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Abstract
Purpose Acute hemorrhagic leukoencephalitis (AHLE) is a rare and severe form of acute disseminated encephalomyelitis
(ADEM). Only a few reports of AHLE in coronavirus disease 2019 (COVID-19) patients have been described to date. We
report a case of COVID-19-related AHLE along with a literature review describing salient clinical and imaging characteristics.
Methods A literature search was performed on Medline (2020-present), PubMed, Cochrane Library, CINAHL, and Google
scholar on 28 January 2021 for all articles published using MeSH terms “COVID-19” or “SARS-CoV-2” with “Acute hemor-
rhagic leukoencephalitis” or “Acute hemorrhagic encephalitis.” Relevant case reports and case series describing clinical and
imaging features of AHLE associated with SARS-CoV-2 infection were included, data compiled, and critically reviewed.
Results Acute onset encephalopathy and rapidly deteriorating neurological status is the common clinical presentation in AHLE.
CSF analysis reveals elevated proteins and lymphocytic pleocytosis. Typical neuroimaging features include multifocal, variable-
sized, poorly defined cerebral white matter lesions with cortical sparing. Involvement of the brainstem, cerebellar peduncles, and
deep grey matter can also occur, although rarely. Lesions are hyperintense on T2-weighted (T2W) and fluid-attenuated inversion
recovery (FLAIR) images, hypointense on T1W images, and show microhemorrhages, variable diffusion restriction, and post-
contrast enhancement. Extensive microhemorrhages, brainstem involvement, and gross hemorrhage often portend a poor
prognosis.
Conclusion Heightened awareness about the clinical and imaging presentation of COVID-19-related AHLE can positively alter
the outcome in a select few by enabling early diagnosis and aggressive management.

Keywords COVID-19 . Acute hemorrhagic leukoencephalitis (AHLE) . Acute disseminated encephalomyelitis (ADEM) .
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Introduction

Acute hemorrhagic leukoencephalitis (AHLE), a subtype
of acute disseminated encephalomyelitis (ADEM), is a
rare and severe form of post-infective demyelination.
Viral infections, including those caused by coronaviruses,
are common precedents. The ongoing coronavirus disease
2019 (COVID-19) pandemic caused by severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) has re-
sulted in morbidity and mortality on an unprecedented
scale. Of the different neurological complications encoun-
tered in COVID-19 patients, a few can be fatal, and
AHLE is one of them. We share our experience with
AHLE in a COVID-19 patient, who had a fulminant clin-
ical course, presented with florid imaging findings, unfor-
tunately culminating in a fatal outcome. A brief literature
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review is provided highlighting the salient clinical and
imaging features of COVID-19-related AHLE.

Case presentation

A 46-year-old gentleman with a background of alcohol-
related chronic liver disease, presented with fever and breath-
lessness for 3 days. His liver disease was stable on medical
management. COVID-19 infection was suspected and con-
firmed with a nasal swab reverse transcriptase-polymerase
chain reaction (RT-PCR). Computed tomography (CT) of
the chest revealed subpleural ground-glass opacities and con-
solidation in bilateral lower lobes, typical for COVID-19
pneumonia. In view of his stable observations and inflamma-
tory markers, the patient was managed conservatively and
discharged 4 days later with advice on home quarantine.

Five weeks following discharge, he presented to the emer-
gency department with main complaints of headache and al-
tered mental status. At admission, he was tachycardic (pulse
rate 100/min), with normal blood pressure and was hypoxic
with oxygen saturation of 93% on room air. His admission
Glasgow Coma Score (GCS) was 11/15 (E3V3M5).
Neurological examination revealed a complete loss of power
in the left upper limb (0/5) and reduced power in the left lower
limb (3/5), with signs of left facial nerve palsy. Deep tendon
and brainstem reflexes were intact. A provisional diagnosis of
acute cerebrovascular accident was made. His admission
Model for End-Stage Liver Disease (MELD) score was 20.

Initial imaging evaluation with non-contrast CT brain re-
vealed multifocal non hemorrhagic white matter lesions in
both cerebral hemispheres and the brainstem (Fig. 1).
Magnetic resonance imaging (MRI) performed subsequently
confirmed white matter lesions in bilateral frontal, parietal
lobes, left thalamus, left cerebral peduncle, and medulla.
These lesions were hyperintense on T2-weighted (T2W) and
fluid-attenuated inversion recovery (FLAIR) images and
hypointense on T1-weighted (T1W) images. Internal areas
of diffusion restriction and irregular patchy areas of rim en-
hancement were noted within most of the lesions. Left parietal
periventricular white matter lesion was reaching the ventricu-
lar atrium with subjacent faint subependymal enhancement.
Few microbleeds were seen within this lesion (Fig. 2).
Elevated lactate was noted in MR spectroscopy. MRI brain
angiogram, venogram, and spinal cord evaluation were
unremarkable.

