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Abstract
Background and purpose  During the COVID-19 outbreak, the presence of extensive white matter microhemorrhages was 
detected by brain MRIs. The goal of this study was to investigate the origin of this atypical hemorrhagic complication.
Methods  Between March 17 and May 18, 2020, 80 patients with severe COVID-19 infections were admitted for acute 
respiratory distress syndrome to intensive care units at the University Hospitals of Strasbourg for whom a brain MRI for 
neurologic manifestations was performed. 19 patients (24%) with diffuse microhemorrhages were compared to 18 control 
patients with COVID-19 and normal brain MRI.
Results  The first hypothesis was hypoxemia. The latter seemed very likely since respiratory failure was longer and more 
pronounced in patients with microhemorrhages (prolonged endotracheal intubation (p = 0.0002), higher FiO2 (p = 0.03), 
increased use of extracorporeal membrane oxygenation (p = 0.04)). A relevant hypothesis, the role of microangiopathy, 
was also considered, since patients with microhemorrhages presented a higher increase of the D-Dimers (p = 0.01) and a 
tendency to more frequent thrombotic events (p = 0.12). Another hypothesis tested was the role of kidney failure, which was 
more severe in the group with diffuse microhemorrhages (higher creatinine level [median of 293 µmol/L versus 112 µmol/L, 
p = 0.04] and more dialysis were introduced in this group during ICU stay [12 versus 5 patients, p = 0.04]).
Conclusions  Blood–brain barrier dysfunction secondary to hypoxemia and high concentration of uremic toxins seems to be 
the main mechanism leading to critical illness-associated cerebral microbleeds, and this complication remains to be frequently 
described in severe COVID-19 patients.
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Abbreviations
ARDS	� Acute respiratory distress syndrome
CIAM	� Critical illness-associated cerebral microbleeds
CSF	� Cerebrospinal fluid
ECMO	� Extracorporeal Membrane Oxygenation
ICU	� Intensive care unit
RT-PCR	� Reverse transcriptase–polymerase chain 

reaction
WM	� White matter

Introduction

Recently, some cerebral complications related to COVID-19 
were depicted on brain MRIs. Diffuse microbleeds, located 
in the white matter (WM) with an atypical distribution 
affecting, in particular, the corpus callosum, has recently 
been described in critically ill patients with COVID-19 
[1–9]. A recent neuropathological study has also described 
hemorrhagic lesions disseminated throughout cerebral WM 
in a patient with severe COVID-19 [10]. Another patho-
logical study [11] described the autopsies of six patients 
with COVID-19, and among them, four presented diffuse 
petechial hemorrhages in the brain. These observations can 
be paralleled with the «critical illness-associated cerebral 
microbleeds (CIAM)» described in a 10 year follow-up on 
12 patients [12].
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However, the underlying pathophysiological mechanisms 
leading to diffuse microbleeds in the COVID-19 pandemic 
context remain unknown. As summarized in Table 1, sev-
eral hypotheses were proposed, notably those concerning the 
potential role of hypoxemia, microangiopathy, or coagulopa-
thy. Our aim in this study is to discuss and address the origin 
of this atypical hemorrhagic complication in the context of 
COVID-19, by studying in particular, the three main mecha-
nisms above-mentioned.

Material and methods

This retrospective monocentric study was approved by the 
ethical committee of Strasbourg University Hospital (CE-
2020–37) and was in accordance with the 1964 Helsinki 
Declaration and its later amendments. Informed consents 
were waived.

Patient cohort

Between March 17 and May 18, 2020, 80 patients with 
severe COVID-19 infections were admitted for acute res-
piratory distress syndrome (ARDS) to intensive care units 
(ICUs) at the University Hospitals of Strasbourg. A cerebral 
MRI was performed to explain the neurologic manifesta-
tions. The diagnosis of COVID-19 was validated with the 
detection of SARS-CoV-2 by reverse transcriptase–poly-
merase chain reaction (RT-PCR) assays on upper or lower 
respiratory tract swabs.

Brain MRI interpretation

All MR studies were performed on a 3 T MR scanner, and all 
patients performed a 3-dimensional susceptibility-weighted 
imaging sequence with phase mapping. A standardized 

imaging protocol was made including in addition: 3D 
T1-weighted spin-echo MRI with and without contrast 
enhancement, diffusion-weighted imaging, dynamic sus-
ceptibility contrast MR perfusion, 3D FLAIR after admin-
istration of gadolinium-based contrast agent, and delayed 
post-contrast FLAIR.

