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ABSTRACT

Unilateral hemispheric edema may occur with or without seizures. It is a rare
entity, found more often in children, than in adults. As many of these patients
develop pronounced unilateral complete cortical hemispheric (uni-hemispher-
ic) edema on MRI, we have used the term “cortical unihemispheric brain edema”
(CUBE) to describe this entity. We describe a case of CUBE occurring along with a
post COVID multi-system inflammatory syndrome in adults (MIS-A). A 30-year-
old man was admitted with status epilepticus. He was found to have CUBE and
features of MIS-A. He had a history of mild COVID-19 illness one month earlier.
He was noted to have persistently elevated inflammatory markers and multi-
organ dysfunction compatible with MIS-A. We review the cases of CUBE in the
literature and describe the features and etiology of this uncommon syndrome.
Furthermore, we discuss the differences between two types of CUBE; cytotoxic
CUBE (CUBE-C) and vasogenic CUBE (CUBE-V).

Key words: unilateral hemispheric edema, cortical unihemispheric brain edema
(CUBE), multi-system inflammatory syndrome in adults (MIS-A), cytotoxic CUBE
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Unilateral hemispheric cortical edema
with status epilepticus is a rare entity.
Most cases have been described in
children, wusually in the setting of
infantile hemi-convulsion-hemiplegia-
epilepsy (IHHE) syndrome or Rasmus-
sen’s encephalitis. Only a handful of
adult cases have been described [1-3].
Two cases occurred in patients with pre-
existing post traumatic epilepsy or cere-
bral palsy. The third case, which closely
resembled our report, was described in
the pre-COVID era. This patient pre-
sented with a febrile status epilepticus
(FSE) and went on to develop multi-
organ dysfunction syndrome (MODS)
and disseminated intravascular coagula-
tion (DIC). This patient was followed
for 11 years and went on to develop

hemispheric atrophy (hemiplegia, apha-
sia and hemispheric atrophy associated
with febrile status epilepticus) [3].

As these patients, including our case,
developed pronounced unilateral hemi-
spheric (uni-hemispheric) cortical ede-
ma on magnetic resonance imaging
(MRI), we have used the descriptive
term “cortical unihemispheric brain
edema” (CUBE) to describe this group.
As the underlying pathophysiology
could be either cytotoxic or vasogenic
CUBE, we have further subclassified
patients as CUBE-C (cytotoxic) or CU-
BE-V (vasogenic).

Status epilepticus (SE) is an uncommon
neurological complication of COVID-
19. Only around 50 cases of COVID-19-
associated SE have been described [4].
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Seizures have been described in the post-COVID
phase. Status epilepticus and CUBE with a multi-
system inflammatory syndrome in adults (MIS-A) has
not yet been reported [5, 6].

We report a patient with CUBE-C and SE as the
presenting and prominent feature of a post-COVID
MIS-A.

MIS-A is a well described entity in the post-COVID
phase. The CDC criteria for MIS-A include the
following five criteria [7]:

e it should occur in the context of a severe illness
requiring hospitalization in an adult >21 years;

e a current or previous SARS-CoV-2 infection should
be documented during admission or in the preceding
three months with a positive RT-PCR, antigen, or
SARS-CoV-2 antibody test;

e severe dysfunction of one or more extrapulmonary
organ systems (e.g., hypotension or shock, cardiac
dysfunction, arterial or venous thrombosis or throm-
boembolism, or acute liver injury);

e accompanied by laboratory evidence of severe
inflammation (e.g., elevated CRP, ferritin, D-dimer,
or interleukin-6);

e and absence of a severe respiratory illness or
hypoxia that could explain the above findings.
Mild respiratory illness is not inconsistent with
diagnosis.

