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Editorial

Dear Readers and Colleagues,
Welcome to the second issue of Neurologia Croatica in 2023.
We have finished the first successful year under the new editorial board of Neurologia Croatica.

In this issue of the journal, we bring you two neurological reviews on rare neurological diseases: posterior
reversible encephalopathy syndrome and spinal muscular atrophy associated with progressive myoclonic
epilepsy. Furthermore, several interesting case reports indicate difficulties in the diagnosis and treatment of
people with neurological diseases in everyday clinical practice are presented. A very educational case by Prof.
Dzamonja from University Hospital Center Split describes Marchiafava-Bignami disease which is a rare but
not forgotten complication of chronic alcoholism. In that regard, we invite young neurologists in training to
submit preliminary results of their research and interesting case reports to our journal.

We are grateful to all reviewers who completed their reviews in 2023: Ervina Bili¢, Svetlana Tomi¢, Jadranka
Sekelj Fures, Hrvoje Bili¢, Marina Boban, Gordan Grahovac, Ivica Bili¢, Fadi Almahariq, Mihael Misir,
Tereza Gabeli¢, and Gregor Brecl Jakob. The quality of the journal’s review process is extremely important to
the success of Neurologia Croatica and so the contributions of scientific expertise of our reviewers to this
process are most appreciated.

In the end, I hope you will enjoy reading this issue and invite you to submit your next article to Neurologia
Croatica.

Mario Habek
Editor-in-chief
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Spinal muscular atrophy associated
with progressive myoclonic epilepsy
— clinical, genetic, and biochemical
variability: selected literature review

Marin Begovic', Zeljka Petelin Gadze?, Ervina Bilié?

ABSTRACT - Spinal muscular atrophy with progressive myoclonic epilepsy (SMA-PME) is a rare inherited
autosomal recessive disease related to mutations of the ASAH1 gene, serving as an allelic disorder to Farber
disease (FD). Main characteristics of a substantial proportion of patients suffering from SMA-PME are the
onset of predominantly proximal muscular weakness, later appearance of a generalized epilepsy with ab-
sences and myoclonic seizures, cognitive impairment of variable degree, and a progressive course of the
disease with death occurring mostly in late adolescence. The ASAH1 gene encodes the acid ceramidase, an
enzyme involved in the transformation of ceramide into sphingosine and a free fatty acid in the lysosomes.
Ceramides affect antiproliferative processes such as growth inhibition, apoptosis, differentiation, and senes-
cence. Ceramides are the precursors to complex sphingolipids, which are crucial for normal functioning of
the brain in development as well as the mature brain. The nervous system is greatly impacted by acid cer-
amidase deficiency, with both the central and/or peripheral nervous systems being affected. Successful meas-
urement of the C26-ceramide and its isomers in a stable and easily accessible sample type, such as dried
blood spots, may allow this measurement to attain widespread use for the screening of ASAH1-related dis-

orders. Discovery of the genetic cause responsible for the onset of the disease has set the foundation for the
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development of novel therapeutic strategies, including enzyme replacement therapy, pharmacological chap-

erone therapy, and gene therapy each with its own benefits and limitations.

Keywords: ASAH1, ceramide, progressive myoclonic epilepsy, sphingosine, spinal muscular atrophy

INTRODUCTION

Spinal muscular atrophy (SMA) is a group of geneti-
cally and clinically heterogenous syndromes inher-
ited by different forms of inheritance pathways, in-
cluding autosomal dominant, autosomal recessive,
and X-linked (1). The most frequent form is inher-
ited as an autosomal-recessive trait resulting from
changes in survival of motor neuron 1 (SMN1) lo-
cated in the anterior horns of the spinal cord and
brainstem (2). On a global level, SMA is the leading
cause of death due to a genetic disorder and, after
cystic fibrosis, the second most common autosomal
recessive disorder (3). SMA is primarily caused by
homozygous deletion or mutation in the 5q13 sur-
vival of motor neuron (SMN1) gene. Consequently,
the disease was called 5q-SMA (4). The clinical pic-
ture is mainly dominated by diffuse muscular atro-
phy, although some patients can also show atypical
clinical features including oculomotor palsy, epilep-
sy, olivopontocerebellar atrophy, and multiple ar-
throgryposis (5). Rare causes of SMA, which ap-
proximate for around 4% of all cases, are called non-
5q-SMA (4). Of several different genes, which have
been found to be associated with non-5qSMA, N-
Acylsphingosine Amidohydrolase 1 (ASAH1) gene
is presumed to be the leading cause of SMA associ-
ated with the clinical picture of progressive myo-
clonic epilepsy (PME) (6).

PME is a diverse group of epilepsies marked by my-
oclonic and generalized seizures associated with
progressive neurological deterioration. PME can
affect individuals of any age group, but it usually
starts in late childhood or adolescence (7). PME is
thought to be responsible for up to 1% of epileptic
syndromes in children and adolescents worldwide.
PME is characterized by a mix of positive and nega-
tive myoclonus. PME can occur in the pure form
such as Lafora disease or in combination with other
clinical pictures as in Unverricht-Lundborg type
disease (ULD), myoclonic epilepsy with ragged red
fibers (MERRF), sialidosis, lysosomal storage disor-
ders such as neuronal ceroid lipofuscinoses (NCLs),
neuroserpinosis, myoclonic epilepsy, and ataxia
due to potassium (K+) channel mutation (MEAK),
action myoclonus renal-failure syndrome (AMRE),
and spinal muscular atrophy associated with pro-
gressive myoclonus epilepsy (8).

Spinal muscular atrophy with progressive myo-
clonic epilepsy (SMA-PME) is a rare inherited au-
tosomal recessive disease related to mutations of
the ASAH1 gene, serving as an allelic disorder to
Farber disease (FD) (9). Although FD and SMA-
PME are generally considered two phenotypically
distinct diseases, there have been multiple de-
scribed cases of patients who presented with phe-
notypic features of both FD and SMA-PME. Au-
thors of those cases demonstrated that FD and
SMA-PME are not always distinct diseases, but
rather part of an evolving phenotypic spectrum
(10-12).

SMA-PME was first clinically reported by Jankovic
and Rivera in 1979. who described three subjects
showing slight mental retardation and adult-onset
myoclonic epilepsy combined with predominantly
distal signs of SMA (13). Zhou et al. determined a
homozygous missense mutation in exon2 of the
ASAH1 gene (c.125C > T [p.Thr42Met]) as the
likely cause of SMA-PME in 2012. (6). Discovery
of the genetic cause responsible for the onset of the
disease has set the foundation for the development
of both gene and enzymatic replacement therapies.

CLINICAL PRESENTATION
OF SMA-PME PATIENTS

An overview of all patients reported in the literature,
including those described before the discovery of
the genetic cause, identified the main characteristics
of a substantial proportion of patients suffering
from SMA-PME. Those characteristics are the onset
of predominantly proximal muscular weakness, lat-
er appearance of generalized epilepsy with absences
and myoclonic seizures, cognitive impairment of
variable degree, and a progressive course of the dis-
ease with death occurring mostly in late adolescence
(6,11-24). Progressive myoclonic seizures, which
occur mostly in late childhood and are a hallmark of
the disease, are characterized by jerking of the upper
limbs, myoclonic status, action myoclonus, and eye-
lid myoclonus (24).

In some cases, epilepsy presents itself as the first
symptom, mostly associated with drug refractori-
ness and the onset of severe incapacity, followed
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some years later by subtle muscular deterioration
(19, 23). Certain cases present with myoclonic epi-
lepsy as the first symptom and have a proven
ASAH]1 mutation discovered on genetic testing but
without findings of muscle atrophy (22).

The age of onset of symptoms can range from
childhood, beginning at the age of two up to late
adolescence. Childhood onset is frequently marked
by severe muscle wasting, uncontrolled epileptic
seizures, and a dismal evolution, with death occur-
ring at a young age, often due to respiratory com-
plications (16). In certain cases, where symptoms
occur at a very young age, there is a more complex
clinical picture including abnormal eye move-
ments, pronounced cognitive impairment, and re-
current lung infections (16,20). It has been pre-
sumed that individuals who present with symp-
toms at the older age often show a slower and
benign evolution, without cognitive impairment,
and with epilepsy and myoclonus which better re-
sponds to antiepileptic drugs (20).

Generalized tremor, cognitive decline, and senso-
rineural hearing loss are also among the manifesta-
tions of SMA-PME (20). Patients sporadically pre-
sent with cortical myoclonus which mimics trem-
or, and this may explain the description of
associated tremor in several reported cases of the
disease (23). In some cases, cognitive decline, pre-
sented as learning difficulties and speech decline,
was the first symptom observed which provoked
further investigation of the involved patient (23).
Lee et al. presented a patient suffering from a spe-
cific mutation variant of the ASAH1 gene whose
initial symptom was sensorineural hearing loss.
Several additional patients with the same mutation
variant had confirmed sensorineural hearing loss
later in the diagnostic approach (23). Certain pa-
tients present with both SMA-PME and FD pheno-
types resulting from ASAH1 mutation. Teoh et al.
described a patient with both phenotypes who pre-
sented with polyarticular arthritis at 3 years of age
followed by motor neuron disease without seizures
(10). Lee et al. described a patient with both phe-
notypes who presented with gait difficulty, tremu-
lousness, and leg pain at 3 years of age, for whom
performed muscle biopsy showed marked recent
denervation and chronic denervation pattern con-
sistent with SMA. Described patient never had a
clinical event concerning for seizures (11). Axente
et al. described a patient with an overlapping phe-
notype of SMA-PME and FD who presented with
global motor deficit, retractions of elbows and
knees, and subcutaneous nodules at the inter-
phalangeal level (12).

