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ocal hyperperfusion and elevated lactate in the cere-
ral lesions with anti-GABAaR encephalitis: A serial MRI
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Anti-�-aminobutyric acid A receptor (GABAaR) encephalitis is
 rare autoimmune disorder characterized by refractory seizures,
tatus epilepticus, and multifocal cortical-subcortical T2/fluid-
ttenuated inversion recovery (FLAIR) abnormalities associated
ith auto-antibodies against the �1/�3  subunits of the GABAaR

1–3]. Brain MRI  abnormalities are the hallmark of this disorder.
Here we report a case of anti-GABAaR encephalitis, of which

euroimaging showed multifocal hyperperfusion with lactate
ccumulation mimicking stroke-like lesions in mitochondrial
ncephalomyopathy, lactic acidosis, and stroke-like episodes
MELAS) [4–6].

ase report

A 67-year-old right-handed woman was admitted to our hospi-
al. She had been in her usual state of health until 35 days before
dmission, when dysesthesia and pain developed in her left leg
radually ascending from the toes over 3 days. She underwent a
rain MRI  at another hospital, which showed increased FLAIR/T2
ignal in the posterior part of the right insular cortex. Levetiracetam
,000 mg/day was started, and she was referred to the department
f neurosurgery with suspected brain tumor. On admission (day 1),
he patient was alert, and well oriented. She had sensory symptoms
ut she had no sensory loss. A brain MRI  obtained on day 9 showed
ewly appearing multifocal cortico-subcortical lesions and expan-
ion of the initial insular lesion, without enhancing effect. Apparent
iffusion coefficient (ADC) values were reduced in cortical lesions
ut elevated in underlying subcortical white matter. Arterial spin

abeling (ASL)-perfusion MRI  showed multifocal hyperperfusion in
he areas corresponding to the acute lesions (Fig. 1A). On day 11
he was transferred to our department of neurology for further
valuation.
Please cite this article in press as: Ueno H, et al, Focal hyperperfusio
encephalitis: A serial MRI  study, J Neuroradiol (2019), https://doi.org/

She had a past medical history of hypothyroidism and gastroin-
estinal stromal tumor of the stomach, which was removed one year
arlier. She had been treated with levothyroxine since 62 years of
ge.

https://doi.org/10.1016/j.neurad.2019.10.001
150-9861/© 2019 Elsevier Masson SAS. All rights reserved.
On examination, the temperature was  36.9 ◦C; physical exami-
nation was unremarkable. On neurologic examination, the patient
had short-term memory loss and dyscalculia, but otherwise
neurologically unremarkable. The blood test-results were nor-
mal, including thyroid function, serum lactate (0.92 mmol/L), and
pyruvate (0.1 mmol/L), except ANA (1:80), serum TPO antibod-
ies (417 IU/mL, normal < 16), and Tg antibodies (> 4000 IU/mL,
normal < 28). Cerebrospinal fluid (CSF) examination revealed 5
white blood cells/�L, and a protein level of 38 mg/dL. CSF lactate
level was  elevated (3.62 mmol/L) but pyruvate level was  normal
(0.24 mmol/L); L/P ratio was  15.2.

On day 12 generalized tonic-clonic seizure developed fol-
lowed by delirious state. On day 14 electroencephalogram showed
paroxysmal discharges in C4 and T4. Stroke-like episodes in
MELAS were initially suspected, but oligoclonal bands were sub-
sequently detected in CSF. For possible autoimmune encephalitis,
she received 2 cycles of intravenous high-dose methylprednisolone
(1,000 mg  for 3 days) on day 14 and 21, respectively, followed by
gradual tapering of prednisolone (25 mg/day). On  day 24 her symp-
toms began to improve associated with gradual resolution of the
right peri-sylvian fronto-temporal cortical lesions, but the right
posterior-temporal lesion further expanded with focal hyperperfu-
sion (Fig. 1B). 1H-MRS using a short echo time (TE 35 ms) showed
elevated lactate (Lac) signals and Lac/creatine (Cr) ratio in the voxel
of interest (Fig. 1C and D).

On day 37 prednisolone was changed to cyclophosphamide
(50 mg/day) because steroid-induced manic state developed. On
day 40 it was  reported that she was  positive for GABAaR anti-
bodies in both serum and CSF obtained on day 11 but negative
for other auto-antibodies against neuronal cell-surface antigens
(NMDA receptor, AMPA receptor, GABAb receptor, LGI1, Caspr2, or
mGluR5). These antibodies were determined with established cell-
based assays and rat brain immuno-histo-chemistry at University
of Barcelona. On day 45 the follow-up MRI  studies showed mild
improvement of the brain lesions. A Lac/Cr ratio remained high but
subsequently returned to normal with resolution of hyperperfusion
(Fig. 1C and D). On day 67 she was  discharged without neurolog-
ical sequelae; on discharge she was  treated with levetiracetam
(2,000 mg/day), perampanel (6 mg/day), and cyclophosphamide
(50 mg/day). At the last follow-up (day 147), brain MRI  was
unremarkable (Fig. 1D), and she was free of symptoms without
recurrence of seizure.

