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Objectives: The enforcement of complete lockdown with home confinement has been
necessary to limit SARS-CoV-2 contagions in Italy, one the most affected countries
worldwide. Simultaneously, in several Emergency Departments, a reduction in car-
dio- and cerebrovascular presentations was noticed. This study analyses the impact
of Covid-19 pandemic and lockdown measures on the incidence of stroke, in Cam-
pania, the most densely-populated region in Italy. Materials and Methods: We retro-
spectively analyzed data regarding acute stroke patients presenting at 5 Campania
stroke hubs, before and after the issue of lockdown in Italy on March 9th, 2020.
Results: Compared to the pre-lockdown, we observed a significant reduction in the
number of acute reperfusion treatments in stroke (P for interact 0.001); however the
global number of patients presenting with acute stroke did not significantly differ. The
time to reach medical attention was significantly longer in the lockdown phase (230 ver-
sus 154 min, P 0.016). For patients who underwent acute reperfusion treatment we also
observed significantly longer time-to-imaging (30 versus 40 min, P 0.0005) and a trend
to longer time-to-needle (75 versus 90 min P 0.23), but not time-to-groin.
Conclusions: This study showed the reduction in acute reperfusion treatments for acute
ischemic stroke and the slowdown of stroke pathways, during the lockdown phase of
Covid-19 pandemic, in Campania, the third-most-populous and themost-densely popu-
lated Italian Region. In the next future, the risk for high-grade disability and death, due
to delayed or even avoided hospital presentation due to fear of contagion, may be high.
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Introduction

The Covid-19 outbreak rapidly spread in Italy since the
first identified case in Codogno, Lombardy, on February
21st 2020, necessitating the enforcement of a nationwide
complete lockdown and strict home confinement on
March 9th.1

Neurological symptoms are common in Covid-19 and
stroke occurred in approximately 6% of severely affected
Covid-19 patients,2,3 presumably associated with a multi-
factorial prothrombotic state.4

Nevertheless at the onset of the pandemic, several
groups reported the reduction in hospital admissions for
cardio- and cerebrovascular disease. In Campania, the
most densely populated Italian region, a decline by 32%
in the number of percutaneous coronary intervention for
acute coronary syndrome was described.5

Aim of this study is to verify the impact of the Covid-19
pandemic and lockdown measures on the stroke network
in Campania.
Methods

All the five active stroke hubs, according to Campania
Regional Protocol for time-dependent disease network,
participated in this study.
For each centre we collected: the total number of ische-

mic strokes; the total acute reperfusion treatments (intra-
venous and endovascular); the pre-hospital delay,
defined as the time to reach medical evaluation from last
seen well; the baseline and discharge stroke severity, as
National Institute of Health Stroke Scale (NIHSS)
score; the in-hospital delay, split into time-to-imaging,
Fig. 1. Patients with acute ischemic stroke admitted t
time-to-needle, and time-to-groin. To analyze treatment
delays we identified a 8-week period around the issue of
lockdown in Italy on March 9th: we distinguished a pre-
lockdown phase between February 2nd and March 8th
and a lockdown phase between March 9th and April 12th
2020. Moreover, we compared data with the same periods
of 2019. Conversely, to minimize the effect of confounding
factors, the global number of ischemic strokes and acute
reperfusion treatments were compared with the trend
since February 2019, using an interrupted time series anal-
ysis. Continuous variables are presented as median with
interquartile range (IQR) and compared using Man-
n�Whitney U test. A p-value < 0.05 was considered sta-
tistically significant.
Results

Five stroke hubs participated in this study: 2/5 regu-
larly perform intravenous and endovascular acute revas-
cularization treatments, 3/5 perform only intravenous
thrombolysis (Tables 1 and 2).
Globally, we collected data regarding 3097 acute ische-

mic stroke patients admitted to the five Campanian stroke
hubs since February 2019; 753 of them received acute
reperfusion treatments.
In the lockdown era, we did not observe a significant

difference in the number of total patients (Estimate of
effect 3.5; 95% CI, -29.3 to 36.4; P for interact 0.817) admit-
ted for acute ischemic stroke (Fig. 1). However, a signifi-
cant reduction in the number of patients receiving acute
revascularization treatments was found (Estimate of effect
13.2; 95% CI, 6.5 to 19.7; P for interact 0.001) (Fig. 2).
o the five Campania hub, since February 2019.



Fig. 2. Acute stroke treatments in the five Campania hub, since February 2019.
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The pre-hospital delay passed from 180 minutes between
February 2nd and March 8th 2019, to 155 minutes between
February 2nd and March 8th 2020 (P 0.0004), to 230 minutes
in the lockdown phase (P 0.016). Patients not eligible for
acute treatments reached medical attention significantly later
(180 versus 275 minutes, P 0.019). Conversely, for acutely
treated patients, we did not observe any significant differ-
ence in pre-hospital delays, between the pre-lockdown and
lockdown period in 2020. However, compared to the same
period of the 2019, this difference reached significance (98
versus 120 minutes, P 0.05). Noteworthy, the number of sec-
ond referrals for acute revascularization treatments from
peripheral hospitals was 4 between February 2nd andMarch
8th 2019, grew to 10 betweenMarch 9th and April 12th 2019,
reached a plateau of 9 between February 2nd and March 8th
2020, and dropped down to 4 during the lockdown phase.
Baseline NIHSS score was significantly more severe

