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Abstract
Whether and how SARS-CoV-2 outbreak affected in-hospital acute stroke care system is still matter of
debate. In the setting of the STROKOVID network, a collaborative project between the 10 centers designed
as hubs for the treatment of acute stroke during SARS-CoV-2 outbreak in Lombardy, Italy, we
retrospectively compared clinical features and process measures of patients with con�rmed infection
(COVID-19) and non-infected patients (non-COVID-19) who underwent reperfusion therapies for acute
ischemic stroke. Between March 8 and April 30, 2020, 296 consecutive patients (median age, 74
[interquartile range (IQR), 62–80.75] years; males, 154 [52.0%]; 34 [11.5%] COVID-19) quali�ed for the
analysis. Time from symptoms onset to treatment was longer in the COVID-19 group (230 [IQR, 200.5–
270] minutes vs 190 [IQR, 150–245] minutes; p=0.007), especially in the �rst half of the study period.
Patients with COVID-19 who underwent endovascular thrombectomy had more frequently absent
collaterals or collaterals �lling ≤50% of the occluded territory (50.0% vs 16.6%; OR, 5.05; 95% CI, 1.82–
13.80) and a lower rate of good/complete recanalization of the primary arterial occlusive lesion (55.6% vs
81.0%; OR, 0.29; 95% CI, 0.10–0.80). Post-procedural intracranial hemorrhages were more frequent (35.3%
vs 19.5%; OR, 2.24; 95% CI, 1.04-4.83) and outcome was worse among COVID-19 patients (in-hospital
death, 38.2% vs 8.8%; OR, 6.43; 95% CI, 2.85-14.50). Our �ndings showed longer delays in the intra-
hospital management of acute ischemic stroke in COVID-19 patients, especially in the early phase of the
outbreak, that likely impacted patients outcome and should be the target of future interventions. 

Introduction
With more than 17,600 deaths out of a population of approximately 10 million inhabitants [1], the
Lombardy region, located in Northern Italy, is one of the areas most severely hit by SARS-CoV-2
pandemic. Since the outbreak begun, speci�c measures have been taken to contain the spread of the
disease, including locking down the communities, converting general medical wards to quarantine wards,
and reorganizing in-hospital clinical activities with plans for the emergency management and treatment
of acute conditions. One such measure has been to concentrate a large majority of acute stroke patients
in a limited number of hospitals [2]. Whether this had an in�uence on timely reperfusion strategies for
acute brain ischemia is currently unknown.

Materials And Methods
Study Group

Data were collected in the setting of a prospective, hospital-based, multicentre study conducted in
Lombardy, Northern Italy. Because of the spread of the epidemic, on March 8, 2020, the Lombardy
regional government passed a deliberation to reduce to 10 the hospitals with catheterization facilities for
the treatment of acute ischemic stroke acting as hubs, with the remaining hospitals acting as spokes, on
the basis of geographic proximity. Since these 10 centers were designated hospitals for transfer of
patients from the contiguous catchment area at the early stage of the outbreak, they included all patients
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who were hospitalized in Lombardy for acute ischemic stroke during the epidemic. The STROKOVID
network is a joint initiative of these 10 hub centers, which is expected to provide comprehensive
information on patients hospitalized for acute ischemic stroke in Lombardy during SARS-CoV-2 outbreak
and to address clinical research questions. In the present retrospective analysis, we investigated the
impact of infection on reperfusion therapies for acute brain ischemia and in-hospital patients outcome in
a cohort of patients admitted between March 8 and April 30, 2020. Individual data from all patients who
received reperfusion therapies during the study period were collected with a standardized form with
prede�ned variables. Local study investigators completed the forms systematically using prospectively
ascertained in-hospital ischemic stroke registries. Completed forms from all centers were compiled in the
coordinating center Brescia, where the analysis of the pooled data was performed. The Institutional
Ethical Standards Committee on human experimentation at each study center provided approval for the
study.

Risk factor de�nition

Hypertension was de�ned as systolic blood pressure 140 mm Hg or higher and diastolic pressure 90 mm
Hg or higher in 2 separate measurements after the acute phase or use of antihypertensive drugs before
recruitment; diabetes, with a history of diabetes, use of a hypoglycemic agent or insulin, or fasting
glucose level 126 mg/dL or higher; current smoking, including former smokers who had quit smoking for
2 years before the index event; hypercholesterolemia, with cholesterol serum levels 220 mg/dL or higher
or use of cholesterol lowering drugs. Body mass index (BMI) was calculated as weight in kilograms
divided by the square of the height in meters (kg/m2). All patients underwent continuous cardiac
monitoring using standard bedside monitors immediately after SU admission. In those patients who had
not received a diagnosis before the index stroke, atrial �brillation (AF) was eventually diagnosed by a
cardiologist based on the ECGs performed in the emergency room with patients in a supine position using
standard, 10-second, 12-lead ECG devices, as well as on the ECG recordings performed during hospital
stay. We also collected information on history of coronary ischemic heart disease (myocardial infarction,
history of angina, or existence of multiple lesions on thallium heart isotope scan or evidence of coronary
disease on coronary angiography), previous ischemic stroke (based on clinical history or medical
records), and pre-stroke medications (in particular, warfarin, aspirin or other antiplatelet agents,
antihypertensive agents, oral hypoglycemic agents or insulin, and statins).