All brain MRIs were retrospectively reviewed indepen-
dently by two neuroradiologists (S.K, and F.L. with 20 and 
9 years of experience in neuroradiology), who reached a 
consensus concerning the final diagnosis.

The diagnosis of CIAM was made when brain MRIs 
showed diffuse brain microhemorrhages, which predomi-
nantly involved the corpus callosum (especially the genu 
and the splenium of the corpus callosum), the subtentorial 
juxtacortical WM, the internal capsule, the brainstem, the 
middle cerebellar peduncles, and the cerebellum. The cortex, 
the basal ganglia, and the thalamus were spared.

In our study, the involvements of the corpus callosum, 
internal capsule, and middle cerebellar peduncles were man-
datory for the diagnosis of CIAM.

The main differential diagnoses were: cerebral amyloid 
angiopathy (but the extensive corpus callous involvement 
was atypical, and none of the patients showed cortical super-
ficial siderosis), chronic hypertension (yet the grey matter 
was spared), and diffuse axonal injury (however, none of our 
patients had a history of head injury).

Among the 80 patients above-mentioned, 19 (24%) 
presented diffuse microhemorrhages located in the WM 
(Fig. 1), compatible with CIAM.

Study design

We retrospectively compared these 19 patients to 18 other 
ICU patients with COVID-19, similar ARDS, and neuro-
logical manifestations, but with a normal cerebral MRI, to 
understand the underlying pathophysiological mechanisms. 

Table 1   Review of studies reporting disseminated white matter microhemorrhages during COVID-19 outbreak

Author Study area Number of 
cases

Hypotheses raised

Radmanesh [1] New York (monocentric) 7 Hypoxemia/small vessel vasculitis
Kremer [2] France (multicentric) 9 Hypoxemia/small vessel vasculitis
Vattoth [3] Qatar (monocentric) 1 Hypoxemia
Chougar [4] Paris (monocentric) 8 ECMO/anticoagulation overdose/microangiopathy
Klironomos [5] Stockholm (monocentric) 23 Hypoxemia/microangiopathy/endothelial injury/ECMO
Lin [6] New York [2hospitals] 3 Mechanical ventilation
Paterson [7] UK (multicentric) 4 Endothelial injury
Fitsiori [8] Geneva (monocentric) 9 Endothelial injury related to SARS-CoV-2/microangiopathy/ECMO/

Hypoxemia/disseminated intravascular coagulation/hypercoagulable 
state

Freeman [9] Philadelphia
(monocentric)

4 Thrombotic microangiopathy/hypoxemia
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The control group’s brain MRIs were normal, except for 
leptomeningeal enhancement, common findings during the 
COVID-19 outbreak, and present in seven patients in the 
control group and six patients in the CIAM group. Clinical 
and laboratory data were extracted from the patients’ elec-
tronic medical records in the Hospital Information System. 
Clinical and biological data were reviewed by neurologists 
and intensivists. The laboratory findings were analyzed at 
the time of admission to the ICU and during ICU stay before 
brain MRI. In this latter situation, the worst value has been 
kept in the case of redundancy of the tests.

According to the Berlin definition [13], all patients 
had an ARDS, and, therefore, a PaO2/FiO2 ratio of less 
than 300 mmHg. The severity of an ARDS is further sub-
classified into mild (PaO2/FiO2 200 to 300 mmHg), mod-
erate (PaO2/FiO2 100 to 200 mmHg), and severe (PaO2/
FIO2 ≤ 100 mm Hg) [13]. The severity of ARDS was also 
evaluated in our study by the higher inspiratory oxygen 

fraction (FiO2) delivered during ICU stay, by the number 
of days intubated, and by the requirement or not of extra-
corporeal membrane oxygenation (ECMO). Moreover, 
we evaluated the percentage of lung involvement in chest 
computed tomography with a numeric scale: 0, 1 (< 10%), 
2 (10–25%), 3 (25–50%), 4 (50–75%), 5 (> 75%) [14].

Statistical analysis

Data were described using frequency and proportion (n, 
%) for categorical variables, using median, first and third 
quartile, and range for quantitative data.

