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Abstract
Coronavirus disease 2019 (COVID-19) due to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection has broad spectrum of manifestation ranging from asymptomatic cases to multi-organs failures. 
Cerebrovascular disease COVID-19 patients are still a big issue among neurologist. Neurologic manifestations are 
shown to be the first or late presentation in patients with SARS-CoV-2 infection. Ischemic stroke had happened 
majority than hemorrhage stroke in patients hospitalized with severe COVID-19 and comorbid such as hypertension, 
diabetes mellitus, or cardiovascular disease. Acute respiratory distress syndrome is predictable complication of 
COVID-19 that will ended with prolonged hospitalization and comprehensive management in intensive care unit 
(ICU). Anticoagulant is believed to have proven advantage to prevent this thrombogenesis. Patients with acute 
ischemic stroke as COVID-19 have poorer prognosis. Managing patients with ischemic stroke within the ICU are 
challenging due to prior use of anticoagulant as preventive of thrombosis that increase the risk of intracranial 
hemorrhage.
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Introduction

The outbreak of coronavirus disease 2019 
(COVID-19) is a devastating pandemic that being a 
significant threat to international health with more than 
27 million confirmed cases and more than 800 confirmed 
death until September 2020 [1]. This disease is caused by 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), a beta-coronavirus that associated with SARS 
and Middle East respiratory syndrome [2]. SARS-CoV-2 is 
an enveloped, positive sense, single stranded RNA virus 
and discovered in human, bats, and other wild animals 
[2]. In late December 2019, the virus was related to 
clusters of patients with pneumonia linked to seafood and 
wholesale market in Wuhan, Hubei Province, China [2]. 
The clinical spectrum of the disease forms asymptomatic 
infection, mild symptoms (fever, dry cough, and fatigue) 
to severe complications that ended with mortality [3], [4], 
[5]. Multiple organ failures are severe complications of 
COVID-19 includes acute respiratory distress syndrome 
(ARDS), arrhythmia, and acute heart injury, which is need 
transferred to intensive care unit (ICU) [3], [4], [6].

COVID-19 patients whom hospitalized with 
respiratory manifestation with appearance of viral 
pneumonia at first admission, they may develop to 

ARDS about 8 days from the first symptoms [6], [7]. 
Shortness of breath or dyspnea is the sign of lacking 
of oxygen, so the need of high-flow oxygen therapy or 
invasive ventilation in ICU are needed for ARDS patient 
with COVID-19 [6], [8]. The lung involvement shows 
in chest computed tomography (CT) scan showing 
ground-glass opacity with shadows of consolidation 
or cord like in multiple lung lobes [3], [4], [5]. Huang 
et al. [3] reported that consolidated bilateral multiple and 
subsegmental areas of the lungs are typical findings on 
the chest CT scan of ICU patients within first admission. 
Patients with refractory hypoxemia and ARDS needed 
high flow oxygen theraphy such as invasive ventilation 
or even extracorporeal membrane oxygenation [6].

Besides the respiratory symptoms, the 
neurological symptoms also happened in patients with 
COVID-19 [9]. The symptoms are headache, hyposmia, 
hypogeusia, dizziness, altered consciousness, 
seizure, encephalopathy, neuromuscular injury, or 
cerebrovascular disease [9]. Thrombosis in the lung, 
limbs, heart, and brain has been reported in patients 
with COVID-19 [10], [11], [12], [13]. Both microvascular 
and large vessel thrombosis occur in severe COVID-
19 with the manifestation of venous thromboembolism, 
cardiovascular infarction, and pulmonary embolism [14]. 
Ischemic stroke is a potential condition related by the 
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COVID-19 [15], [16]. The identification of ischemic 
stroke is related with acute ARDS [17]. Patients 
hospitalized with severe COVID-19 in ICU show the sign 
of coagulopathy with serious consequences in mortality 
and morbidity [18]. Patients with stroke associated with 
COVID-19 have more severe outcomes and higher 
mortality than non-COVID-19 ischemic stroke [19]. We 
will discuss the mechanism COVID-19 with ischemic 
stroke in hospitalized patients with ARDS in ICU.

