .2

First evaluation (%):

Spoke

Intra-hospital

ER

202 (67,1%)

9

90

132

8

153 (52,2%)

<.01

ASPECTS* (%):

High (>6)

Low (�6)
245 (95,3%)

12 (4,7%)

225 (90%)

25 (10%)

.02

Collateral circulation:

Good

Intermediate

Poor

82

153

21

85

138

25

.5

Initial NIHSSy:
High (>6)

Low (�6)
215

57

210

51

.74

Change in NIHSSy:
Improvement

Stable

Worsening

110

18

21

91

19

19

.79

Stent deployment(%) 46 (15.3%) 53 (18.1%) .37

Tandem occlusion (%) 37 (12.4%) 39 (13.5%) .73

mTICIz: good�bad (%) 260 (87,5%)-37 258 (89,6%)-30 .5

Intravenous fibrinolysis (%) 111 (36.9%) 90 (31%) .14

*ASPECTS: Alberta Stroke Programme Early CT Score
†NIHSS: National Institutes of Health Stroke Scale
‡mTICI: modified treatment in cerebral ischemia.

Table 1.2. Time variables between the 2019 and the 2020 groups (total patients).

Variables (min)* 2019 (N=301) 2020 (N=293) P Value

Onset-to-door 67.5 (50�95.25) 72 (53�113) .06

Door-to-CT 32 (23.75�45) 37.5 (28�54) <.01

Agreement - Arrival in NRy 66 (48�88) 64 (40�87) .97

Arrival in NRy - groin 16 (13�23) 20 (16�26) <.01

Door-to-groin 159 (120.5�222.5) 150 (121�203) .78

Onset-to-groin 240 (193�295) 240 (186.75�310) .37

Groin-to-recanalization 43 (25�66) 43 (27�68) .26

*minutes shown as medians (IQR)
†NR: neuroradiology.
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evaluation did (ER-NCGH: 29,9% vs 52%; SC: 67,1% vs 45%,
p>0.01). The 2020 sample had more patients in the low
ASPECTS score group (4,7% vs 10%, p<0,01).
The “Onset-to-door”, “Door-to-CT” and the “Arrival in

NR � groin” times showed a tendency for increase in
2020, with a difference in medians of around 4 (67,5 vs
72 min, p=0.06), 5 (32 min vs 37,5 min, p>0.01) and 4 min
(16 vs 20 min p<0.01), respectively.
2019. vs 2020 (ER-NCGH patients)

Table 2 compares the same time metrics between 2019 and
2020, but looking only at the ER-NCGH groups (N= 90 and
N=153, respectively). Not only the “Door-to-CT” (34 vs 40,
p<0,01) and the “Arrival in NR � groin” (15 vs 20, p<0.01),
but also the “Door-to-groin” (115 vs 134. p<0,01) and “onset-
to-groin” (194 vs 227. p<0,01) times were notably increased.
The “Groin-to-recanalization” time also showed a tendency
for increase (41 vs 48. p=0,08).
Among the remaining variables, there was a tendency for

the 2020 ER group to have a bigger proportion of patients
with good collateral circulation (20% vs 33%, p=0,06).
First wave

Between February 22nd 2019 and May 31st 2019, a total
of 78 patients with ischaemic stroke were submitted to
endovascular treatment (52 from SC, 24 from ER-NCGH



Table 2. Time variables between the ER-NCGH groups of 2019 and 2020.

Variables (min)* 2019 (N=90) 2020 (N=153) P Value

Onset-to-door 77 (50�119) 83 (56.5�133.75) .24

Door-to-CT 34 (26�45.5) 40 (31�55) <.1

Agreement - Arrival in NRy 42 (30�54) 44 (30�65) .27

Arrival in NRy - groin 15 (12�20) 20 (16.5�25) <.01

Door-to-groin 115 (94�142) 134 (110.5�162) <.01

Onset-to-groin 194 (159.25�232.5) 227 (179�274) <.01

Groin-to-recanalization 41 (25�61) 48 (29�69.5) .08

*minutes shown as medians (IQR)
†NR: neuroradiology.
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and 2 intra-hospital). In the same period in 2020 (“first
wave”), the total number was 76 (18 from SC, 56 from the
ER of NCGH and 2 intra-hospital). Three SARS-CoV-2
positive patients from the first wave did not have avail-
able beds in the intensive care unit after thrombectomy
and suffered a bad outcome. Four patients that were ini-
tially accepted, did not undergo treatment due to late
arrival or lack of staff or hospital beds.
Comparisons between these subgroups are shown in