Categorical data were compared using Fisher exact 
test. Quantitative data were compared using Mann–Whit-
ney–Wilcoxon test. A p value lower than 0.05 was consid-
ered significant.

Fig. 1   Susceptibility-weighted MR images in four different critically 
ill COVID-19 patients: a–c: diffuse microhemorrhages in a 66-year-
old man appearing as multiple small hypointense foci within the 
brainstem and cerebellum (a), the splenium of the corpus callosum 
(arrowheads) and the internal capsules (arrows) (b), the juxtacortical 

white matter (c). d, e: Juxtacortical hematomas (arrows) associated 
with diffuse microhemorrhages in men of 60 (d) and 67 years (e). f 
subarachnoid hemorrhages (arrows) associated with diffuse microhe-
morrhages in a 57-year-old man.
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Results

The clinical features are summarized in Table 2.
Among the 19 patients with a diagnosis of CIAM, some 

of them were associated with other hemorrhagic compli-
cations, such as subarachnoid hemorrhages (5/19, 26%), 
and intracerebral hematomas (4/19, 21%) (Fig. 1). Five 
patients presented with convexal subarachnoid hemorrhage, 
as described in Fig. 1. The bleedings were localized to the 
brain’s convexities with preferential frontal lobe involve-
ment, usually multiple and bilateral, without extension 
into basal cisterns. Venous structures were excluded by the 
hyperintensities seen with FLAIR MR imaging.

Four patients presented with intracerebral hematomas, 
unique in three cases and multiple for one patient. Their 

maximum sizes for each patient were 2.3 cm, 2.5 cm, 2.7 cm, 
and 7.7 cm.

Neurologic manifestations (Table 2)

Even if both groups demonstrated a high prevalence of 
pathological wakefulness when the sedative therapies were 
stopped, the neurological status seemed more severe in case 
of extensive WM microhemorrhages: indeed, this group 
showed more impaired consciousness (p = 0.0006), whereas 
the second group was associated with less severe clinical 
signs such as confusion (p = 0.02) and agitation (p = 0.04). 
Four patients in the CIAM group had seizures, and among 
them, two also had subarachnoid hemorrhages, and one had 
a more extensive intracerebral hematoma.

Table 2   Epidemiologic profile and neurologic manifestations

Data are number and percentage or median associated with first and third quartile
All statistical test results are in italics. Statistically significant results are in bold italics

Population of COVID-19 patients with 
extensive white matter microhemorrhages 
(n = 19)

Population of COVID-19 patients without 
extensive white matter microhemorrhages 
(n = 18)

p value

Sex
 Male/female 16 (84%)/3 (16%) 13 (72%)/5 (28%) 0.44

Age (years)
Range/median (Q1–Q3) 44–79/66 (60–70) 21–72/62 (55–68) 0.17
History of stroke 3 (16%) 1 (6%) 0.6
Cardiovascular risk factors
 High blood pressure 7 (37%) 10 (56%) 0.33
 Type 2 diabetes mellitus 2 (11%) 6 (33%) 0.12
 Hyperlipidemia 7 (37%) 7 (39%) 1
 Smoking 4 (21%) 2 (11%) 0.65
 Weight (kg) 90 (78–95) 89 (80–97) 0.87
 Body mass index 29 (26–32) 28 (26–33) 1

Intensive care unit stay
 Duration (days) 34 (29–45) 17 (11–21) 0.0004
 Time between intubation and brain MRI 

(days)
26 (20–31) 12 (6–18) 0.0003

Hospital length of stay (days) 44 (40–54) 32 (22–37) 0.007
Hospital discharge 7 (37%) 13 (72%) 0.04
Death of the patient 4 (21%) 1 (6%) 0.33
Neurologic manifestations leading to the realization of the brain MRI
 Seizures 4 (21%) 0 0.1
 Clinical signs of corticospinal tract 

involvement
3 (16%) 4 (22%) 0.69

 Disturbance of consciousness 13 (68%) 2 (11%) 0.0006
 Confusion 5 (26%) 12 (67%) 0.02
 Agitation 4 (21%) 10 (56%) 0.04
 Pathological wakefulness when sedative 

therapies were stopped
17 (89%) 14 (78%) 0.4
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Hypoxemia hypothesis (Table 3)

