
COVID-19

Effect of the COVID-19 pandemic and the lockdown measures
on the local stroke network

Valerio Brunetti1 & Aldobrando Broccolini1,2 & Pietro Caliandro1
& Riccardo Di Iorio1

& Mauro Monforte1
&

Roberta Morosetti1 & Carla Piano1
& Fabio Pilato1

& Simone Bellavia2 & Jessica Marotta2 & Irene Scala2 &

Alessandro Pedicelli2,3 &Mariano Alberto Pennisi2,4 & Anselmo Caricato2,4
& Cinzia Roberti5 &Maria Concetta Altavista5 &

Alessandro Valenza6 & Marisa Distefano6
& Emanuela Cecconi6 & Martina Fanella7 & Sabina Roncacci7 & Miriam Tasillo7

&

Paolo Calabresi1,2 & Giovanni Frisullo1,8,9
& Giacomo Della Marca1,2

Received: 30 September 2020 /Accepted: 5 January 2021
# Fondazione Società Italiana di Neurologia 2021

Abstract
Introduction The COVID-19 outbreak highly impacted the acute ischemic stroke caremanagement. The primary end point of the
study was to evaluate the impact of the COVID-19 outbreak and the following lockdown measures on our hub-and-spoke
network; the secondary end point was to evaluate if the impact of the COVID-19 outbreak was different in hub-and-spoke
centers.
Methods This was a retrospective multicenter observational study conducted at the Stroke Units of Policlinico Gemelli, Ospedale
San Filippo Neri, Ospedale di Belcolle, and Ospedale San Camillo de Lellis. We collected clinical reports of all consecutive
patients admitted with diagnosis of acute ischemic stroke or transient ischemic attack (TIA) during the phase 1 of the lockdown
period (11 March 2020–4 May 2020). As controls, we used all consecutive patients admitted for acute ischemic stroke or TIA in
the same period of the previous year.
Results A total of 156 and 142 clinical reports were collected in 2019 and 2020, respectively. During the COVID-19 outbreak,
we observed a reduction of number of thrombolysis, a reduction of the length of hospitalization, and an increase of pneumonia.
Regarding performance indicators, we observed an increase in onset-to-door time and in door-to-groin time. We did not observe
any statistically significant interaction between year (2019 vs 2020) and facility of admission (hub vs spoke) on all variables
analyzed.
Discussion Our observational study, involving hub-and-spoke stroke network of a wide regional area, indicates that the COVID-
19 outbreak impacted on the acute stroke management. This impact was equally observed in hub as well as in spoke centers.
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Introduction

Acute ischemic stroke (AIS) is a model of time-dependent
disease since the aim of treatment is a highly prompt, safe,
and effective arterial recanalization to restore perfusion of the
ischemic brain tissue [1]. In order to ensure a fair distribution
of care and to guarantee a high-quality standard of treatment,
different models were proposed in the pre-hospital manage-
ment of AIS [2]. The hub-and-spoke is one of the possible
models adopted. In this setting, an anchor hospital (hub) offers
a full array of services, complemented by secondary hospitals
(spokes) which offer more limited service arrays. According
to this model, the spoke ensures thrombolytic treatment 24 h a
day while the mechanical thrombectomy treatment is carried
out in the hub according to a drip-and-ship model [3].

The COVID-19 outbreak has had a different impact on the
in-hospital and pre-hospital performance indicators of AIS
care pathway [4]. Various experiences have been reported
which describes the impact of the COVID-19 pandemic on
the AIS management. The results of these observations are
highly heterogeneous and probably reflect the model of AIS
management adopted in each center [5]. In a previous report,
we described the effect of the lockdown in our center which is
a hub of the stroke network of the Lazio Region [6]. As fol-
lows, we evaluated the impact of the COVID-19 outbreak and
the following lockdown measures on the hub-and-spoke net-
work, by assessing pre-hospital and in-hospital care indica-
tors. The primary end point of the study was to evaluate the
impact of the COVID-19 outbreak and the following lock-
down measures on our hub-and-spoke network; the secondary
end point was to evaluate if the impact of the COVID-19
outbreak was different in hub-and-spoke centers, by measur-
ing the interaction between year and facility of admission.

