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Abstract
Since the end of February 2020, Italy has suffered one of the most severe outbreaks of coronavirus disease 2019 (COVID-
19). However, what happened just before the Italian index case has not yet been investigated. To answer this question, we 
evaluated the potential impact of COVID-19 on the clinical features of a cohort of neurological inpatients admitted right 
before the Italian index case, as compared to the same period of the previous year. Demographic, clinical, treatment and 
laboratory data were extracted from medical records. The data collected included all inpatients who had been admitted to 
the Neurology and Stroke Units of the Ospedale Maggiore Policlinico, Milan, Italy, from December 15, 2018 to February 
20, 2019 and from December 15, 2019 to February 20, 2020. Of the 248 patients, 97 subjects (39.1%) were admitted for an 
acute cerebrovascular event: 46 in the 2018/2019 period (mean [SD] age, 72.3 [15.6] years; 22 men [47.8%]), and 51 in the 
2019/2020 interval (mean [SD] age, 72.8 [12.4] years; 24 men [47.1%]). The number of cryptogenic strokes has increased 
during the 2019–2020 year, as compared to the previous year (30 [58.8%] vs. 18 [39.1%], p = 0.05). These patients had a 
longer hospitalization (mean [SD] day, 15.7 [10.5] days vs. mean [SD] day, 11.7 [7.2] days, p = 0.03) and more frequent 
cerebrovascular complications (9 [30.0%] vs. 2 [11.1%]), but presented a lower incidence of cardiocerebral risk factors (18 
[60.0%] vs. 14 [77.8%]). Right before the Italian index case, an increase in cryptogenic strokes has occurred, possibly due 
to the concomitant COVID-19.
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Introduction

Since February 20, 2020, Italy, and in particular its most 
populous region, Lombardy, has suffered one of the most 
severe outbreaks of coronavirus disease 2019 (COVID-19), 
caused by the severe acute respiratory syndrome coronavirus 

2 (SARS-CoV-2). As of December 10, 2020, in this region, 
inhabited by about 10,000,000 people, the cases registered 
by the authorities were more than 430,000 and the total 
deaths were about 23,000 [1].

Early molecular epidemiological tracing suggests that 
COVID-19 spread in Lombardy weeks before the first 
reported cases of infection, confirming that SARS-CoV‐2 
virus entered northern Italy as early as January, 2020 [2]. 
A very recent paper confirmed this finding, describing the 
earliest evidence of SARS-CoV-2 RNA in a patient in Lom-
bardy in early December, 2019, 3 months before Italy’s first 
reported COVID-19 case [3].

The clinical manifestations of COVID-19 mostly affect 
the respiratory system, configuring varied clinical pic-
tures ranging from mild upper respiratory tract illness to 
severe pneumonia with respiratory failure and death [4, 5]. 
Asymptomatic infections are reported [6]. More recently, 
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the virus-related clinical spectrum has widened, including 
stroke, venous thromboembolism, pulmonary embolism and 
cardiac complications [7]. The main pathogenic hypothesis 
focuses on the severe inflammatory state secondary to the 
infection that leads to an alteration of hemostasis [7, 8]. Neu-
rological manifestations appear to be quite common, includ-
ing acute cerebrovascular disease, conscious disturbance, 
headache and olfactory dysfunctions [9, 10].

Based on the assumption that COVID-19 may have 
already been circulating before we knew it, we turned our 
attention to the period right before the first index patient, 
focusing on clinical and laboratory features, as well as treat-
ment and disease course, of a cohort of neurological inpa-
tients. To avoid comparing different epidemiological peri-
ods and different clinical protocols, we ended the patients’ 
enrollment one day before Italian first reported COVID-19 
case.

Methods

Study design and participants

This retrospective cohort study included adult inpatients. 
Our study enrolled all patients who were hospitalized for 
neurological diseases from December 15, 2018, to February 
20, 2019 (Group 1) and from December 15, 2019, to Febru-
ary 20, 2020 (Group 2) to the Neurology and Stroke Units 
of the Ospedale Maggiore Policlinico of Milan.

The study was approved by the Local Ethics Committee 
of the Fondazione IRCCS Ca’ Granda Ospedale Maggiore 
Policlinico (363_2020, approved 05.05.2020).

