Intracerebral Hemorrhage Involvement in COVID-19 and Potential Mechanisms: A  brief  Review
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Abstract: In less than two years, the disease caused by acute respiratory syndrome type 2 coronavirus (SARS-COV-2) coronavirus disease (COVID-19) has confirmed 261329867 infections and 5209278 deaths worldwide, with a mortality rate of 2.0% (according to the real-time big data report, as of November 28).General medical complications have received the most attention during the COVID-19 pandemic, while only a few studies have addressed the potential direct effects and neurotrophic potential of SARS-COV-2 on cerebral hemorrhage.In the study of COVID-19, our purpose is to integrate a preliminary case series and a series of clinical observations to describe the participation of intracerebral hemorrhage and the performance of COVID-19  patients, so as to provide accurate insight for future research.
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Introduction:
In mid-December 2019, the first case of COVID-19 emerged in Wuhan, China, and spread rapidly around the world[1] .The 2019 outbreak of coronavirus is a disease caused by acute respiratory syndrome coronavirus type 2(sars-cov-2) and can be effectively transmitted from person to person. A total of 261329867 cases of infection and 5209278 deaths have been confirmed with a mortality rate of 2.0% (as of November 28, according to Real time big data reports).As a respiratory pathogen, it mainly has respiratory symptoms, such as cough, expectoration, fatigue and shortness of breath. It is reported that there are other neurological manifestations, including headache, loss of consciousness, seizures, hypotaste, hyposmell and dysphagia [2,3].
Although more and more studies have shown that ischemic stroke is associated with COVID-19 [4].The clinical characteristics of intracerebral hemorrhage in patients with COVID-19 are less.We believe that cerebral hemorrhage in COVID-19 patients may be a serious neurological manifestation in addition to ischemic stroke.The comprehensive treatment of intracerebral hemorrhage in patients with COVID-19 in emergency department is a comprehensive treatment of intracerebral hemorrhage.Here, we will discuss the clinical observation and possible pathophysiological mechanism of patients with cerebral hemorrhage and COVID-19.
Clinical observation:
More and more evidence shows that coronavirus may invade the central nervous system and lead to nervous system disorder [5].The nervous system symptoms related to COVID-19 infection can be divided into three categories: central nervous system (CNS) symptoms or diseases, peripheral nervous system (PNS) symptoms and muscle symptoms [5].Among patients with  COVID-19, cerebrovascular disease (CVD) is the most common complication, especially serious cases.Cerebrovascular diseases mainly include cerebral hemorrhage and ischemic stroke.At present, a large number of literatures have reported that ischemic stroke is related to cerebral COVID-19, but there is little evidence that intracranial hemorrhage is related to COVID-19. So far, only individual cases have been reported [6-9].
Here, we synthesize the literature to emphasize clinical observations that suggest an important association between SARS-COV-2 infection and intracerebral hemorrhage.
A single-center retrospective study of 219 hospitalized COVID-19 patients found that approximate 5% of patients had complications of cerebrovascular disease, including 4.6% of patients with acute ischemic stroke, 0.5% cerebral venous sinus thrombosis,and 0.5% case with cerebral hemorrhage. Patients infected with coronavirus who are older and have more underlying diseases are more likely to develop cerebrovascular disease. Patients with intracerebral hemorrhage have elevated blood pressure (≥130/80mmhg) and more severe COVID-19 symptoms, eventually resulting in death[10].
Notably, James et al. summarized the findings of a multi-country observational cohort of patients with SARS-COV-2 and cerebrovascular disease in a report that focused more on assessing short-term functional outcomes and survival in patients with COVID-19 and related cerebrovascular disease than the above study.The main results of this multicenter retrospective cohort study are the incidence of cerebrovascular events, including acute ischemic stroke, intracranial hemorrhage and cortical venous sinus thrombosis(CVST).Among 14483 patients with COVID-19, there were 172 (1.13%)  patients had acute cerebrovascular events (CVE).Among patients with CVE, acute ischemic stroke was the most common CVE, and 156 patients (1.08%;1080/100000, 95% CI 920-1260/100000)were observed, of which 28 patients(0.19%,190/100000,95% CI 130-280/100,000)were confirmed as primary intracerebral hemorrhage by imaging and 3 with CVST (0.02%; 20/100000, 95% CI 4–60/100000).The median time from ICH onset to death was 3.5 days (IQR 1-7), 11 of these patients died within 7 days (39.3%) .The in-hospital mortality of SARS-COV-2 related stroke was 38.1% and ICH was 58.3%.Although there is a small but significant risk between the aforementioned intra cerebral hemorrhage and COVID-19, active surveillance and early intervention should be undertaken to mitigate adverse outcomes [11].