Methods

Study designs and settings

This retrospective multicenter observational study has been
conducted at the Stroke Unit of Policlinico A. Gemelli in
Rome (hub hospital) and at the Stroke Units of the three
spokes of the regional stroke network (Presidio Ospedaliero
San Filippo Neri, Rome; Ospedale di Belcolle, Viterbo;
Ospedale San Camillo de Lellis, Rieti) serving the northern
area of Lazio, with around 1.6 million inhabitants. One of the
three spokes (Ospedale di Belcolle, Viterbo) is able to perform
24/7 mechanical thrombectomy independently. Moreover,
due to the outbreak of COVID-19, the national healthcare
system underwent a deep reorganization, and Policlinico A.
Gemelli, Ospedale di Belcolle, and Presidio Ospedaliero San
Filippo Neri were identified as COVID hospitals, and specific

pathways were activated for patients with suspected or con-
firmed COVID-19 infection. Moreover, at the Presidio
Ospedaliero San Filippo Neri, due to the logistic reorganiza-
tion, neurological ward was displaced, and the number of beds
in neurology unit was noticeably reduced.

In order to evaluate the impact of the lockdown measures
due to the COVID-19 outbreak, we collected data in the phase
1 of the lockdown period (11 March 2020–4 May 2020),
when measures to counter and contain the spread of SARS-
CoV-2 were valid throughout Italy.

This study was conducted according to the Declaration of
Helsinki and approved by the Ethics Committee of
Fondazione Policlinico Universitario Agostino Gemelli
(Prot. 13729/20 ID:3065).

Data sources, patients, and variables

Data sources were clinical reports. We collected clinical re-
ports of all consecutive patients admitted during the phase 1 of
the lockdown period with diagnosis of AIS or transient ische-
mic attack (TIA) confirmed at the discharge (ICD-X codes
433, 434, 435, 436). As controls, we used all consecutive
patients admitted for AIS and TIA in the same period of the
previous year (11 March to 4 May 2019). The following var-
iables were collected: total number of patients admitted in the
local network, facility of admission (hub or spoke), age, gen-
der, diagnosis (AIS or TIA), TOAST classification, other
thrombotic manifestations, number of thrombolysis, number
of thrombectomy, NIHSS at the onset, NIHSS at the dis-
charge, stroke severity (mild, NIHSS 0–5; moderate, NIHSS
6–15; severe, NIHSS 16–42), modified Rankin scale at dis-
charge, length of stay in hospital, fever, pneumonia, death,
COVID-19 infection, onset-to-door time (ODT), door-to-CT
time, length of stay in emergency room (ER), door-to-needle
time (DNT), and door-to-groin time (DGT).

Statistical analysis

Continuous data were summarized using mean and standard
deviation (SD) and median and interquartile range (IQR); cat-
egorical data were summarized using counts and percentages.

Statistical analysis was performed in multiple steps. In the
first step, we compared the aforesaid variables between pa-
tients admitted during the phase 1 of the lockdown period
(2020 group) and patients admitted during the same period
of the previous year (2019 group). In order to verify the nor-
mality of the distribution of numerical variables of the sam-
ples, the Shapiro-Wilk test was performed; the threshold of
significance was set at p < 0.05. The distribution of variables
was not normal; therefore, the Mann-WhitneyU test was used
in the comparison of numerical variables, and Pearson’s chi-
square (χ2) was used for non-numeric variables. The threshold
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for significance was p < 0.05. Subsequently, to adjust the ef-
fect size of the variables for potential confounding effects, a
multivariate logistic regression analysis was performed; the
independent variable considered was the year (2020 vs
2019). The fitness of the multivariate model was tested by
the Hosmer-Lemeshow (HL) test for logistic regression.

Finally, in order to test the effect of the interaction between
COVID-19 and the facility of admission (time*group interac-
tion), the comparison was performed by means of two-way
analysis of variance (ANOVA). The independent variables
considered were year (2019 vs 2020) and facility of admission
(hub vs spoke). Due to the non-normal distribution of the
variables, data normalization was performed before the
ANOVA. A p value of < 0.05 was considered to reject the
null hypothesis. We used the SPSS package (version 20) to
perform statistical analysis.

