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ABSTRACT

Background: COVID 19, which can lead to neurological complications including intracerebral hemorrhage (ICH),
has caused a challenging worldwide pandemic. We aim to highlight the clinical, radiologic and laboratory
characteristics, as well as functional outcomes of patients with COVID-19, who either presented with ICH or

subsequently developed ICH.

Methods: Related PubMed articles and studies on ICH and COVID-19 (published from January 2020 to October
2021, were searched. Our inclusion criteria included all articles written in English, involving COVID-19 patients
confirmed via PCR test and admitted to hospital or ICU, and large ICH on neuroimaging.

Results: We collected 23 published studies with an association between COVID-19 and ICH, focusing on the

clinical profile, neuroimaging findings and management.

The risks for ICH includes comorbidities like

hypertension, diabetes, chronic kidney disease and malignancy, and anticoagulation therapy. In one study
parenchymal haemorrhages with mass effect and herniation showed a very high mortality rate and most of those
patients received either a therapeutic or prophylactic dose of anticoagulates prior to ICH discovery.

Conclusion: ICH and COVID-19 are rare but with high morbidity and mortality. Thus, it is important to recognize
early those patients at high risk of having ICH, mainly those patients with comorbidities and on anticoagulation

therapy, to improve health care outcomes.
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INTRODUCTION

COVID-19 is a global healthcare challenge which
manifested into a worldwide pandemic. Its clinical picture
ranges in severity from minor symptoms, such as flu-signs,
fever, sore throat, dry cough, fatigue, headache, and mild
shortness of breath, to severe conditions such as acute
respiratory distress syndrome (ARDS) and multiorgan
failure. The most common neurological symptom is
anosmia, although encephalopathy is common among
critically ill patients. Contracting COVID-19 also increases
the risk of having ischemic and hemorrhagic strokes?.
Hypertension is the most important risk factor for
spontaneous ICH. It causes chronic changes in small
cerebral arteries resulting in atherosclerotic changes.
Affected arteries display prominent degeneration of the
media and smooth muscle. Additionally, fibrinoid necrosis
of the sub-endothelium with microaneurysms and focal
dilatation may be seen in some patients. Lipohyalinosis,
associated with long-duration high blood pressure is a
typical mechanism in non-lobar ICH. Also, cytokines
activate the inflammatory cascade which can cause
secondary injury in hypertensive ICH that includes
interleukin (IL), vascular endothelial growth factor (VEGF)
and tumor necrosis factor-a. The most common locations of
hypertensive ICH are putamen/globus pallidus (56%),
thalamus (31%), and brainstem or cerebellum
(7%)2. Another cue for ICH is cerebral amyloid angiopathy
(CAA), a condition with accumulating amyloid B (AB)
protein along the leptomeningeal, cortical and cerebellum
vessels, which lead to vessel degeneration resulting in
cortical superficial siderosis and cerebral microbleeds. The
incidence of CAA is 5% in those older than 65
years?. Other causes of ICH when chronic kidney disease
(CKD) is present is cerebrovascular small vessel disease

which plays a major role in the hypertensive ICH
mechanism. Patients with CKD who have platelet
dysfunction are at increased risk for ICH. Infections such as
herpes simplex virus, syphilis, varicella, SARS-CoV-2 are
associated with ICH through vasculitic infiltration of the
blood vessels. Malignancy, either solid or hematologic, may
cause ICH in the case of primary brain tumor, metastatic
disease or vascular involvement?. ICH can cause a
catastrophic neurological disorder. A recent study of ICH in
a sample of 33 patients, classified ICH as mild 9%, mild to
moderate 17%, moderate 33%, severe 25%, and very
severe 16%. ICH has a poor prognosis and mortality after
one month is estimated at 40%3. SARS- CoV-2 pathogen
invades the central nerves system (CNS) and causes
infection to neurons and glial cells. It affects CNS through
olfactory bulb and/or hematogenous spread. Pathogens
can cross the blood-brain barrier transcellularly,
paracellularly and/or through infected phagocytes (the so-
called Trojan-horse mechanism). The pathological
mechanism may involve angiotensin-converting enzyme-2
(ACE-2), a carboxypeptidase that converts angiotensin Il to
angiotensin, an essential component of the renin-
angiotensin system (RAS) which is neuroprotective. The
ACE-2 receptor may play a role in ICH by binding SARS-
CoV-2 to the ACE-2 receptor, leading to downregulation of
RAS and increasing the risk for hemorrhagic stroke. Also, it
induces the inflammatory cascade — causing a massive
release of inflammatory markers and cytokines including IL-
2 and TNF-a4 that affects the integrity of the blood brain
barrier*”. We aim to highlight the clinical, radiologic and
laboratory characteristics as well as functional outcomes of
patients with COVID-19, who either presented with ICH or
subsequently developed ICH after contracting COVID-19.
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METHODOLOGY

PubMed was searched to explore related articles and
studies on ICH and COVID-19 published from January
2020 to October 2021. Our inclusion criteria: all articles
written in English, involving COVID-19-positive patients
confirmed through a PCR test, admitted to hospital or ICU,
and large ICH on neuroimaging. . Twenty-three articles met
our inclusion criteria.