Matthew's case series reparted that within 14 to 38 days aof the onset of COVID-19, five patients were diagnosed with cerebral hemorrhage by brain CT [12-13].From this case report, we found that the patient was younger than expected for traditional ICH, and that most of the intracerebral hemorrhage was located in the frontal lobe, which is supplied by the anterior circulation vessels, the median delay between the time of onset of COVID-19 symptoms and the time of ICH diagnosis was 32 days (14-38 days) [14].
Another case describes a COVID-19 patient who developed acute cerebral hemorrhage on the 23th day after fever, cough and fatigue.This is the first case of a COVID-19 patient complicated with intracerebral hemorrhage.The patient had a history of atrial fibrillation after taking warfarin for a long time, and changed to low molecular weight hepari after admission.On the 12th day after admission, the patient presented with altered consciousness, elevated blood pressure, creatinine, d-dimer, and PT.Head CT images showed hemorrhage in the right temporal occipital lobe and left frontal occipital parietal lobe, and extended to bilateral lateral ventricles.The patient continued to develop progressive multiple organ failure with worsening respiratory and renal failure, despite treatment with associated dehydration to reduce intracranial pressure and antiviral and antimicrobial infections.Finally, the patient died.This case report indicates that the SARS-COV-2 induced cytokine storm promoted progrssive multiple organ dysfunction syndrome and may have contributed to the patient’s intracerebral hemorrhage [15].
Specifically, there is a case describing a COVID-19 positive patient who was diagnosed with ischemic stroke and later suffered from acute cerebral hemorrhage during hospitalization.A 62 year old male with a history of hypertension and smoking was admitted to hospital for clinical manifestations of pulmonary infection. The nasopharyngeal swab was cCOVID-19 PCR positive.On the 10th day of admission, he was diagnosed with cerebral infarction and given aspirin and atorvastatin.However, his mental state continued to deteriorate until both pupils dilated and a CT scan of his head revealed a new 6.0cm intracerebral hematoma.Eventually, the patient died after being hospitalized for 27 days.From this case, we know that hemorrhagic stroke is associated with COVID-19 infection and a higher risk of death [16].
Interestingly, the clinical feature of COVID-19 patients with coronavirus disease is intracerebral hemorrhage.A 38-year-old male patient with no history or contact history with a confirmed COVID-19 patient was diagnosed with intracerebral hemorrhage by brain CT and underwent a left intracerebral hematoma removal with a left flap decompression dural resection.Although the patient had difficulty breathing and poor oxygen saturation at admission, and the chest CT reexamination showed patches and strips of high-density shadows on the back of both lungs, the first novel coronavirus antibody -IgG and IgM tests were negative.Unfortunately, despite the use of anti infective drugs during hospitalization, the patient's blood oxygen saturation could not be maintained, and the subsequent sputum test results showed that the SARS-COV-2 nucleic acid test was positive.The report suggests that novel coronavirus is highly contagious and that the first symptom in novel coronavirus patients may be cerebral haemorrhage[17].
A similar case in the Gabriel Baudouin’s report provides a unique example of how a patient with a large area of the intraparenchymal hemorrhage could develop complications during the pandemic, even patients with no risk factors for bleeding should be aware of this COVID-19.A 40 year old man, who had history of obesity, hypertension and type 2 diabetes, was admitted to hospital for mental disorder, drowsiness and respiratory distress.Cranial CT showed extensive pons and midbrain hemorrhage, intraventricular extension involving the third and fourth ventricles, early hydrocephalus, and positive for SARS-COV-2 rapid polymerase chain reaction (PCR).On admission, respiratory distress, multiple organ failure, worsening of consciousness and other symptoms occurred successively.Finally, the family received counseling and only chose comfortable measures.The report shows the possibility of intracranial hemorrhage in patients with COVID-19, although there is no obvious bleeding quality, such as hypertension emergency department, anticoagulant drug use or antiplatelet drug use.In contrast, a retrospective study of 33 patients with COVID-19 positive cerebral hemorrhage recorded by neuroimaging examined the use of anticoagulants in this population [18].
