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Abstract

Increasing evidence reports a greater incidence of stroke among patients with Coronavirus
disease 2019 (COVID-19) than the non-COVID-19 population and suggests that SARS-CoV-2
infection represents a risk factor for thromboembolic and acute ischemic stroke. Elderly peo-
ple have higher risk factors associated with acute ischemic stroke or embolization vascular
events, and advanced age is strongly associated with severe COVID-19 and death. We report-
ed, instead, a case of an ischemic stroke in a young woman during her hospitalization for
COVID-19-related pneumonia. A 29-year-old woman presented to the emergency depart-
ment of our institution with progressive respiratory distress associated with a 2-day history
of fever, nausea, and vomiting. The patient was transferred to the intensive care unit (ICU)
where she underwent a tracheostomy for mechanical ventilation due to her severe clinical
condition and her very low arterial partial pressure of oxygen. The nasopharyngeal swab test
confirmed SARS-CoV-2 infection. Laboratory tests showed neutrophilic leucocytosis, a pro-
longed prothrombin time, and elevated D-dimer and fibrinogen levels. After 18 days, during
her stay in the ICU after suspension of the medications used for sedation, left hemiplegia was
reported. Central facial palsy on the left side, dysarthria, and facial drop were present, with
complete paralysis of the ipsilateral upper and lower limbs. Computed tomography (CT) of
the head and magnetic resonance imaging of the brain confirmed the presence of lesions in
the right hemisphere affecting the territories of the anterior and middle cerebral arteries, con-
sistent with ischemic stroke. Pulmonary and splenic infarcts were also found after CT of the
chest. The age of the patient and the absence of serious concomitant cardiovascular diseases
place the emphasis on the capacity of SARS-CoV-2 infection to be an independent cerebro-
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vascular risk factor. Increased levels of D-dimer and positivity to B2-glycoprotein antibodies
could confirm the theory of endothelial activation and hypercoagulability, but other mecha-
nisms — still under discussion — should not be excluded.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Background

Coronavirus disease 2019 (COVID-19), caused by the novel coronavirus SARS-CoV-2, is
characterized by a wide range of symptoms, most of which cause acute respiratory distress
syndrome [1, 2], associated with intensive care unit (ICU) admission and high mortality [3].
On March 11,2020, the large global outbreak of the disease led the World Health Organization
(WHO) to declare COVID-19 a pandemic, with 11,874,226 confirmed cases and 545,481
deaths worldwide (July 9, 2020) [4]. In many cases, the clinical manifestations of COVID-19
are characteristic of a mild disease that may, however, worsen to a critical lower respiratory
infection [2]. At the onset of the disease, the most frequent symptoms are fever, dry cough,
fatigue, and shortness of breath as the infection progresses may appear signs and symptoms
of respiratory failure that require ICU admission [5, 6]. Although acute respiratory distress
syndrome is the mostimportant cause of ICU admission for COVID-19 patients, several studies
have underlined the presence of neurological symptoms such as confusion, dizziness, impaired
consciousness, ataxia, seizure, anosmia, ageusia, vision impairment, and stroke [7, 8]. In
particular, the state of hypercoagulability in patients affected by COVID-19 favors the
formation of small and/or large blood clots in multiple organs, including the brain, potentially
leading to cerebrovascular disease (ischemic stroke but also intracranial hemorrhage) [9,
10].

We found an interesting case of stroke following a SARS-CoV-2 infection in a young
patient. A 29-year-old woman, during her ICU hospitalization for COVID-19-related pneu-
monia, was diagnosed with ischemic stroke of the right hemisphere, without other cardiac/
cerebrovascular risk factors except hypertension. The young age of the patient and the
absence of higher cerebrovascular risk factors make the present case very interesting as it
can help demonstrate that COVID-19 is an independent risk factor for acute ischemic stroke.
In a case series of 214 patients with COVID-19 (mean [SD] age, 52.7 [15.5] years), neurologic
symptoms were more common in patients with severe infection who were older than the
others [11]. New-onset CVD was more common in COVID-19 patients who had underlying
cerebrovascular risk factors, such as older age (>65 years) [12], and very few cases of stroke
in patients younger than 50 years have been reported [12, 13]. Our case seems to be the only
one younger than 30 years.

Case Presentation

On the night between March 19 and 20, 2020, a 29-year-old woman was referred to our
hospital “Policlinico Riuniti di Foggia” due to a progressive respiratory distress associated
with a 2-day history of fever, nausea, and vomiting. At presentation, the heart rate was 128
bpm, the blood oxygen saturation measured by means of the pulse oximeter was 27%, the
respiratory rate was 27 breaths per minute, and the blood pressure was 116/77 mm Hg. The
arterial blood gas test showed a pH of 7.52, pO, 20 mm Hg, and pCO; 34 mm Hg. The patient
was immediately transferred to the ICU where she underwent tracheostomy and endotra-
cheal intubation for mechanical ventilation due to her severe clinical condition and deterio-
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rated pulmonary gas exchange. The diagnosis of COVID-19 was confirmed by PCR on a naso-
pharyngeal swab.