Case study

A 30-year-old man was admitted with status epilepti-
cus. He was found seizing by the side of the road 10
days earlier. At an outside center, he was found to
have dense right hemiplegia with accelerated hyper-
tension (BP: 200/140 mm Hg). He was intubated and
started on IV anticonvulsants (IV fosphenytoin
1,500 mg loading and 150 mg Q8 hourly, IV pheno-
barbitone 1,000 mg loading and 60 mg Q8H, IV
levetiracetam 1,500 mg loading and 750 mg IV BD).
Continuous EEG showed frequent left hemispheric
rhythmic ictal discharges lasting for between 3 and 5
minutes (figure 7). He was noted to have elevated
inflammatory markers, high CPK levels, acute kidney
injury, acute myocarditis (ECHO showing global LV
dysfunction and elevated troponin levels), acute liver
injury and an upper gastrointestinal bleed. He was
initiated on hemodialysis. The initial brain CT was
normal. One week later, brain MRI showed left
hemispheric cortical edema with diffusion restriction
and crossed cerebellar diaschisis (figure 2). After
transfer to our center, IV midazolam at 5 mg/hour and
propofol (2 mg/kg IV bolus infusion), followed by a
continuous infusion of 5 mg/kg/h for 24 hours and
ketamine at 10 mg/kg/hour were initiated for super-

refractory SE (SRSE). After 36 hours of burst suppres-
sion, his EEG showed only generalized slowing. A
repeat MRI on Day 11 showed similar features with
ipsilateral hyperperfusion. He had a remote history of
post-traumatic resolved epilepsy 12 vyears earlier,
which had remitted after two years (defined as
seizure-free for 10 years and off medication for >five
years) [8]. Brain CT at that time had shown a right
temporal contusion.

His past history was significant for COVID-19 illness
one month prior to presentation with a partial history
of COVID vaccination (1°* Dose of ChAdOx1 vaccine)
three months earlier. His laboratory reports showed
elevated troponin levels, rapidly resolving ECG
changes (initially V1-V3 ST segment elevation), abnor-
mal liver enzymes (AST: 350 U/L, ALT: 375 U/L, total
bilirubin: 3 mg/dL) and renal function tests (creati-
nine: 5 mg/dl), high CPK levels (33,000 U/L) and
persistently elevated inflammatory markers over three
weeks (ESR: 105 mm/hr, CRP: 98 m/dL, d-dimer:
9900 ng/mL, ferritin: 6,800 ng/mL). An extensive evalu-
ation for sepsis, autoimmune and paraneoplastic
antibodies, NMO and MOG antibodies was negative.
CSF examination was within normal limits. He was
started on antibiotics and IVIg at 2 mg/kg over five
days. His inflammatory parameters slowly decreased
and he was gradually rehabilitated. After two months,
he started to ambulate with support and had mild
word finding difficulty. A repeat MRI showed severe
left hemispheric atrophy (figure 2).

Discussion

Peri-ictal and post-ictal neuroimaging findings are
usually localized to the seizure onset zone or a single
lobe; most often in the mesial temporal structures and
neocortex and infrequently in the subcortical struc-
tures such as the thalamus or pulvinar [9]. Reduced
ADC values with restricted diffusion are reflective of
true cytotoxic edema (ruling out T2 shine through),
although the reduction of these values is modest,
compared to the normal side (<6-28%). They also
depend on the timing of MRI with respect to the stage
of SE. ADC values change during different stages of SE.
In Stage 1, there is hyperperfusion without a detect-
able ADC change. In Stage 2, ADC increases as
vasogenic extracellular oedema sets in. With Stage 3,
further progression to cytotoxic oedema results in
decreased ADC. Finally, in Stage 4, SE-related neuro-
nal loss and gliosis increases the ADC values [10].
Crossed cerebellar diaschisis may be seen as a result
of excitation of fronto-ponto-cerebellar circuits. In
our patient, the MRI/ magnetic resonance angiogram
(MRA) hyper-perfusion with cytotoxic edema sug-
gested increased neuronal metabolic demand and
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W Figure 1.
slower rhythmic left hemispheric ictal rhythm.

