é){v‘% diagnostics

Interesting Images

MRI Evolution of a Patient with Viral Tick-Borne Encephalitis
and Polymorphic Seizures

Carmen Adella Sirbu 1*(¥, Constantin Stefani 2*, Marian Mitrica 3*, Gabriela Simona Toma 4,

4

Aurelian Emil Ranetti >*, Any Docu-Axelerad ®0), Aida Mihaela Manole 7 and Ion Stefan %°

check for
updates

Citation: Sirbu, C.A.; Stefani, C.;
Mitricd, M.; Toma, G.S.; Ranetti, A.E.;
Docu-Axelerad, A.; Manole, A.M.;
Stefan, I. MRI Evolution of a Patient
with Viral Tick-Borne Encephalitis
and Polymorphic Seizures.
Diagnostics 2022, 12, 1888.
https://doi.org/10.3390/
diagnostics12081888

Academic Editor: Andreas Kjaer

Received: 20 July 2022
Accepted: 28 July 2022
Published: 4 August 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Neurology, ‘Dr. Carol Davila” Central Military Emergency University Hospital,

010242 Bucharest, Romania

Department No. 5, University of Medicine and Pharmacy “Carol Davila”, 050474 Bucharest, Romania
Clinical Neurosciences Department, University of Medicine and Pharmacy “Carol Davila”,

050474 Bucharest, Romania

Department of Radiology, ‘Dr. Carol Davila’ Central Military Emergency University Hospital,

010242 Bucharest, Romania

Department No. 2, University of Medicine and Pharmacy “Carol Davila”, 050474 Bucharest, Romania
Department No. 4, Faculty of Medicine, ‘Ovidius’ University of Constanta, 900470 Constanta, Romania
Department of Neurology, Clinical Ambulatory, ‘Dr. Carol Davila’ Central Military Emergency
University Hospital, 010242 Bucharest, Romania

Department of Infectious Diseases, ‘Dr. Carol Davila” Central Military Emergency University Hospital,
010242 Bucharest, Romania

Department of Medico-Surgical and Prophylactic Disciplines, Titu Maiorescu University,

031593 Bucharest, Romania

*  Correspondence: titimitrica@yahoo.com (M.M.); ranetti@gmail.com (A.E.R.)

1t These authors contributed equally to this work.

Abstract: Some neurotropic viruses induce specific lesions in the deep structures, such as basal ganglia
and thalamus. These anatomical structures play an important role in initiating and maintaining
different types of epileptic seizures. We present the case of a 25-year-old male, transferred to our clinic
one week after the onset of the symptomatology, with a recent history of traveling to Turkey and Egypt.
At the moment of his hospital admission, his symptoms included altered consciousness, agitation,
and seizures. Shortly after, his state worsened, requiring intubation. Viral tick-borne encephalitis
diagnoses were favored by the CSF (cerebrospinal fluid) analysis, EEG (Electroencephalography),
MRI (magnetic resonance imaging) images presenting symmetric hyper signal in the basal ganglia,
and IgM antibodies for anti-tick-borne encephalitis. These lesions persisted for several weeks, and the
patient’s seizures were polymorphic, originally generalized onset motor, generalized onset non-motor,
and focal myoclonic. The patient achieved his independence, seizures decreasing both in intensity
and frequency; the MRI images became almost normal. The reduction in antiepileptic doses was not
followed by seizure recurrence.

Keywords: tick-borne encephalitis (TBE); flavivirus; tick-borne encephalitis virus (TBEV); imaging;
CSF; EEG,; basal ganglia; MRI; polymorphic seizures

The thalamus and basal ganglia significantly trigger and sustain various types of
seizures, having a neuromodulatory role. Some viruses that invade the central nervous
system induce specific lesions in the basal ganglia and thalamus. The Flaviviridae family is
one of the most common sources of zoonoses. Its most important representatives are the
Japanese encephalitis virus, the yellow fever virus, the West Nile virus, the hemorrhagic
fever viruses, the Zika virus—all being transmitted by the Culex mosquito—and tick-borne
encephalitis virus (TBEV), transmitted via tick bite. Mainly the basal ganglia and sometimes
the thalamus are affected by cerebral involvement.