Neurovascular assessment and procedures

Patients received an initial diagnostic evaluation and treatment based on established guidelines [3]. All
patients were classi�ed into etiologic subgroups according to the Trial of ORG 10172 in Acute Stroke
Treatment criteria [4] by local investigators at each study center. Initial stroke severity was assessed by
the National Institutes of Health Stroke Scale score [5]. Early ischemic changes were quanti�ed using the
Alberta Stroke Program Early CT Score (ASPECTS) [6,7] on baseline CT. We systematically assessed the
following variables: modi�ed Rankin Scale score [8] before stroke (pre-stroke mRS), blood pressure values
on admission before any stroke therapy, time from stroke symptoms onset to hospital admission, time
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from stroke symptoms onset to baseline brain imaging, and, in patients who received endovascular
recanalization therapy, time from stroke symptoms onset to treatment and time from femoral puncture to
recanalization. When indicated, cerebral large-artery occlusion was con�rmed by head and neck CT
angiography. Patients who were deemed eligible, received intravenous thrombolysis or endovascular
mechanical thrombectomy or a combined treatment with full-dose intravenous rtPA and
‘‘contemporary/as soon as possible’’ endovascular mechanical thrombectomy [3]. Any decision on the
technique and the speci�c device for endovascular thrombectomy was left to the discretion of the
neurointerventionalist in charge of the patient in each centre. For middle cerebral artery (MCA) occlusion,
the collateral circulation was scored on a 0 – 3 points scale. A score of zero indicated absent collateral
supply to the occluded MCA territory. A score of 1 indicated collateral supply �lling ≤ 50% but > 0% of the
occluded MCA territory. A score of 2 was given for collateral supply �lling > 50% but < 100% of the
occluded MCA territory. A score of 3 was given for 100% collateral supply of the occluded MCA territory
[9]. After treatment, recanalization grade was assessed on digital subtraction angiography based on the
Thrombolysis in Cerebral Infarction (TICI) scale, considering grades 2b and 3, as good recanalization [10].
Intracerebral haemorrhage was any intracerebral bleeding detected at follow up non-contrast CT
performed during hospital stay. Symptomatic intracerebral hemorrhage (sICH) was de�ned according to
the European Cooperative Acute Stroke Study III (ECASS III) criteria [11].

Laboratory procedures

Laboratory con�rmation of SARS-CoV-2 infection was made by RT PCR procedure on throat-swab and
nasopharyngeal specimens [12] in all patients admitted to the participating hospitals. In case of high
clinical suspicion of SARS-CoV-2 infection and negative test results on two nasopharyngeal and
oropharyngeal swabs performed at least 24 hours apart, testing of lower respiratory samples
(bronchoalveolar lavage �uid obtained by bronchoscopy) was performed.

Statistical Analysis

We compared the characteristics of patients with positive SARSCoV-2 nucleic acid test (COVID-19) with
those of patients with negative test result (non-COVID-19). For subgroup comparisons, we used the χ2
test or the Fisher exact test, and the Mann–Whitney U test, when appropriate. Results are given as odds
ratio with 95% CI. p ≤ 0.05 on 2-sided test was considered signi�cant. Data were analyzed using the
SPSS (version 21.0) package (www.spss.com).

Results
During the study period, 296 subjects (median age, 74 [IQR, 62–80.75] years; males, 154 [52.0%])
quali�ed for the analysis. Of these, 115 (38.9%) received intravenous thrombolysis, 103 (34.8%)
endovascular thrombectomy, and 78 (26.4%) combined therapy. Thirty-four patients (11.5%) tested
positive for SARS-CoV-2 infection, which preceded the occurrence of stroke in all the cases. Their
prevalence in the �rst half of the study period (15.3%, 8 March to 3 April, 2020) outnumbered that in the
second half (6.8%, 4 April to 30 April, 2020; OR, 2.49; 95% CI, 1.12-5.55). Overall, patients with con�rmed

http://www.spss.com/
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infection did not differ from non-COVID-19 patients, except for an increased prevalence of males and a
higher frequency of atrial �brillation. We found no difference in the time interval between stroke
symptoms onset and hospital admission, as well as between stroke symptoms onset to baseline brain
imaging. Conversely, the time from stroke symptoms onset to treatment was a median of 40 minutes
longer in the COVID-19 group (Table 1).