Table 3 and Fig. 2. Again, there was a remarkable differ-
ence in the percentage of patients coming directly to the
ER of NCGH (30,8% vs 74%, p <0,01). There was also an
increase in the “Onset-to-door” (50,5 vs 88,5, p<0,01),
“Door-to-CT” (39 vs 47, p=0,06), “Arrival in Neuroradiol-
ogy � groin” (13 vs 25, p<0,01), “Door-to-groin” (118 vs
143,5, p=0,02), “Onset-to-groin” (180 vs 244,5, p<0,01)
and “Groin-to-recanalization” (41 vs 49,5, p=0,03) times
during the first wave of the pandemic.
Analysis of the global and the SC samples during the peri-

ods of the first wave (not shown in table), revealed that the
“Onset-to-door” time was also increased in the 2020 global
sample (62 [48,78] vs 83 [61,134], p=0,01), but tended towards
a decrease in the SC group (66 [55,89] vs 55 [27,79], p=0.2).
Patients from the first wave were younger than those from

the same period in 2019 (70.5 vs 77, p=0,02), but there were
no other notable differences between the groups.
First wave vs second wave (ER-NCGH)

Table 4 compares the time metrics between patients
that came directly to the ER of NCGH during the first
Table 3. Time variables between the ER-NCGH gr

Variables (min)* 2019 (N=24)

Onset-to-door 50.5 (45.75�64.25)

Door-to-CT 39 (25�54.5)

Agreement - Arrival in NRy 37 (33�48)

Arrival in NRy - groin 13 (12�16)

Door-to-groin 118 (88�154.5)

Onset-to-groin 180 (138�200)

Groin-to-recanalization 41 (26�50)

*minutes shown as medians (IQR)
†NR: neuroradiology.
(N=56) and second (N=49) waves of the SARS-CoV-2 pan-
demic, in 2020. There was a global tendency for these to
be reduced in the second wave, particularly the “Door-to-
CT” (47,5 vs 37, p<0,01), “Arrival in Neuroradiology �
groin” (25 vs 20, p=0,03) and “Onset-to-groin” (244,5 vs
227,5, p=0,02) times.
Discussion

2019. vs 2020

The change in the proportion of patients coming from
the ER-NCGH and from SC compromises the interpreta-
tion of the differences in the global samples between both
years. It probably also explains why the only time metric
that showed a slight tendency for decrease was the
“Door-to-groin” variable (159 vs 150, p=0,78), since the
“Door” time varies with origin and it will inevitably be
lower in ER-NCGH patients. In order to avoid this con-
founding factor, we mainly focus the statistical analysis
on the ER-NCGH subgroups, both in 2019 and in 2020.
Regarding the increase in the “Onset-to-door” during

the first wave (50.5 min vs 88.5 min, p>0,01) the authors
consider the following causes. Quarantine meant that
patients would contact less with other people that
could’ve otherwise detected the onset. On the other hand,
the perception of the hospital as an unsafe place, with
high probability of SARS-CoV-2 contagion, also caused
patients to wait longer before resorting to medical assis-
tance. Lastly, the time response of emergency care was
naturally slowed down in part due to an extremely high
oups of 2019 and 2020 during the first wave.

2020 (N=56) P Value

88.5 (63�135.5) <.01

47 (35�58.5) .06

53 (35�66) .8

25(17.75�26) <.01

143.5 (115�173.75) .02

244.5 (211�351.5) <.01

49.5 (33.75�63) .03



Fig. 2. Boxplot of the time variables between the ER-NCGH groups of 2019 and 2020 during each year’s period of the first wave.

Table 4. Time variables between the ER-NCGH groups during the first and second waves.

Variables (min)* First wave (N=56) Second wave (N=49) P Value

Onset-to-door 88.5 (63�135.5) 82 (60.75�106) .13

Door-to-CT 47.5 (35�59.75) 37 (28.5�49.5) <.01

Agreement - Arrival in NRy 53 (35�66) 40 (26.5�66) .06

Arrival in NRy - groin 25 (17.5�26) 20 (17�25) .03

Door-to-groin 145 (115�176) 135 (115.25�154.75) .17

Onset-to-groin 244.5 (211�351.5) 227.5 (176.75�270.5) .02

Groin-to-recanalization 49.5 (33.75�63) 44 (24.25�65.5) .1

*minutes shown as medians (IQR)
†NR: neuroradiology.

6 G. PERO ET AL.
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demand, but also because of the implementation of safety
measures, including the need to sanitize ambulances
between each trip.
There was also a global increase in the time windows that

took place after the patient got to a hospital. Likewise, the
most likely explanation involves the inevitably time-consum-
ing protocols put into motion to limit the spread of the virus.
There was reallocation of resources and personnel to COVID-
19wards, and the now shorter staff had to wear personal pro-
tective equipment,13 further slowing down the handling of
each patient. The creation of separate pathways for positive
and negative patients might have further influenced the time
of intra-hospital transport. There’s also the added fact that
professionals were not yet acquainted with these protocols.
Considering the average time needed for the viral antigen
test, stroke patients with pending results were treated as if
they were positive, in order to reduce the risk of contagion.12

