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1. Introduction

Coronavirus disease 2019 (COVID-19) is caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) and typically pre-
sents with fever and respiratory tract symptoms. However, cere-
brovascular events are being increasingly recognised in association
with COVID-19 (Klok et al., 2020; Mao et al., 2020; Markus and
Brainin, 2020). A growing number of case reports and series have been
published describing the clinical characteristics of patients with
ischaemic strokes and COVID-19. Patterns are emerging in such reports
including large vessel occlusion, multiterritory infarcts, venous
thromboembolism, raised inflammatory markers, antiphospholipid an-
tibody production, a younger age of presentation, and concurrent se-
vere systemic inflammation with organ failure (Oxley et al., 2020;
Avula et al., 2020; Morassi et al., 2020).

On the other hand, the clinical characteristics of intracerebral
haemorrhage (ICH) in COVID-19 patients are much less well-described,
with only isolated case reports published so far (Morassi et al., 2020; Vu
et al., 2020; Muhammad et al., 2020; Sharifi-Razavi et al., 2020). Our
aim was to provide a description of clinical, radiological and laboratory
characteristics of consecutive patients presenting to King’s College
Hospital (KCH) with ICH in association with COVID-19. We will discuss
the possible pathophysiological mechanisms and clinical implications.

2. Methods

In this retrospective case series, we performed a hospital-wide
search using the Radiology Information System looking at the reports of
all Computed Tomography (CT) head examinations that had been
performed from 1st February 2020 to 14th May 2020 at KCH. All scans
were reported or reviewed by a consultant neuroradiologist. For all
scans that had demonstrated ICH we identified the COVID-19 status of
the patient using electronic patient records. SARS-CoV-2 nucleic acid
tests were performed on nasopharyngeal swabs using reverse tran-
scriptase-polymerase chain reaction (RT-PCR). Patients were included
in the case series if they had tested positive for COVID-19 prior to their
ICH and had continuing clinical features related to COVID-19. Informed

consent was obtained for all patients.

3. Results

We identified five patients who presented with radiographic evi-
dence of ICH and RT-PCR-confirmed COVID-19. We describe their
clinical characteristics, imaging findings, laboratory data, and clinical
course (Table 1).

3.1. Patient 1

A forty-one-year-old male bus driver with well-controlled hy-
pertension and type 2 diabetes mellitus presented with an eight-day
history of cough, fever and fatigue. CT examination of his chest de-
monstrated bilateral ground glass changes consistent with COVID-19,
without evidence of pulmonary embolism (PE) on a CT pulmonary
angiogram (CTPA).

The patient deteriorated over twenty-four hours requiring intuba-
tion and ventilation, and transfer to the intensive care unit (ICU). He
remained in multiple organ failure (respiratory and renal) for one
month before extubation and ward stepdown.

One day post-stepdown, the patient became drowsy with new right-
sided hemiplegia. A CT head examination demonstrated a left frontal
ICH requiring craniotomy and evacuation (Fig. 1a.). An intracranial CT-
angiogram (CT-A) was normal. At the time of ICH detection, clotting
profile and platelets were normal, and the patient was receiving a
prophylactic dose of low molecular weight heparin (LMWH). Three
weeks post-ICH, he is rehabilitating on the stroke unit, requiring as-
sistance of one with mobilising.

3.2. Patient 2

A fifty-four year old female who worked in housing presented with a
two-week history of cough followed by a twelve-hour history of sudden
onset dysarthria and left-sided hemiparesis. She had a history of mul-
tiple deep vein thromboses (DVTs) and PEs (for which she was on
warfarin with a target INR of 3–4), well-controlled hypertension and
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type 2 diabetes mellitus.
On arrival, she had a Glasgow Coma Scale (GCS) score of 13 and a

blood pressure of 145/99. Her International Normalised Ratio (INR)
was 3.2 and platelet count was normal. A CT head examination showed
a right frontal lobe ICH, which did not require surgical intervention
(Fig. 1b.). An intracranial CT-A was normal. A chest radiograph showed
typical COVID-19 changes. The patient was given prothrombin complex
concentrate and vitamin K to reverse her INR, and was admitted to the
hyperacute stroke unit (HASU) for further care. After a two-week ad-
mission, she was discharged to a rehabilitation centre for further
therapy.