Due to the worsening clinical and neurological status, the
patient was intubated and started on intravenous methylpred-
nisolone 1 g, based on a working diagnosis of COVID-19-
related encephalitis, given the temporal presentation following
a respiratory infection. After ruling out papilledema, a lumbar
puncture was done. Cerebrospinal fluid (CSF) showed lym-
phocytic pleocytosis with increased protein. Gram staining of

CSF was negative for bacteria and acid-fast bacilli. No de-
monstrable growth was noted in bacterial and fungal cultures.
Cytology revealed no malignant cells. Inflammatory markers
including D-dimer and ferritin were significantly elevated.
Electroencephalogram (EEG) revealed no epileptiform
discharges.

Aggressive antiedema measures were initiated. Despite 5
days of steroids, the patient’s clinical and neurological status
continued to deteriorate. A repeat MRI to assess disease evo-
lution was performed, which revealed progression in number
and size of the cerebral white matter and brainstem lesions,
with florid intralesional hemorrhage (Fig. 3). Worsening ede-
ma with mass effect was noted causing bilateral uncal and
central descending transtentorial herniation. Secondary vascu-
lar compression and consequent acute infarcts in bilateral pos-
terior cerebral artery territories were also seen.

A final diagnosis of COVID-19-related AHLE was made,
considering the rapid clinical deterioration, progression of im-
aging features, and CSF picture. Antiedema measures were
continued, and decompressive craniotomy was planned.
However, patient deteriorated rapidly and died on the same
day.

Methods

An electronic search of Medline via PubMed (2020–present),
Cochrane Library, CINAHL, and Google scholar was con-
ducted independently by authors (BV and AS) on 28
January 2021. All the database searches were performed to
identify studies reporting on “COVID-19” or “SARS-CoV-
2” with “Acute hemorrhagic leukoencephalitis” or “Acute
hemorrhagic encephalitis.” The search strategy was based on
the following combination of terms: (coronavirus disease OR
coronavirus OR COVID OR SARS-CoV OR SARS-CoV-2)
AND (acute hemorrhagic OR acute haemorrhagic) AND (en-
cephalitis OR leucoencephalitis OR leukoencephalitis). Out of
78 articles written in English, published since 1 January 2020,
6 articles reporting clinical and neuroimaging manifestations
of AHLE were selected for review. Data from these reports
was compiled (Table 1) and critically reviewed.

Discussion

AHLE, a monophasic demyelinating disease and a hyper-
acute severe form of ADEM, is a rare clinical entity with a
poor prognosis. There is antecedent history of viral or bacte-
rial infection in 50–75% of patients, withmost cases following
an upper respiratory tract infection [1]. ADEM is not uncom-
mon during childhood, with hospitalization estimated at ~0.5
per 100,000 patients [2, 3]. A much lower incidence has been
reported in adults [1]. In comparison to other presentations of

654 Neuroradiology (2021) 63:653–661



ADEM, AHLE is much rarer, and there are only a few case
reports describing this entity [1]. Infective cause was not de-
monstrable in a few cases, and there may not be a linear rela-
tionship between the severity of neurological illness and ante-
cedent chest symptoms [1, 4]. Though neurological symptoms
are common in COVID-19 patients, only a handful of
COVID-19 associated AHLE have been reported to date
[5–11].

Neurological manifestations in COVID-19 are considered
secondary to direct viral cytopathic effect on neurons,
immune-mediated inflammation, and development of intra-
cranial cytokine storm [9, 12]. Recent reports show signifi-
cantly elevated levels of cytokines in patients with AHLE in
comparison to those with ADEM and non-inflammatory neu-
rological conditions [12]. Direct endothelial injury and/or sec-
ondary inflammation by SARS-CoV-2 is also considered to
play a role, as suggested by a vasculitis-like presentation in
some patients [13, 14]. Pathological features in AHLE include
perivascular inflammatory infiltrates, demyelination, necrotiz-
ing vasculitis, fibrinoid necrosis, and hemorrhages [15].
Limited neuropathological data in COVID-19 patients also
shows similar features without a demonstrable infectious
agent, which supports a possible para-infectious causative
mechanism [16, 17].

Clinically, majority of AHLE patients are critically ill with
acute onset encephalopathy and deteriorate rapidly within a
few days. Almost half of the affected patients eventually suc-
cumb due to disease progression, and those that survive suffer
from significant neurological sequelae [1]. In most cases, lab-
oratory parameters reveal elevated levels of inflammatory
markers such as C-reactive protein (CRP), D-dimer, serum
ferritin, and procalcitonin. CSF analysis shows elevated pro-
tein, variable cell count, and lymphocytic pleocytosis [6–8].
Cultures are often negative, and viral RNA is rarely demon-
strated in CSF; hence, RT-PCR for CSF was not done in our
patient [9, 18, 19].