Results

Between 11 March and 4 May, a total of 156 (74 men; age:
mean 72.9 ± 13.5, median 75.6, IQR: 17.6 years) and 142 (73
men; age: mean 73.1 ± 13.7, median 75.0, IQR: 15.3 years)
clinical reports were collected in years 2019 and 2020, respec-
tively. We observed a slight decrease in the number of AIS in
our stroke hospitalization (156 in 2019 vs 142 in 2020, −
9.0%). This reduction involved both spokes (76 in 2019 vs
65 in 2020, − 14.5%) and hub (80 in 2019 vs 77 in 2020, −
3.8%), but it was not statistically significant (χ2 = 0.6113; p =
0.26). The percentage of patients admitted at one of the Stroke
Units of our network in years 2019 and 2020 was 76.2% and
73.1%, respectively. The remaining percentage of patients
were admitted at the neurology unit, internal medicine unit,
or intensive care unit. In 2020, patients positive for SARS-
CoV-2 infection were admitted to dedicated COVID unit.

In 2020, we observed a significant reduction of number of
thrombolysis (2019: n = 37 vs 2020: n = 19; χ2 = 5.206; p =
0.023), reduction of the length of hospitalization (2019: mean
9.7 ± 6.0, median 8.2, IQR: 6.9 days vs 2020: mean 7.7 ± 5.0,
median 6.4, IQR: 5.7 days; U = 12,802.5; p < 0.001), and a
significant increase in cases of pneumonia (2019: n = 12 vs
2020: n = 24; χ2 = 5.738; p = 0.017). No other significant dif-
ferences were observed between 2019 and 2020 regarding
clinical variables. Detailed results of demographic and clinical
features of the study group are reported in Table 1; total num-
ber of patients admitted and number of thrombolysis and
thrombectomy are reported in Fig. 1. Notably, in 2020,
SARS-CoV-2 infections were diagnosed in nine patients
(6.3%) admitted in our stroke network; eight of them experi-
enced symptoms consistent with COVID-19 with a median
time from COVID-19 symptoms to the stroke of 4 days
(IQR 10.5 days); one patient was asymptomatic. In only one
case, stroke occurred in a patient admitted in COVID unit for

bilateral interstitial pneumonia; in this case, stroke occurred
6 days after COVID-19 symptoms onset.

Regarding performance indicators, we observed a signifi-
cant increase in ODT (2019: mean 485.5 ± 903.8, median
191.0, IQR: 364.0 vs 2020: mean 906.9 ± 1563.3, median
329.5, IQR: 586.5 min; U = 4663.0; p < 0.001), a significant
decrease of length of stay in ER (2019: mean 521.3 ± 713.8,
median 231.5, IQR 364.8 min vs 2020: mean 263.7 ± 320.2,
median 147.0, IQR 213.0 min; p = 0.003,U = 10,780.0), and a
significant increase in DGT (2019: mean 104.2 ± 51.1, medi-
an 96.0, IQR 42.8 min vs 2020: mean 128.2 ± 53.8, median
120.5, IQR 19.3 min; p = 0.034, U = 241.5). No significant
differences of DNT were observed (2019: mean 72.4 ± 48.2,
median 59.5, IQR 25 min vs 2020: mean 59.0 ± 20.6, median
58.5, IQR 19.5 min; p = 0.560). Values of performance indi-
cators are reported in Fig. 2. Results of univariate analysis
were further confirmed by multivariate analysis. In particular,
pneumonia and prolonged ODT occurred in year 2020, while
prolonged length of stay in ER and of hospitalization occurred
in 2019 (HL p = 0.139). Detailed results of multivariate anal-
ysis are reported in Table 2 and in Fig. 3.

We did not observe any statistically significant interaction
between year (2019 vs 2020) and facility of admission (hub vs
spoke) on number of thrombolysis (F (1, 294) = 0.341, p =
0.560), number of thrombectomy (F (1, 294) = 0.262, p =
0.609), length of hospitalization (F (1, 286) = 0.194, p =
0.660), ODT (F (1, 219) = 0.404, p = 0.526), DNT (F (1,
46) = 0.537, p = 0.467), DGT (F (1, 50) = 1.067, p = 0.307),
NIHSS at the onset (F (1, 279) = 0.003, p = 0.959), pneumo-
nia (F (1, 292) = 0.689, p = 0.407), and death (F (1, 291) =
0.047, p = 0.829) (for details, see Fig. 4). Detailed results of
population characteristics classified according to year (2019
vs 2020) and facility of admission (hub vs spoke) are reported
in Table 3.