During ICU stay, before brain MRI, patients with CIAM 
showed a more severe respiratory status in comparison 
with those with a normal brain MRI. In fact, these patients 
required prolonged endotracheal intubation (median of 
24 days versus 8 days, p = 0.002) for a more severe ARDS, 
as evidenced by a tendency in a lower PaO2/FiO2 (median 
of 81 mmHg versus 104 mmHg, p = 0.07), a higher FiO2 
(median of 100% versus 75%, p = 0.03), and increased use 
of ECMO (5 patients versus 0, p = 0.04) during their stay. 
Similarly, the pulmonary involvement on chest computed 
tomography was more severe in the group with diffuse 
WM microhemorrhages (p = 0.04).

Microangiopathy–microthrombi hypothesis 
(Tables 2 and 4)

The two groups did not differ concerning the distribution 
of cardiovascular risk factors. A significant proportion of 
our patients were at least classified as overweight (first 
quartile of 26 kg/m2 in the two groups).

At the ICU admission time, the D-dimers levels were 
higher in the group with diffuse microhemorrhages (median 
of 3.1 mg/L versus 1.7 mg/L, p = 0.01). A similar trend 
was observed during ICU stay (higher D-dimers levels of 
11.5 mg/L versus 4.6 mg/L, p = 0.08).

There seemed to be more thrombotic events (7 versus 
2 patients, p = 0.12), and a higher CRP level (median of 
276 mg/L versus 196 mg/L, p = 0.09) during ICU stay in 
the group with CIAM.

The percentage of positive specimens for lupus antico-
agulant was close in both groups (79% versus 83%, p = 1).

Disseminated intravascular coagulation hypothesis

According to the criteria endorsed by the International 
Society on Thrombosis and Haemostasis [15], only one 
case of disseminated intravascular coagulation was present 
in the group with CIAM, and two cases in the second group 
(p = 0.6). The other coagulation biomarkers were strictly 
comparable between both groups at the time of admission 
and during ICU stay, and all patients received anticoagulant 
therapy during hospitalization.

Other results

The kidney failure was more severe in the group with dif-
fuse microhemorrhages, as evidenced by a higher creatinine 
level (median of 293 µmol/L versus 112 µmol/L, p = 0.04) 
and more dialysis were introduced in this group during ICU 
stay (12 versus 5 patients, p = 0.04).

The two groups were comparable concerning the use of 
hydroxychloroquine or lopinavir/ritonavir.

Cerebrospinal fluid (CSF) analysis (Table 5)

10 patients underwent a lumbar puncture in the first group 
and 14 in the second group. The two populations were 
strictly comparable, and only one patient demonstrated the 
presence of SARS-CoV-2 on RT-PCR in the control group. 
In 60% of cases of CIAM, oligoclonal IgG bands identical 
in serum and CSF (type IV) were present.

Discussion

Since the discovery of cerebral microhemorrhages in 
patients with COVID-19, several assumptions have been 
made about the pathogenesis of CIAM listed in Table 1; 
the presence of cerebral microhemorrhages is a bad-known 
indicator and reports in patients with severe COVID-19 

Table 3   Respiratory status during ICU stay

Data are number and percentage or median associated with first and third quartile
All statistical test results are in italics. Statistically significant results are in bold italics

Population of COVID-19 patients with 
extensive white matter microhemorrhages 
(n = 19)

Population of COVID-19 patients without 
extensive white matter microhemorrhages 
(n = 18)

p value

Number of days intubated 24 (19–25) 8 (4–14) 0.0002
Higher FiO2 (%) 100 (92–100) 75 (63–100) 0.03
Lower PaO2/FiO2 81 (59–104) 104 (80–124) 0.07
Extracorporeal membrane oxygenation 5 (26%) 0 0.04
Extension of pulmonary involvement with 

computed tomography (score from 0 (no 
injury) to 5 (≥ 75%)

4 (4–5) 4 (2.5–4) 0.04
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in imaging [1–9], and neuropathological studies [10, 11] 
increased steadily.

The goal of this study was to evaluate the more likely 
hypotheses that applied in patients with COVID-19.

Due to the resemblance between CIAM and what is seen 
in high-altitude cerebral edema [16, 17], the first hypoth-
esis raised concerns hypoxemia. This assumption seems 
very likely since patients with diffuse microhemorrhages 
had longer or more pronounced respiratory failure.