Typical neuroimaging features of AHLE include multifo-
cal, variable-sized (often more than 1 cm) poorly defined
white matter lesions involving both cerebral hemispheres, pre-
dominantly parietal and occipital lobes. Subcortical and deep
white matter predominance with characteristic asymmetric
distribution is seen. Although less frequent, there can be
brainstem, cerebellar peduncle, and deep grey matter involve-
ment [5, 7]. The lesions are hyperintense on T2W and FLAIR
images and hypointense on T1W images and show
microhemorrhage-related blooming in susceptibility-
weighted images (SWI). Diffusion and contrast enhancement
characteristics are variable. Extensive brainstem involvement

Fig. 1 a CT brain axial sections
showing focal hypodensities
involving the left hemimedulla. b
Hypodensities involving the right
centrum semiovale, frontal, and
left parieto-occipital white matter
without hemorrhage. c and d
Sagittal and coronal images dem-
onstrating the left parieto-
occipital deep white matter lesion.
No hemorrhage or mass effect
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and widespread microhemorrhages often portend a poor prog-
nosis [19–21]. Unifocal pseudotumoral lesions involving the

corpus callosum and brainstem are rare presentations [9, 22,
23].

Fig. 3 Follow-up MRI revealed a significant interval increase in the size
of lesions in the cerebral hemispheres (a to d) with new-onset left parietal
subarachnoid hemorrhage (e). Interval increasing mass effect with asso-
ciated uncal and descending transtentorial herniation (h) and acute in-
farcts in bilateral posterior cerebral artery territories (f, g). Florid

intralesional and brainstem hemorrhage depicted (i). Sagittal T2W image
of cervical spine shows no focal lesion in cervical spinal cord. T2 hyper-
intense medullary lesion (j). MR brain angiogram and venogram are
normal. MR spectroscopy showed elevated lactate levels (not shown in
images)

Fig. 2 MRI brain images—DWI images (a, c) and corresponding ADC
maps (b, d) show diffusion restriction of lesions shown in CT with
hyperintensity in T2WI (e) and FLAIR(f). Internal hemorrhage causing

susceptibility changes in SWI images (g) seen. Pre contrast (i) and post-
contrast (h, j) of lesions show patchy, rim enhancement with central non-
enhancing component
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Microhemorrhages and leukoencephalopathy-related
changes are however commonly seen in critically ill
COVID-19 patients with or without clinical features of
ADEM or AHLE. The presumed causal factors include direct
infection, hypoxia, sepsis, PRES, and metabolic causes which
are common in these patients [24]. However, the presence of
white matter changes with florid micro or gross hemorrhage
causing mass effect are imaging features favoring AHLE.
Brainstem, cerebellar involvement, and widespread hemor-
rhage are features associated with a poor outcome [1].

In our patient, early imaging features showed minimal sus-
ceptibility changes with subtle subependymal enhancement
which confounded the diagnosis requiring a wider differential
including tumefactive demyelination and primary central ner-
vous system (CNS) lymphoma. Follow-up MRI depicted rap-
id progression with florid parenchymal hemorrhages, which
against this clinical background and CSF picture led us to
make a final diagnosis of AHLE. The imaging features in
our case parallel the findings demonstrated by Yong et al.
and Chalil et al., albeit with severe edema, mass effect, and
hemorrhagic component which could explain the fatal out-
come [5, 6]. Intraventricular hemorrhage described by Chalil
et al. was not seen in our case [6]. The case described by
Haqiqi et al. had similar widespread involvement, but lesions
were symmetric without significant edema or mass effect. In
this instance, the patient was hypertensive and on full dose of
therapeutic anti-coagulation [11].

Handa et al. described bilateral frontoparietal white matter
and cervical spinal cord signal changes without significant
mass effect in COVID-19-associatedAHLE. In addition, there
was involvement of the splenium of corpus callosum [7].
Corpus callosum signal changes are common in ADEM and
critically ill COVID-19 patients. Due to lack of SWI images,
comparison of hemorrhagic severity with the rest of the AHLE
cases and COVID-19 patients with splenial signal changes
could not be made. Recovery of this patient along with atyp-
ical imaging pattern could suggest these features as a repre-
sentation of a less severe variant of AHLE.

