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Conclusions
AbStraCt Hypercoagulopathy and endothelial lesions caused by
COVID-19, associated with the neuroinvasive potential of the
Objective SARS-Cov-2 virus may cause ischemic strokes.
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We aimed to analyze laboratory changes and
management of patients with SARS-CoV-2 infection
(COVID-19) and ischemic stroke.

Introduction

Methods
The disease caused by the novel coronavirus (2019-nCoV or

SARS-Cov-2) was named by the acronym COVID-19 which means
“COrona Vlrus Disease”, while “19” refers to the year 2019,
when the first cases in Wuhan, China, were identified. In the last
two decades, two coronavirus epidemics have occurred, in China
and Saudi Arabia, the severe acute respiratory syndrome

Based on literature search in the medical databases
PubMed, LiLacs, WoS and IBECS and using the
combination of descriptors “cerebral infarction” OR
“stroke” OR “brain ischemia” OR “thrombosis” AND
“coronavirus; “SARS-Cov-2”, “Covid-19”, we analyzed all

case reports on COVID-19 and ischemic stroke, regardless
of publication time.

Results

In 12 articles analyzed in this review, a total of 52
patients (67.3% men and 32.7% women) with Covid-19
had ischemic stroke. The average age was 57.4+14.4
years, ranging from 31 to 87 years. Neurological
symptoms appeared 10.7+8.1 days after the diagnosis of
Covid-19. The main laboratory changes were C-reactive
protein (80.8%), D-dimer (78.9%), and ferritin (13.5%).
The therapeutic measures used were anticoagulation
(65.4%), anti-platelet aggregation (19.2%),
thrombectomy (15.4%), thrombolysis (9.6%), and
antithrombotics (7.7%). Risk factors for ischemic stroke
were present in 76.9% of patients and in most of them
there were two or more factors, more often: arterial
hypertension (76.9%), diabetes mellitus (36.5%),
hyperlipidemia (32.7%), and cardiopathy (30.8%). There
was a higher mortality in patients with risk factors (85%).
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coronavirus (SARS-CoV) and Middle East respiratory syndrome
coronavirus (MERS-CoV), whose mortality was, respectively, 10%
and 37% [1].

Patients infected with SARS-Cov-2 have symptoms of
respiratory infection, such as dry cough, fever, odynophagia,
dyspnea. Thrombotic events may be the initial symptom of
COVID-19, but other neurological symptoms need to be
investigated. Therefore, it is necessary to know about viral
pathophysiology, which is still limited [2]. Transmission of 2019-
nCoV from humans to humans has been confirmed in China and
the USA and occurs mainly with the contact of respiratory
droplets from infected patients [3].

The neuroinvasive propensity of SARS-CoV-2 seems to be
explained by its genomic similarity with SARS-CoV and MERS-
CoV, which are known to have access to the central nervous
system through the olfactory nerves and subsequently reach
specific areas of the brain, including thalamus and brain stem,
inducing  neurological symptoms [4,5]. Hematogenous
dissemination to the cerebral circulation or cribriform plaque
and olfactory bulb are other explanations for the penetration of
SARS-CoV-2 into the central nervous system (CNS) [6].

Among the neurological changes of Covid-19 is ischemic
stroke. There are some hypotheses for its occurrence: (a)
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invasion of the vascular wall through the angiotensin-converting
enzyme receptor 2 (ACE2), inflaming and even necrotizing the
wall of the cerebral arteries; (b) general inflammatory state or
"cytokine storm" produced by the virus in some patients in
stages Il and Ill of the disease, determining its pro-coagulant
effect; (c) myocardial damage that culminates in brain
cardioembolic changes; and (d) associated systemic
inflammation that may destabilize an atheromatous plaque and
rupture the fibrous capsule exposing thrombogenic material [7].
Only one study investigated the presence of the virus in CSF [5].

As new cases are reported, more knowledge is gained about
SARS-Cov-2. Although there is much research on COVID-19,
further studies are needed on the neurological repercussions of
this infection, in view of the proven neuroinvasive power of the
virus. Thus, the objective of this systematic review was to
analyze laboratory changes and management of patients with
COVID-19 and stroke.

Patients and Methods

This was a systematic review of the literature developed
according to the PRISMA recommendation [8]. We sought to
answer the research question: “What are the main
hematological changes and therapeutic management of patients
with COVID-19 and ischemic stroke?