Discussion

The COVID-19 pandemic has dramatically affected the entire
health system mainly in patients with not communicable dis-
orders [7]. Our observational study, involving a hub-and-
spoke stroke network of a wide Italian regional area, indicates
that the COVID-19 outbreak can affect AIS management in
this stroke care model.

Regarding the primary end point of our study, we observed
a slight decrease in the frequency of AIS in our stroke network
(156 in 2019 vs 142 in 2020, − 9.0%). This reduction was
more evident in the spokes (76 in 2019 vs 65 in 2020, −
14.5%) compared to the hub (80 in 2019 vs 77 in 2020, −
3.8%). Nevertheless, the observed decrease did not reach sta-
tistical significance.

Regarding the most relevant performance indicators, we
observed a reduction of total amount of thrombolysis

Neurol Sci (2021) 42:1237–1245 1239



[8–10]; on the other hand, the total number of thrombectomy
performed in our network did not reduce. The reduction in the
number of systemic thrombolysis could be due to several fac-
tors. In our opinion, it mainly reflects the increased onset-to-
door time. Therefore, most of the patients arrived at our ob-
servation beyond the time window (4.5 h) for thrombolytic
treatment. This finding may be explained by a delay in the
patient calling an ambulance, or due to changes in dispatch
during the pandemic or an overbooking in pre-hospital

pathway. Other factors could have contributed to the reduction
of the number of thrombolysis. First, the limited experience of
healthcare practitioners using intravenous recombinant tissue
plasminogen activator (rtPA) in settings of the SARS-CoV-2
infection could have influenced rates of administration.
Second, healthcare professionals may have been concerned
about possible CT scanner contamination before administer-
ing rtPA. Third, healthcare professionals may have faced dif-
ficulties in the evaluation and management of acute stroke

Table 1 Demographic and
clinical features: 2019 vs 2020. A
significant reduction of
thrombolysis and of the length of
hospitalization and an increase in
the number of diagnosis of
pneumonia were observed in
2020

2019 (n=156) 2020 (n=142)

No. % Median IQR No. % Median IQR p value

Facility of admission 0.611

Hub 80 51.3 77 54.2

Spoke 76 48.7 65 45.8

Gender (M) 74 47.4 73 51.4 0.493

Age (years) 75.6 17.6 75.0 15.3 0.846

Diagnosis 0.938

Stroke 148 94.9 135 95.1

TIA 8 5.1 7 4.9

TOAST classification* 0.945

Large artery atherosclerosis 28 20.9 31 25.4

Cardio-embolism 56 41.7 42 34.4

Small vessel disease 12 9.0 12 9.8

Stroke of other determined
etiologies

6 4.5 2 1.6

Stroke of undetermined
etiology

32 23.9 35 28.7

Other thrombotic
manifestations*

5 3.7 5 4.1 0.880

Large artery occlusion* 55 41.0 61 50.0 0.131

CT/MRI angiography* 120 89.6 108 88.5 0.792

In-hospital stroke* 5 3.7 3 2.5 0.559

Thrombolysis 37 23.7 19 13.4 0.023

Thrombectomy 27 17.3 29 20.4 0.492

NIHSS at the onset 5.0 10.5 4.0 9.0 0.780

NIHSS at the discharge 2.0 4.0 2.0 4.5 0.756

Stroke severity 0.559

Mild (NIHSS 0–5) 89 60.5 85 62.5

Moderate (NIHSS 6–14) 25 17.0 27 19.9

Severe (NIHSS 15–42) 33 22.4 24 17.6

mRS at the discharge* 2 3 2 3 0.787

Length of stay in hospital
(days)

8.2 6.9 6.4 5.7 <0.001

Fever 38 24.4 43 30.3 0.492

Pneumonia 12 7.7 24 16.9 0.017

Death 21 13.5 14 9.9 0.369

SARS-CoV-2 infection 9 6.3

Time from COVID-19 symp-
toms to stroke (days)