GENETIC CAUSE OF THE DISEASE

SMA-PME is inherited as an autosomal recessive
trait. Genome-wide linkage analysis combined
with exome sequencing revealed mutations in the
ASAHI1 gene, located on chromosome 8, which
were responsible for the disease (6). Zhou et al.
found the same missense mutation in exon 2 of
ASAH]1 (c.125C>T; p.Thr42Met) in all the affected
individuals included in the study. The p.Thr42Met
missense substitution was predicted to be damag-
ing since it impacted an evolutionarily conserved
amino acid among diverse species. To analyze the
effect of ASAHI loss-of-function in vivo, a mor-
pholino antisense oligonucleotide of the ASAH1
ortholog was used to knock down ASAHI in ze-
brafish embryos. Analysis of this model showed a
marked abnormality in motor neuron axonal
branching coupled with a considerable increase in
apoptosis in the spinal cord (6).

PATHOGENESIS OF SMA-PME
LINKED TO ASAH1 GENE
MUTATIONS

The ASAH1 gene encodes the ASAH protein (N-
acylsphingosine amidohydrolase 1, N-acylsphingo-
sine deacylase, or acid ceramidase). Acid cerami-
dase is an enzyme involved in the transformation of
ceramide into sphingosine and a free fatty acid
(FFA) in the lysosomes, as well as the reverse pro-
cess of ceramide synthesis from sphingosine and
FFA under different pH conditions (19). It has re-
cently been discovered that acid ceramidase inter-
acts with fatty acid amide hydrolase and N-acyleth-
anolamine-hydrolyzing acid amidase to degrade N-
acylethanolamine (NAE) to ethanolamine and FFA
at pH 4.5, with a possible preference for NAEs over
ceramide, despite the fact that these molecules are
present in much lower abundance in cells (25). Cer-
amide, ceramide-1-phosphate (C1P), sphingosine,
sphingosine-1-phosphate (S1P), and NAEs are all
bioactive lipids involved in cellular signaling, exhib-
iting a variety of biologic functions via different re-
ceptors (26). Ceramides are the precursors to com-
plex sphingolipids, which are crucial for normal
functioning of the brain in development as well as
the mature brain. Ceramides affect antiproliferative
processes such as growth inhibition, apoptosis, dif-
ferentiation, and senescence (26,27). Ceramides
have also been shown to be critical regulators of the
cell cycle, regulating morphological transformations
and checkpoints, binding to transcription factors,
and altering mitotic spindle assembly (28).
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The nervous system is greatly impacted by acid ce-
ramidase deficiency, with both the central and/or
peripheral nervous systems being affected. In a
case described by Levade et al., post-mortem anal-
ysis of two sisters suffering from ASAH1 mutation
and symptoms of central nervous system affection
revealed that both sisters displayed neuronal loss,
histiocytic infiltration, and vacuolization of neu-
ronal cytoplasm (29). It has been considered that
the hypotonia, atrophy, and muscle weakness
found in many patient cases of ASAH1-related dis-
eases are caused by the pathology in the anterior
horn cells and peripheral neuropathy (30). Im-
proved genotype-phenotype correlation under-
standing should result from a more thorough com-
prehension of acid ceramidase activity in the sub-
cellular domain (31).

BIOMARKER C26-CERAMIDE

In a study designed by Mahmoud et al., the novel
biomarker C26-ceramide and its isomers were as-
sayed in dried blood spots of seven children using
liquid chromatography tandem mass spectrome-
try. Both the levels of the total C26-ceramide and
the transC26-ceramide isomer showed 100% sen-
sitivity for the detection of patients with ASAH1
variants. Authors further detected a positive cor-
relation between the rate of disease progression in
those seven patients and the levels of the total-C26-
ceramide, however, the correlation did not reach
statistical significance due to a limited number of
patients (22).

The total and trans- isomer of C26-ceramide,
which were extremely sensitive as biomarkers for
the detection of ASAHI-related disorders for
symptomatic patients in a study originated by
Mahmoud et al., may strengthen the set of resourc-
es for diagnosing ASAH]1-related diseases. Suc-
cessful measurement of the C26-ceramide and its
isomers in a stable and easily accessible sample
type, such as dried blood spots, may allow this
measurement to attain widespread use for the
screening of ASAH1- related disorders (22).

THERAPEUTIC APPROACH

There is currently no treatment for acid cerami-
dase deficiency. Symptom management is the pri-
mary emphasis of treatment methods. Treatment is
usually individualized on a case-by-case basis. In
addition to general palliative care, antiepileptic
medications are typically administered to patients

as their initial form of treatment (32). Physical
therapy and psychotherapy are also incorporated
into treatment plans (12). Many questions about
the cause, diagnosis, and therapy of acid cerami-
dase deficiency still exist despite recent advance-
ments. Research continues to describe novel, ex-
pansive roles demonstrated by acid ceramidase,
further revealing its complexity. Comparing and
contrasting current therapeutic potentials for acid
ceramidase deficiency include enzyme replace-
ment therapy, pharmacological chaperone therapy;,
and gene therapy, each with its own benefits and
limitations. Further clinical research is needed to
demonstrate the optimal therapeutic approach for
patients suffering from SMA-PME (33).

CONCLUSION

Due to a wide range of clinical presentations and
its rarity, acid ceramidase deficiency may often be
misinterpreted as other, more well-known disor-
ders which results in a difficult initiation of proper
treatment strategy. The rapid progression of
SMA-PME makes the correct initial diagnosis cru-
cial for effective treatment and management. Fur-
ther clinical research is needed to better under-
stand the variable genotype-phenotype correlation
of the disease and to find the optimal therapeutic
approach for patients suffering from SMA-PME.
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Definition and historical overview

of posterior reversible encephalopathy
syndrome

Kim Bogdan Veljkovi¢', Iva Benic¢!, Zdravka Poljakovi¢-Skuri¢?

ABSTRACT - Posterior reversible encephalopathy syndrome (PRES) is a clinical and radiographic syn-
drome characterized by nonspecific neurological symptoms and characteristic imaging findings of symmet-
rical usually posterior-predominant cerebral white matter vasogenic oedema, although other regions of the
brain may be affected in atypical forms of PRES. There are numerous causes of PRES. The most common
conditions associated with it are moderate to severe hypertension, preeclampsia, and eclampsia, the use of
immunosuppressant and cytotoxic drugs, autoimmune disorders, bone marrow, stem cell or solid organ
transplantation, infection with sepsis and shock, and acute or chronic kidney disease. The precise patho-
physiological mechanism behind PRES has yet to be fully clarified. The hypertensive and cerebral hyperper-
fusion theory proposes the loss of autoregulation in the posterior circulatory area of the cerebrovascular
system due to large and sudden increases in blood pressure as the main cause. The endothelial dysfunction
theory proposes endothelial injury caused by circulating toxins and the consequential increased permeabil-
ity of the blood-brain barrier as the primary cause of the development of vasogenic oedema. Clinical presen-
tation is nonspecific. The most common clinical presentation includes headache and impaired visual acuity,
and in more severe cases visual loss, epileptic seizures, altered mental status, and altered levels of conscious-
ness. T2-weighted/FLAIR sequences on magnetic resonance imaging (MRI) play a fundamental role in the
diagnosis of PRES. The treatment is aimed at eliminating the cause if possible. PRES is usually reversible, and

prognosis is good if the cause is recognized and removed.

Keywords: Posterior reversible encephalopathy syndrome, PRES, magnetic resonance imaging,
vasogenic oedema, hypertension
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INTRODUCTION

Posterior reversible encephalopathy syndrome
(PRES) is a rare clinical entity, which first got its
name in 2000 when it was used by Casey et al. (1).
PRES was first described in 1996 by Hinchey et al.
in a study of 15 patients. They used the term “re-
versible posterior leukoencephalopathy syndrome
(RPLS)” which was characterized by clinical symp-
toms such as headache, confusion, disturbances of
consciousness, visual impairment, and seizures.
These symptoms correlated with the typical neuro-
imaging features consisting of posterior-predomi-
nant cortical or subcortical white matter oedema
within the parietal and occipital lobes. It was the
involvement of subcortical white matter that made
them add the prefix “leuko” in the name which
suggests only white matter involvement (2). How-
ever, imaging findings in the setting of PRES are
not often exclusively confined to the white matter,
and often extend to involve the overlying cerebral
cortex, basal ganglia, brainstem, and cerebellum,
which is why this name is not completely satisfac-
tory (3). PRES in literature is also often referred to
as “reversible posterior cerebral edema syndrome”,
“posterior leukoencephalopathy syndrome”, “re-
versible occipital-parietal encephalopathy”, “hy-
pertensive encephalopathy”, “hyperperfusion en-
cephalopathy” and “brain capillary leak syndrome”.
While PRES most commonly manifests on imag-
ing as cortical or subcortical oedema within the
parietal and occipital lobes, it may also occur in an
atypical fashion with the involvement of other re-
gions such as the frontal lobe, temporal lobe, basal
ganglia, thalamus, brainstem, or cerebellum, and
even spinal cord without the involvement of the
cerebral hemispheres (1,4,5,6).