The family medical history was normal, and the only known pre-existing medical condi-
tions were polycystic ovary syndrome (diagnosed 3 years earlier), conversion disorder, and
hypertension (both diagnosed 2 years earlier). Ramipril and nebivolol were prescribed for
the high blood pressure treatment, and sertraline was prescribed for the conversion disorder
treatment. Drug therapy adherence was inconstant. The patient had no history of diabetes,
cardiac pathologies, strokes, transient ischemic attacks, thromboembolic, or other vascular
pathologies.

Laboratory tests showed neutrophilic leukocytosis (white blood cell count 14.79 x 103,
neutrophil percentage 89.8%, and neutrophil count 13.29 x 10%), a prolonged prothrombin
time (15.3 s) with a slightly elevated international normalized ratio (1.38), and elevated
D-dimer (6,912 ng/mL) and fibrinogen levels (766 mg/dL). Other findings are shown in
Table 1.

Table 1. Laboratory test

20 March 2020 7 April 2020
RBC count, x10° 13.66 13.18
Hemoglobin, g/dL 110.7 19.3
Hematocrit, % 130.9 128.0
White blood cell count, x103 114.79 9.17
Neutrophils, % 189.8 181.2
Lymphocytes, % 6.7 129
Monocytes, % 3.2 5.1
Eosinophils, % 0.1 0.5
Basophiles, % 0.2 0.3
Prothrombin time 15.35;,62% 14.7 s; 66%
INR 11.38 11.33
Partial thromboplastin time 27.7 32.7
Fibrinogen, mg/dL 1766 1463
Antithrombin, % 89 108
D-dimer, ng/mL 16,912 14,961
Epathic function OK Gammagt91 UL
Glucose, mg/dL 1216 1160
Pancreatic function OK OK
HS troponin 1, ng/L 128.1 128.1
Adrenaline plasma, ng/L ND 9
ENA6, U/mL ND 2.0
ANCA, U/mL ND 2.0
Anticardiolipin IgG, U/mL ND 12.9
Anticardiolipin IgM, U/mL ND 11.7
Anti-beta2 glycoprotein IgG, U/mL ND 5.0
Anti-beta2 glycoprotein IgM, U/mL ND +15.4

INR, international normalized ratio.
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This pharmacological therapy was set as follows: enoxaparin 6,000 U.L once a day, piper-
acillin 4 g/tazobactam 0.5 g twice a day; Kaletra, a combination of lopinavir and ritonavir
indicated for human immunodeficiency virus (HIV) infection treatment, 2 tablets twice a day;
hydroxychloroquine 200 mg once a day; and furosemide 250 mg, calcium gluconate, and
aminophylline 240 mg 3 times a day. No adverse events were reported.

On April 7, 2020, during her stay in the ICU and after suspension of the medications used
for sedation, left hemiplegia was reported. The same day, the patient underwent a computed
tomography examination of the head, which showed areas of hypodensity in the right hemi-
sphere due to recent cerebral ischemia.

On April 16, 2020, the patient was oriented to time, place, and person. Central facial palsy
on the left side, dysarthria, and facial drop were present, with complete paralysis of the ipsi-
lateral upper and lower limbs. The power of all the muscles of the left limbs was grade 0
according to the Medical Research Council (MRC) scale. Deep tendon reflexes were reduced
on the left upper limb but hyperactive on the ipsilateral lower limb, with a slight increase in
the muscle tonus. The senses of touch, vibration, and pain were reduced on the left side of the
face and body.

On the same day, the patient underwent magnetic resonance imaging (MRI) of the brain
(Fig. 1a), showing lesions on the right hemisphere affecting the territories of the anterior and
middle cerebral arteries. On May 5, 2020, magnetic resonance angiography showed an early
duplication of the sphenoidal segment of the right middle cerebral artery, the branches of
which are irregular with rosary bead-like aspects (Fig. 1d, e); on the same day, the second MRI

Fig. 1. Imaging. a April 16, 2020; MRI of the brain: lesions in the right hemisphere affecting the territories
of the anterior and the middle cerebral arteries. b May 5, 2020; MRI of the brain: same lesions in the right
hemisphere shown in the previous image. d, e May 5, 2020; MRA showed an early duplication of the sphe-
noidal segment of the right middle cerebral artery, the branches of which are irregular with rosary bead-
like aspect and reduction of blood flow in the middle cerebral artery. ¢ April 20, 2020; CT of the abdomen:
vascular lesion, consistent with a splenic infarct, found in the inferior pole of the spleen. f April 20, 2020;
CT of the chest: basal subpleural area of increased density within the left lung (4 x 4 x 3 cm), consistent
with a pulmonary infarction. MRA, magnetic resonance angiography; CT, computed tomography; MRI,
magnetic resonance imaging.
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(Fig. 1b) confirmed the lesions. Computed tomography of the chest (Fig. 1c) and abdomen
(Fig. 1f), performed 5 days after the MRI of the brain, showed not only multifocal bilateral
ground-glass opacities but also a basal subpleural area of increased density within the left
lung (4 x 4 x 3 cm), consistent with a pulmonary infarction. In addition, a vascular lesion,
consistent with a splenic infarct, was found in the inferior pole of the spleen. Doppler echo-
cardiography of the hearth showed regular right chambers and left atrium and a slightly
hypertrophic left ventricle with normal size and kinetics (ejection fraction: 55%). The age of
the patientand the absence of serious concomitant cardiovascular diseases place the emphasis
on the capacity of SARS-CoV-2 infection to be an independent cerebrovascular risk factor.