A 25-year-old patient with a known history of recent travel to Turkey and Egypt
(countries where there have been recent cases of TBE) was admitted to a regional medical
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care unit for a significantly altered general status, headache, seizures, and fever and was
transferred to our ward five days later.

At admission, the patient had a profoundly altered general condition. The brain
CT was normal, and the MRI revealed slightly increased bilateral putaminal and cau-
date nucleus signal, with moderate bilateral putaminal restricted diffusion (Figure 1).
Intercritical EEG recording with alpha background rhythm, average frequency 8 Hz and
amplitude 28 1V, intricate with slow waves predominantly left frontotemporal with sec-
ondary bilateraleralization, was suggestive of a lesional substrate. In the clinical con-
text, the patient’s seizures were polymorphic, originally generalized onset motor, gen-
eralized onset non-motor, and focal myoclonic. Unfortunately, video-EEG monitoring
was not possible at that time. Slightly increased leukocytes were found in the blood
tests, with 10.3% lymphocytes, 81.5% granulocytes, and 113 mg/dL glycemia. Dosing
of anti-NMDA (N-methyl D-aspartate receptors), anti-GAD (glutamic acid decarboxy-
lase), anti-GABA (gamma-aminobutyric acid), anti-neuronal, and anti-VGKC (voltage
gated potassium channel-complex) antibodies were negative. A lumbar puncture was
performed, obtaining a clear, colorless CSF with a glycorrhachia of 97 mg/dL, proteins
of 51 mg/dL, 586 erythrocytes/mm? (traumatic lumbar puncture), 27 leukocytes/mm?,
lymphocytes 83%, and polymorphonuclears 17%. Common bacterial or viral pathogens
were absent in the CSF using the PCR analysis panel for Staphylococcus, Streptococcus,
Enterobacteriaceae, Enterococcus, Escherichia Coli, Haemophilus influenzae, Listeria mono-
cytogenes, Neisseria meningitides, Streptococcus agalactiae, Streptococcus pneumonia,
Cytomegalovirus, Enterovirus, Herpes simplex virus 1/2, Human herpesvirus 6, Human
parechovirus, Cryptococcus neoformans/Gatti, and Varicella zoster virus. The immuno-
enzymatic test IgM antibodies for the anti-tick-borne encephalitis virus was positive (over
0.8 ratio). Therefore, the diagnosis was tick-borne encephalitis. The treatment of the in-
fection is mostly symptomatic, as there are currently no specific anti-TBEV agents. The
patient required oro-tracheal intubation, which was maintained for 23 days. He continued
to have generalized motor seizures and was sedated, presenting GCS 3, SOFA 4 (Sequen-
tial Organ Failure Assessment—mortality prediction in ED; SOFA 4 ~ 7.0% mortality),
APACHE 7 (Acute Physiology and Chronic Health Evaluation-mortality prediction in ED;
APACHE 7 = 10% mortality). Phenytoin and, later, valproic acid and levetiracetam were
initiated for underlying seizures and psychotic disturbances.

At that time, after intubation, the second MRI revealed bilateral putaminal high signal
intensity, on T2 and FLAIR sequences and low restricted diffusion in both putaminal
regions, without enhancement in the bilateral caudate nucleus and putamen (Figure 2).

Six days later, MRI showed a persistent high T2 signal intensity in the posterior
2/3 of the putamen and normal signal intensity of the caudate nucleus, with symmetrical
moderate restricted diffusion in the posterior 2/3 of the putamen and no restricted diffusion
in the caudate nucleus (Figure 3).

After resuming unassisted breathing, the neurological examination showed an ori-
ented patient with focal motor, generalized non-motor, and focal myoclonic seizures, being
partially aware. Perceptual qualitative disorders such as simple and complex auditory
hallucinations were highlighted; inappropriate behavior, voluntary and spontaneous hy-
poprosexia, accelerated rhythm and verbal fluency, no delusional ideation, and moderate
depression due to the recognition of health problems were also noted. Olanzapine was
introduced to treat his psychosis. Another lumbar puncture showed a glycorrhachia of
96 mg/dL and Crl proteins of 39 mg/dL.

MRI on day 45 revealed limited hyperintensity T2 in bilateral putamen in the posterior
external region and minimal hyperintensity in the periphery of bilateral putamen on FLAIR.
Minimal restricted diffusion persisted in the periphery of bilateral putamen (Figure 4).