COVID-19 Patients with ARDS in ICU

The most common symptoms appeared in 
patients with COVID-19 are fever, fatigue, dry cough, 
myalgia, and dyspnea [3], [6], [20], [21]. Patients with 
older age have more comorbidities such as hypertension, 
diabetes, cardiovascular disease, and cerebrovascular 
disease so they are profound to develop severe 
manifestation and organ damage  [6],  [20], [22],  [23]. 
Wang et al. [6] reported that 26% patients with COVID-
19 were admitted and transferred to the ICU due 
to organ dysfunction development including ARDS, 
arrhythmia, acute cardiac injury, and shock. ICU-
patients with COVID-19 and ARDS received high-flow 
oxygen therapy, non-invasive ventilation, and invasive 
ventilation to support the high oxygen demand [6].

SARS-CoV-2 infects mostly in respiratory 
and damages directly or indirectly the lungs by abrupt 
systemic inflammatory response [24]. The main cause 
of COVID-19 cause ARDS is damage of the alveolar 
epithelial cells and endothelial cells of blood vessels 
in all organs [24]. Chen et al. [22] showed that 17% 
patients with COVID-19 and ARDS had symptoms of 
dyspnea and hypoxemia. The mismatch of oxygen 
ventilation-perfusion or shunts intrapulmonary results 
a hypoxic respiratory failure condition [24]. Modalities 
to diagnose COVID-19 ARDS must include the Berlin 
2012 ARDS diagnostic criteria of acute hypoxemic 
respiratory failure; presentation of worsening respiratory 
symptoms within 1 week; bilateral airspace disease on 
chest X-ray, CT, or ultrasound that is not fully explained 
by effusions, lobar or lung collapse, or nodules; 
and cardiac failure is not the primary cause of acute 
hypoxemic respiratory failure [25], [26]. Parameters for 
determine the patients with clinical condition leads to 
ARDS are respiratory rate and SpO2 [25]. If the patients 
fits to any one of the following conditions, respiratory 
rate ≥30 breaths/min; SpO2 ≤ 92%; and PaO2/FiO2 
≤  300 mmHg; they may have severe COVID-19 and 
require further evaluations [25]. These patients had 
worsening from the first common symptoms to dyspnea 
and ARDS in 8–12 days, then they need oxygen therapy 
afterward [6], [23], [24].

Abnormalities of laboratory results such as 
neutrophilia, lymphocytopenia, elevated end-organ 

indices (aspartate serum transaminase, urea, lactate 
dehydrogenase) elevated inflammation indices (high 
sensitivity C-reactive protein and serum ferritin), and 
elevated coagulation function-related indicators (pro-
thrombin time [PT] and D-dimer) may leads to higher 
risk of ARDS to develop [23]. Spiezia et al. [27] reported 
the increased of hypercoagulable state in COVID-19 
patients with respiratory failure than consumptive 
coagulopathy (disseminated intravascular coagulation 
[DIC]). Infection increases the level of fibrinogen and 
fibrin polymerization, then promote fibrin formation and 
deposition of D-dimer [28]. DIC is found in patient with 
sepsis and organ dysfunction as a result of activated 
monocytes and endothelial cells to the point release of 
cytokines [28], [29].

Severe COVID-19 Relations with Acute 
Ischemic Stroke

The spread of COVID-19 worldwide with 
various clinical symptoms related to the systemic 
infection of the SARS-CoV-2 virus within the body 
may also impact the central nervous system besides 
the respiratory system. With the evidence of ischemic 
stroke in patients in New York, United states, during 
hospitalization with COVID-19, about 0.9% patients 
had ischemic stroke [30]. Qin et al. report the cohort 
study of COVID-19 patients with a history of stroke in 
China is 2.7% [31]. The median age patients with stroke 
and COVID-19 are 63 years with hypertension and 
cardiovascular diseases as concomitant [31]. Elderly 
people have more comorbidities so they are more likely 
to be infected and to develop more severe symptoms 
in COVID-19 [31]. Yaghi et al. [30] reported from the 
32 patients with ischemic stroke with COVID-19, 56.2% 
developed the ischemic stroke during hospitalization 
for COVID-19 respiratory symptoms. The patients with 
history of stroke and COVID-19 have higher risk of poor 
outcome due to increased risk for ARDS with the need 
of mechanical ventilation support and intensive care 
admission [31].