Therefore, none of these names are completely satis-
factory as the syndrome is not often restricted to ei-
ther the white matter or the posterior regions of the
brain, and it is not always reversible. PRES is poten-
tially reversible and patient prognosis is often posi-
tive with timely recognition and removal of the in-
citing factors leading to PRES. However, death and
permanent neurological damage have been reported
in a small number of patients, as has the recurrence
of PRES in 6% of the cases. Hence, in 2016 Kabre
and Kamble proposed a new terminology “poten-
tially reversible encephalopathy syndrome” (7).

PATHOPHYSIOLOGY

The precise pathophysiological mechanism under-
lying the development of PRES has yet to be fully

clarified (8). There are two main proposed theories
for the pathophysiology of PRES. The hypertensive
and cerebral hyperperfusion theory describes se-
vere arterial hypertension as the key factor for the
development of PRES (9), proposing that the pri-
mary cause of vasogenic oedema is the loss of au-
toregulation in the posterior circulatory area of the
cerebral vascular system due to large and sudden
increases in blood pressure, which leads to cerebral
hyperperfusion and consequential blood-brain
barrier dysfunction, causing vascular leakage (10).
The area of the central nervous system supplied by
the posterior circulation show predilection for
brain oedema, compared to the area supplied by an-
terior circulation, due to the lack of sympathetic
tone of basilar artery vasculature (9). Likewise, the
cortex is less prone to oedema, as it is structurally
more tightly packed, unlike the white matter (11).
This theory is based on the fact that hypertension is
a common occurrence in patients with PRES, on
reports of cerebral hyperperfusion in patients im-
aged with TcPPm-HMPAO single-photon emission
computed tomography (SPECT), and on animal
studies showing the development of cerebral hyper-
perfusion and vasogenic oedema with experimen-
tally elevated blood pressure (12). However, the de-
velopment of PRES in patients with normal or
mildly increased blood pressure, as well as studies
demonstrating cerebral hypoperfusion in patients
with PRES, and lack of correlation with the degree
of the severity of hypertension and brain oedema,
point to the shortcomings of this theory (8).

A related vasoconstriction and cerebral hypoper-
fusion theory describes cerebral ischemia as a key
factor in the pathophysiology of PRES. According
to this theory, extreme hypertension results in fo-
cal vasoconstriction due to autoregulatory com-
pensation, leading to reduced cerebral perfusion
and local ischemia, which causes blood-brain bar-
rier breakdown and the development of vasogenic
oedema (13, 14). This sequence of events, leading
to the development of PRES, was noticed in pa-
tients being treated with immunosuppressive
agents such as cyclosporin A and tacrolimus (14).
Even though cerebral infarction is an unusual oc-
currence in patients with PRES, there is a possibil-
ity that it develops due to microcirculation com-
pression caused by vasogenic oedema. Some imag-
ing studies that have used magnetic resonance
(MR) perfusion have shown reduced brain perfu-
sion in patients with PRES. This theory is also sup-
ported by the evidence of vasculopathy as demon-
strated using catheter angiography in patients with
vasoconstriction and hypoperfusion, as well as by
the common occurrence of typical PRES imaging
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features in watershed distribution. Nevertheless, it
is considered that cerebral ischemia does not play a
big part in the pathophysiology of PRES in most
patients (15, 16).

The second major theory is the endothelial dys-
function theory, which proposes endothelial injury
caused by various circulating endogenous or exog-
enous toxins as the primary cause of PRES. Circu-
lating toxins cause endothelial injury which causes
further release of vasoconstrictive and immuno-
genic agents, leading to vasoconstriction, increased
vascular permeability, and the development of
vasogenic oedema. According to this theory, the
development of PRES is due to immune system ac-
tivation that induces endothelial dysfunction sug-
gesting that hypertension and vasoconstriction are
not the primary causes in the pathophysiological
mechanism of PRES. Cytokines such as tumor ne-
crosis factor alpha (TNF-a) and interleukin-1 (IL-
1), induce the expression of adhesion molecules
which interact with circulating leukocytes and
trigger the release of reactive oxygen species (ROS)
and proteases, leading to endothelial injury and
vascular leakage (17). These cytokines also trigger
astrocytes to produce vascular endothelial growth
factor (VEGF), which leads to the weakening of
endothelial cell tight junctions and the breakdown
of the blood-brain barrier. Additionally, VEGF ac-
tivates the vesiculo-vacuolar organelle, thus creat-
ing the main way for the extravasation of fluids and
macromolecules (18). Also, increased levels of leu-
kocyte adhesion molecules have been registered in
preeclampsia, solid organ transplantation, allogen-
ic bone marrow transplantation, infection, sepsis,
and shock (8). In their study, Marra et al. showed
that increased levels of VEGF in patients with
preeclampsia result in a fivefold increase in vascu-
lar permeability (17). Likewise, in one case of PRES
following heart transplantation, a brain biopsy
showed endothelial activation, T-cell trafficking,
and endothelial VEGF expression (17, 19).

In patients with normal arterial blood pressure, cy-
totoxic medications may have a direct effect on
vascular endothelium, causing endothelial dys-
function, and capillary leakage, leading to blood-
brain barrier breakdown and axonal swelling, and
subsequently vasogenic oedema (20).

Elevated levels of endothelial dysfunction markers,
such as lactate dehydrogenase and abnormal red
blood cell morphology, can be found in patients
with preeclampsia, and they usually arise prior to
the clinical syndrome. They also correlate better
with the extent of cerebral oedema, than changes
in blood pressure (21, 22). More specific markers

of endothelial dysfunction seen in patients with
preeclampsia include fibronectin, tissue plasmino-
gen activator, thrombomodulin, endothelin-1, and
von Willebrand factor (23, 24). These markers have
also been registered in other states associated with
PRES, such as chronic kidney failure, lupus nephri-
tis, and hemolytic uremic syndrome (25). Al-
though in patients with thrombotic thrombocyto-
penic purpura who developed PRES, hypertension
and renal insufficiency usually occurred simulta-
neously, a case was reported in which these two
complications were absent, suggesting endothelial
dysfunction as the primary factor in the develop-
ment of PRES (26, 27).

The theory of endothelial dysfunction is based on
the fact that up to 30% of patients with PRES do
not have elevated arterial blood pressure levels that
are necessary for the breakdown of the autoregula-
tion mechanism of the cerebral vasculature (28,29),
and can also explain the development of PRES in
patients who are going through chemotherapy or
immunosuppressive therapy, and in systemic con-
ditions characterized by endothelial damage and
the absence of severe hypertension, such as sepsis,
preeclampsia, and after bone marrow transplanta-
tion (30,31).

Another theory on the pathophysiology of PRES was
recently published, which suggests arginine vaso-
pressin (AVP) hypersecretion as a possible mecha-
nism in the development of PRES. Numerous condi-
tions associated with PRES, such as sepsis and ec-
lampsia, have also been associated with AVP
hypersecretion. In their study, Largeau et al. hypoth-
esized that increased AVP secretion or AVP receptor
density will lead to activation of vasopressin Vla
with consequent cerebral vasoconstriction, endothe-
lial dysfunction, and cerebral ischemia with result-
ant cytotoxic oedema, which may ultimately lead to
increased endothelial permeability and subsequent
vasogenic oedema. This theory is significant as it cre-
ates the possibility for pharmacological treatment of
PRES by targeting the AVP pathway (32).

Although the pathophysiology of PRES is still a con-
troversial topic and the exact pathophysiological
mechanism remains unclear, blood-brain barrier
dysfunction is generally accepted as the initial step
for the formation of vasogenic oedema with pre-
dominantly affected posterior circulation of the cen-
tral nervous system, regardless of whether the un-
derlying cause is arterial hypertension or endothelial
damage caused by circulating toxins. Still, it should
also be kept in mind that the underlying cause may
be a combination of interrelated processes, due to
the heterogeneous nature of PRES (33).
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ETIOLOGY

PRES is a rare syndrome, but the causes are numer-
ous. The most common conditions associated with
the development of PRES are moderate to severe hy-
pertension, preeclampsia, eclampsia, the use of im-
munosuppressant and cytotoxic drugs most com-
monly in patients with hematopoietic malignancies,
and in the setting of bone marrow, stem cell, or solid
organ transplantation, infection with sepsis and
shock, autoimmune disorders, and acute or chronic
kidney disease that can ultimately lead to renal in-
sufficiency (8, 34, 49). In their study, Fugate et al.
found that hypertension was the causative factor in
61% of patients, cytotoxic drugs in 19%, sepsis in
7%, preeclampsia or eclampsia in 6%, and multiple
organ failure in 1% of patients, while autoimmune
disorders were present in 45% of patients (35).