On discharge, the patient presented normal signal intensity with only a discrete band
of peripheral high signal intensity T2 wi/FLAIR in bilateral putamen but without restricted
diffusion in the lenticular nucleus (Figure 5). The patient had a normal neurological
examination and no seizure activity. Treatment with valproic acid 1200 mg, levetiracetam
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2000 mg, and Olanzapine 5 mg was indicated at his discharge. One month later, he was
fully recovered, without seizures, showing a normal EEG, and it was decided to gradually
reduce the anticonvulsant and antipsychotic medication.

Figure 1. First Magnetic Resonance Imaging (MRI)—day 1 at the admission to our clinic (D1). (A) Ax-
ial T2-weighted image sequence: slightly increased bilateral putaminal and caudate nucleus signal;
(B) Axial FLAIR sequence: increased bilateral putaminal and caudate nucleus signal; (C) Axial
T1-weighted image sequence: slightly decreased bilateral putaminal and caudate nucleus signal;
(D) Diffusion-weighted image sequence (DWI); (E) Apparent diffusion coefficient map (ADC): mod-
erate bilateral putaminal restricted diffusion; (F) Coronal FLAIR image: slightly increased bilateral
putaminal (white arrow) and caudate nucleus signal (yellow arrow).

Figure 2. Second MRI-D5. (A) Axial T2-weighted image sequence: bilateral putaminal high signal
intensity; (B) Axial FLAIR sequence: bilateral putaminal high signal intensity; (C) Axial DWI: high
signal intensity in putaminal regions; (D) Axial ADC map: low ADC in the putaminal regions
suggestive of restricted diffusion in both putaminal regions (white arrow); (E) Contrast-enhanced
Coronal T1wi; and (F) Contrast-enhanced Axial T1wi: no enhancement in the bilateral caudate nucleus
(yellow arrow) and putamen (white arrow) with slightly decreased signal in bilateral putamen.
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Figure 3. Third MRI—D11. (A) Axial T2-wi sequence: persistent high T2 signal intensity in posterior
2/3 of the putamen; (B) Axial FLAIR image: Symmetrical hyperintensity of the posterior 2/3 of the
putamen (white arrow) and normal signal intensity of the caudate nucleus (yellow arrow); (C) Axial
DWI: persistent symmetrical moderate restricted diffusion in the posterior 2/3 of the putamen (white
arrow) and no restricted diffusion in the caudate nucleus (yellow arrow).

Figure 4. Fourth MRI (D45). (A) T2-wi sequence: limited hyper signal in bilateral putamen in the
posterior external region; (B) Cor FLAIR image: minimal hyperintensity in the periphery of bilateral
putamen; (C) Axial DWI: minimal restricted diffusion persistent in the periphery of bilateral putamen
(white arrow).

Figure 5. Fiveth MRI (D63). (A) Axial T2-wi; (B) Axial FLAIR: normal signal intensity with only a
discrete band of peripheral high signal intensity T2 wi/FLAIR in bilateral putamen; (C) Axial DWI:
there is no more restricted diffusion in the lenticular nucleus (white arrow).

Tick-borne encephalitis is generated by TBEV infection, transmitted by ticks. There
are more variants of Eurasiatic TBEV, such as the European variant, the Far Eastern variant,
and the Siberian variant. Other variants of lesser importance have recently been discovered
in the Balkans (Greece and Bulgaria), Turkey and Spain, and also in India and Egypt [1].

With an incubation period of 7 to 15 days, 30% of infections caused by TBEV remain
asymptomatic. The disease’s evolution usually has two phases. Initially, most of the
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symptoms are flu-like, such as headache or myalgia, and they can last for 4-7 days or even
up to 15 days [2]. In a minority of cases, after a short afebrile period, the encephalitic phase
begins, and the symptoms worsen, affecting the nervous system: myelitis, meningitis, or
encephalitis, depending on the location of the lesion [3,4].