Hypercoagulable state in patients with 
COVID-19 shows abnormally laboratory findings 
of high D-dimer concentrations, prolonged PT, 
thrombocytopenia, and elevation fibrinogen 
level  [32]. Those are final product of unregulated 
hyperinflammation immune response to SARS-
CoV-2  [3], [33]. The pro-inflammatory cytokines in 
serum such as interleukin (IL) 1β, IL12, interferon 
(IFN) γ, IFN-γ-induced protein 10, and monocyte 
chemoattractant protein-1 that leads the activation of 
T-helper (Th) 1 cell response are increased [3]. The 
Th2 cytokines (IL4 and IL10) increase by the initiation 
of SARS-CoV-2 that suppresses inflammation [3]. As 
response to the infection, the excessive inflammation 
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often ended in impairment to down regulate the 
activated macrophages and lymphocytes. This 
condition called hemophagocytic lymphohistiocytosis 
(HLH)-like syndrome [33]. COVID-19 may suppress 
the CD4+ T cell IFN-γ production by secondary 
HLH [33].

The role of platelets in viral clearance is 
by interacting with leucocytes to trigger recruitment 
and tissue infiltration [33]. The critically ill patients 
have thrombocytopenia and multi-organ failure 
related to this mechanism. The strong stimulation of 
neutrophils and other monocytes and eosinophils, 
release extracellular traps (ETs) in a process known 
NETosis  [33]. Tissue neutrophil ETS (NETs) cause 
activation of platelet that induces platelet aggregation 
through toll-like receptors on platelets and other cells 
[33]. Platelet aggregation happened after the activation 
of platelet signaling through major adhesion receptor, 
integrin αIIbβ3  [33]. Factor XII (FXII) is activated 
into XIIa by the endogenous activator (nucleic acids 
RNA/DNA, NETs, polyphosphate, and heparin) then 
activates the intrinsic coagulation pathways [34]. 
Thrombin activation and fibrin generation is the last 
product after the activation of FXI into the FXIa in 
intrinsic pathway [34].

SARS-CoV-2 infects the host using the 
angiotensin converting enzyme-2 receptor as portal of 
entry, which these receptors are expressed in several 
organs such as lungs, heart, kidney, and intestine [35]. 
The receptor also expressed in endothelial surfaces 
that viral invasion of the vascular endothelium 
triggers initiation of thrombotic and inflammatory 
cascades leading into internal organ injury [34]. The 
viral inclusion in the endothelial cells is associate 
with accumulation of inflammatory cells, then results 
in apoptotic bodies in the related organ [35]. The 
induction of endotheliitis as a result of SARS-CoV-2 
infection is triggering the thrombotic and inflammatory 
cascades that lead to internal organ injury [35]. This 
microcirculatory dysfunction is happened as result to 
endothelial dysfunction in more vasoconstriction state 
with ischemic organ, inflammation and tissue edema, 
and procoagulant state [35]. Von Willebrand Factor 
(VWF) is active after endothelial injury that impaired 
the vascular integrity and aggregates platelets [33]. 
Ultra-large VWF fibers are formed after inflammation 
process and became immobilized within endothelial 
cells that very adhesive under shear conditions [33]. 
The thrombosis may involve in all vascular beds 
including the microvascular circulation and large 
vessel after the inflammation and the coagulation 
process [33], [34]. White thrombus and red thrombus 
which has more platelets and red blood cells trapped in 
the fibrin strands as a result of high shear stress [36]. 
The relationship between hyperinflammation and 
hypercoagulation state in COVID-19 is shown in 
Figure 1.