Although some patients with PRES are normoten-
sive at presentation, in most of them their blood
pressure is higher compared to the initial value of
blood pressure, while a minority of them are truly
normotensive, and sometimes even hypotensive
(1, 34). However, according to some studies, it also
appears that PRES may be more common in pa-
tients with various comorbidities, such as systemic
lupus erythematosus (SLE) (50,51,52), cryoglobu-
linemia (53), thrombotic thrombocytopenic pur-
pura (TTP) (26), and hemolytic uremic syndrome
(HUS) (54,55), and in patients on immunosup-
pressive and cytotoxic drugs, such as cyclosporine
(52, 56), or cisplatin (20). They also noticed a high-
er incidence of renal failure in hypertensive pa-
tients with PRES, which may suggest a role for fluid
overload, electrolyte disturbances, or uremia (57).

The development of PRES has also been described in
patients who took immunosuppressive and immu-
nomodulatory drugs as part of treatment for malig-
nant or rheumatologic conditions and after trans-
plantation of bone marrow, stem cells, and solid or-
gans (35). These medications have a well-known
neurotoxic effect, which has not been fully explained.
PRES can develop in patients after several months of
using these drugs, during the maintenance phase,
which means that elevated or toxic levels of medica-
tions are not necessary for the development of PRES.
Likewise, previous exposure to these medications
does not appear to have a protective effect (25). One
of the most common immunosuppressive agents as-
sociated with the development of PRES is cyclo-
sporine. It is indicated after solid organ and bone
marrow transplantation, and in the prevention of
graft rejection after solid organ, allogenic bone mar-
row, and stem cell transplantation, and in the pre-

vention of graft-versus-host disease (GVHD), but it
is also extremely nephrotoxic and neurotoxic (56).
Hypertension, hypomagnesemia, and hypocholes-
terolemia have been known to enhance the neuro-
toxic effect of cyclosporine, and in turn, cyclosporine
may exacerbate hypertension by inhibiting nitric ox-
ide production (58). Other common chemothera-
peutic agents associated with the development of
PRES include platinum-containing drugs, CHOP/R-
CHOP regimens (cyclophosphamide, doxorubicin,
vincristine, prednisone or prednisolone, rituximab),
and gemcitabine (59,60). Apart from them, PRES
can also occur with the use of other medications
such as sirolimus (61), tacrolimus (62), interferon al-
pha, bevacizumab (63, 64), and tyrosine kinase in-
hibitors (pazopanib, sorafenib, sunitinib) (35).

Autoimmune disorders associated with the develop-
ment of PRES include SLE, cryoglobulinemia, pol-
yarteritis nodosa (PAN), TTP, granulomatosis with
polyangiitis (GPA), inflammatory bowel diseases
(Crohn’s disease, ulcerative colitis), rheumatoid ar-
thritis (RA), Sjorgen syndrome and neuromyelitis
optica (35). High percentage of patients with PRES
suffering from an autoimmune disorder supports
the theory of endothelial dysfunction as a mecha-
nism of PRES. However, it is still unclear whether
the primary cause of PRES is the presence of one of
these disorders, or if PRES is caused due to the use
of medications for treatment of these disorders. Ler-
oux et al. conducted a study on a group of 46 pa-
tients with SLE who developed PRES, but the role of
SLE itself in the development of PRES was not clear,
because 95% of patients already had arterial hyper-
tension, 91% had reduced kidney function, 54% re-
ceived immunosuppressive therapy, and 43% re-
ceived intravenous steroids (65).

PRES was also described in patients with sepsis,
and acute and chronic kidney disease (35, 66). In
patients with SLE, renal dysfunction is a particu-
larly important risk factor (66).

PRES can occur in any age group. Some cases of
PRES have been described in the pediatric popula-
tion. Although most cases of PRES in children
have been described in oncology patients, espe-
cially those after stem cell transplantation (67, 65),
a study by Gupta et al. showed that most likely kid-
ney disease is the most common cause of PRES in
the pediatric population (68).

IMAGING

PRES is typically presented on neuroimaging find-
ings as posterior-predominant bilateral and sym-



Neurol. Croat. Vol. 68, 2, 2023

K. Bogdan Veljkovi¢ et al. Definition and historical overview...

metric vasogenic oedema involving subcortical
white matter, with a common parieto-occipital le-
sion distribution pattern (34). However, the para-
median parts of the occipital lobe are usually not
affected, which helps distinguish PRES from bilat-
eral posterior cerebral infarctions (35). In PRES, T2-
weighted and FLAIR sequences on MRI often show
focal or confluent areas of increased signal in the
posterior-predominant subcortical white matter
(36). In addition to the posterior parts of the hemi-
spheres, the frontal lobes (up to 68%), especially the
upper frontal gyrus, are also often affected by the
oedema. Although they are uncommon, isolated
posterior fossa lesions are increasingly described
(25,37). In a small number of patients, temporal
lobe oedema has also been described (37).

In addition to the typical posterior-predominant
pattern involving parietal-occipital regions, other
patterns of lesion distribution can be observed on
MRI and have been described by Bartynski and
Boardman in their study (37). In Fig. 1 we show a
less common pattern of central PRES due to hyper-
tension, which resolved completely after therapy.
Likewise, the use of FLAIR sequences on MRI im-
proved sensitivity and enabled detection of periph-
eral and cortical lesions, which turned out to be
much more common (25). Therefore, four other
patterns of oedema distribution in PRES have been
described: holohemispheric watershed pattern, su-
perior frontal sulcus pattern, a dominant parietal-
occipital pattern, and partial or asymmetric ex-
pression of these primary patterns. In the holohe-
mispheric watershed pattern, vasogenic oedema
involves the frontal, parietal and occipital lobes.
Superior frontal sulcus pattern is characterized by
the prominent involvement of the frontal lobe with
varying parietal-occipital involvement, while the
partial or asymmetric expression of these primary
patterns refers to the bilateral or unilateral lack of
signal in parietal-occipital regions (25, 37).

PRES may present with atypical imaging findings,
in terms of regions involved or different types of
lesions not related to vasogenic oedema that can
cause further complications such as cerebral hem-
orrhage, diffusion restriction, or contrast enhance-
ment/imbibition (38,39). Atypical regions that may
be involved include the brainstem, cerebellum, ba-
sal ganglia, thalamus, corpus callosum, and the
spinal cord. A study by McKinney et al. conducted
on 124 patients with PRES, showed the involve-
ment of the brainstem and basal ganglia without
the presence of cortical or subcortical oedema in as
many as 4% of patients (40). They also conducted
an additional study consisting of 76 patients with

PRES, which showed involvement of thalamus in-
volvement in 30,3% of patients, cerebellum in
34,2% of patients, brainstem in 18,4%, and basal
ganglia in 11,8% with unilateral involvement in
2,6% of patients (4). Liman et al. studied a cohort
of 96 patients diagnosed with PRES, and in more
than 50% of patients found infratentorial involve-
ment, predominantly in the cerebellum and pons,
whilst around 25% of patients showed basal gan-
glia and thalamus involvement (5). In their study,
Kastrup et al. described the involvement of the ba-
sal ganglia in 1,6% of patients, and of the cerebel-
lum in 6,5% of patients (6). The involvement of the
spinal cord in patients with PRES is exceptional,
and only a few cases have been described, with
confluent and expansive areas of increased signal
found in the central part of the spinal cord as
shown on the T2-weighted sequence on MRI (41).

PRES may be complicated by cerebral hemorrhage.
Several patterns of cerebral hemorrhage have been
described, such as large hematomas causing com-
pression of surrounding structures, subarachnoid
hemorrhage (SAH), or multiple focal microhem-
orrhages (<5 mm) (42). The overall rate of cerebral
hemorrhage in patients with PRES ranges from
15% to 65%, with the higher percentage reflecting
the greater number of reported cases (43). The ex-
act mechanism of cerebral hemorrhage in PRES is
still unknown. In a study conducted by Hefzy et al.
on a group of 151 patients, 15% of cases of cerebral
hemorrhage were recorded, with the incidence be-
ing highest in cases of immunosuppression, more
commonly in patients following bone marrow
transplantation than in solid organ transplanta-
tion. No difference in the incidence of cerebral
hemorrhage was observed in patients with normal,
slightly elevated, or extremely elevated blood pres-
sure (38). McKinney et al. observed that the pro-
portion of patients who developed cerebral hemor-
rhage was much higher (64,5%), due to the in-
creased use of SWI (susceptibility-weighted
imaging), as it is more sensitive in the detection of
hemorrhage (44).