Data collection

Demographical, clinical, laboratory and treatment data were 
extracted from electronic medical records using standardized 
anonymized data collection forms. All data were extracted 
by eleven physicians (A.M.P, S.L, E.A, R.B, G.C, G.L, E.M, 
M.P, L.S, G.V and D.V). Routine blood examinations com-
prised complete blood count, erythrocyte sedimentation rate, 
serum biochemical tests, including C-reactive protein, liver 
and renal function, lactate dehydrogenase, creatine kinase 
and coagulation profile. Instrumental examinations ranged 
according to clinical need. For acute cerebrovascular dis-
ease, they comprised as needed computed tomography (CT) 
scan of the brain, brain magnetic resonance imaging (MRI), 
vessel imaging and cardiovascular examinations, includ-
ing extra- and intracranial ultrasound and transthoracic and 
transesophageal echocardiography.

Cryptogenic strokes were identified using the TOAST 
classification [11] by consensus of two independent observ-
ers (A.M.P; S.L).

Statistical analysis

The patients’ characteristics were described using percent-
ages for discrete variables, mean and standard deviations 
for continuous variables. Differences between two groups 
were analyzed using F test from univariate ANOVA and 
Pearson’s chi-squared test.

Focusing on subjects with stroke, differences in preva-
lence of cryptogenic events between groups were evalu-
ated using a logistic regression adjusted for age, gender, 
presence of cardiocerebrovascular (CCV) risk factors and 
related home drug therapy.

Statistical significance was set up to 0.05; as there are 
no preliminary data, it is not possible to predict whether 
the size of the collected sample reached the appropriate 
statistical power.

Results

Two hundred forty-eight patients were included. Of these, 
about 40% was hospitalized for acute cerebrovascular events: 
46 in the 2018/2019 period (Group 1) and 51 in 2019/2020 
(Group 2). The fraction of patients admitted to the Stoke 
Unit was not significantly different in the two period and 
there were no differences in access to acute phase therapies 
as intravenous fibrinolysis, endovascular treatment or bridg-
ing therapy nor in hemorrhagic complications in relation 
to acute reperfusion treatments. No significant divergences 
between Groups 1 and 2 regarding demographical charac-
teristics and comorbidities, including hypertension, diabe-
tes, hypercholesterolemia and coronary heart disease were 
observed (Table 1A). No significant differences were seen 
in the diagnostic workup of the two periods, targeted from 
time to time based on the clinical suspicion.

Group 2 patients had longer duration of hospitaliza-
tion (mean [SD] day, 15.7 [10.5] days vs mean [SD] day, 
11.7 [7.4] days, p = 0.04) and higher incidence of cerebro-
vascular complications (13 [25.5%] vs 4 [8.7%], p = 0.03) 
(Table 1A), which include new ischaemic events and/or 
hemorrhagic infarctions. During admission, treatment 
modifications, such as addition of anticoagulant throm-
boprophylaxis with low-molecular weight heparin and/or 
switching antiplatelet drugs, occurred more frequently in 
Group 2 (46 [90.2%] vs. 30 [69.8%], p = 0.008) (Table 1A).

Fever and laboratory reports were similar between the 
two groups. Fibrinogen, d-dimer and serum ferritin were 
not assessed, as not part of the haematochemistry routine 
during pre-COVID-19 era.

The frequency of cryptogenic strokes was increased 
during the 2019/2020 period (30 [58.8%] vs. 18 [39.1%], 
p = 0.05) (Fig. 1a). Group 2 patients had a longer hospitali-
zation (mean [SD] day, 15.7 [10.5] days vs. mean [SD] day, 
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11.7 [7.2] days, p = 0.03), more frequent cerebrovascular 
complications (9 [30.0%] vs. 2 [11.1%]), although present-
ing a lower incidence of CCV risk factors (18 [60.0%] vs. 14 

[77.8%]) (Fig. 1b–d). In these patients, a certain increase in 
respiratory complications, including pulmonary infection (6 
[20.0%] vs. 2 [11.1%]), was observed (Fig. 1e).