There is a consideration to be made about the difficult
working conditions professionals were under during this
time. Longer and more demanding shifts to cover for
shortage of staff, and the immeasurable psychological
impact of this experience, ultimately wore down profes-
sionals and surely affected their decision-making skills
and the very efficacy of their work.
Our data show that during the first wave of the pan-

demic, there was an average increase of more than one
hour in the time required to recanalize the occluded vessel
since the onset of symptoms. According to the literature,14

this would mean a decrease of more than 10% in the prob-
ability of achieving functional independence at 3 months.
The tendency for the 2020 ER-NCGH patients to demon-

strate better collateral circulation when compared to the sam-
ple from 2019, and for patients during the first wave to be
younger, can reflect a selection bias. Whether purposely or
not, the threshold for treatment during the pandemic was
likely raised, and young age and good collaterals weigh in on
this decision. It is also true that with delayed presentations,
those that make it through selection will be more likely to
have good collaterals. Lower ASPECTS scores in the global
2020 group can also be explained by the differences in time
metrics, as with delayed presentations, the area of established
infarct will be bigger and/or more noticeable. The number of
cases with an ASPECTS considered too low for treatment,
which empirically would also would have been higher in
2020, is not deductible from this study.
First wave vs second wave

The comparison between the first and second waves
was also directed at solely the ER-NCGH groups. This
was decided based on the fact that during the second
wave a few other, but not all, SC had reopened, and this
would once again make data heterogeneous.
Our results highlight how our response to stroke during

the second wave was markedly better, despite a much
higher incidence of SARS-CoV-2 cases.7 The time metrics
were overall better, particularly the ones inside the
NCGH. The authors believe a better understanding of the
disease and the experience gained during the first wave
allowed for a better plan of action. The resources and staff
available were not as limited and the algorithm for han-
dling SARS-CoV-2 positive patients (or of unknown sta-
tus) was fine-tuned.

Pre-hospital management

When comparing the global samples of 2019 and 2020,
only the increase in the “Door-to-CT” and “Arrival in
Neuroradiology � groin” times reached statistical signifi-
cance. In fact, there was a slight trend towards reduced
time in the “Agreement � arrival in neuroradiology” and
“Door-to-groin” variables, bearing in mind that times
from other hospitals are included in these. Even though
“Onset-to-door” times during the first wave are increased
in the ER-NCGH analysis, the same did not happen in a
subgroup analysis of the SC group, where this variable
tended towards a paradoxical decrease.
The viral spread saturated the healthcare in NCGH and

this may have resulted in a “bottleneck effect” for patients
presenting to the ER-NCGH. As previously mentioned,
ambulances were exhausted and even though faster travel
times are expected during quarantine due to the lack of
traffic, this difference is not as significant for ambulances,
which already have a priority network to bypass it. On
the other hand, patients that present to SC often use their
own means of transportation, which were now free of
traffic, possibly contributing to shorter “Onset-to-door”
times. Lastly, these statistics do not include stroke mimics
and cases that did not end up needing, or were not eligible
for, thrombectomy, and in which coming to the ER-
NCGH could’ve been avoided altogether, thus preventing
further saturation of its services and risk of contagion.
Keeping a pre-hospital organization around a tertiary

referral center capable of thrombectomy is essential for
holding the quality of care in stroke to the highest
standards.15,16 Recent meta-analysis have favoured the
“Directly to mothership” model over the “Drip and ship”
one,17,18 and a study done in another Italian hospital
(Ospedale Maggiore, Bologna) during the SARS-CoV-2
pandemic also shared this view.19 However, in the spe-
cific setting of NCGH, the sudden shut down of SC and
redirection of stroke patients directly to the ER-NCGH,
already overwhelmed with the surge of the SARS-CoV-2
infection, may not have worked in its favour.

Limitations

Among the limitations of this study are its retrospective
nature, a relatively small sample size, particularly in the
subgroup analysis, and the fact that it was based on a sin-
gle-center experience � conclusions may not necessarily
be extrapolated for other hospitals. One could argue that
NCGH would not benefit as much with a change in the
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pre-hospital organization, or that the results would’ve
been different if a “Mothership” model was already in
place. In the case of our fellow colleagues from Ospedale
Maggiore, Bologna, the Mothership model had been
established 2 years prior to the pandemic.19 Lastly, a small
percentage of data was missing, namely CT scans per-
formed in other hospitals, which could not be reviewed
for the purpose of this study.

Conclusion

During the first wave of the SARS-CoV-2 pandemic, the
time from symptom onset to recanalization was increased, on
average, by more than one hour. A better management was
done during the second wave, where times were improved
relative to the first wave, despite a much higher incidence of
SARS-CoV-2 cases. Possible factors include the implementa-
tion of time-consuming measures to limit viral spread,
changes in pre-hospitalar organization and reallocation of
resources and personnel away from stroke care.
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