The role of the basal ganglia in initiating and maintaining seizures is controversial.
While some authors consider the frontal and temporal lobes to be epileptogenic sources,
others incriminate the basal ganglia. The role of the latter is well established: it is known
that the efferents of the direct and indirect pathways exert an inhibitory activity on the
anterior and lateral ventral thalamus, filtering the exaggerated motor activity from the
cortex. Multiple studies demonstrated the above [5-9]. Regarding generalized nonmotor
seizures, the basal ganglia have a better-established role. The main pathways involved in
controlling seizures are excitatory pyramidal neurons, subthalamic nucleus, spinal medial
neurons, and specific relay nuclei [10]. Various studies suggest that stimulation of the
striatum, external globus pallidus, subthalamic nucleus, and reticulated substantia nigra
or thalamus by deep brain stimulation may decrease epileptiform activity in generalized
nonmotor seizures. Recent MRI studies suggested that substantia nigra atrophy, along
with metabolic and blood flow abnormalities, are responsible for decreased antiepilep-
tic inhibitory activity [11,12]. Pars compacta degeneration plays a role in the onset of
epilepsy [8]. There was a link between damage to the basal ganglia and initiation—then
continuation—of polymorphic seizures.

Most people infected with TBEV recently traveled to areas known to be at high risk.
Turkey, Egypt, and even Romania are countries where there were recently reported cases of
infections caused by TBEV.

Our patient did not recall being possibly bitten by a tick. A minority of cases obtain
the virus from low-risk areas, probably through non-vector transmission. In the case of
our patient, the onset of encephalitis was clinically dramatic, with acute deterioration
of consciousness and seizures. It is important to emphasize the characteristic prodrome
consisting of headache, altered general condition, and chills. We would like to mention that
the patient had never been vaccinated against the yellow fever virus. The immunoassay test
could be falsely positive due to cross-linked reactions with other flaviviruses. The patient
had not been vaccinated against TBE either. We would like to emphasize the importance of
vaccination in endemic areas using the FSME Immun or other anti-TBEV vaccines.

MRI imaging revealed symmetrical bilateral damage to the basal ganglia and the
temporally overlapped remission of the lesions with the improvement of symptoms. Other
pathologies that can affect the basal ganglia symmetrically and have a specific MRI appear-
ance were excluded (Table 1).

Table 1. MRI abnormalities of the basal ganglia found in different pathologies.

Disease T1w Sequence T2w Sequence FLAIR DWI
In the first two weeks,
In severe cases, hyperintensities and
hyperintensities may stﬁin of the affected Increased DWI signal
Hypoxic-ischemic be encountered due to ar%:as due to Hyperintensities in the and low ADC,
encephalopathy [13,14] the accumulation of . . affected areas suggestive of restricted
. inflammation of the oo .
denatured proteins, diffusion

secondary to necrosis

affected grey matter
can be observed

Leigh disease [15,16]

Decreased T1wi signal
in the areas with T2
hyperintensities; rarely,
T1 hyperintensities
may be encountered

Hyperintensities in the
following structures:
basal ganglia
(especially putamen),
brain stem,
periaqueductal brain
matter, medulla,
midbrain, thalami

Restricted diffusion
may be seen in the
acute setting

Hyperintensities such
as T2wi
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Table 1. Cont.

Disease T1w Sequence T2w Sequence FLAIR DWI
‘Hyp051g'nal (usually Hyperintensity in one Itisa Sel’lSlthFE
. bilateral) in the cerebral . ... sequence showing
Hypoglycemic . or more of the Hyperintensities such . Y
cortex, internal capsule, . . reversible diffusion
encephalopathy [17-19] . Tlw-mentioned as T2wi -
hippocampus, or basal restriction from the
. structures
ganglia early hours
Hyperintensities in
deep grey matter
structures, especially in
the putamen and
Hvypointensities in dee bilateral thalami. Giant Restricted diffusion
Wilson's disease [20,21] Yp p panda sign (increased Giant panda sign. may be the first
grey matter structures . . s s . .
signal intensity in the imaging change
midbrain tegmentum
with the normally
hypointense red
nucleus
Generally, FLAIR Confluent and
hyperintensities in the symmetrical
Generally, T2 affected areas restricted-diffusion

Toxic substances [22,23]

It depends on the
substance involved

hyperintensities in the
affected areas

Confluent, symmetrical
lesions that may
involve the corpus
callosum

lesions that may
involve the corpus
callosum or white
matter

Hepatic
encephalopathy [24,25]