3.3. Patient 3

A fifty-year-old male taxi driver with well-controlled hypertension
presented with a three-week history of cough, pleuritic chest pain and
shortness of breath. Due to severe hypoxia he was immediately in-
tubated and ventilated. A CT chest study demonstrated bilateral
ground-glass opacities consistent with COVID-19 pneumonia, without
evidence of PE on CTPA.

The patient was treated for multiple organ failure in ICU (lung,
cardiac, renal and liver). Two weeks post-admission, he remained under
heavy sedation and a CT head study was performed to look for cere-
brovascular involvement as a potential complication of severe COVID-
19. This demonstrated a right frontal lobe ICH (Fig. 1c.). An intracranial
CT-A was normal. At the time of ICH detection, clotting profile was
normal, platelets were normal, and he was on a prophylactic dose of
LMWH. One week post-ICH, the patient remains in ICU requiring

multiple organ support.

3.4. Patient 4

A sixty-four-year-old female administrator with no past medical
history presented with a six-day history of cough, shortness of breath
and fever. A CT chest examination revealed bilateral ground glass
changes consistent with COVID-19 and multiple bilateral PEs on CTPA
with evidence of right heart strain. Suffering from multiple organ
failure (respiratory, cardiac and renal), the patient was immediately
intubated and ventilated and moved to ICU, where she was commenced
on a treatment dose of LMWH to treat PE.

Four weeks post-admission, she was noted to have a low GCS post-
sedation wean. A CT head examination showed a subacute right-sided
gangliocapsular ICH. An intracranial CT-A was normal. A subsequent
magnetic resonance imaging (MRI) examination of the brain (Fig. 1d.)
did not evidence any other abnormalities. At the time of ICH detection,
activated partial thromboplastin time (APTT) was stable at 2.5, INR was
1 and platelets were normal. Three weeks post-ICH, the patient remains
in ICU requiring multiple organ support.

3.5. Patient 5

A fifty-two-year-old male carer with a history of ischaemic heart
disease, quiescent untreated multiple sclerosis, asthma, hypertension
and hyperlipidaemia, presented with a two-week history of shortness of
breath, cough, fevers and pleuritic chest pain. CT chest/CTPA showed
bilateral consolidation and ground glass opacification without evidence

Table 1
Patient demographics, laboratory findings at time of ICH detection and clinical progression of the five cases.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Patient demographics
Age (years) 41 54 50 64 52
Sex Male Female Male Female Male
Vascular risk factors HTN

T2DM
Warfarin
DVT/PEs
HTN
T2DM

HTN Nil HTN
High cholesterol
IHD

Laboratory findings at the time ICH diagnosed
Haemoglobin (115 – 155 g/L) 81 134 69 80 92
White cell count (4.0 – 11.0 x 109/L) 20.3 6.1 15.2 15.8 14.6
Neutrophils (2.2 – 6.3 x 109/L) 15.6 4.1 12.4 13.8 12.5
Lymphocytes (1.3 – 4.0 x 109/L) 3.2 1.4 1.4 0.9 0.9
Monocytes (0.2–1.0 x 109/L) 1.3 0.4 1.7 0.6 0.5
Platelet count (150 – 450 x 109/L) 510 270 72 221 313
Aspartate Transaminase (10 – 50 IU/L) 35 81 60 109 76
Bilirubin (3 – 20 umol/L) 3 12 47 3 5
Creatinine (45 – 120 mmol/L) 140 66 291 (on CVVHDF) 453 (on PD) 231 (on CVVHDF)
International Normalised Ratio (INR) (0.9 –

1.2 ratio)
1.0 3.2 1.1 1.1 1.1

Activated partial- thromboplastin time
(APTT) (0.85 – 1.15 ratio)