during the lockdown compared to the same period of
2019 (13 versus 16, P 0.04) and, albeit not significantly,
tended to be more severe compared to the immediate pre-
lockdown phase (13 versus 16, P 0.37).
The first part of in-hospital pathways slowed during the

acute phase of pandemic. The door-to-imaging time
passed from 37 to 34 to 30 minutes in the three study peri-
ods before March 9th 2020, to 40 min utes during the lock-
down (P 0.0005 compared to the immediate pre-
lockdown phase). The door-to-needle time slowed albeit
not significantly (75 versus 90 minutes, P 0.23). The door-
to-groin time was not affected. Compared to the pre-lock-
down phase, discharge neurological status was not signif-
icantly different (P 0.23).
Discussion

The Covid-19 pandemic dramatically affected the orga-
nization of health systems worldwide, in order to manage
the enormous increase in the number of acutely respira-
tory ill patients, and strive to prevent contagions among
patients and personnel.6,7

Despite a reportedly Covid-19-induced hypercoagula-
ble state, several groups described an atypical decline in
the number of patients admitted for acute cardiovascular
disease: the Italian Society of Cardiology, for example,
reported a 48.4% reduction in admissions for acute myo-
cardial infarction.8 Conversely, a higher incidence of out-
of-hospital cardiac arrests was reported, with an increase
in out-of-hospital death by 14.9%.9 Moreover, Kerleroux
et al. showed a 21% decrease in thrombectomy volumes
and a significant increase in delays between imaging and
groin puncture during the first steps of the Covid-19 out-
break in France.10

With approximately 5.8 million inhabitants in a total
area of 13.590 km2, Campania is the third-most-populous
and the most-densely populated region in Italy. The
impact of pandemic in Campania was less burdensome
than other Italian regions. At the date of March 8th, Cam-
pania had registered a total of 101 Covid-19 patients: 7/
101 admitted in ICU, 30/101 admitted in medical units,
63/101 home isolated and 1/101 healed. During our
study period, the global number of Covid-19 cases
grew to 3604: 82/3604 admitted in ICU, 526/3604
admitted in medical units, 2449/3604 home isolated,
305/3604 healed, and 242/3604 dead. Among the 148
acute stroke patients admitted during the lockdown
phase in the 5 Campania stroke hubs, 4 patients (2.7%)
were positive, and everyone primarily presented to a
stroke hub: one with a lacunar stroke, two with distal-
MCA-branch occlusions, and one with basilar artery
occlusion. Two patients underwent intravenous throm-
bolysis but none mechanical thrombectomy. No Covid-
19 positive stroke patients were transferred from a
peripheral hospital.
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During the Covid-19 pandemic, in Campania, a pro-
tected code stroke algorithm was applied in the pre-triage
area, using rapid serological tests, albeit with significant
limitations,11 in order to rapidly screen patients and create
two different routes for Covid-19 negative and sus-
pected/positive cases.
During Covid-19 outbreak, the ability to deliver timely

and efficacious care must be balanced with the risk of
infectious exposure for the clinical team. Emergency med-
ical services were overwhelmed by interventions for respi-
ratory symptoms, thus delaying first aid for other
territorial care needs. Moreover, protocols were burdened
by personal protection measures across all phases of
patients’ care and repeated sanitization for ambulances,12

adding supplemental delays. In addition, inter-hospital
transfers were more difficult and slower, due to over-
whelming of vehicles and operators. This may account for
the significantly increase in time from symptom onset-to-
presentation and for the significant reduction in acute
reperfusion treatments in our population, compared to
the trend since February 2019. Notably, for acutely treated
patients, no significant differences were recorded in the
pre-hospital delays, whereas we observed a trend in more
severe symptoms at presentation during the lockdown
phase: these patients might have promptly alerted the
emergency medical service due to severe symptoms or
were possibly living closer to a stroke hub, not needing
Table 1. Comparison of ischemic stroke patients admitted in five Cam

lockdown, issued o

All ischemic stroke 2020 Pre-Lockdown phase

Number of patients 175

Male (%) 92 (52.5%)

Age (IQR) 73 (62-81)

Prehospital delay (IQR) 155 (90-347)

Baseline NIHSS (IQR) 6 (3-13)

Hypertension 131 (75%)

Atrial fibrillation 66 (38%)

Diabetes 49 (28%)

Carotid Stenosis 44 (25%)

Untreated patient Pre-Lockdown phase

Number of patients 124

Male (%) 61 (42.6%

Age (IQR) 75 (62-83)

Prehospital delay (IQR) 180 (96-465)

Baseline NIHSS (IQR) 4 (3-7)

Acutely treated patients Pre-Lockdown phase

Number of patients 51

Male 31 (60.7%)

Age (IQR) 71 (56-79)

Prehospital delay (IQR) 133 (79-218)

Baseline NIHSS (IQR) 13 (7-19)