In addition, PRES may be complicated by the de-
velopment of cytotoxic oedema as indicated by dif-
fusion restriction. Areas of reduced diffusion are
usually small, punctate, and are located within
confluent lesions of vasogenic oedema. Since vaso-
genic oedema is a characteristic imaging finding in
PRES, MRI by FLAIR, diffusion-weighted imaging
(DWI), and apparent diffusion coefficient (ADC)
help us in differentiating types of oedema. Isoin-
tense or hyperintense signal on DWI and hyperin-
tense signal on ADC sequence are a feature of
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Fig. 1. Brain MRI of a 59-year-old hypertensive female patient with renal impairment showing typical
hyperintense changes in brain stem and in cerebellar both hemispheres on T2/FLAIR sequences.

vasogenic oedema, while hyperintense signal on
DWTI and hypointense signal on ADC sequence are
characteristics of cytotoxic oedema (45). Accord-
ing to data from previously published studies, ap-
proximately 10% - 33% of patients with PRES de-
velop cytotoxic oedema (46,47), which is thought
to be a consequence of late treatment, resulting in
persistent hyperperfusion and vessel injury caused
by the mass effect of vasogenic oedema on the sur-
rounding tissue, which ultimately leads to ischemia
and brain infarction (4).

Superficial leptomeningeal enhancement is the
most common pattern seen on MRI. Additionally,
a nodular and, in a third of patients, a combined
leptomeningeal and gyral cortical pattern can be
described too (39,41).

MR angiography often shows vasculopathic chang-
es in patients with PRES. In their study, Bartynski
et al. discovered evidence of diffuse or focal vaso-
constriction in 87% of patients (48).

TREATMENT OPTIONS

Treatment of PRES is aimed at removing the pri-
mary condition leading to PRES and includes
symptomatic treatment. In cases of hypertension,
treatment is aimed at gradual and careful blood
pressure lowering (69), while in cases of preec-
lampsia/eclampsia, it is aimed at the timely deliv-
ery of the baby as well as careful blood pressure
lowering (70). In cases of PRES induced by cyto-
toxic or immunosuppressive agents, prompt re-
moval of the drug is usually recommended and
leads to clinical and radiological improvement
(69,71). Seizures are treated with parenteral benzo-
diazepines (diazepam) (69), while magnesium sul-
phate is used for seizure prophylaxis in the setting
of preeclampsia/eclampsia (70). It is important to
promptly recognize and treat conditions that are

known to contribute to the development and poor
prognosis in patients with PRES, such as electro-
lyte disturbances, volume overload, uremia, and
sepsis. Hypomagnesemia is a common finding in
patients with PRES, and it is believed that magne-
sium supplementation may be useful in the treat-
ment of PRES (69, 72).

CONCLUSION

PRES is a rare clinical and radiographic syndrome
with numerous causes and characteristic neuro-
logical symptoms and imaging findings, although
it may present with atypical imaging findings too.
The exact pathophysiological mechanism has yet
to be fully clarified and remains a controversial
topic. PRES is usually reversible. If the cause is rec-
ognized and removed, the prognosis is generally
good, and most patients recover within a few
weeks. Unfortunately, a certain number of patients
die or are left with permanent neurologic deficits.
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Bilateral facial palsy and left abducens palsy
in a patient with neuroborreliosis

Paula Bozi¢!, Romana Perkovi¢?, Natasa Klepac?, Fran Borovecki®

ABSTRACT - Objectives: Borrelia burgdorferi (BB) is causing Lyme disease (LD) which acutely manifests as
erythema migrans (EM). If the infection is unrecognized and untreated it can progress to carditis, arthritis,
or neurological disorders presented as meningitis, encephalitis, or cranial nerve palsies (CNPs). Most fre-
quently affected are seventh and sixth cranial nerves (CNs) individually. Case description: In this case report
we present a patient with sudden onset of bilateral peripheral facial palsy and left side abducens palsy who
was hospitalised in the Department of Neurology, University Hospital Centre Zagreb. Results of wide diag-
nostics have shown polyclonal hypergammaglobulinemia and positive serology on BB. The patient was treat-
ed with ceftriaxone and acyclovir which resulted in improved neurological status. Results: Based on clinical
presentation, positive serology on BB and good response to ceftriaxone treatment working, diagnosis of
neuroborreliosis was confirmed. Conclusion: Simultaneous bilateral facial palsy and unilateral abducens pal-
sy without EM is a rare manifestation of LD. Polyclonal hypergammaglobulinemia is proven to occur in
acute infectious diseases but the specific relation between the condition and BB infection has not yet been
investigated. Early diagnosis and treatment of LD are of immense importance because they prevent dissemi-
nation of infection and complications.

Keywords: abducens nerve palsy, Borrelia burgdorferi, neuroborreliosis, facial palsy, Lyme disease

(1). If EM is unrecognised and untreated, 10%-15%
of infections will progress to neuroborreliosis (3).
The most common manifestation of acute Lyme
neuroborreliosis in adults in Europe is meningora-

OBJECTIVES

Lyme borreliosis or Lyme disease (LD) is a zoonosis
affecting multiple organ systems (1). Spirochete

Borrelia burgdorferi (BB) causes the infection and is
transmitted through the bite of the tick (1, 2). Clin-
ical manifestations are grouped into three stages:
early localized stage, early disseminated stage, and
late disseminated stage (3). The most frequent man-
ifestation of LD is erythema migrans (EM) (89%)

diculoneuritis, also known as Garin-Bujadoux-
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Toplice, Varazdinske Toplice, Croatia

? Department of Neurology, University Hospital Centre
Zagreb, Zagreb, Croatia

oo
N

€20T ‘T qunN



P. Bozi¢ et al. Bilateral facial palsy and left abducens palsy in a patient with neuroborreliosis

Neurol. Croat. Vol. 68, 2, 2023

oo
co

Number 2, 2023

AX%
Fig. 1. Photos taken during the neurological examination of CN innervation while the patient was
hospitalised at the Department of Neurology, University Hospital Centre Zagreb: (a.) left abducens palsy
presented as slightly adducted left eye when the patient is asked to look up due to tonic action of the
medial rectus muscle; (b.) left abducens palsy presented as the inability to abduct left eyeball when
looking left; (c.) presentation of eyeballs position when the patient is asked to look right; (d.) bilateral
facial palsy presented as the inability to close both eyes and bilateral lowered mouth angle.

Bannwarth syndrome, and the predominant symp-
tom in about 60% of them is cranial nerve palsy
(CNP) (1). The seventh cranial nerve (CN) is af-
fected in 80% of cases and in about 30% of them it
is bilateral (5). Other CN deficit is rarely described
in the available literature. The second most often
damaged nerve is the abducens nerve, occurring in
about 5% of patients with Lyme neuroborreliosis
(5). In this case report we present a 66-year-old
man with an acute onset of neuroborreliosis symp-
toms and rare clinical manifestation of bilateral fa-
cial palsy and left side abducens palsy.

CASE DESCRIPTION

A 66-year-old patient was examined in the emer-
gency room (ER) because of double vision in all
directions and left abducens palsy. Besides double
vision, he reported bilateral oropharyngeal tin-
gling, headache, difficulty speaking, and lowered
left mouth angle. The patient negated nausea, vom-
iting, fever, and allergies. A week and a half before
the onset of symptoms, he was bitten by the thick.

The patient did not notice erythema on the thick
bite side. In neurological status, he was dysarthric,
had left abducens palsy with double vision in all
directions, and no nystagmus (Figure la-b), bilat-
eral facial palsy (Figure 1d), and his tongue was left
positioned in protrusion. From other diseases, he
has had inguinal hernia surgery in 1996.

In ER standard laboratory tests, electrocardio-
gram, computed tomography (CT) of the brain
with angiography of the head and neck vessels,
polymerase chain reaction (PCR) for COVID-19,
and cerebrospinal fluid (CSF) analysis were done.
The results of all tests were without deviation from
normal. The ophthalmologist examined the patient
and did not find ophthalmological reasons for the
patient’s symptoms. He underwent carotid and
vertebral ultrasound imaging with no findings of
arterial stenosis. The patient was cardiopulmonary
compensated, afebrile, and eupnoeic with blood
pressure 140/80 mmHg and was hospitalized.

The literature describes a wide range of causes and
differential diagnoses that are linked to cranial
neuropathies. Some of them were considered in
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Table 1. Results of serology testing for BB in serum interpreted as Lyme borreliosis of undefined duration. Arbitrary

units per millilitre (AU/ml).

Search Finding Result Unit Method Referent range
B. burgdorferi IgM POSITIVE >=190 AU/ml CLIA Pos. > 22
Neg. < 18
B. burgdorferi IgG POSITIVE 186.9 AU/ml CLIA Pos. > 15
Neg. <10
B. burgdorferi IgM WB POSITIVE WB Neg.
B. burgdorferi 1IgG WB POSITIVE WB Neg.

Table 2. Results of serology testing for BB in CSE Arbitrary units per millilitre (AU/ml).