Karapanayiotides et al. reported a case of AHLE with con-
centric demyelinating lesions demonstrating a subacute hem-
orrhagic component and peripheral hemosiderin deposits [8].
Such an unusual appearance was not seen in our case neither
has it been reported previously. In this case, there was pre-
dominant basal ganglia involvement with edema extending
into the adjacent white matter, while most lesions in previous-
ly described reports were centered in the lobar white matter.
Although hemorrhage was attributed to AHLE, the spontane-
ous clinical recovery and resolution of imaging findings re-
mains uncharacteristic of usual AHLE patients. This case
probably represents a unique variant of AHLE with a favor-
able outcome.

Pseudotumoral form of AHLE with corpus callosal in-
volvement has been described in a non-COVID-19 and inT
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one COVID-19 patient [9, 22]. Imaging in the non-COVID-19
patient showed florid splenial hemorrhage, and the diagnosis
was histopathologically confirmed. However, in the COVID-
19 patient, AHLE was presumed based on imaging which
showed callosal and frontoparietal grey-white matter junction
microhemorrhages. Such punctate microbleeds (less than
3mm) in splenium and juxtacortical location are common non-
specific findings seen in critically ill COVID-19 patients [24].
The favorable outcome in the latter patient without immuno-
suppressive therapy is quite unusual for a case of AHLE.
Diffuse white matter signal changes and widespread micro/
gross hemorrhages should be a prerequisite to entertain
AHLE as a possible diagnosis, while a few microbleeds alone
are more likely to be non-specific in COVID-19 setting.
Ghosh et al. demonstrated hemorrhagic lesions in bilateral
cerebral white matter which fits the description of AHLE [10].

Hypoxia, sepsis, and ischemic stroke are among the rela-
tively more common entities that can cause acute neurological
deterioration in COVID-19 patients. Other white matter dis-
eases (ADEM, AHLE), necrotizing encephalitis (ANE), and
vascular disorders (central venous sinus thrombosis (CVT);
hemorrhagic posterior reversible encephalopathy syndrome
(PRES)) have a much lower incidence but overlapping clinical
manifestations. Hence a combination of imaging, CSF analy-
sis, and histopathological evaluation help to narrow the
differential.

ADEM, a milder form of post-infective encephalomyelitis,
shows multiple, asymmetric, poorly marginated lesions which
are relatively smaller in size, with less severe edema and mass
effect and additional spinal cord involvement. Hemorrhage
and enhancement are not a feature of these lesions [24, 25].
Basal ganglia are more commonly involved in ADEM than in
AHLE. A fulminant variant of multiple sclerosis (MS) can be
confused with AHLE, but it usually presents with callosal
involvement and has characteristic CSF features. ANE has
characteristic symmetric thalamic signal changes with addi-
tional involvement of brainstem, cerebral white matter, and
cerebellum [26, 27]. Symmetric thalamic involvement is not
seen in AHLE. Similar to AHLE, only rarely is the virus
detected in CSF in ANE [28].

CVT is common in COVID-19 patients and can result in
parenchymal hemorrhage. However, the clinical picture is
different, and demonstrable thrombus in cortical veins and/
or dural venous sinuses establishes the correct diagnosis in
most patients [29]. Hemorrhagic PRES also presents with
parieto-occipital white matter involvement and hemor-
rhages. Few cases of hemorrhagic PRES in COVID-19
patients have been reported to date [30–32]. Cortical in-
volvement can occur in PRES, and clinical presentation of
elevated or fluctuating blood pressure is seen during the
period of illness. Our index patient’s blood pressure was
within normal limits. Tocilizumab, a monoclonal antibody
against interleukin-6, used on an experimental basis for

treating cytokine storm in COVID-19 patients is also pre-
sumed to precipitate PRES [31]. It was not administered in
our patient. Also, widespread hemorrhage as seen in our
patient is not a typical feature of any of the above-
mentioned conditions.

To summarize, an imaging picture of multifocal, discrete,
and confluent, variable-sized, poorly defined white matter le-
sions with significant hemorrhage, edema, andmass effect in a
COVID-19 patient with rapid neurological deterioration
should alert the treating physician towards a diagnosis of
AHLE urging them to treat aggressively. High-dose IV ste-
roids, often methylprednisolone, remain the first-line treat-
ment [1]. Refractory cases can be treated with intravenous
immunoglobulin (IVIG) and plasma exchange [1]. Based on
a recent study on cytokines in COVID-19, tocilizumab along
with broad-spectrum immunomodulatory drugs are suggested
at the earliest suspicion of AHLE [12]. Treatment in COVID-
19-related AHLE is a relatively uncharted territory and bound
to evolve with increasing experience and better understanding
of the disease.

Conclusion

AHLE is a rare and often fatal neurological complication of
COVID-19. Heightened clinical suspicion and early imaging
identification of this entity can enable the clinicians to pursue
more aggressive treatment options thereby reducing fatal
outcomes.
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