Patients with coronavirus disease (COVID-19) were prone to thrombotic events and elevated coagulation markers, which in turn was associated with increased mortality [4,19,20].Various anticoagulant treatment options are being considered for these patients[21].The biggest concern with increased use of anticoagulants is the increased risk of bleeding in general and intracranial hemorrhage in particular.33 patients with COVID-19 positive neuroimaging ICH were studied retrospectively, and the application of anticoagulant therapy in this population was examined [22].The average age of these patients with cerebral hemorrhage is 61.6 years (range37-83 years), 78.8% were male. Of these patients, there were 5 patients(15.2%) had mass effect and herniated parenchymal hemorrhage with a mortality rate of 100% .All 5 patients received therapeutic anticoagulation therapy, 3 patients (60%) received high d-dimer therapy and 2 patients (40%) received known thrombus therapy.All of these hemorrhages are considered to be primary ICH rather than hemorrhagic transformation of ischemic stroke.Of the other 28 patients, 7 (25%) had punctured bleeding, mainly involving the cortex, and 17 (60).7%) had small hemorrhage, 4 cases (14.3% of patients had large single site bleeding without signs of hernia, and 26 (80%) cases of bleeding were considered to be the hemorrhagic transformation of ischemic infarction.The case report shows that patients in COVID-19 can consider anticoagulation therapy. Although the risk of cerebral hemorrhage should be considered when making the treatment plan, it is best to do head CT in advance for patients who can't have a good neurological examination to avoid the risk of catastrophic hemorrhage due to accidental large-scale acute infarction [22].
Potential mechanisms of SARS-COV-2 mediated cerebral hemorrhage:
Known Pathophysiology of SARS-COV-2 and other human coronaviruses provide clues about possible mechanisms of nerve damage.The genome of SARS -COV-2 virus is in the form of positive single-stranded RNA [23].SARS-COV-2 RNA encodes at least 27 proteins, including 15 non structural, 4 structural and 8 helper proteins [24,25].Four structural proteins play an important role in infection, namely nucleocapsid protein (N) around the RNA genome and three membrane proteins: spike glycoprotein (S), matrix protein (M) and envelope protein (E)[26].S protein can bind to human angiotensin converting enzyme 2(ACE2) receptor through the transmembrane protease serine 2(TMPRSS2) and cause infection [27].ACE2 exists in arterial and venous endothelial cells and arterial smooth muscle cells of multiple tissues and organs, including respiratory system, airway and brain [25]. In addition, neurons and glial cells also express ACE2, which may be invaded by SARS-COV-2 [28-30].ICH patients are susceptible to SRAS-COV-2 infection and have serious complications due to infection [28].Available evidence strongly suggests that SARS-COV-2 infection may significantly increase the incidence of hemorrhagic stroke, especially in high-risk patients [31].In our review, we propose three possible mechanisms of intracranial hemorrhage in COVID-19 -19 patients (Fig. 1).
1.Downregulate the expression of ACE2
Similar to SARS-COV-1, SARS-COV-2 uses S Glycoprotein as its main receptor, affecting the activity of Renin–Angiotensin system [27,28,32] .Ras include Angiotensinogen (AGT) , Renin, Angiotensinogen I (Ang I) , Angiotensinogen II (Ang II) , and Angiotensinogen 1-7(Ang-(1-7)) , they are transferred by Endopeptidase, converting enzyme (ACE) , converting enzym type-2(ACE2), Angiotensinogen 1 receptor (AT1R) , Angiotensinogen 2 receptor (AT2R) and Mas receptor (MasR) .Private evidence shows that ACE/Ang Ⅰ / AT1R axis and ACE2 / Ang -(1-7) / MasR axis play an important role in regulating RAS system.The ACE/AngII/AT1R axis and ACE2/Ang-(1-7)/MasR axis are in a state of dynamic balance, and play a variety of physiological roles such as electrolyte homeostasis, cardiovascular control, and body fluid volume regulation [33].At the ACE/AngII/AT1R axis, the renin first class cuts Angiotensinogen to Angiotensinogen I.Ang I is converted from ace to Ang II, and ACE successively simulates AT1R and AT2R [34].Angiotensinogen II has a higher affinity for AT1R than AT2R, and plays a variety of physiological roles, such as vasoconstriction, neuroinflammation, oxidative stress, apoptosis and cell proliferation [34].On the ACE2/Ang-(1-7)/MasR axis, Ang II is hydrolyzed to Ang(1-7) by ACE2 and binds to the Mas receptor.Activation of ACE2/Ang-(1-7) / MasR axis can lead to vasodilation, angiogenesis, anti-inflammatory, antioxidant and anti apoptotic reactions, and play a vascular protective role.SARS-COV-2 particle infection downregulates active ACE2 and Ang-(1-7) and increases Angiotensinogen II (AngII) , leading to inhibition of ACE2/ang-(1-7)/MasR axis and over activation of ACE/AngⅠⅠ/AT1R axis[35].Overactivation of the ACE/AngII /AT1R axis can lead to elevated blood pressure, hypertrophy, fibrosis, and ultimately increased risk of intracranial hemorrhage.Inhibition of ACE2/Ang-(1-7)/MasR axi leads to reduced vasodilation, angiogenesis, anti-inflammatory, antioxidant and anti-apoptotic responses, as well as antithrombotic, arteriosclerosis and neuroprotective effects, this increases the risk of ich [25](figure 1) .