Based on literature search in the medical databases PubMed,
LiLacs, WoS and IBECS, in addition to secondary searches and
gray databases of the literature (Google Scholar and OpenGrey),
we analyzed in the period from March to May 2020 all case
reports on COVID-19 and ischemic stroke, regardless of
publication time.

Search descriptors [“cerebral infarction” OR “stroke” OR
“brain ischemia” OR “thrombosis” AND “coronavirus; “SARS-
Cov-2", “Covid-19”] were in accordance with the PICOS strategy
(Patient, Intervention, Comparison, Outcomes and Study) [9].
The population comprised adults of both sexes who tested
positive for COVID-19. The primary outcomes were
hematological changes and therapeutic management.

Complete original primary studies were included, available
online in the selected databases and published in any language,
regardless of publication time. Literature reviews, editorials or
studies in which it was not possible to identify a relationship
with the theme and duplicates in the databases were excluded.

Search was carried out in pairs, with four authors (BLFB,
SNMANB, AGM and CHCLC), who independently selected the
titles of the articles and then proceeded to read the abstracts
and texts in full. A form developed by the authors was used to
extract the following data: authors, year, method, population
and sample, age, sex, risk factors for ischemic stroke, days from
Covid-19 symptoms to stroke, laboratory changes, treatments
and clinical outcomes.

A tool was used to assess the quality of case studies,
consisting of four domains: selection, verification, causality and
communication.10 According to the recommendation, a general
judgment was made on the methodological quality and it was
confirmed that the 12 case studies of this selection showed
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satisfactory quality. The Newcastle-Ottawa Scale was used for
observational studies, which consists of three domains:
selection, comparison and results; and three evaluation scores:
strong evidence (6 to 9 points), moderate evidence (4 to 5
points) and limited evidence (<4 points) [11]. The observational
study by Yaghi et al. [12] received a score of 8, which is
considered to be strong evidence

Data are presented as arithmetic mean with standard
derivation or as percentages. Percentage is always related to the
total number of patients on whom information was available for
the specific issue. All collected data were organized in database.
The BioEstat version 5.0 for statistical analysis was used.

Results

One hundred and seventy-four articles were identified, but
after eliminating duplicate articles in the databases or that fit
the exclusion criteria, only 12 studies were selected for analysis,
according to the flowchart (Figure).
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In 12 articles analyzed in this review, a total of 52 patients
(67.3% men and 32.7% women) with Covid-19 had ischemic
stroke with an average age of 57.49 + 14.4 years, ranging
between 31 and 87 years. Neurological symptoms appeared 10.7
+ 8.1 days after the diagnosis of Covid-19, as shown in Table 1.

Table 1: Distribution of sex, age and number of days from
Covid-19 symptoms to stroke in 52 patients with ischemic
stroke.

Variables Number of patients
Sex

Male (n;%) 35 (67.3)

Female (n;%) 17 (32.7)

Age (years)

Mean (SD) 57.4 (14.4)
Variation 31-87

Days from Covid-19 symptoms to 10.7 (8.1)

stroke (mean; SD)

This article is available from: https://www.jneuro.com/
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The main laboratory changes were C-reactive protein (80.8%; atio
42/52), D-dimer (78.9%; 41/52), and ferritin (13.5%; 7/52). ot
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of aul litat Table 4: Distribution of clinical outcomes according to risk
al., atio | ion factors for ischemic stroke.
202 n
021 Clinical Risk factors for ischemic stroke p-value
outcome
Bar | 105| NR | 13. | 23. | NR | NI 1,3 | NR | dea
rios .0 6 5 23. th Yes (n=40) No (n=12)
- 5
Lop Discharged to 17 (73.9) 6(26.1) 0.33
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et 9 8 5 98. coa hab %)
al., 7 qul ilitat
202 atio | ion Critically il (n;| 6(66.7) 3(33.3)
022 n %)
05| NR | 1. 24. | NR | NI 65. NR | dea Death (n; %) 17 (85.0) 3(15.0)
1 6 3 4 th - - ; -
p-value calculated using the Fisher's exact test, comparing:
07 | NR | 1. 31. NR | NI 202 | anti| Re discharged to rehabilitation and critically ill versus death
2 7 7 .8 coa hab
gul ilitat
ato | len | Discussion
This review showed the demographic and laboratory

Risk factors for ischemic stroke were present in 76.9% of
patients. The most frequent were: arterial hypertension (76.9%),
diabetes mellitus (36.5%), hyperlipidemia (32.7%), and
cardiopathy (30.8%). Most patients had two or more risk factors
(65%), as shown in Table 3.