Discussion

This patient presented with ascending sensory symptoms in
the left leg followed by generalized convulsive seizures associated
n and elevated lactate in the cerebral lesions with anti-GABAaR
10.1016/j.neurad.2019.10.001

with rapidly developing multifocal cortico-subcortical lesions.
Although the MRI  findings are typical of anti-GABAaR encephalitis,
ASL-perfusion MRI  and 1H-MRS showed multifocal hyperper-
fusion with elevated Lac/Cr ratio in the acute lesions, of which

https://doi.org/10.1016/j.neurad.2019.10.001
https://doi.org/10.1016/j.neurad.2019.10.001
http://www.sciencedirect.com/science/journal/01509861
https://doi.org/10.1016/j.neurad.2019.10.001
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Fig. 1. Neuroimaging studies. Day 9: a brain MRI  obtained on day 9 shows multifocal cortico-subcortical increased fluid-attenuated inversion recovery (FLAIR) signals (A,
arrows). Arterial spin labeling (ASL)-perfusion map  also shows multifocal hyperperfusion in the areas corresponding to the acute brain lesions (A, arrows). Th follow-up
b ex (B, 
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rain  MRI  obtained on day 24 shows improvement in the right peri-sylvian cort
B,  yellow arrow). ASL-perfusion map  also shows disease activity dependent hype
osterior-temporal parietal lesion (C and D). Note gradual decline in Lac/Cr ratio as

euroimaging pattern is similar to those of stroke-like episodes
n MELAS. As the patient was initially suspected with MELAS,
he similarity of neuroimaging pattern may  potentially delay
he diagnosis of treatment-responsive autoimmune encephalitis
articularly in cases of lack of CSF pleocytosis or fever.

The mechanism of hyperperfusion remains speculative, but ele-
ated Lac/Cr ratio suggests increased anaerobic glycolysis through
ocally increased metabolic demands such as seizure, resulting
n accumulation of lactate and increase in cerebral blood flow
CBF). In anti-GABAaR encephalitis, the auto-antibodies are shown
o decrease the density of the GABAaR at post-synaptic mem-
rane, and down-regulate GABAaR function, leading to neuronal
yperexcitability [1,7]. Vacchiano et al. reported a case of anti-
ABAaR encephalitis with multifocal hypermetabolic lesions on

8fluorodeoxyglucose positron emission tomography in the areas
orresponding to T2/FLAIR hyperintensities [8]. Synaptic activ-
ty is sensed by astrocytes, and the regional CBF is controlled
hrough neuron-astrocyte communications [9]. Multifocal hyper-
erfusion with lactate accumulation in our case is presumed by
uto-antibody-mediated neuronal hyperexcitability. These patho-
hysiological changes are similar to those of stroke-like episodes
Please cite this article in press as: Ueno H, et al, Focal hyperperfusio
encephalitis: A serial MRI  study, J Neuroradiol (2019), https://doi.org/

n MELAS, in which neuronal hyperexcitability is proposed to play
n important role in the initiation of stroke-like episodes [4,5].
herefore, it is not unexpected that neuroimaging patterns in anti-
ABAaR encephalitis mimic  stroke-like episodes. Although classic
blue arrow) but rather expansion of the right posterior-temporal parietal lesion
sion. 1H-MRS shows marked elevation of lactate (Lac) doublet peaks in the right

ed with resolution of increased FLAIR signal and hyperperfusion (C).

stroke-like-lesion is usually single and predominantly affecting the
cortex with vasogenic edema [4,5], multiple or disseminated small
cortical lesions have recently been reported as a distinctive form of
stroke-like lesions in MELAS [6].

This study showed consecutive changes in perfusion and
metabolites in the acute brain lesions; subcortical increased
T2/FLAIR signals with elevated ADC values resolved subsequently,
suggesting the presence of vasogenic edema. Focal hyperperfu-
sion on ASL and elevated lactate spectra on 1H-MRS are more
likely to reflect focally increased synaptic activity in the cerebral
cortex, thus, ASL-perfusion MRI  and 1H-MRS may  provide useful
information to estimate ongoing disease activity in anti-GABAaR
encephalitis. Neuronal hyperexcitability may  play an important
role not only in stroke-like episodes of MELAS but also in anti-
GABAaR encephalitis.

Ethics committee
n and elevated lactate in the cerebral lesions with anti-GABAaR
10.1016/j.neurad.2019.10.001

This study is a retrospective observational single case report,
which does not require the approval of Institutional Review Boards
in our Institute, but a written consent was  obtained from the patient
and family.

https://doi.org/10.1016/j.neurad.2019.10.001
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