Treatment Approach of Acute Ischemic 
Stroke in ICU with COVID-19

Recommendation from guidelines for early 
management of patients with acute ischemic stroke 
in 2019 [37], the early management for patients with 
mild stroke but disabling symptoms can be treated 
with recombinant-tissue plasminogen activator (r-TPA), 
also known as alteplase, within 3 h of ischemic 
stroke symptom onset or patient last known well or at 
baseline state. The use other fibrinolytic agents other 
than alteplase or tenecteplase is not recommended 
because of no shown benefit [37]. Bleeding risk should 
be considered within the given r-TPA by checking any 
abnormal platelet component [37]. Clearance of r-TPA 
is in the liver, then hepatic dysfunction in will result in 
high concentration of r-TPA in the serum and increase 
the risk of intra-cerebral hemorrhage [38]. Increased 
prothrombin time (PT), international normalized ratio 
(INR), and thrombocytopenia are associated with this 
coagulopathy due to liver dysfunction [38]. The dilemma 
in this situation related to patients in ICU with COVID-
19 is the use of anticoagulant as massive thrombosis 
prevention [27]. The current guidelines to use r-TPA 
in patients with the history of warfarin use are may be 
considered on a case-by-case basis as long the INR 
≤ 1.7 and/or PT < 15 s [37]. The use of low-molecular 
weight heparin in previous 24 h as prophylactic or 
treatment doses is harmful for r-TPA procedure [37].

Ntaios et al. [19] wrote about the outcome 
patients in COVID-19 ischemic stroke has higher 
mortality than non-COVID-19 ischemic strokes. In 
his report “characteristics and outcomes in patients 
with COVID-19 and acute ischemic stroke,” about 
19.7% patients with alteplase administration had 
complication hemorrhagic transformation of the infarct 
and malignant brain edema [19]. Potential explanation 
in this complication is related to vasculopathy induced 
by viral infection [19]. Otherwise, prognosis after r-TPA 
administration in acute ischemic stroke in COVID-19 
and ARDS in ICU has been reported by Co et al. [39] by 
the improvement of National Institutes of Health Stroke 
Scale (NIHSS). The use of antithrombotic after 24 h of 
r-TPA administration and fluid management is the key 
in successful treatment in this situation [39].

Mechanical thrombectomy can be a treatment 
choice with suspicion of large vessel occlusion 
from non-invasive vessel imaging evaluation such 
as CT angiography (CTA) or magnetic resonance 
angiography [37]. This procedure is suitable in patients 
with internal carotid artery or proximal middle cerebral 
artery (identified by CTA) occlusion, NIHSS score ≥ 6, 
Alberta Stroke Program Early CT Score ≥ 6, no extensive 
ischemic changes in head CT scan, and treatment can 
be initiated within 6 h of symptoms onset [37]. The 
challenges within COVID-19 pandemic are the patient 
cannot be transferred rapidly to angiographic suite form 
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emergency department or from outside hospital due to 
added requirements [38].

Minor ischemic stroke or transient ischemic 
attack treatment should be immediate administration of 
aspirin or a combination of aspirin and clopidogrel [37]. 
The initial aspirin dose is 160–300 mg with flexible 
administration through oral (swallow), nasogastric 
tube, or rectal [37]. The safety and usefulness of 
urgent anticoagulant are not well established and not 
recommended to preventing early recurrent stroke of 
patients with AIS [37]. The report in anticoagulant in 
acute ischemic stroke with COVID-19 is still limited. 
Dogra et al. reports hemorrhage stroke happened by 
the using of anticoagulant for prophylaxis or therapeutic 
dose in COVID-19 [40]. The use of anticoagulant 
therapy should be considered due to risk of intra cranial 
hemorrhage [40]. Future studies should compare the 
outcomes in patients with anticoagulant or antiplatelet 
in AIS with COVID-19.

Corticosteroid is commonly used in treating 
patients with severe COVID-19 due to their mechanism 
by inhibiting effect on inflammatory factors [41]. Fadel 
et al. [42] reported about the efficacy of using early 

corticosteroids to prevent progression of the disease 
and improve outcomes. ARDS patients that received 
corticosteroid had shortened ventilation times and 
increase the number of ventilator-free days. Specific 
use of dexamethasone in patients with COVID-19 
may reduce the days of hospitalization than those 
in the usual care group [43]. Incidence of death in 
COVID-19 patients receiving invasive mechanical 
ventilation and receiving oxygen without invasive 
mechanical ventilation is lower in the usual care group 
in the Randomized Evaluation of COVID-19 Therapy 
(RECOVERY) trial [43]. Treatment for the patient 
COVID-19 with respiratory support that receives 
dexamethasone at a dose of 6 mg once daily for up 10 
days may reduce the 28-day mortality [43].

Availability of Data and Material

Data sharing is not applicable to this article 
as no datasets were generated or analyzed during the 
current study.

Figure 1: Pathophysiology of hyperinflammation and hypercoagulable state in coronavirus disease-2019
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