Hyperintensities in the
basal ganglia,
subthalamic regions,
and globus pallidus

High signal intensities
involving the
hemispheric

corticospinal tract and

focal hyperintense T2
lesions in subcortical
hemispheric white
matter

Hyperintensities such
as T2wi

Increase mean
diffusivity in the
affected areas

Non-ketonic
hyperglycemia [26,27]

Hyperintensities in the
basal ganglia (more
often, the putamen or
caudate nucleus are
involved)

Hyperintensities in the
regions described in the
T1lw sequence

Sometimes subcortical
hypointensity and
cortical hyper signal

Basal ganglia
hyperintensity

We concluded that MRI is an important non-invasive tool for the follow-up and
prognosis of viral meningitis.

Author Contributions: Conceptualization, C.A.S., AM.M. and C.S.; methodology, C.A.S. and C.S,;
software, M.M., A.E.R. and G.S.T,; validation, C.A.S., C.S. and A.D.-A; formal analysis, M.M., AM.M.,
LS. and G.S.T.; investigation, I.S. and A.E.R.; writing—original draft preparation, C.A.S. and C.S.;
writing—review and editing, M.M., 1.S.,, AM.M., A.D.-A. and A.E.R. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted by the Declaration of Helsinki and
approved by the Ethics Committee of Central Military Emergency University Hospital (512/04.05.2022).

Informed Consent Statement: Written informed consent has been obtained from the patient to
publish this paper.

Data Availability Statement: Not applicable.



Diagnostics 2022, 12, 1888 70f8

Conflicts of Interest: Sirbu CA has received speaker honoraria, consulting fees, travel fees, and
research and educational grants from Bayer, Novartis, Merck, Schering, Ever Pharma, Roche, and
Teva. Not applicable to the rest of the authors.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Adelshin, R.V,; Melnikova, O.V.; Karan, L.S.; Andaev, E.; Balakhonov, S.V. Complete Genome Sequences of Four European
Subtype Strains of Tick-Borne Encephalitis Virus from Eastern Siberia, Russia. Genome Announc. 2015, 3, e€00609-15. [CrossRef]
[PubMed]

Bogovic, P. Tick-borne encephalitis: A review of epidemiology, clinical characteristics, and management. World J. Clin. Cases 2015,
3, 430-441. [CrossRef] [PubMed]

Ruzek, D.; Zupanc, T.A.; Borde, J.; Chrdle, A.; Eyer, L.; Karganova, G.; Kholodilov, I.; Knap, N.; Kozlovskaya, L.; Matveev, A.;
et al. Tick-borne encephalitis in Europe and Russia: Review of pathogenesis, clinical features, therapy, and vaccines. Antivir. Res.
2019, 164, 23-51. [CrossRef]

Romero, J.R.; Newland, J.G. Viral meningitis and encephalitis: Traditional and emerging viral agents. Semin. Pediatr. Infect. Dis.
2003, 14, 72-82. [CrossRef]

d’Orsi, G.; Martino, T.; Lalla, A.; Claudio, M.T.D.; Carapelle, E.; Avolio, C. Faciobrachial dystonic seizures expressed as epileptic
spasms, followed by focal seizures in anti-LGI1 encephalitis: A video-polygraphic study. Epileptic Disord. 2018, 20, 525-529.
[CrossRef] [PubMed]

Chang, A.D.; A Berges, V.; Chung, S.J.; Fridman, G.Y.; Baraban, ].M.; Reti, L. M. High-Frequency Stimulation at the Subthalamic
Nucleus Suppresses Excessive Self-Grooming in Autism-Like Mouse Models. Neuropsychopharmacology 2015, 41, 1813-1821.
[CrossRef]

Arakaki, T.; Mahon, S.; Charpier, S.; Leblois, A.; Hansel, D. The Role of Striatal Feedforward Inhibition in the Maintenance of
Absence Seizures. |. Neurosci. 2016, 36, 9618-9632. [CrossRef]

Hu, B.; Guo, Y;; Zou, X.; Dong, J.; Pan, L.; Yu, M.; Yang, Z.; Zhou, C.; Cheng, Z.; Tang, W.; et al. Controlling mechanism of absence
seizures by deep brain stimulus applied on subthalamic nucleus. Cogn. Neurodynamics 2017, 12, 103-119. [CrossRef]