4 10.5

*Data from one of the spoke centers were not available (n 2019 = 134; n 2020 = 122)
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patients who were at risk of acquiring COVID-19 from
suspected or confirmed COVID-19 patients who were asymp-
tomatic during the prodromal period. Implementing specific
in-hospital emergency and pre-hospital emergency manage-
ment guidelines could aid in promoting the use of rtPA in
the COVID-19 outbreak. Furthermore, we observed a

significant increase in DGT in 2020. This probably reflects a
more complex management of stroke patients with large ves-
sel occlusion, which in many cases required intensive care
including orotracheal intubation and availability of intensive
care monitoring. All intubated patients in our network were
considered as suspected COVID-19 and therefore required

Fig. 1 Total number of patients
admitted, thrombolysis, and
thrombectomy: 2019 vs 2020. A
significant reduction of total
number of thrombolysis was
observed in 2020 (19) compared
to 2019 (37)

Fig. 2 Performance indicators of stroke network: 2019 vs 2020. Onset-
to-door time and door-to-groin time were significantly longer in 2020.
Length of stay in emergency room (ER) was significantly shorter in 2020.

No significant modification of door-to-needle time was observed in 2020
compared to 2019
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COVID-dedicated time-consuming procedures before under-
going endovascular treatment. These procedures included a
COVID-specific triage, execution of oronasal swab, chest
CT or X-ray, and wearing of personal protective equipment
by all members of the interventional staff.

In the post-treatment phase of AIS management, we ob-
served a significant reduction of the length of hospitalization
and an increased rate in the diagnosis of pneumonias. The

shorter hospitalization reflects the need to reduce the exposure
to SARS-CoV-2 and the shorter waiting lists for clinical and
instrumental tests, due to the interruption of all non-urgent
activities. The increased number of diagnosis of pneumonias
is largely due to the systematic use of chest CT scan, rather
than the less sensitive chest X-ray, for the evaluation of respi-
ratory symptoms in acute patients during the COVID-19 out-
break. Moreover, all patients of both periods (2019 and 2020)
were systematically screened for swallowing with bedside
test, and the prevalence of dysphagia did not differ between
the two periods; therefore, the increased proportion of pneu-
monia in 2020 is not related to an increased prevalence of
aspiration pneumonia.

We did not observe significant differences regarding clin-
ical characteristics of patients admitted for stroke during the
observation period compared to the previous year. In particu-
lar, no differences were observed regarding stroke severity,
NIHSS at admission and at discharge, mRS at discharge, in-
hospital death, proportion of large artery vessel occlusion, and
stroke subtype. These data suggest that stroke remains a pri-
mary emergency and, therefore, it is of paramount importance
to guarantee the functionality of stroke services and to pro-
mote sensitization campaigns on time-dependent pathologies.
Further studies aimed to investigate the long-term outcome in
stroke patients during a pandemic will clarify the effect of the
COVID-19 outbreak on prognosis of patients affected by
acute cerebrovascular accidents.

The prevalence of SARS-CoV-2 infection in our popula-
tion was 6.3%, apparently higher to that one reported in the
general population of the Lazio Region (1%) where we oper-
ate [11]. This data could reflect a promoting role of SARS-
CoV-2 in the pathogenesis of stroke, as largely described in
the recent literature [12]. On the other hand, it could be the
result of the systematic screening for SARS-CoV-2 performed
in all patients admitted to the hospitals.

To test the hypothesis that the lockdown measures differ-
ently affected the stroke management in the hub center versus
spoke centers, we analyzed the effect of the interaction be-
tween time of observation (2019 vs 2020) and site of obser-
vation (hub vs spoke). This comparison did not show any
significant modifications for any of the variables analyzed,
suggesting that the lockdown measures had a similar impact
on all the network nodes.