Such difference was consistent between the two treatment subgroups (Table 2), but it was signi�cantly
longer only in the �rst half of the study period (Figure 1).

Among patients who underwent endovascular thrombectomy, the percentage of those with absent
collaterals or collaterals �lling ≤ 50% of the occluded territory was higher in the COVID-19 group (50.0%
vs 16.6%; OR, 5.05; 95% CI, 1.82-13.80), while that of patients with good/complete recanalization of the
primary arterial occlusive lesion was lower (55.6% vs 81.0%; OR, 0.29; 95% CI, 0.10-0.80; Table 2 and
Supplemental Table 1) compared to the subgroup of non-COVID-19 patients. Finally, post-procedural
intracranial hemorrhages were more frequent (35.3% vs 19.5%; OR, 2.24; 95% CI, 1.04-4.83) and, overall,
outcome was worse among COVID-19 patients (in-hospital death, 38.2% vs 8.8%; OR, 6.43; 95% CI, 2.85-
14.50; Table 3).

 

Discussion
Patients with stroke who require hospitalization during SARS-CoV-2 pandemic are at an increased risk of
suboptimal outcomes [13]. One factor that might affect outcome in these patients is pre-hospital and in-
hospital organization of stroke care system [14,15], a crucial aspect of stroke management which the
STROKOVID collaborative project has the potential to evaluate. Since we found no difference in time from
stroke symptoms onset to emergency room arrival, we presume there was a substantial equality in pre-
hospital procedures for stroke management in the two groups de�ned by COVID-19 status. Conversely, a
notable result of our analysis is the increased intra-hospital delay in acute stroke treatment of COVID-19
patients, despite no delay in door-to-baseline imaging time. Furthermore, patients with con�rmed
infection who received endovascular treatment had suboptimal collateral supply to the occluded artery,
longer time from groin puncture to recanalization, and decreased reperfusion rates compared to non-
infected patients, which likely contributed to the negative outcome. Longer intra-hospital delays in stroke
treatment, as well as suboptimal performance of endovascular procedures are the putative consequence
of the extreme changes in stroke care system. Like many hospitals in China before and in other Countries
afterwards, Lombardy hospitals implemented stringent infection control measures starting in late
February 2020, including full personal protective equipment for stroke team members, along with
separated in-hospital acute stroke pathways for COVID-19 and non-COVID-19 patients, and frequent
environmental disinfection. The increased concentration of acute stroke patients with con�rmed or
suspected SARS-CoV-2 infection in a limited number of Hub hospitals likely had a major impact on in-
hospital procedures, particularly on timely reperfusion therapies. Alternatively, we cannot exclude that all
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the efforts implemented to limit the in-hospital diffusion of SARS-CoV-2 infection and to treat COVID-19
might have compromised contemporary standard-of-care for the treatment of acute ischemic stroke,
although formal data are lacking to prove this assumption. This likely resulted in ine�cient in-hospital
transport and delayed medical assessment. Stroke screening and neurological assessment, as well as all
the subsequent phases of patient management can be challenging and time consuming when healthcare
personnel must comply with personal protection equipment (PPE, masks, eye protection, gowns, and
gloves) and other infection control recommendations [16], especially under extreme situations, such as
those observed in Lombardy in the early stages of the epidemic. Of course, these protocols are essential
for limiting the spread of the infection but also may impact healthcare systems in unexpected ways.
Furthermore, at some centers, stroke neurologists were redeployed to other settings to respond to the
increasing demands of COVID-19, which might have created a signi�cant gap in care. Uncertainty in
administering recanalization therapies in patients with con�rmed infection is another potential
explanations of our �ndings. Even after patients arrived in the angiography suite, staff may need more
time to wear protective gear and interventional radiologists may not be used to performing mechanical
thrombectomy while in full protective equipment, which leads to longer treatment. Whatever the cause of
these in-hospital delays, they may have contributed, in addition to the hypercoagulable state from
systemic in�ammation and cytokine storm, postinfectious immune-mediated responses and direct viral-
induced endotheliopathy [17], to the lower collateral circulation scoring and recanalization rate we
observed in infected patients. Notably, these time metrics were signi�cantly affected only in the �rst half
of the study period, probably due to overburdening of the emergency departments, and di�culties in
timely clinical evaluations and in-hospital transfer of patients during the epidemic peak, but it cannot be
excluded that performances of stroke team members have improved over time as their experience with
these protective measures increases.

Therefore, our �ndings, along with similar observations from other Countries [18], emphasize the need to
implement plans for intra-hospital stroke management and continuous education and training of
healthcare staff to deliver high-quality stroke care even during SARS-CoV-2 epidemic.
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Figure 1

Time from stroke symptoms onset to treatment according to COVID-19 status in the two study periods
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Figure 1
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