(A) EEG on Day 2 showing rhythmic left hemispheric ictal rhythm. (B) EEG on Day 3, showing a

neurovascular coupling, which nevertheless was
insufficient to meet the increased cortical metabolic
demands, causing a supply-demand mismatch.
CUBE is rarely associated with SE. The differential
diagnosis of CUBE varies based on the age at
onset, association with fever or underlying neuro-
logical conditions. Most patients with CUBE present
with a new-onset refractory status epilepticus
(NORSE).

In children, the differential diagnosis includes:

e chronic autoimmune encephalitis such as Rasmus-
sen’s encephalitis. During the acute phase, MRl may
show CUBE. Later on, gradual hemispheric atrophy
sets in.

e infantile hemiconvulsion-hemiplegia-epilepsy (IHHE)
syndrome. The International League Against Epilepsy
defines IHHE as a syndrome with new-onset refractory
status epilepticus in children aged less than two years.

Patients with IHHE have unilateral (focal) seizures with
fever, NORSE and may have CUBE with transient edema
lasting at least 24 hours.

e focal status epilepticus-related unilateral brain
edema (FSE-CUBE) is seen in children with pre-
existing epilepsy or cerebral palsy [11]. These children
behave like those with IHHE with an acute hemipar-
esis that often improves, and the child is left with
residual focal epilepsy.

e acute encephalopathy with acute brain swelling
with febrile illness (ABS) [12].

In children, the latter three features may represent a
continuum of acute encephalopathies with brain
swelling (AEBS).

e CUBE is rarer in adults, although the differential
diagnosis encompasses the following conditions
(table 1):
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W Figure 2. MRl and MRA. (A) MRA shows hypervascularity of left MCA branches (white arrow). (B) FLAIR. (C)
Diffusion weighted. D) ADC map images on Day 11. (E) MRI images from Day 21 (FLAIR). (F) Diffusion image
showing T2 shine through. G) Normal to increased ADC values on the left hemisphere. (H) MRl images after
two months (diffusion-weighted). (I, J) FLAIR images showing severe left hemispheric atrophy; the white
arrow shows the remote right temporal gliosis.

e CUBE-C related to focal or hemispheric status
epilepticus in adults with or without crossed cerebel-
lar diaschisis and hyper-perfusion on MRA [1-
3, 13, 14]. CUBE-V has also been reported with
better prognosis [15].

e unilateral hemispheric infective encephalitis.

e mitochondrial disorders such as MELAS (myopathy,
encephalopathy, lactic acidosis and stroke-like epi-
sodes). However, the lesion is usually restricted to
posterior head regions on MRI, although it may affect
vascular territories.

e FIRES which may occur at any age.

e uni-hemispheric cerebral infarction.

e CUBE-V due to fulminant hepatic failure, resulting
from unilateral hyper-perfusion syndrome [16].

e CUBE-V after cardiac surgery due to possible hyper-
perfusion syndrome or reversible encephalopathy
presenting with a stroke mimic without seizures [17].
e CUBE without diffusion restriction. FLAMES (FLAIR
hyperintensities in Anti MOG associated encephalitis
with seizures) is a unilateral cerebral cortical enceph-
alitis. It is associated with myelin oligodendrocyte
glycoprotein antibody-associated disease (MOGAD).
Most FLAMES are focal lesions, although rarely CUBE
is seen. These lesions show prominent FLAIR hyper-

intensities and post contrast T1 enhancement with
ipsilateral hyper-perfusion [18].

e rarely, traumatic brain injury can present as
CUBE [19].

Our patient with CUBE and SE had certain unusual
features that differentiated it from the above condi-
tions. The onset occurred in adulthood, without a
history of recent fever within the past two weeks
(ruling out FIRES or febrile SE), with no lesional
epilepsy and MOG antibody negativity, and the
patient had a multi-system inflammatory disorder
with MODS. His MRI showed CUBE with diffusion
restriction and ADC changes suggestive of CUBE-C.
He also showed involvement of the subcortical
structures- the basal ganglia and thalamus.