DeLong, M.; Wichmann, T. Changing Views of Basal Ganglia Circuits and Circuit Disorders. Clin. EEG Neurosci. 2010, 41, 61-67.
[CrossRef]

Hu, B.; Wang, D.; Xia, Z.; Yang, A.; Zhang, J.; Shi, Q.; Dai, H. Regulation and control roles of the basal ganglia in the development
of absence epileptiform activities. Cogn. Neurodynamics 2019, 14, 137-154. [CrossRef]

Vytvarova, E.; Marecek, R.; Fousek, J.; Stry¢ek, O.; Rektor, I. Large-scale cortico-subcortical functional networks in focal epilepsies:
The role of the basal ganglia. Neurolmage Clin. 2016, 14, 28-36. [CrossRef]

Yang, L.; Li, H.; Zhu, L.; Yu, X;; Jin, B.O.; Chen, C.; Wang, S.; Ding, M.; Zhang, M.; Chen, Z ; et al. Localized shape abnormalities
in the thalamus and pallidum are associated with secondarily generalized seizures in mesial temporal lobe epilepsy. Epilepsy
Behav. 2017, 70, 259-264. [CrossRef] [PubMed]

Huang, B.Y.; Castillo, M. Hypoxic-Ischemic Brain Injury: Imaging Findings from Birth to Adulthood. RadioGraphics 2008,
28,417-439. [CrossRef] [PubMed]

Rana, L.; Sood, D.; Chauhan, R.; Shukla, R.; Gurnal, P.; Nautiyal, H.; Tomar, M. MR Imaging of hypoxic ischemic encephalopathy-
Distribution Patterns and ADC value correlations. Eur. J. Radiol. Open 2018, 5, 215-220. [CrossRef] [PubMed]

Bonfante, E.; Koenig, M.K.; Adejumo, R.B.; Perinjelil, V.; Riascos, R.F. The neuroimaging of Leigh syndrome: Case series and
review of the literature. Pediatr. Radiol. 2016, 46, 443-451. [CrossRef] [PubMed]

Ardissone, A.; Bruno, C.; Diodato, D.; Donati, A.; Ghezzi, D.; Lamantea, E.; Lamperti, C.; Mancuso, M.; Martinelli, D.; Primiano,
G.; et al. Clinical, imaging, biochemical and molecular features in Leigh syndrome: A study from the Italian network of
mitochondrial diseases. Orphanet J. Rare Dis. 2021, 16, 413. [CrossRef]

Ren, S.; Chen, Z; Liu, M.; Wang, Z. The radiological findings of hypoglycemic encephalopathy: A case report with high b value
DWTI analysis. Medicine 2017, 96, e8425. [CrossRef] [PubMed]

Kang, E.; Jeon, S.; Choi, S.; Song, C.; Yu, L. Diffusion MR Imaging of Hypoglycemic Encephalopathy. Am. . Neuroradiol. 2009,
31, 559-564. [CrossRef]

Knipe, H.; Baba, Y. Hypoglycaemic Encephalopathy. Reference Article. Available online: https://radiopaedia.org/articles/
hypoglycaemic-encephalopathy?lang=us (accessed on 3 May 2022). [CrossRef]

Singh, P.; Ahluwalia, A.; Saggar, K.; Grewal, C.S. Wilson’s disease: MRI features. . Pediatr. Neurosci. 2011, 6, 27-28. [CrossRef]
Panda, A.K. Classic neuroimaging, the bird’s eye view in Wilson’s disease. BM] Case Rep. 2013, 2013, bcr2013200701. [CrossRef]
de Oliveira, A.M.; Paulino, M.V,; Vieira, A.P.F.; McKinney, A.M.; da Rocha, A ].; dos Santos, G.T.; Leite, C.D.C.; Godoy, L.ED.S,;
Lucato, L.T. Imaging Patterns of Toxic and Metabolic Brain Disorders. RadioGraphics 2019, 39, 1672-1695. [CrossRef] [PubMed]
Kumar, Y;; Drumsta, D.; Mangla, M.; Gupta, N.; Hooda, K.; Almast, J.; Mangla, R. Toxins in Brain! Magnetic Resonance (MR)
Imaging of Toxic Leukoencephalopathy—A Pictorial Essay. Pol. ]. Radiol. 2017, 82, 311-319. [CrossRef] [PubMed]