Search Finding Result Unit Method Referent range

B. burgdorferi IgM negative CLIA Pos. > 3.5
Neg. < 2.5

B. burgdorferi 1gG REACTIVE 38.3 AU/ml CLIA Pos. > 5.5
Neg. < 4.5

Neuroborreliosis IgM negative EIA Pos.> 0.3

Neuroborreliosis IgG negative EIA Pos. > 0.3

this particular case: inflammatory and infectious
(BB, Treponema pallidum (TP), Varicella-zoster vi-
rus (VZV), Herpes simplex virus (HSV), Cytomeg-
alovirus (CMV), Epstein-Barr virus (EBV), Myco-
bacterium tuberculosis (TB), Toxoplasma gondii
(TG)), autoimmune diseases (Guillain-Barré syn-
drome, multiple sclerosis, neurosarcoidosis, auto-
immune encephalitis), stroke, tumor, head trauma,
and anomalies of blood vessels. Therefore, a wide
range of targeted neurological tests were done im-
mediately upon hospitalisation. Magnetic reso-
nance imaging (MRI) of the brain with contrast
did not show pathological processes. Electroneu-
rography of the upper and lower extremities did
not show signs of polyneuropathy. Besides stand-
ard laboratory tests (haematology, biochemistry,
and urine analysis), special biochemistry (proteins,
IgG, IgA, IgM), electrophoresis of proteins in se-
rum, coagulation tests, a broad spectrum of immu-
nological markers including panel of antibodies
for autoimmune encephalitis, proteins and specific
proteins in serum (alfa-1-antitrypsin, ceruloplas-
min, ferritin, haptoglobin, beta-2- microglobulin)
and tumor markers values (AFP, CEA, CA19-9,
PSA, NSE and CYFRA) were measured. Vitamin
B12, folic acid, copper in serum and in 24-hour
urine native and stimulated with penicillamine,
iron, and UIBC were measured.

All laboratory findings were normal with the ex-
ception of polyclonal hypergammaglobulinemia

which raises suspicion of autoimmune disease or
infection. Immunology, Gastroenterology, and
Haematology specialists were consulted, and fur-
ther diagnostics were suggested. CT of the tho-
rax, abdomen, and pelvis did not show any abnor-
malities.

Serum and CSF were tested for CMV, EBV, TG,
VZV, HSV 1, and HSV 2. Methods that were used
are enzyme-linked fluorescence assay (ELFA) and
enzyme-linked immunosorbent assay (ELISA).
Also, PCR for HSV and Interferon Gamma Release
Assay (IGRA) known as QuantiFERON-TB-Gold
ELISA for detection of TB and serologic tests for
Syphilis (Venereal Disease Research Laboratory /
Rapid Plasma Reagin (VDRL/RPR), Treponema
pallidum hemagglutination (TPHA) test and IgM
and IgG- Fluorescent Treponemal Antibody Ab-
sorption (FTA-ABS)). Chemiluminescence immu-
noassay (CLIA), Western blot (WB), and Enzyme
immunoassay (EIA) were used to detect BB in se-
rum and CSE Positive serology results of BB were
the key for making a final diagnosis which was
neuroborreliosis with reactive polyclonal hyper-
gammaglobulinemia (Table 1. and Table 2.).

The patient was treated with 2 grams of ceftriaxone
intravenously once daily and 750 milligrams of
acyclovir intravenously three times a day for 14
days which resulted in reduction of neurological
deficit. The patient underwent logopaedic treat-
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ment. He was discharged from the hospital and
recommended to take doxycycline 100 milligrams
orally twice daily for the next 14 days. Neurologi-
cal, gastroenterological, and logopaedic follow-up
examinations were foreseen.

RESULTS

LD is diagnosed based on three criteria: positive
epidemiological history, presence of signs and
symptoms associated with BB infection, and typi-
cal finding with a predictive value of the diagnosis
such as EM or by laboratory confirmation (2).
Considering facial and abducens palsy, MRI is
used to exclude differential diagnosis such as com-
pressing lesion, brainstem infarct, perineural tu-
mour spread or focal lesion, inflammatory aetiolo-
gies, multiple sclerosis, and sarcoidosis (6). CSF
typically shows lymphocytic pleocytosis with plas-
ma cells, activated lymphocytes, and a significant
increase in total protein or albumin ratio with lac-
tate levels slightly above normal values (1), and in
this case CSF was normal. Laboratory diagnosis is
based on the demonstration of an antibody that re-
acts with BB and the established approach is so-
called 2-tiered testing: ELISA followed by WB if
the ELISA is either positive or borderline (2). In
our case, positive BB antibodies in serum and CSF
were definitive findings that supported a working
diagnosis of Lyme disease neuroborreliosis.

Blood test results have also shown polyclonal hy-
pergammaglobulinemia. In a review published in
2021, polyclonal hypergammaglobulinemia was
related to 114 aetiologies classified in 15 nosology
groups, of which infectious diseases were among
the most frequent causes (18%) and followed by
non-malignant haematological conditions (16%),
autoimmune diseases (15%), and hematologic ma-
lignancies (14%) (7). Despite a detailed list of the
most common infectious diseases with polyclonal
hypergammaglobulinemia, searching available lit-
erature, we did not find a report that specifically
linked BB to this laboratory finding.

Literature was searched for similar cases that would
include negative anamnestic data of EM and multi-
ple CNPs. One American case report published in
June 2021 was found. The patient described in a
report was a young female from a Lyme endemic
region who presented with bilateral sixth CNP and
a dilated right pupil, a partial third CNP and facial
nerve palsy. MRI of her brain showed enhance-
ment of CN III, V, VI, VII, VIII, IX, and X sym-
metrically. MRI of the spine also showed diffuse

enhancement of the cauda equina nerve roots and
enhancement of nerve roots throughout the cervi-
cal spine. Her CSF analysis revealed a lymphocytic
pleocytosis and detection of Lyme IgM and IgG
bands by WB (8).

CONCLUSION

To conclude, bilateral facial palsy and unilateral
abducens palsy with normal CSF and MRI find-
ings, as described in our case presentation, have
not yet been described in the literature. Besides the
rare presentation, CNP with normal CSF and MRI
findings should be differentially diagnostic consid-
ered as neuroborreliosis. Relations and underlying
pathophysiology between polyclonal hypergam-
maglobulinemia and BB infection should be fur-
ther investigated. Early diagnosis and treatment of
the acute onset of LD is important for preventing
dissemination of the infection and further compli-
cations.
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Combined surgical and Gamma Knife
treatment of extremely rare hypopharyngeal
squamous cell carcinoma brain metastasis
in the eloquent region

Manuela Fran¢i¢', Niko Njiri¢"*¢, Biljana Papi¢ Ivanci¢’, Antonija Jakovcevic®, Vesna Bisof®,

Romana Perkovié?, Jakob Nemir!*¢

ABSTRACT - Objectives: To present a successful treatment of brain metastasis of hypopharyngeal squamous
cell carcinoma by combined surgical and Gamma Kanife treatment. Case description: We report a 65-year-old
male presenting in the emergency room with moderate left hemiparesis and a mild frontal headache. In the past
year, he was diagnosed with hypopharyngeal cancer stage IVA (T4a, NO, M0) and has been treated surgically
and with adjuvant radiation therapy. He was in complete remission. Contrast-enhanced magnetic resonance
imaging showed a right-sided cystic lesion 5.4 x 5.2 cm in size in the basal ganglia, with peripheral contrast
enhancement. Diffusion restriction and high relative cerebral blood volume (rCBV) values were recorded. An
extensive zone of perifocal edema was affecting the white matter of the frontal lobe on the right. A midline shift
of 10 mm to the left was noted and the right lateral ventricle was compressed. Results: Surgery was performed.
The pathohistological finding indicated the metastasis of squamous cell carcinoma. Tissue was made up of
solid clusters of atypical, moderately to well-differentiated squamous epithelial cells focally forming horny
beads. The residual part of the metastasis was treated by Gamma Knife Radiosurgery, two weeks after surgery.
Three-month follow-up confirmed the absence of neurological deficits and no progression of the intracranial
process. Conclusion: Patients with hypopharyngeal squamous cell carcinoma and brain metastasis can attain
complete intracranial remission after surgical treatment followed by Gamma Knife Radiosurgery.

Keywords: brain metastasis, Gamma Knife Radiosurgery, pharyngeal cancer
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INTRODUCTION

Brain metastases are the most common intracra-
nial malignancies in adults. Even though pharyn-
geal cancer has significant metastatic potential
spreading not only to regional (lateral neck and
retrolatero-pharyngeal) lymph nodes but also to
distant sites, cases of hypopharyngeal cancer brain
metastases are extremely rare. We report a patient
with a hypopharyngeal tumor that was treated by
resection followed by radiosurgery with a good re-
sult of disease control.