1.0 2.8 1.3 2.5 2.9

C-reactive protein (< 5 mg/L) 1 7 138 330 77
Fibrinogen (g/L) 3.7 – 7.5 2.9 –
D-Dimer (< 500 ng/mL) 1920 1400 8961 8000 7580
Clinical progression of case
Time between symptom onset and ICH

identification (days)
37 14 32 32 38

Organ involvement prior to ICH Respiratory
Renal

Nil Respiratory
Cardiac
Renal
Liver

Respiratory Cardiac
Renal

Respiratory
Cardiac
Renal

Antithrombotic treatment at time of ICH Prophylactic LMWH Warfarin Prophylactic LMWH Intravenous heparin Intravenous heparin
Location of ICH Lobar (left frontal) Lobar (right

frontal)
Lobar (right frontal) Basal ganglia (right

posterior capsule)
Multi-lobar (right perirolandic, left
frontal, left cingulate)

Modified Rankine Score at time of writing
(0–6)

4 5 5 5 5

Abbreviations: CVVHDF = Continuous venovenous haemodiafiltration, DVT = Deep vein thrombosis, HTN = Hypertension, IHD = Ischaemic heart disease,
PD = Peritoneal dialysis, PE = Pulmonary embolism, T2DM = Type 2 diabetes mellitus.
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of PE.
Three days post-admission, the patient’s respiratory function dete-

riorated and he was intubated, ventilated and moved to ICU where he
required cardiac, respiratory, and renal support. He received ongoing
intravenous heparin to enable dialysis. A CT head examination was
performed three weeks later due to ongoing low GCS after sedation
wean. This evidenced a subacute ICH in the right perirolandic region,
with smaller petechial haemorrhages in the left paramedian frontal lobe
and left cingulate sulcus. An intracranial CT-A was normal. At the time
of ICH detection, APTT was stable at 2.9, INR was 1.1 and platelets
were normal.

An MRI brain examination confirmed these findings, also demon-
strating areas of surrounding ischaemia, alongside changes consistent
with multiple sclerosis (Fig. 1e.). The patient was switched to a pro-
phylactic dose of LMWH, which was returned to treatment dose nine
days later. Seven weeks post-admission the patient remains on ICU,
receiving multiple organ support

4. Discussion

4.1. Case features

This case series has highlighted a number of clinical characteristics
of patients with ICH and COVID-19. Firstly, patients were relatively
young with a mean age of 52.2 years (range 41 – 64 years), lower than
expected for conventional ICH (D’Amore et al., 2013; Hansen et al.,
2013). This is particularly interesting given COVID-19 morbidity and

mortality generally increases with advancing age, which is not reflected
in this cohort (Zhou et al., 2020). Moreover, a meta-analysis of pooled
data from six studies looking at all subtypes of cerebrovascular events
with COVID-19 identified the mean age range of patients to be 45 –
67 years, which is similar to this cohort (Aggarwal et al., 2020).

Secondly, it was noted that four out of five ICHs were located in
lobar territories; all were within the anterior circulation, four within the
frontal lobe, and one patient had multifocal haemorrhage in three lo-
cations. Lobar ICH occurs in 15 – 30% of conventional cases, and is
predominantly associated with an underlying vascular abnormality
(Aguilar and Brott, 2011). However, none of the patients were shown to
have an underlying vascular abnormality on intracranial CT-A ex-
amination. Furthermore, all the lobar haemorrhages were in patients
with pre-existing hypertension, classically associated with deep struc-
ture bleeds. In fact, only the single patient without a history of hy-
pertension (patient 4) had an ICH in a deep structure. Additionally,
there were no imaging markers to suggest that the ICHs in our series
were haemorrhagic transformation of infarcts.

Thirdly, the delay between time of COVID-19 symptom onset and
time of ICH diagnosis had a median of 32 days (range 14 – 38 days).
During this period, all five patients had evidence of a period of pro-
longed inflammation, as demonstrated firstly by markedly raised D-
Dimer values in all patients (Table 1), and secondly by severe end organ
damage in four out of five patients requiring multiple organ support.