Rovira, A.; Alonso, J.; Cérdoba, J. MR Imaging Findings in Hepatic Encephalopathy. Am. . Neuroradiol. 2008, 29, 1612-1621.
[CrossRef] [PubMed]

Weerakkody, Y.; Gaillard, F. Hepatic Encephalopathy. Reference Article. Available online: https://radiopaedia.org/articles/
hepatic-encephalopathy?lang=us (accessed on 3 May 2022). [CrossRef]


http://doi.org/10.1128/genomeA.00609-15
http://www.ncbi.nlm.nih.gov/pubmed/26089416
http://doi.org/10.12998/wjcc.v3.i5.430
http://www.ncbi.nlm.nih.gov/pubmed/25984517
http://doi.org/10.1016/j.antiviral.2019.01.014
http://doi.org/10.1053/spid.2003.127223
http://doi.org/10.1684/epd.2018.1010
http://www.ncbi.nlm.nih.gov/pubmed/30530418
http://doi.org/10.1038/npp.2015.350
http://doi.org/10.1523/JNEUROSCI.0208-16.2016
http://doi.org/10.1007/s11571-017-9457-x
http://doi.org/10.1177/155005941004100204
http://doi.org/10.1007/s11571-019-09559-4
http://doi.org/10.1016/j.nicl.2016.12.014
http://doi.org/10.1016/j.yebeh.2017.02.011
http://www.ncbi.nlm.nih.gov/pubmed/28427841
http://doi.org/10.1148/rg.282075066
http://www.ncbi.nlm.nih.gov/pubmed/18349449
http://doi.org/10.1016/j.ejro.2018.08.001
http://www.ncbi.nlm.nih.gov/pubmed/30480058
http://doi.org/10.1007/s00247-015-3523-5
http://www.ncbi.nlm.nih.gov/pubmed/26739140
http://doi.org/10.1186/s13023-021-02029-3
http://doi.org/10.1097/MD.0000000000008425
http://www.ncbi.nlm.nih.gov/pubmed/29069042
http://doi.org/10.3174/ajnr.A1856
https://radiopaedia.org/articles/hypoglycaemic-encephalopathy?lang=us
https://radiopaedia.org/articles/hypoglycaemic-encephalopathy?lang=us
http://doi.org/10.53347/rID-37277
http://doi.org/10.4103/1817-1745.84402
http://doi.org/10.1136/bcr-2013-200701
http://doi.org/10.1148/rg.2019190016
http://www.ncbi.nlm.nih.gov/pubmed/31589567
http://doi.org/10.12659/PJR.901791
http://www.ncbi.nlm.nih.gov/pubmed/28656068
http://doi.org/10.3174/ajnr.A1139
http://www.ncbi.nlm.nih.gov/pubmed/18583413
https://radiopaedia.org/articles/hepatic-encephalopathy?lang=us
https://radiopaedia.org/articles/hepatic-encephalopathy?lang=us
http://doi.org/10.53347/rID-21635

Diagnostics 2022, 12, 1888 8of8

26. Hansford, B.G.; Albert, D.; Yang, E. Classic neuroimaging findings of nonketotic hyperglycemia on computed tomography and
magnetic resonance imaging with absence of typical movement disorder symptoms (hemichorea-hemiballism). J. Radiol. Case Rep.
2013, 7, 1-9. [CrossRef] [PubMed]

27. Foster, T.; Gaillard, F. Non-Ketotic Hyperglycaemic Hemichorea. Reference Article. Available online: https://radiopaedia.org/
articles /non-ketotic-hyperglycaemic-hemichorea?lang=us (accessed on 3 May 2022). [CrossRef]


http://doi.org/10.3941/jrcr.v7i8.1470
http://www.ncbi.nlm.nih.gov/pubmed/24421947
https://radiopaedia.org/articles/non-ketotic-hyperglycaemic-hemichorea?lang=us
https://radiopaedia.org/articles/non-ketotic-hyperglycaemic-hemichorea?lang=us
http://doi.org/10.53347/rID-21924

	References