Even if the exact mechanisms remain unclear, hypox-
emia seems associated with disruptions in the blood–brain 

barrier, leading to extravasation of erythrocytes. In 30% 
of the patients for whom a lumbar puncture was realized, 
their results were consistent with blood–brain barrier dis-
ruption (elevated ImmunoglobulinG without a concomitant 
increase of the Tibbling-link IgG index, and increased albu-
min quotient).

It is known that ECMO may be associated with brain 
hemorrhagic complications [18], and the use of ECMO itself 
may induce, in some cases, diffuse WM microhemorrhages 
[19]. In our study, five patients diagnosed with CIAM were 
treated with ECMO and none in the second group. However, 

Table 4   Laboratory findings and significant events during ICU stay

Data are number and percentage or median associated with first and third quartile
All statistical test results are in italics. Statistically significant results are in bold italics

Population of COVID-19 patients with 
extensive white matter microhemorrhages 
(n = 19)

Population of COVID-19 patients without 
extensive white matter microhemorrhages 
(n = 18)

p value

Laboratory findings at the time of ICU admission
 White blood cell count, × 109/L 8.7 (4.9–12) 6.9 (5.8–9.7) 0.36
 Lymphocyte count, × 109/L 0.71 (0.47–1.24) 0.84 (0.68–1.12) 0.6
 Haemoglobin, g/L 119 (96–134) 128 (118–137) 0.18
 Platelet count, × 109/L 200 (158–242) 168 (160–272) 0.68
 C-reactive protein, mg/L 183 (112–281) 119 (91–189) 0.15
 Alanine aminotransferase U/L 48 (30–63) 43 (26–81) 0.98
 Aspartate aminotransferase, U/L 71 (59–91) 64 (34–89) 0.45
 Urea, mmol/L 13 (8–17) 7 (5–10) 0.003
 Creatinine, µmol/L 81 (69–248) 79 (67–102) 0.35
 Prothrombin time, s 15.4 (14.3–16.1) 14.8 (13.4–17.4) 0.5
 Activated partial thromboplastin time, s 39 (37–43) 38 (36–40) 0.43
 International normalized ratio (INR) 1.17 (1.1–1.23) 1.1 (1–1.35) 0.35
 Antithrombin III (%) 85 (72–96) 94 (78–101) 0.23
 Fibrinogen, g/L 6.8 (6.3–7.8) 6.2 (5.5–7.4) 0.27
 d-dimers, mg/L 3.1 (1.8–6.8) 1.7 (1.1–2) 0.01

Laboratory findings during ICU stay and before brain MRI
 Lower platelet count, × 109/L 140 (108–204) 163 (152–195) 0.36
 Lower fibrinogen, g/L 5.1 (4.5–5.8) 5.8 (4.9–7.2) 0.44
 Higher prothrombin time, s 16.5 (15.9–17.5) 17.4 (15.8–19) 0.46
 Higher d-dimers, mg/L 11.5 (7.5–20) 4.6 (3–12) 0.08
 Disseminated intravascular coagulation 

According to the criteria endorsed by 
the ISTH

1 (5%) 2 (11%) 0.6

 Higher fibrinogen, g/L 9 (7.6–10.4) 8.8 (6.8–9.4) 0.26
 Higher C-reactive protein, mg/L 276 (185–382) 196 (117–294) 0.09
 Higher Creatinine, µmol/L 293 (154–387) 112 (91–220) 0.04
 Lupus anticoagulant, data are n/N (%) 15/19 (79%) 10/12 (83%) 1

Thrombotic events during ICU stay 7 (37%) 2 (11%) 0.12
Treatment initiated during hospitalization before brain MRI
 Dialysis 12 (63%) 5 (28%) 0.04
 Anticoagulant therapy 19 (100%) 18 (100%) 1
 Hydroxychloroquine 7 (37%) 8 (44%) 0.74
 Lopinavir/ritonavir 7 (37%) 9 (50%) 0.51
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it is impossible to say whether these hemorrhagic complica-
tions are a specific complication of ECMO or only related to 
the respiratory state with severe hypoxemia.