CASE REPORT

The patient is a 65-year-old male presenting in the
emergency room with moderate left-sided hemip-
aresis. He reported having a mild frontal headache
for a few days and noticed weakness in the left side
of his body for the past two weeks. No other neuro-
logical abnormalities were noted. A year ago he
was diagnosed with hypopharyngeal cancer stage
IVA (T4a, NO, M0). Laryngectomy and partial hy-
popharyngectomy with modified radical neck dis-
section type I were performed and the pharynx
was reconstructed using the pectoralis major my-
ocutaneous flap. After tracheostomy, a tracheoe-
sophageal voice prosthesis was placed. Following a
surgical procedure, the patient underwent 32 cy-
cles of adjuvant radiation therapy with a total dose
of 64 Gy. In the past year, regular check-ups by the
oncologist confirmed the remission of the cancer
with no signs of local recurrence or dissemination
of the disease.

Neuroimaging was performed (shown in Fig. 1.a
and 1.b). Contrast-enhanced magnetic resonance
imaging (MRI) showed a right-sided cystic lesion
5.4 x 5.2 cm in size in the basal ganglia, with pe-
ripheral contrast enhancement. Diffusion restric-
tion and high relative cerebral blood volume
(rCBV) values were recorded on the perfusion
scans. An extensive zone of perifocal edema was
affecting the white matter of the frontal lobe on the
right. Midline shift of 10 mm to the left was noted
and the right lateral ventricle was compressed with
no signs of hypertensive hydrocephalus. Neuroim-
aging scans indicated the presence of brain metas-
tasis or high-grade glial tumor, primarily a glio-
blastoma.

The patient was treated surgically. A frontotempo-
roparietal right-sided osteoplastic craniotomy was
performed. The cystic tumor process was verified,
the contents were evacuated and sent for microbio-

Fig. 1.a Preoperative axial contrast-enhanced
T1-weighted MR image showing a right-sided cystic
lesion in the basal ganglia, with peripheral contrast
enhancement.

Fig. 1.b Preoperative coronal T2-weighted MR image
showing a right-sided cystic lesion in the basal ganglia
with large perifocal edema in the frontal white matter.

Fig. 2. Squamous cell carcinoma made up of solid
clusters of atypical, moderately to well-differentiated
squamous epithelial cells focally forming horny beads
(HE 100x).

logical analysis. The rest of the tumor mass was re-
duced to the greatest extent possible. During the
resection of the posteromedial infiltrative part, the
neuromonitoring showed a decline in motor
evoked potential (MEP) and somatosensory
evoked potential (SSEP), so we left a small tumor
remnant for Gamma Knife treatment because we
wanted to preserve maximum quality of life of the
patient after surgery. Tissue samples were taken for
pathohistological analysis. Postoperatively, he was
hemodynamically stable, afebrile, without signs of
infectious disease. Postoperative MEP and SSEP
were completely normal. His motor deficits were
recovering. Vancomycin-resistant Enterococcus
faecium was identified in the cyst content and pa-
tient was given linezolid. Pathohistological analysis
showed tumor tissue made up of solid clusters of
atypical, moderately to well-differentiated squa-
mous epithelial cells focally forming horny beads,
and was partly necrotic (shown in Fig. 2.). With
finding corresponding to the metastasis of squa-
mous cell carcinoma, the definite diagnosis was
established. The residual part of the metastasis as
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Figure 3.a-3.d. Gamma Knife Radiosurgery planning
snapshots: a prescription dose of 19 Gy to prescription
isodose 59% was administered to the residual tumor,
two weeks after surgery.

well as the resection cavity were verified by MRI
and treated by Gamma Knife Radiosurgery. Con-
sidering the volume of the postoperative tumor site
of 13,193 cm?, we decided to give a dose of 19 Gy to
prescription isodose 59% to the residual tumor,
two weeks after surgery (shown in Fig. 3.). There
were no complications during nor after the proce-
dure. Significant regression of the treated tumor
site was seen on later brain MRI. Three and seven-
month follow-ups confirmed the absence of neuro-
logical deficits and no progression of the intracra-
nial process (shown in Fig. 4.).

Fig. 4. Three months (4.a) and seven months (4.c)
after surgery and Gamma Knife Radiosurgery - axial
contrast-enhanced T1-weighted MR image showing a
significant reduction of the tumor volume. Three
months (4.b) and seven months (4.d) after surgery
and Gamma Knife Radiosurgery - coronal T2-
weighted MR image showing no signs of perifocal
edema surrounding the operative cavity.

DISCUSSION

The most common neurologic manifestation of
systemic cancer is brain metastases. Based on pa-
tient’s clinical presentation and past history data,
differential diagnosis can be narrowed. However,
the radiologic differential diagnosis of metastasis is
difficult since imaging findings are similar to those
of high-grade gliomas (HGG). Because of a blood-
brain barrier disruption, both are seen on perfu-
sion MRI as ring-enhancing lesions with sur-
rounding edema. Some authors suggest using peri-
tumoral rCBV for distinguishing metastases from
glioblastoma, but the accuracy of this method re-
mains controversial. Magnetic resonance spectros-
copy (MRS) has great potential, yet its clinical util-
ity is limited. Diagnostic accuracy may be im-
proved by using combination of advanced imaging
protocols, including diffusion, perfusion, and MRS
of peritumoral regions. Apart from that, many
physiologic and imaging biomarkers and their
abilities to define cellularity, angiogenesis, perfu-
sion, pH, hypoxia, may have a prognostic value
and further advance diagnosis and treatment. For
now, definite diagnosis is made based on pathohis-
tological analysis, but MRI remains the modality of
choice for monitoring the response to treatment
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(1). A minimally invasive procedure of stereotactic
biopsy with evacuation of the cystic content and
obtaining a pathohistological sample can be of-
fered to patients not suitable for the procedure un-
der general anesthesia. However, considering that
after the evacuation of the cyst the planned target
point for sampling changes, stereotactic biopsy
carries a high risk of obtaining an inconclusive
pathohistological finding. Since the tumor was op-
erable, the biopsy was not performed in our case.
With the aim of reduction of disabling neurologi-
cal symptoms, tumor mass effect, as well as pre-
venting the dissemination of tumor cells with a
stereotactic needle, the mainstay of treatment for
our patient was resection followed by Gamma
Knife Radiosurgery. Whole-brain radiotherapy has
a great impact on cognitive function and results in
poorer overall quality of life, while Gamma Knife
Radiosurgery enables the application of high focal
doses of radiation to a volume with low toxicity to
adjacent brain structures (2) and has proven to be
a great method of treating residual tumor mass.

CONCLUSION

Patients with hypopharyngeal squamous cell carci-
noma and brain metastasis can attain complete in-
tracranial remission after surgical treatment fol-
lowed by Gamma Knife Radiosurgery.
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Anesthesiological approach to intrathecal
baclofen overdose
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ABSTRACT - Objectives: We report two cases of intrathecal baclofen overdose, clinical course, and manage-
ment. Our aim is to educate healthcare workers about possible choices for the management of intrathecal
baclofen overdose. Case description: A 61-year-old patient with spastic tetraparesis and baclofen pump ther-
apy was admitted to the intensive care unit due to neurological deterioration and respiratory depression. He
required periodic increases in the dosage of intrathecal baclofen and antipsychotic drugs for baclofen psy-
chosis. On admission, he was hemodynamically unstable, and laboratory results indicated inflammation and
hyperglycemia. Second patient, a 29-year-old, with also spastic tetraparesis and baclofen pump therapy, was
admitted to the intensive care unit after pump manipulation with neurological deterioration and bradycar-
dia. Both patients fully recovered after symptomatic treatment and reduction of intrathecal baclofen delivery
to a minimum. Conclusion: Being one of the few centers in Croatia in which implanting and managing pa-
tients with baclofen pump is done, we need to be prepared to solve the adverse effects of baclofen such as
overdose, always having in mind there is no antidote for baclofen, and that there are no guidelines for the

management.

Keywords: intrathecal baclofen, overdose, spine trauma

INTRODUCTION
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Baclofen is a gamma-aminobutyric acid (GABA)
derivative acting as a presynaptic and postsynaptic
agonist of GABA, receptors (1,2,3,4). Since it re-
lieves the spasticity, it is used to treat muscle
spasms of cerebral and spinal origin caused by var-
ious neurological disorders, such as after brain in-
jury (including posttraumatic brain injury and
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stroke), cerebral palsy, upper motor neuron syn-
drome, or by spinal cord disorders, such as spinal
cord injury (4,5). Oral baclofen is mainly water-
soluble and does not easily cross the blood-brain
barrier so higher doses are needed of the same ef-
fect as intrathecal baclofen (3,5). The concept sup-
porting intrathecal therapy is the delivery of ba-
clofen directly to the site of action, the spinal cord,
via a programmable pump implanted in the ab-
dominal wall, which enables the delivery of smaller
doses avoiding the systemic side effects. It is sug-
gested that the tip of the intrathecal catheter should
be placed at the T1-T2 level for spastic quadriple-
gia, the T6-T10 level for spastic diplegia, and in
the midcervical region for dystonia (6). Intrathecal
baclofen has been demonstrated to improve sig-
nificantly daily activities, but it is not without com-
plications (7). The most serious complication is
overdose, usually caused by a malfunctioning
pump, keeping in mind there is no antidote for ba-
clofen and that there are no national guidelines for
the management (3,6).