Discussion

The pandemic outbreak of novel SARS-CoV-2 infection has caused great concern among
the services and authorities responsible for public health due to not only the mortality rate
but also the danger of filling up hospital capacities in terms of ICU beds and acute non-ICU
beds. In this regard, the nonrespiratory complications of COVID-19 should also be taken into
great consideration, especially those that threaten patients’ lives and extend hospitalization
times. Stroke is one of these complications, since a greater incidence of stroke among patients
with COVID-19 than the non-COVID-19 population has been reported, and a preliminary case-
control study demonstrated that SARS-CoV-2 infection represents a risk factor for acute
ischemic stroke [14].

We found that the reported case is extremely interesting, since the woman is only 29
years old and considering how stroke in a young patient without other known risk factors is
uncommon. Not only elderly people have higher risk factors associated with acute ischemic
stroke or embolization vascular events [15], but it is also true that advanced age is strongly
associated with severe COVID-19 and death. The severity of the disease is directly linked to
immune dysregulation, cytokine storm, and acute inflammation state, which in turn are more
common in patients who present immunosenescence [6].

Inflammation plays an important role in the occurrence of cardiovascular and cerebro-
vascular diseases since it favors atherosclerosis and affects plaque stability [16]. The ischemic
stroke of the 29-year-old woman does not appear to be imputable to emboli originating a pre-
existing atheromatous plaque, both for the age of the patient and for the absence of plaques
at the Doppler ultrasound study of the supra-aortic trunks.

Most likely, COVID-19-associated hypercoagulability and endothelial dysfunction are the
causes of ischemic stroke, as suggested by other studies and case reports [10, 13, 17]. Although
the mechanisms by which SARS-CoV-2 infection leads to hypercoagulability are still being
studied, current knowledge suggests that cross talk between inflammation and thrombosis has
a crucial role [18]. The release of inflammatory cytokines leads to the activation of epithelial
cells, monocytes, and macrophages. Direct infection of endothelial cells through the ACE2
receptor also leads to endothelial activation and dysfunction, expression of tissue factor, and
platelet activation and increased levels of VWF and FVIII, all of which contribute to thrombin
generation and fibrin clot formation [17]. The 29-year-old patient showed an increased level of
D-dimer, which is a degradation product of cross-linked fibrin, indicating a global activation of
hemostasis and fibrinolysis and conforming to the hypothesis of COVID-19-associated hyper-
coagulability. Endothelial activation and hypercoagulability are also confirmed by positivity to
B2 glycoprotein antibodies. Anticardiolipin antibody and/or 2 glycoprotein antibody posi-
tivity has been reported in a few studies [17, 19, 20]. In addition, widespread thrombosis in
SARS-CoV-2 infection could also be caused by neutrophil extracellular traps (NETSs). Neutro-
philia [21] and an elevated neutrophil-lymphocyte ratio [22] have been reported by numerous
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studies as predictive of worse disease outcomes, and recently, the contribution of NETSs in the
pathophysiology of COVID-19 was reported [23]. Thrombogenic involvement of NETs has been
described in various settings of thrombosis, including stroke, myocardial infarction, and deep
vein thrombosis [24]. The high neutrophil count found in our case does not exclude the
hypothesis that NETs are involved in the pathogenesis of ischemic stroke.

Conclusion

Ischemic stroke in young patients without pre-existing cerebrovascular risk factors is very
unusual. In this regard, our case of an ischemic stroke, reported in a 29-year-old woman, is very
interesting. Although it is not possible to determine precisely when the thromboembolic event
occurred, our case of stroke during COVID-19-related pneumonia seems to confirm that
COVID-19 is an independent risk factor for acute ischemic stroke. The mechanisms by which
coronavirus disease leads to stroke are still under study, but it is clear that hypercoagulability
and endothelial activation play a keyrole. Testing for SARS-CoV-2 infection should be considered
for patients who develop neurologic symptoms, but it is equally important to monitor COVID-19
patients during their hospitalization to find any neurological sign or symptom in a timely
manner. Our case suggests that discovering neurological deficits in sedated patients promptly
can be very difficult; for this reason, sedation in mechanically ventilated patients has to be
considered only if strictly necessary. Performing serial laboratory testing and waking up the
patient as soon as clinical conditions allow are strategies that should be taken into account.
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