This leads to the question of whether a specific COVID-19-related
pathogenic process might be occurring in the brain, culminating in a
bleeding event. Alternatively, were the bleeding events simply

Fig. 1. a Patient 1, Volumetric axial CT brain imaging demonstrates a large acute lobar intraparenchymal haematoma, centred on the left frontoparietal region
(arrowed). There is surrounding hypo-attenuation and minimal localised mass effect. b. Patient 2, Volumetric axial CT brain imaging demonstrates an acute right
frontoparietal intraparenchymal haematoma (arrowed). There is minimal effacement of the adjacent right lateral ventricle. c. Patient 3, Volumetric axial CT brain
imaging demonstrates a subacute intraparenchymal haematoma, centred on the right superior frontal gyrus (arrowed). There is evidence of surrounding clot
retraction. d. Patient 4, Axial T2-weighted (left) and volumetric non-contrast T1-weighted (right) MRI sequences of the brain demonstrate a subacute in-
traparenchymal haematoma, centred on the right posterior capsular region (arrowed). e. Patient 5, Axial FLAIR (left) and volumetric non-contrast T1-weighted
(right) MRI sequences of the brain demonstrate a subacute intraparenchymal haematoma in the right perirolandic region (solid arrows). There is a left frontal white
matter lesion visible (dashed arrow) on the FLAIR sequence, in keeping with the known history of demyelinating disease.
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stochastic, and related to general ICU risk factors? Clearly larger studies
will be required to compare actual COVID-19-associated ICH incidence
to its expected incidence. However, our case series seems to indicate a
distinct clinical phenotype of COVID-19-associated ICH.

4.2. Proposed pathogenesis

SARS-CoV-2 has been reported to gain cellular entry via the surface
angiotensin converting enzyme 2 (ACE2) receptor, which is known to
be expressed in the vascular endothelium (Xia and Lazartigues, 2008).
Endothelial cell infection and endotheliitis has been demonstrated in
COVID-19 via histological identification of viral elements within en-
dothelial cells and an accumulation of inflammatory cells and apoptosis
(Varga et al., 2020). This is in keeping with a multitude of recent ar-
ticles identifying endothelial injury as a focal point of COVID-19 pa-
thogenesis (Magro et al., 2020; Su et al., 2020; Cao and Li, 2020).

We propose two possible mechanisms of ICH in COVID-19 deriving
from endothelial injury. Firstly, we propose that both direct and in-
direct endothelial toxicity may be involved in COVID-19-associated
ICH: the former via direct endothelial cell invasion; the latter through a
combination of systemic factors including prothrombotic factors, in-
flammatory cytokine production, activation of coagulation cascades,
and complement-mediated microvascular thrombosis (Ronaldson and
Davis, 2017; Keep et al., 2008). Regarding the latter, there is mounting
evidence that COVID-19 infection leads to various types of thrombotic
events (Klok et al., 2020; Levi et al., 2020; Bikdeli et al., 2020). Ulti-
mately, disruption of tight junction protein complexes would occur,
leading to blood brain barrier compromise and ICH (Ronaldson and
Davis, 2017; Keep et al., 2008).

Secondly, we suggest disruption of the renin-angiotensin system
(RAS) may also play a role in COVID-19-mediated ICH. The RAS has
distinct regulatory pathways in both the periphery and the brain, which
could be impacted by SARS-CoV-2 via down regulation of endothelial
ACE2 receptors, leading to cerebral blood flow dysautoregulation
(Divani et al., 2020; Zhang et al., 2020). Interestingly, perfusion ab-
normalities have been described in patients with severe COVID-19: MR
perfusion-weighted brain imaging conducted in patients with un-
explained encephalopathy in ICU demonstrated bilateral fronto-
temporal hypoperfusion in eleven patients, three of whom had acute or
subacute infarcts (Helms et al., 2020).

4.3. Conclusions and clinical learning points

Whilst it remains to be confirmed whether there is a causal re-
lationship between ICH and COVID-19, this case series provides the first
detailed characterisation of the COVID-19-related ICH phenotype.
Bearing in mind the small sample size, this study provides the first
evidence for a younger patient demographic, a lobar predominance,
and a marked systemic inflammatory prodrome. The series also em-
phasises the clinical challenges implicit in treating the thrombotic
consequences of COVID-19: three out of five patients in our series were
on a treatment dose of anticoagulation prior to their ICH, and the re-
maining two were on a prophylactic dose of LMWH.

Added to this challenge is the difficulty of diagnosing ICH in
heavily-sedated ICU patients who are most at risk of developing ICH.
Clinicians should have a low threshold for suspicion and investigation
in such patients, particularly those younger individuals receiving organ
support beyond two weeks of their COVID-19 illness, who are also
being treated with anticoagulants. Further research is required to de-
termine the incidence and characteristics of ICH and COVID-19.
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