Although his MODS was initially thought to be due to
prolonged SRSE itself, persistent elevation of systemic
inflammatory markers and the time frame after
COVID-19 were consistent with MIS-A. The presence
of prominent multi-system involvement, fulfilment of
diagnostic criteria for MIS-A, elevated systemic
inflammatory markers (which is unusual in super-
refractory SE unless intractable MODS sets in) and
improvement with IVIg makes MIS-A the most likely
etiology for his condition. Our patient had a history of
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V Table 1. Literature on MRI of adults with unilateral brain edema.

Author  Clinical features
(most abnormal
laboratory parameters)

Inamasu  49-year-old man

et al. Generalized seizure

2001 [16]

Heo 49-year-old man

et al. Non-convulsive status

2007 [14] epilepticus

Wijdicks 34-year-old man

et al. Postoperative left flaccid

2008 [17] hemiplegia and
anosognosia
No seizures

Carroll  37-year-old man

et al. Gradual recovery to

2010 [15] baseline over 2 months

Ali et al.  30-year-old woman

2013 [11  Unihemispheric status
epilepticus.

Normal CSF, blood
parameters
Viral workup negative.

Dubin 67-year-old woman

et al. Single seizure

2017 [13] Normal CSF, blood
parameters
Viral workup negative

Ogawa  38-year-old man

et al. Focal-generalized seizures

2017 [18] Right hemiparesis,
aphasia
CSF- pleocytosis (>300
cells)

Serum MOG antibody
positive

Ferilli 68-year-old woman

et al. Unihemispheric status

2018 [2]  epilepticus
Normal CSF, blood
parameters

Pre-existing

neurological
conditions

None

None

None

Prior
craniopharyngioma
and seizures

Prior traumatic
brain injury,
vegetative state

None

None

Cerebral palsy

MRI findings

Diffuse cortical edema with
ipsilateral hyperperfusion.
DW MRI not available

CUBE with diffusion
restriction

CUBE-V on MRI

T2 shine through without diffusion
restriction

Complete MRI resolution

by Day 25

No residual atrophy

or gliosis.

Reversible T2 shine through
without diffusion restriction
(vasogenic edema)

CUBE with ipsilateral
hyperperfusion and crossed
cerebellar diaschisis

MRI- left hemispheric
cerebral edema

DW imaging- focal
diffusion restriction
No vascular occlusion

MRI- unilateral hemispheric cortical
hyperintense lesions on fluid-
attenuated recovery (FLAIR) imaging
No diffusion restriction

Ipsilateral hyperperfusion

on brain SPECT

CUBE with ipsilateral hypoperfusion

Etiology and
outcome

Fulminant hepatic
failure with
hyperperfusion
syndrome

Residual sensory
aphasia at discharge

Possible
autoimmune/
infective
encephalitis.
Complete recovery

After cardiac surgery
Hyperperfusion
syndrome or
reversible
encephalopathy
Good outcome

Symptomatic
seizures

Complete resolution
on follow-up MRI at
5 months.

Good improvement.
Residual focal
seizures.

Symptomatic
seizures
Improved to
baseline status

Possible influenza A
infection
Good outcome

MOG antibody
associated
encephalitis

Full recovery after IV
methylprednisolone
Follow up MRI after
6 years was normal

Symptomatic
seizures.

Recovery with
residual hemiparesis
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V¥ Table 1. Literature on MRI of adults with unilateral brain edema (continued).