Table 3: Distribution of risk factors for ischemic stroke in
patients with covid and ischemic stroke.

Risk factors

Presence (%)

Yes 76.9
No 23.1
Frequency (%)

Arterial hypertension 57.7
Diabetes mellitus 36.5
Hyperlipidemia 32.7
Cardiopathy 30.8
Prior stroke 5.8
Smoker 3.9
Obesity 1.9
Number of risk factors per patient (%)

One 35.0
Two 275
=Three 37.5

In Table 4, we compared patients with and without risk factors
for stroke and found that there was a higher mortality in those
with risk factors. This difference was not statistically significant
(p=0.33).

characteristics of patients with COVID-19 who evolved with
stroke. The results were analyzed with caution, as there were
limitations in the studies. First, most articles were case studies,
which have low power of generalization, despite good
methodological quality. Second, the number of patients
analyzed was very small. Third, most studies did not provide
complete information about laboratory findings or imaging
studies. Finally, studies were limited to cerebral ischemia.
COVID-19 has become a pandemic that defies public health,
due to its rapid spread and its various complicating outcomes
related to organic systems, including the CNS. Infection of the
CNS increases the probability of the patient to have a stroke by
1.4 times, particularly at the beginning of convalescence. In
SARS-CoV-2 infection, a similar probability is also expected [19].
There is a description that 6% of severely affected patients may
develop acute cerebrovascular disease [23]. This  discussion
will be divided into three topics: characterization of
patients with COVID-19 and AVCI, main laboratory findings,
and clinical management of these patients.

Characterization of patients with COVID-19 and
stroke

Twelve studies involving 52 patients with COVID-19 who had
stroke were analyzed. The results showed that men were twice
more affected than women and that age does not seem to have
influenced the occurrence of stroke, since those over 60 years of
age are more affected, especially when they have pro-
thrombotic risk factors [17]. COVID-19 is known to induce
hypercoagulable states by disturbing hemostasis pathways. Viral
load seems to be the contributing factor for coagulopathy and
endothelial dysfunction [15]. Risk factors for stroke, which
predominated in this study, are proven to be complicating
variables in the clinical outcomes of SARS-Cov-2 infection.
Hypertension, diabetes mellitus, hyperlipidemia and heart
disease occurred more frequently. There is evidence that
cardiovascular  risk  factors stimulate an increase in
inflammatory  response  biomarkers, as well as a
hypercoagulable state. In addition, in the presence of systemic
inflammation and sepsis, there is possibly an increased
vulnerability of atherosclerotic plaques to rupture, contributing
to complications in the acute phase of COVID-19 [14].

This article is available from: https://www.jneuro.com/
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Neurological symptoms occurred, on average, 10.7 days after
the diagnosis of COVID-19, coinciding with the inflammatory
phase of the disease, which is characterized by a storm of pro-
inflammatory and pro-coagulant cytokines. This storm of
cytokines with platelet activation, endothelial dysfunction and
blood stasis predisposes to thrombosis in the venous and
arterial circulations and may progress to disseminated
intravascular coagulopathy and thrombotic microangiopathy.
This pattern of presentation of coagulapathy seems to be
responsible for the AVCI episodes in COVID-19 [5].

Main laboratory findings

An overview of the main laboratory changes in these patients
was presented in Table 2. An increase in D-dimer was observed
in 78.9% (41/52) of the patients [12-15,17-19,21,23]. D-dimer is
an indirect marker of thrombin synthesis and increases in
coagulopathies associated with inflammatory conditions. The
measurement of your serum level can help in the early
recognition of high-risk patients, since high serum levels (three
or four times the normal value of 0.5ug / mL) on hospital
admission may mean progression to phases Il and Il of
COVID-19, even in the absence of other serious symptoms [24].

A study showed that D-dimers in series increased in the days
leading to the stroke, indicating a state of hypercoagulation [15].
Based on this, it is recommended that all patients with
COVID-19, seriously ill or with high levels of D-dimer, be treated
with thromboprophylaxis [25]. It was shown that in patients
with COVID-19 who had high levels of D-dimer and used
anticoagulants, there was a reduction in cases of stroke [12].