RESULTS
We found 23 published studies with an association
between COVID-19 and ICH focusing on the clinical profile,
neuroimaging findings, and management. Pavlov et al.,
reported that 65.8% of COVID-19 patients with
intracerebral hemorrhage were male, between the ages of
31 to 78 years old®. A number of cases were reported with
different clinical profiles and neuroimaging findings. One
recent retrospective study of 22 patients with ICH and
COVID-19 showed 12 patients (54.4%) had confirmed
COVID-19 with no significant past medical history, and 10
patients (45.5%) had a cerebrovascular event as the first
manifestation of COVID-19, The duration of symptoms in
patients with COVID-19 from the onset of symptoms and
neurological manifestation was 4 days, Seventeen patients
had acute ischemic stroke, three patients had aneurysm
rupture, and two had sinus thrombosis, their laboratory
studies showed elevated D-dimer (3497.4 +6754.3 ng/dl),
CRP (20.8 +37.9 mg/dl), and IL-6 (41.6 +62.0 pg/dI)°.

Another study of 239 COVID-19 cases that assessed
the neurological manifestations in those patients, found the
three most common symptoms were fever (33.1%),
headache (26.7%), and trigeminal neuralgia (3.3%). Only
0.8% of these cases had ICH. Benger et al., reported a
case series of five patients diagnosed with COVID-19,
complicated by ICH and admitted to hospital with a variety
of clinical features. One patient, a 41-year old male with
well-controlled  hypertension, deteriorated and was
admitted to the intensive care unit. Another patient with a
history of recurrent deep venous thrombosis (DVT) and
pulmonary embolism (PE), and hypertension presented
with dysarthria and left-sided hemiparesis. They also
reported a 64-year-old patient with no past medical history
who presented with deteriorated level of consciousness;
her brain CT showed subacute right-sided ganglio-capsular
ICH,

Other studies reported COVID-19 patients with ICH
showing different findings in neuroimaging. Nawabi et al.,
reported 18 patients with confirmed COVID-19 associated

with  ICH whose neuroimaging findings included
subarachnoid  haemorrhage  (72.2%), parenchymal
haemorrhage (33.3%), intraventricular haemorrhage

(16.7%) and subdural haemorrhage (5.6%)'2. A recent
case of a 79-year-old man with loss of consciousness and
a Glasgow Coma Scale of 7,showed a massive ICH in the
right hemisphere with both intraventricular and
subarachnoid haemorrhage on his brain CT*2. Dogra et al.,
identified 33 COVID-19 patients with ICH in their cohort
study of patients aged 37-83 years; parenchymal
haemorrhages and mass effect with herniation occurred in
five patients (15.2%) and the mortality rate was 100%. The
remaining 28 patients (25%) had punctate haemorrhages,
17 (60.7%) had small-moderate sized haemorrhages, and

four (14.3%) had large single-site haemorrhages. Almost all
patients received either a therapeutic or prophylactic dose
of anticoagulation4.

DISCUSSION

The association between ICH and COVID-19 has been
considered clinically in previous research. Many cases
were reported and discussed the relationship of ICH in
COVID-19 patients?®. Khattar el al., reported the case of a
42-year-old patient with COVID-19-related ARDS and
bilateral large ICH after heparin drip initiation, who was
admitted with high levels of ferritin®. Ferritin is correlated
with high mortality in COVID-19 patients and indicates the
importance of biomarker levels to guide management!”: 18,
A recent retrospective study found that most often ICH
occurred in  COVID-19 patients with therapeutic
anticoagulation settings resulting in a high death rate
(86.4%) 1°. Multiple mechanisms contributing to ICH in
COVID-19 include decreased platelet levels and prolonged
prothrombin time, along with over activation of fibrinolytic
cascade?. Also, patients with SARS-CoV-1 were reported
to have increased tissue plasminogen activator and
thrombomodulin plasma levels, which are associated with
high incidence of hemorrhagic events?:. The American
Society of Haematology and American Society of Chest
Physicians recommend avoiding full-dose anticoagulation
for prevention of thromboembolism in COVID-19 patients
given the unclear benefits and the potential high risk of
bleeding in this vulnerable population?223,

CONCLUSION

The association between ICH and COVID-19 is
uncommon. However, it is important for health care
providers caring for COVID-19 patients to identify early-on
those at high risk for ICH — mainly patients with
comorbidities like hypertension, diabetes, chronic kidney
disease and malignancy, and those receiving
anticoagulation therapy — to improve morbidity and
mortality rates and healthcare outcomes.
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