Pre-existing
neurological
conditions

Clinical features
(most abnormal
laboratory parameters)

MRI findings

Etiology and
outcome

Naoi 43-year-old man None
et al. Status epilepticus
2021 [3]  Focal to secondary

generalized epilepsy

Normal CSF

MODS, DIC

Progressive cerebral

atrophy on follow-up.
Our CSF normal COVID-19,
case, MODS 8 weeks earlier.
2021 Increased systemic

inflammatory markers
(ESR:105 mm/hr, CRP:
98m/dL,

d-dimer: 9900 ng/mL,

ferritin: 6800 ng/mL)

Acute febrile SE
Residual hemiplegia
and aphasia

CUBE with persistent ipsilateral
cerebral hypoperfusion on MRA
at Day 20

MIS-A
Unresponsive state
during wakefulness

CUBE with persistent ipsilateral
hypervascularity
on Day 21.

remote post traumatic epilepsy with right temporal
gliosis. However, he developed CUBE on the contra-
lateral side. It is unclear as to why the cytokine storm
associated with MIS-A triggered a status epilepticus
from the contralateral side.

Most of the conditions associated with CUBE and
seizures share a common underlying pathophysiol-
ogy; a triggering febrile illness, autoimmune en-
cephalitis, cytokine storm, unilateral hyper-
perfusion, trauma or other mechanisms [20]. Our
case depicts the rare onset of CUBE with post-
COVID MIS-A and suggests the influence of a
dysregulated host immune response in the post-
viral phase. Why these factors should produce a
strictly unilateral involvement is still unclear. B
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Summary slides accompanying the manuscript are available at
www.epilepticdisorders.com.

Disclosures.
The authors declare no conflicts of interest.

References

1. Ali NA, Palat Chirakkara SK, Reddy JJ, Sinha S. Unilateral
brain oedema related to focal status epilepticus. Case
Reports 2013; 2013: bcr2013200864. https:/casereports.bmj.
com/lookup/doi/10.1136/bcr-2013-200864

2. Ferilli MAN, Brunetti V, Costantini EM, Della Marca G. Left
hemispheric status epilepticus with crossed cerebellar
diaschisis. ] Neurol Neurosurg Psychiatry 2018; 89(3): 311-2.
https://jnnp.bmj.com/lookup/doi/10.1136/jnnp-2017-315930

3. Naoi T, Morita M, Koyama K. An adult case of hemiplegia,
aphasia and hemispheric atrophy associated with febrile
status epilepticus. Intern Med 2021; 60(7): 1089-94. https:/
pubmed.ncbi.nlm.nih.gov/33116007/

4. Dono F, Nucera B, Lanzone ], Evangelista G, Rinaldi F,
Speranza R, et al. Status epilepticus and COVID-19: a
systematic review. Epilepsy Behav 2021; 118: 107887. https:/
linkinghub.elsevier.com/retrieve/pii/S1525505021001219

5. Pauletto G, Nilo A, Deana C, Verriello L, Del Negro I,
Lettieri C, et al. Recurrent status epilepticus and SARS-CoV-2
infection: the “perfect storm”. Acta Biomed 2021; 92(5):
€2021208. http://www.ncbi.nlm.nih.gov/pubmed/34738572

6. Davogustto GE, Clark DE, Hardison E, Yanis AH, Lowery
BD, Halasa NB, et al. Characteristics associated with
multisystem inflammatory syndrome among adults with
SARS-CoV-2 infection. JAMA Netw Open 2021; 4(5): €2110323.

7. Morris SB, Schwartz NG, Patel P, Abbo L, Beauchamps L,
Balan S, et al. Case series of multisystem inflammatory
syndrome in adults associated with SARS-CoV-2 Infection
— United Kingdom and United States, March-August 2020.
MMWR Morb Mortal Wkly Rep 2020; 69(40): 1450-6.