Door to Imaging (IQR) 30 (20-44)

Door to Needle (IQR) 75 (55-100)

Door to Groin (IQR) 80 (65-110)

Discharge NIHSS (IQR) 4 (0-8)
inter-hospital transfers. Furthermore, we noticed a 60%
reduction in transfers from peripheral hospitals to stroke
hubs for acute revascularization treatments and signifi-
cantly longer transport times compared to 2019 (185 ver-
sus 345 min, P 0.03). However, in our study we did not
find a significant overall reduction in the patients present-
ing with acute stroke, compared to the trend since Febru-
ary 2019, but we found untreated patients had milder
symptoms and reached medical attention significantly
later. Some patients, in fact, above all those with milder,
non-rapidly progressive symptoms, unlikely due to large
vessel occlusion, might have delayed or sometimes
avoided medical consultation, due to fear of contagion.
We found the in-hospital workflow slowed. In particular,

we noticed a significantly delayed time-to-imaging. During
the first triage phase, in the checkpoints, additional history
and exams were obtained in a more time consuming way, as
the family members or bystanders could not enter the hospi-
tal, and most patients underwent a thoracic CT scan before
Stroke Unit admission and treatment. Moreover, distinct
pathways for “suspected/confirmed cases of Covid-19” had
to be created, with dedicated CT scanners or angiography
suites, at times out of range.
Our study has limitations. Despite an increased risk for

cardio- and cerebrovascular disease associated with
Covid-19, we did not find an increase in stroke incidence.
However, this analysis is limited to patients admitted to
pania stroke hubs immediately before and during the complete

n March 9th.

Lockdown phase

148

75 (50.6%)

72 (64-80) P 0.86

230 (120-397) P 0.016

7 (3-15) P 0.82

115 (78%) P 0.54

59 (40%) P 0.69

44 (30%) P 0.73

37 (25%) P 0.97

Lockdown phase

111

57 (51.3%)

72 (65-80) P 0.51

275 (147-626) P 0.019

5 (2-11) P 0.90

Lockdown phase

37

18 (48.6%)

71 (62-80) P 0.52

120 (76-255) P 0.81

16 (10-18) P 0.37

40 (30-60) P 0.0005

90 (67-112) P 0.23

82 (65-118) P 0.89

6 (2-9) P 0.23



Table 2. Comparison of ischemic stroke patients admitted in the same Campania stroke hubs in the same period of 2019.

All ischemic stroke 2019 Feb 2nd�Mar 8th Mar 9th�Apr 16th

Number of patients 428 327

Male (%) 104 (54.0%) 94 (50.7%)

Age (IQR) 77 (68-93) 78 (66-85) P 0.71

Prehospital delay (IQR) 180 (107-267) 215 (98-319) P 0.93

Baseline NIHSS (IQR) 4 (2-7) 7 (4-13) P 0.05

Hypertension 143 (74%) 151 (81%) P 0.09

Atrial Fibrillation 77(40%) 78 (42%) P 0.68

Diabetes 56 (29%) 60 (32% P 0.49

Carotid stenosis 58 (30%) 52 (28%) P 0.65

Untreated patients Feb 2nd-Mar 8th Mar 9th-Apr 16th

Number of patients 144 131

Male 65 (45%) 66 (50.7%)

Age (IQR) 78 (69-84) 79 (69-85) P 0.48

Prehospital delay (IQR) 240 (126-360) 240 (227-390) P 0.08

Baseline NIHSS (IQR) 4 (2-7) 4 (2-7) P 0.42

Acutely treated patients Feb 2nd�Mar 8th Mar 9th�Apr 16th

Number of patients 49 55

Male 24 (48.9%) 28 (50.7%)

Age (IQR) 73 (66-82) 75 (65-84) P 0.81

Prehospital delay (IQR) 86 (69-110) 98 (67-165) P 0.67

Baseline NIHSS (IQR) 14 (10-18) 13 (9-17) P 0.21

Door to Imaging (IQR) 37 (25-46) 34 (30-50) P 0.14

Door to Needle (IQR) 80 (60-110) 67 (56-94) P 0.38

Door to Groin (IQR) 122 (37-152) 120 (65-139) P 0.74

Discharge NIHSS (IQR) 4 (2-11) 3 (1-8) P 0.49
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stroke hubs. It may be possible that some patients with
minor symptoms chose to stay home, fearing contagion. It
may also be possible that some patients living in rural or
mountain areas or in active outbreak areas were not trans-
ferred to a stroke hub, due to overwhelming of vehicles
and operators.

Conclusion

This study shows that despite a similar trend in hospital
admissions for ischemic stroke, acute reperfusion treat-
ments significantly dropped during the lockdown phase
of Covid-19 pandemic, even in a less affected Region.
The lack of appropriate and timely revascularization for

stroke patients might have important clinical consequen-
ces, not yet measured, including increased risk for high-
grade disability and death, in the next future.
The findings of this study might have important

implications for the Regional healthcare system sug-
gesting that campaigns aiming to increase population’s
and health personnel’s awareness of stroke symptoms
should be reinforced during the COVID-19 pandemic,
as well as the improvement of emergency medical sys-
tem.
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