The second hypothesis evaluated was the role of micro-
angiopathy. A recent histopathologic study [20], which 
focused on the pulmonary vessels in patients with COVID-
19, described microangiopathy with disseminated micro-
thrombi. This assumption concerning microangiopathy with 
diffuse microthrombi may also explain the extensive brain 
microhemorrhages: patients expressed higher D-dimers 
levels upon ICU admission, tend to have a higher increase 
in D-dimers, C-reactive protein, and more thromboembolic 
events during their stay in the ICU.

Nevertheless, the differences between both groups were 
not pronounced; microthrombi typically cause punctate foci 
of restricted diffusion on brain MRI scans, which have not 
been observed in our patients.

The third new hypothesis was formulated based on our 
results: the role of kidney failure, which was more severe in 
the group with CIAM. It is known that chronic kidney dis-
ease and hemodialysis are associated with a high incidence 
of microbleeds [21, 22]. The underlying physiological mech-
anisms including increased permeability of the blood–brain 
barrier secondary to a high concentration of uremic toxins 
[21]. Indeed, the group of patients with COVID-19 diag-
nosed with CIAM have shown a more severe kidney failure 
in agreement with this new assumption.

A combination of the above assumptions should also be 
considered, but the number of patients in our cohort does not 
allow us to test the cross hypotheses. Further studies with 
more patients and more diversity are needed to test all cases.

Although possible, the hypothesis of coagulation disor-
ders has not been supported by our data to be involved in the 
development of microbleeds on patients with COVID-19. 
Only one patient had a diagnosis of disseminated intravas-
cular coagulation in the group CIAM. The other coagulation 
biomarkers were strictly comparable between both groups at 
the time of admission and during ICU stay, and all patients 
received anticoagulant therapy during hospitalization.

In the group CIAM, CSF analysis did not reveal any evi-
dence of direct viral infection of the central nervous system 
(SARS-CoV-2 RNA was not detected, and no intrathecal 
synthesis was highlighted).

It is very likely that a significant number of patients 
with COVID-19-associated ARDS have had and will pre-
sent this complication. Thereby, the diagnosis of CIAM by 
MRI is essential, and this entity should be known to avoid 
misdiagnoses such as hemorrhagic encephalitis related to 
SARS-CoV-2. Thus, it could have important implications 
for patients care. However, many uncertainties remain, par-
ticularly in regard to long-term prognosis and prevention. 
In other situations, outside the COVID-19 outbreak, it is 
recognized that cerebral microbleeds are independently 
associated with cognitive dysfunction [23]. The prognosis 
of our patients will also require further long-term follow-up 
studies.

Funding  The authors declare no funding source.

Data availability  We state that the data published are available and 
anonymized and will be shared upon request by email to the corre-
sponding author from any qualified investigator for purposes of repli-
cating procedures and results.

Table 5   Cerebrospinal fluid analysis

N is the total number of patients with available data, and n the number of positive patients

CSF analysis: data are n/N (%) Normal range Population of COVID-19 patients 
with extensive white matter micro-
hemorrhages (n = 19)

Population of COVID-19 patients 
without extensive white matter 
microhemorrhages (n = 18)

p value

High white blood cell count  < 5/mm3 2/10 (20%) 0/14 (0%) 0.16
Low glycorrhachia  > 50% of the con-

centration of blood 
glucose

0/10 (0%) 0/14 (0%) 1

High proteinorachia 0.15–0.45 g/L 3/10 (30%) 1/14 (7%) 0.27
Elevated Immunoglobulin G 10-34 mg/L 3/10 (30%) without concomitant 

increase of the Tibbling-link IgG 
index

1/14 (7%) without concomitant 
increase of the Tibbling-link IgG 
index

0.27

Elevated albumin 130–350 mg/L 1/10 (10%) 0/14 (0%) 0.41
Increased albumin quotient Age related 3/10 (30%) 2/14 (14%) 0.61
Presence of oligoclonal IgG bands _ 6/10 (60%) with the same pattern in 

the serum (type IV)
6/14 (43%): 2 CSF-specific IgG 

oligoclonal bands (type II) and 4 
with the same pattern in the serum 
(type IV)

0.68

Positive RT-PCR SARS-CoV-2 _ 0/10 (0%) 1/14 (7%) 1
High Interleukin-6 (0-13 pg/mL) 4/6 (67%) 4/6 (67%) 1
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