Table 1   (A)Main characteristics of patients with stroke included in the study, (B) Logistic model for predicting of cryptogenetic stroke

Bold value indicates statistically significant (p < 0.05)

Variables, N (%) Years 2019–2020
N = 51

Years 2018–2019
N = 46

p value

(A)
Gender (female) 27 (52.9) 24 (52.2) 0.93
Age, mean (SD) 72.8 (12.4) 72.3 (15.7) 0.86
Age > 65 years 38 (74.5) 34 (74.0) 0.95
Cardiocerebrovascular risk factors 35 (68.6) 35 (76.1) 0.41
Comorbidites (at least 1) 43 (84.3) 40 (87.0) 0.71
Type of stroke (TOAST Classification) 0.33
 1. Large-artery atherosclerosis 5 (9.8) 4 (9.7)
 2. Cardioembolism 8 (15.7) 13 (28.3)
 3. Small-vessel occlusion 3 (5.9) 5 (10.9)
 4. Stroke of other determined etiology 5 (9.8) 6 (13.0)
 5. Stroke of undetermined etiology 30 (58.8) 18 (39.1)

TOAST classification 0.05
 1–4 21 (41.2) 28 (60.9)
 5 30 (58.8) 18 (39.1)

Stroke complications 20 (39.2) 10 (21.7) 0.06
Cerebrovascular complications 13 (25.5) 4 (8.7) 0.03
Other complications 20 (39.2) 19 (41.3) 0.83
 Cardiac complications 3 (5.8) 7 (15.2) 0.13
 Infective complications 14 (27.5) 11 (23.9) 0.69
 Pulmonary infections 11 (21.6) 5 (10.87) 0.16
 Respiratory complications 11 (21.6) 6 (13.0) 0.27

Drug therapies at home, mean (SD) 0.15
 Antiplatelet agents 21 (41.2) 22 (48.9)
 Anticoagulants 2 (3.9) 7 (15.5)
 Dual antiplatelet therapy 1 (2.0) 0
 Antiplatelets and anticoagulants 1 (2.0) 0

Changes in therapy during hospitalization 0.008
 Nothing 5 (9.8) 15 (33.3)
 Horizontal shift 23 (45.1) 17 (37.8)
 Anticoagulant shift 9 (17.7) 8 (17.8)
 Dual antiplatelets shift 4 (7.9) 5 (11.1)
 Heparin prophylaxis 3 (5.9) 0
 Heparin + antiplatelets 7 (13.7) 0

Days of hospitalization, mean (SD) 15.7 (10.5) 11.7 (7.4) 0.04
Deaths 1 (2.0) 2 (4.4) 0.50

Variables Odds ratios (confidence interval) p value

(B)
Group (years 2019–2020 vs. years 2018–2019) 2.33 (0.98–5.23) 0.052
Age 1.01 (0.97–1.04) 0.74
Gender (female vs. male) 1.12 (0.47–2.67) 0.79
CCV risk factors 0.45 (0.17–1.26) 0.13
Home drugs therapy (yes vs. no) 2.18 (0.84–5.64) 0.11
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Although the statistical significance was not achieved, 
logistic models showed a relationship between cryptogenic 
strokes and period of hospitalization: patients of Group 2 
had a twofold increased risk of having a cryptogenic stroke 
as compared to those of Group 1 (Table 1B).

Forty-three out of 51 total strokes in the 2019/2020 inter-
val were then contacted on the phone. The calls occurred 
in May, 2020. Only 11 patients had undergone swab for 
COVID-19 or COVID-19 antibody test. To avoid later infec-
tions, only tests carried out within one month of hospitali-
zation were considered. Seven were positive and four were 
negative. All cryptogenic strokes tested resulted positive (6 
of 6), while none of the negatives was a cryptogenic stroke.

Discussion

In December 2019, January and February, 2020 a signifi-
cant increase in the number of cryptogenic strokes for no 
apparent reason could be observed. When compared with the 
data available in the literature, in which cryptogenic strokes 
account for 30–40% of ischaemic strokes [12], it is notewor-
thy that, in the current year, cryptogenic subtypes were about 
60% of all strokes. COVID-19 had not revealed itself yet, at 
least expressly, changing the clinical routine and the diag-
nostic protocols of our wards, which did not differ from that 
of the 2018/2019 period. In our opinion, the strength of this 
study lies precisely in comparing two periods in which diag-
nostic path were similar and not yet derailed due to the advent 
of COVID-19. Since our wards continued with the diagnostic 
routine only until the first half of March 2020, we decided not 
to include in our study the patients hospitalized from Febru-
ary 21, 2020, exactly for not to compare a pre-COVID with a 
COVID period. That was especially the case with our Stroke 
Unit, which continued working as a “Level Stroke Unit” on 
the Stroke Network until mid-March, 2020 only.