8. Hirsch LJ, Gaspard N, van Baalen A, Nabbout R, Demeret
S, Loddenkemper T, et al. Proposed consensus definitions
for new-onset refractory status epilepticus (NORSE), febrile
infection-related epilepsy syndrome (FIRES), and related
conditions. Epilepsia 2018; 59(4): 739-44. https:/pubmed.
ncbi.nlm.nih.gov/29399791/

9. Williams JA, Bede P, Doherty CP. An exploration of the
spectrum of peri -ictal MRI change; a comprehensive
literature review. Seizure 2017; 50: 19-32. https:/linkin-
ghub.elsevier.com/retrieve/pii/S1059131117302704

10. Yu JT, Tan L. Diffusion-weighted magnetic resonance
imaging demonstrates parenchymal pathophysiological
changes in epilepsy. Brain Res Rev [2008; 59(1): 34-41.
https://pubmed.ncbi.nlm.nih.gov/18514917/

600

Epileptic Disord, Vol. 24, No. 3, June 2022



11. Zhang T, Ma J. Focal status epilepticus-related unilateral
brain edema: magnetic resonance imaging study of childrenin
Southwest China. Pediatr Neurol 2019; 92: 60-6. https:/
linkinghub.elsevier.com/retrieve/pii/S088789941830496X

12. Nukui M, Kawawaki H, Inoue T, Kuki I, Okazaki S, Amo K,
et al. Clinical characteristics of acute encephalopathy with
acute brain swelling: A peculiar type of acute encephalopa-
thy. Brain Dev 2018; 40(9): 792-8. https:/linkinghub.elsevier.
com/retrieve/pii/S0387760418302092

13. Dubin 1, Drahy Y, Schattner A. Hemispheric cerebral
edema. Am ] Med 2017; 130(8): €329-30. https:/linkinghub.
elsevier.com/retrieve/pii/S0002934317303364

14. HeoSH, Lee M-S, AhnTB, ParkKC, Yoon SS, ChangDlI, et al.
A case of unilateral hemispheric encephalitis. Neurol Sci 2007;
28(4): 185-7. http:/link.springer.com/10.1007/s10072-007r-r0818-9

15. Carroll C, Krolikowski K, Mukonoweshuro W, Jones J,
Hanemann CO. Unilateral cerebral hemisphere oedemaas a
peri-ictal phenomenon. J Neurol 2010; 257(12): 2094-6. http://
link.springer.com/10.1007/s00415-010-5643-z

16. Inamasu J, Nakamura Y, Yamamoto S, Sakamoto N, Saito
R, Horiguchi T, et al. Prolonged unilateral vasodilatation
and brain edema in fulminant hepatic failure, associated

Cortical unihemispheric brain edema

with symptomatic seizure. Clin Neurol Neurosurg 2002;
104(2): 157-60. https:/linkinghub.elsevier.com/retrieve/pii/
S0303846702000070

17. Wijdicks EFM, Campeau N, Sundt T. Reversible unilateral
brain edema presenting with major neurologic deficit after
valve repair. Ann Thorac Surg 2008; 86(2): 634-7. https://
linkinghub.elsevier.com/retrieve/pii/S0003497508003925

18. Ogawa R, Nakashima I, Takahashi T, Kaneko K, Akaishi T,
Takai Y, et al. MOG antibody-positive, benign, unilateral,
cerebral cortical encephalitis with epilepsy. Neurol Neu-
roimmunol Neuroinflamm 2017; 4(2): e322. http://nn.neurol-
ogy.org/lookup/doi/10.1212/NX1.0000000000000322

19. Chibbaro S, Tacconi L. Role of decompressive craniect-
omy in the management of severe head injury with
refractory cerebral edema and intractable intracranial
pressure. Our experience with 48 cases. Surg Neurol 2007;
68(6): 632-8. https:/linkinghub.elsevier.com/retrieve/pii/
$0090301907000900

20. Madaan P, Saini L. Focal status epilepticus with
unilateral brain edema: an expanding spectrum. Pediatr
Neurol 2019; 99: 94. https:/linkinghub.elsevier.com/retrieve/
pii/S088789941930030X

TEST YOURSELF

(1) What is multi-system inflammatory syndrome in adults (MIS-A)?

(2) What is the mechanism of status epilepticus in MIS-A?

(3) How is MIS-A with CNS involvement treated?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the

website, www.epilepticdisorders.com.
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