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Figure 1. Potential mechanisms of increased risk of hemorrhagic stroke in 2019 patients with coronavirus disease.
2.Endothelial toxicity on the blood-brain barrier
The blood-brain barrier (BBB) is a structure formed by endothelial cells interacting with pericytes, astrocyte, neurons and Microglia, and plays an important role in homeostasis in the brain, is essential for normal neuronal activity and brain function.We believe that BBB endothelial cytotoxicity may be related to COVID-19[36].First, SARS virus invades  directly through endothelial cells on the blood-brain barrier[37].Secondly, the infection of SARS-COV-2 virus particles may lead to a combination of systemic factors including proinflammatory cytokine, chemokines, protease action, thrombogenic factors, inflammatory cytokines, and coagulation cascades[38].Thirdly, hypoxia can cause hydrostatic or chemical-related damage to the blood-brain barrier, leading to extravasation of blood[39].Subsequently, the blood-brain barrier was destroyed.The entry of the virus into the central nervous system can cause vasculitis, encephalitis, acute necrotizing encephalopathy, leukoencephalopathy and other manifestations [40-45].Fourthly, a sudden increase in intracranial pressure caused by violent coughing and sneezing can damage already damaged Endothelium and lead to intracerebral hemorrhage[46].Finally, the risk of intracranial hemorrhage is increased.Intracerebral hemorrhage can cause inflammatory response and form positive feedback effect, which ultimately aggravates cell necrosis and apoptosis, leading to neuron damage, brain edema and cell death [28].
3.Anxity and stress
Levels of stress, anxiety and depression increase during the initial stages of the COVID-19 outbreak [47]. study in China at the beginning of the COVID-19 epidemic showed that 16.5% of participants showed moderate to severe depressive symptoms, 28.8% had moderate to severe anxiety symptoms, 8.1% reported moderate to severe stress levels [48].Studies have shown that stress can increase the catecholamine output of normal people, and the catecholamines of the noradrenergic system of locus coeruleus are involved in mediating stress-induced anxiety [49,50].In fact, epinephrine stimulation with excessive catecholamines can lead to severe vasospasm and disturbance of microcirculation, leading to an acute hypertensive response that increases the risk of cerebral hemorrhage [51,52].
Conclusions:
In the presence of ICH, patients with coronavirus disease have poor critical disease, mortality and functional prognosis.My patient was susceptible to the SRAS-COV-2 infection and had serious complications due to the infection.In these cases, it is not clear whether COVID-19 infection is accidentally related to cerebral hemorrhage.Previous studies have shown that sras-cov-2 may destroy the blood-brain barrier, increase public anxiety and eventually lead to intracranial hemorrhage by down regulating the expression of ACE2.The underlying mechanisms of cerebral hemorrhage and COVID-19 need to be further studied.For patients with COVID-19 intracerebral hemorrhage, especially those with a higher degree of severity, there is an urgent need to understand the neurologic manifestations and potential neurotrophic factors of COVID-19, in order to determine the priority and individualization of the treatment programme according to the specific situation.Clinicians should consider the possibility of SARS-COV-2 infection in patients with cerebral hemorrhage, so as to avoid delay diagnosis or misdiagnosis, and to ensure the prevention of virus transmission.In addition, patients in COVID-19 can consider anticoagulation therapy. Although the risk of cerebral hemorrhage should be considered when making the treatment plan, it is best to do head CT in advance for patients who can't have a good neurological examination, so as to avoid the risk of catastrophic hemorrhage due to accidental large-scale acute infarction.
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