Experiences from other stroke centers can hardly be com-
pared to what is observed in our network. First, the spread of
the COVID-19 outbreak was largely heterogeneous in differ-
ent countries and even in different regions of the same coun-
try; moreover, each country adopted a different model of or-
ganization. Therefore, the results reported in literature are not
homogeneous and, often, contrasting. For example, most cen-
ters observed a reduction in the frequency of admission for
AIS [13–16], while, concerning the indicators of stroke care,
some centers did not report substantial modifications [17],

Table 2 Results of multivariate analysis. Pneumonia and longer onset-
to-door are prevalent in 2020, whereas longer hospitalization and longer
length of stay in emergency room (ER) are prevalent in 2019

Odds ratio CI (95%) p value

Gender 1.399 (0.679–2.886) 0.363

Age 1.018 (0.989–1.047) 0.232

Length of hospitalization 0.906 (0.831–0.987) 0.023

Length of stay in ER 0.998 (0.997–0.999) 0.008

Onset-to-door time 1.001 (1.000–1001) 0.023

Door-to-CT time 1.000 (0.998–1.003) 0.775

Thrombolysis 0.607 (0.241–1.526) 0.289

Thrombectomy 2.254 (0.697–7.295) 0.175

Fever 2.661 (0.849–8.336) 0.093

Pneumonia 5.803 (1.065–31.602) 0.042

NIHSS at onset 0.930 (0.832–1.041) 0.208

NIHSS at discharge 0.986 (0.892–1.088) 0.774

Fig. 3 Forest plot showing results of multivariate analysis: 2019 vs 2020.
Pneumonia and prolonged onset-to-door occurred in year 2020, while
prolonged length of stay in ER and of hospitalization occurred in 2019
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while others reported a negative impact of stroke care perfor-
mances [18, 19].

During the outbreak, our regional hub-and-spoke network
did not change conversely to other Italian experiences [20].
For example, in our network, before the admission to emer-
gency department, all patients underwent a two-step triage. In
the first step, the risk of COVID-19 infection was evaluated.
Based on the pre-triage, the patients classified as “suspected
COVID-19” entered a dedicated pathway, whereas the pa-
tients without any suspicion of infection moved on to the
ordinary hospital triage. Interestingly, during the lockdown
period, all non-urgent activities were suspended, and, in turn,
we observed a shorter waiting list for radiological or labora-
tory tests for patients affected by stroke. Moreover, the strict
collaboration with inpatient rehabilitation facilities allowed us
to get a shorter length of hospitalization during the COVID-19
outbreak, reducing the risks of exposure to SARS-CoV-2. The
latter point is of paramount importance, in order to guarantee
to stroke patients a prompt physical therapy.

The main limitation of our study is the relatively short du-
ration of the observation, which is, however, closely related to
the first phase of COVID-19 breakdown, and the consequently
relatively small number of patients included in the analysis.
These results need to be confirmed in different hub-and-
spoke stroke networks to demonstrate the sustainability of this

stroke care model during the COVID-19 pandemic. Our results
could be affected by a selection bias due to the specific nature
of our stroke care network and not including the full range of
AIS patients. Therefore, it is important to closely monitor the
changes in stroke rates during various phases of the pandemic
because the impact of COVID-19 on the healthcare system will
be sustained and long lasting.

In conclusion, our report indicates that the COVID-19 pan-
demic and the consequent lockdown measures have impacted
stroke care in our stroke network and that this impact mainly
involved pre-hospital management. In particular, intravenous
thrombolysis was mainly affected due to an increase of ODT
or maybe due to a delay in seeking treatment and fear of
exposure to COVID-19 in hospitals or a change in dispatch
during the pandemic or an overloading in pre-hospital path-
way. This is an alarming finding for healthcare authorities,
and specific in-hospital emergency and pre-hospital emergen-
cy management guidelines need to be implemented to pro-
mote the use of rtPA during the COVID-19 outbreak.
Within the intra-hospital management, a delay was observed
in procedures involving patients classified as suspected
COVID-19. Despite the recent shift towards prioritization of
COVID-19 care, it is equally important to ensure that non-
COVID-19 patients, such as stroke patients, continue to re-
ceive timely access to care and adequate support. Finally, in

Fig. 4 Results of the interaction between time of observation (2019 vs 2020) and site of observation (hub vs spoke). No significant differences were
observed for the variables analyzed
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our case, the impact of the COVID-19 outbreak on AIS man-
agement was equally observed in hub as well as spoke centers.
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