On the other hand, it was suggested that D-dimer might not
be able to reflect the exact fibrinolysis status of patients with
COVID-19 and, therefore, could not guide the possible
antifibrinolysis or thrombolytic therapy at different stages of the
disease. It is necessary to investigate whether the measurement
of direct markers of thrombin, plasmin, among others, could
provide more therapeutic targets in patients with COVID-19 and
coagulopathy [26].

There was an increase in C-reactive protein (CRP) in 80.8%
(42/52) of the patients [12,17,19,21]. It is a marker of the
inflammatory process that may cause the amplification of the
immune response, leading to increased tissue damage.
Increased production of CRP by the liver occurs in acute
infectious processes or in non-infectious conditions, such as
ischemic stroke. During an inflammatory response in
atherosclerosis, the involvement of CRP in the process of
endothelial dysfunction is detected, by stimulating the
production of adhesion molecules and chemokines in the
endothelium [24].

In most studies, the evaluation of the coagulogram was not
reported, making it difficult to infer the relationship between
these factors and the presence of cerebral coagulopathy. An
increase in prothrombin time, activated partial thromboplastin
time and international normalized ratio (INR) and
thrombocytopenia was observed in, respectively, 11.5%
[16,18,22], 3.9% [14,20], 3.9% [14], and 3.9% [13,14] of patients.
In the presence of a patient with thrombocytopenia,

© Copyright iMedPub
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prothrombin time should be evaluated, which is an important
marker of disease severity. The International Society for
Thrombosis and Hemostasis recommends that serum fibrinogen
be measured to assess the possibility of disseminated
intravascular coagulopathy [24].

Severe cases of COVID-19 showed high levels of D-dimer and
thrombocytopenia, making these patients prone to stroke [5].
This pro-thrombotic characteristic of COVID-19 is due to the viral
involvement of the integrity of the endothelium and the balance
between coagulation and anticoagulation, and to provoke an
inflammatory  response. Tudo isso  culminard em
hipercoagulagdo e trombose [13].

Ferritin is a marker of inflammatory response and is elevated
in antiphospholipid syndrome and its variant, which is
associated with coagulopathy and arterial and venous
thrombosis. In this review, increased serum ferritin levels were
found in 13.3% (7/52) of patients [15,17-19,21,22]. The increase
in serum ferritin increases the chances of mortality in patients
with COVID-19 [18], but this was not confirmed in our study.

Clinical management of patients with COVID-19 and
stroke

The main clinical manifestations of COVID-19 are respiratory,
but cardiovascular, thrombotic and ischemic complications
resulting from inflammatory processes and hypercoagulable
state frequently occur. Therefore, there are several consensus
suggesting prophylactic treatment with low molecular weight
heparin during the admission of these patients and for 7 to 14
days after hospital discharge [27-30].

According to the International Society for Thrombosis and
Hemostasis, the prophylactic use of low molecular weight
heparin should be performed in all patients who are admitted
with COVID-19, except those who have a contraindication (active
bleeding and platelet count below 25x109/L) [31]. On the other
hand, these patients may show resistance to heparin, in an
acute phase response, developing a prohemostatic effect that
may antagonize the anticoagulant effects of heparin [32].

Anticoagulation, both therapeutic and prophylactic, was
administered to most patients [12,14,15,20-22]. Good
therapeutic response was found in some patients, through
clinical improvement and confirmed by the reduction of the
National Institute of Health Stroke Scale (NIHSS) [12,16,21].

In this review, anticoagulation (65.4%), anti-platelet
aggregation (19.2%), thrombectomy (15.4%), thrombolysis
(9.6%), and antithrombotics (7.7%) were therapeutic measures
used. The high mortality rate (20/52; 38.5%) seems not to have
been influenced by the therapeutic choice, but by the presence
of risk factors (85% versus 15%). On the other hand, many stroke
patients did not have the opportunity to be treated with
thrombolysis or thrombectomy, because they are very ill [14].
Early treatment, up to four hours after the event, prevents
extensive tissue ischemia, reducing adjacent neurological
damage.
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Conclusions

COVID-19 patients have laboratory alterations compatible

with an inflammatory response and a state of hypercoagulability,
considered a potential cause of ischemic stroke.
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