Comparing Groups 1 and 2, patients admitted this year 
were neither older nor younger and did not have a higher 
number of comorbidities. Instead, they presented lower 
incidence of CCV risk factors, but unexpectedly had more 
complicated hospitalizations. No laboratory tests seem to 
explain these data. The presence, although still unknown, of 
COVID-19 in the territory of Milan could hold the answer, 
even though the true relationship between COVID-19 and 
cryptogenic stroke incidence remains to be determined.

By now, the current evidence suggests that COVID-19 may 
predispose patients to thrombotic disease due to excessive 
inflammation, platelet activation, endothelial dysfunction and 
stasis [7]. Recent reports described microvascular endothelial 
injury in postmortem evaluation in multiple organs, consistent 
with a thrombotic microangiopathy [13, 14]. This evidence 
may explain the frequent reports of cerebrovascular complica-
tions, also in patients with lower CCV risk factors.

To better understand the link between cerebrovascular 
accidents and COVID-19, the crucial point seems to focus 
on the asymptomatic patients. Asymptomatic infections refer 
to the positive detection of nucleic acid of SARS-CoV-2 
by reverse transcriptase polymerase chain reaction in sam-
ples of patients who have no typical respiratory symptoms 
or signs [15]. Therefore, the possible explanations of the 
increased frequency of cryptogenic strokes, we have expe-
rienced seem to be: first, endothelial dysfunction, involving 
the thrombi formation in the cerebral vessels, may develop 
even in asymptomatic patients; second, our patients were 
in the early stages of their systemic viral illness that would 
soon become clinically evident.

To confirm this last hypothesis, we contacted all 
2019/2020 stroke cases. Some patients experienced a cough, 
fever and difficulty breathing shortly after being discharged, 
but unfortunately, only 11 had undergone swab for COVID-
19 or COVID-19 antibody test. Interestingly, all cryptogenic 
strokes tested resulted positive, while none of the negatives 
was a cryptogenic stroke. This low number of tests should 
not be surprising, because most of the patients were first hos-
pitalized and then discharged before we started to consider 
COVID-19 infections. Recalling all patients to test them for 
antibody titre was an option. Currently, our understanding of 
antibody responses following infection with SARS-CoV-2 
is limited and more importantly the duration of responses 
remains unclear. In the light of this, we decided not to test 
our patients as a year later seemed too distant a time. More-
over, we were worried about not introducing confounding 
variables, such as post-observation infections, taking into 
account, the second wave of COVID-19 which has struck 
Lombardy since early October, 2020.

Limitations of the current study include the retrospective, 
single centre cohort design, and the small sample size, which 
could be the reason why the statistical threshold for differ-
ences could be not reached. Moreover, the data related to 
swab for COVID-19 or COVID-19 antibody test was avail-
able only for a few patients.

Conclusions

Right before the Italian index case, an increase in crypto-
genic strokes has occurred. Growing evidence suggests that 
the higher incidence of cryptogenic stroke in asymptomatic 

Fig. 1   a Bar graph showing the percentage of stroke subtypes in the 
year 2019/2020 vs. 2018/2019.p = 0.05.b Column graph showing days 
of hospitalization (mean, SD) in the year 2019–2020 vs. 2018/2019.p = 
0.03.c Column graph showing the percentage of cerebrovascular com-
plications in the year 2019/2020 vs. 2018/2019.d Column graph show-
ing the percentage of cardio-cerebrovascular (CCV) risk factors in the 
year2019/2020 vs. 2018/2019.e Colum graph showing the percentage 
of respiratory complications in the year 2019/2020 vs. 20

◂
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COVID-19 patients or in the early stages of their systemic 
illness could be associated with a transient hypercoagulable 
state, leading to thrombi formation in the cerebral vessels. 
Replication in a larger cohort of patients is needed to con-
firm these data.
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