Being one of the few institutions in Croatia im-
planting baclofen pumps for spams caused by spi-
nal trauma, we present here the clinical course,
encountered problems, and management of two
cases of intrathecal baclofen overdose.

CASE REPORT

PATIENT 1

In the 61-year-old male with spastic tetraparesis
after cervical spine trauma and following surgery
at the level C6-C7, the baclofen pump (Syncromed
II, Medtronic, Minneapolis, Minnesota, USA) was
implanted in August 2017, following a successful
baclofen trial. Required dosage increase of intrath-
ecal baclofen periodically since 2017 and since
February 2021 in therapy with antidepressant be-
cause of baclofen psychosis.

He was admitted to the hospital in May 2022 with
a progression of spasticity and psychotic elements
(would not eat or drink). The psychiatrist adjusted
the psychiatric therapy (olanzapine/haloperidol,
diazepam, lorazepam). Following the evening psy-
chiatric therapy, the next morning, the patient was
admitted into the intensive care unit (ICU) due to
deterioration of clinical state: Glasgow coma scale
score 3, miosis, but breathing spontaneously. The
patient was intubated and mechanically ventilated,
and fluid therapy (crystalloids) with diuretics
(furosemide) was initiated, while the baclofen
pump infusion was decreased to a minimal flow

(96mcg/day). Since the patient was hemodynami-
cally unstable (blood pressure 80/40 mmHg), con-
tinuous vasopressor support was initiated (no-
radrenaline 6-15mcg/kg/h). Computed tomogra-
phy (CT) of the brain showed no signs of ischemia
or hemorrhage, but chest radiography showed
signs of pneumonia.

Laboratory results indicated inflammation (CRP
196 mg/L normal range <5.0mg/L, neutrophils
7.27x109/L- normal rage 2.06-6.49x109/L, lym-
phocytes 0.73x109/L - normal range 1.19-
3.35x109), and hyperglycemia of 19.7 mmol/L
(4.4-6.4mmol/L).

After 19 hours of mechanical ventilation and sup-
portive therapy, the patient fully recovered, with
no neurological symptoms, and baclofen therapy
was continued.

PATIENT 2

In the 29-year-old male patient with incomplete
spastic tetraplegia after cervical spine trauma at level
C4 and surgery, the baclofen pump (Syncromed I,
Medtronic, Minneapolis, Minnesota, USA) was im-
planted in March 2019, following a successful ba-
clofen trial. He was admitted to the hospital due to
the suspected baclofen pump malfunction, but the
malfunction was excluded with the CT.

On the day of admission to the ICU, the patient
showed bradypnea (7 breaths/minute), bradycar-
dia (40 beats/minute), sopor, and was only reactive
to the pain. Therefore, the baclofen pump infusion
was decreased to minimum flow (96 ug/day) and
the flow modality was changed. The laboratory re-
sults were within normal ranges, except for the
lymphocyte count (1.13x109/L normal range 1.19-
3.35x109). Symptomatic therapy was administered
(atropine boluses of 1 milligram), with fluid thera-
py (crystalloids) and diuretics (furosemide).

The patient was fully recovered after several hours.
He was discharged from the ICU with no new neu-
rological symptoms, and the baclofen therapy was
continued.

DISCUSSION

Intrathecal baclofen, administered via baclofen
pump, is delivered directly to the site of its action
in the spinal cord, bypassing the blood-brain bar-
rier entirely. Acting as presynaptic and postsynap-
tic agonists of GABA,, receptors (1,2,3,4), intrathe-
cal baclofen downregulates receptor sensitivity, so
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there is a potential risk for tolerance over time. De-
spite the fact that the number of baclofen receptors
is decreased, it is the baclofen that can cause sup-
pression of neuronal activity (2).

Manifestations of a baclofen overdose include res-
piratory depression, diffuse hyporeflexia, diffuse hy-
potonia, coma, hypothermia, bradycardia/tachycar-
dia, delirium, seizures, and cardiac arrhythmias
(1,2,4,8). The deterioration can be rapid and may
even require cardiopulmonary resuscitation (9).

The most common cause of overdose is malfunc-
tion of the pump in the majority of cases (90%).
Mechanical flow problems are common, so it is im-
portant to confirm pump and catheter localization.
Overdose can also occur as a result of iatrogenic
mistake, by incorrect re-filling of the pump or by to
high infusion rate (3,6).

Overdose could easily occur as a result of increased
baclofen infusion rate, in order to mitigate aggra-
vated spasticity caused by noxious stimuli. Namely,
the noxious stimuli (i.e., urinary tract infections,
constipation) increase the afferent input (incoming
nerve message to the CNS) on the stretch reflex (10).

In our patients, we confirmed the correct position
and functioning of the baclofen pump. Therefore,
the possible cause of baclofen toxicity/overdose in
the first patient could be the concomitant psychiat-
ric therapy that acted as respiratory depressants.
Also, we could stipulate that inflammation caused
the alternation of pharmacodynamics and phar-
macokinetics of baclofen, although it has not been
investigated previously. In the second patient, we
suspected that the overdose occurred due to the
pump manipulation during re-filling.

Regardless of the cause of the baclofen overdose,
the problem is that there is no antidote for ba-
clofen. It has been shown that atropine and ne-
ostigmine administration, or the lumbar punction
and cerebrospinal fluid drainage, along with sup-
portive care (fluids, diuretic, mechanical ventila-
tion) have been successful in sporadic cases (2,3,4).

The additional problem could pose the potential
development of serious withdrawal symptoms af-
ter a baclofen overdose in patients who have been
receiving baclofen chronically. Therefore, it is im-
portant to reinstate the baclofen administration
under strict monitoring, once the overdose symp-
toms are gone (1).

CONCLUSION

Patient with intrathecal baclofen pump are at possi-
ble risk of serious adverse events, such as acute ba-

clofen overdose. There is no antidote for baclofen, so
the current therapeutic efforts for baclofen overdose
are directed towards minimizing intrathecal deliv-
ery of baclofen and lowering the availability of ba-
clofen for binding to receptors, with the concomi-
tant employment of symptomatic therapy.

In the setting of no official guidelines for baclofen
overdose, case reports such as this are a valuable
source of therapy for the clinicians and a possible
foundation for the guidelines development.
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Marchiafava-Bignami disease: a rare but not
forgotten complication of chronic alcoholism

Zana Kralj', Josipa Fiamengo?, Gordana Glavina’, Kre§imir Doli¢’®, Gordan DZamonja**

ABSTRACT - Objectives: To report of rare case of Marchiafava-Bignami disease (MBD), which is, to the best
of our knowledge, the first to be described in Croatia. Case description: A 50-year-old woman, who con-
sumed 200-500 mL hard liquor daily during a 2-year period, was admitted to hospital due to dysfunctional-
ity, general weakness, and gradual cognitive impairment. Results: After her state of consciousness deterio-
rated to the level of sopor, urgent brain magnetic resonance imaging (MRI) was performed showing exten-
sive lesions in the corpus callosum and subcortical white matter, bilaterally. As clinical presentation,
accompanied by MRI finding, was strongly suggestive of MBD, we immediately started therapy with high-
dose vitamin B complex and methylprednisolone over five days. After two weeks, a control MRI showed
significant regression of the callosal and other white matter lesions. During and after treatment, the patient
gradually started regaining consciousness and a natural cycle of wakefulness and sleep, but lack of verbal skill
and dysphagia persisted. Further treatment focused on nutritional support, alcohol abstinence, physical and
speech therapy. After a 2-year period of rehabilitation, her cognitive performance had improved markedly
(MoCA was 24/30), with mild residual deficits in several cognitive domains. On examination slight gaze
palsy to the left persisted, accompanied by weaker left plantar response, and mild spastic dysarthria. She
moved into her own house with her sister. Conclusion: Although the disease is potentially fatal, a timely di-
agnosis based on clinical and radiological evidence and prompt treatment can result in a quite favorable final

prognosis, as shown in our case.

Keywords: chronic alcoholism, corpus callosum, demyelinating disorders, Marchiafava-Bignami disease,
thiamine
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Fig. 1. A axial, and B sagittal brain CT images showing edema of the splenium of the CC; C-H axial FLAIR
images: C-D acute onset of the disease: prominent frontal bilateral white matter and CC lesions; E-F first
follow-up brain MRI: moderate regression of brain lesions; G-H second follow-up brain MRI: almost
complete regression of the brain lesions

INTRODUCTION

Marchiafava-Bignami disease (MBD) is a rare de-
myelinating disorder associated mostly with severe
and chronic alcohol abuse and/or malnutrition
leading to a deficiency in vitamin B complex (1).
Its incidence is higher in middle-aged men with a
history of chronic alcoholism (2). The clinical pres-
entation of MBD is nonspecific and can vary from
mild motor and cognitive disturbances to coma
and death; thus, early-stage MBD is difficult to di-
agnose or differentiate from other diseases (1,3). In
addition to the clinical picture, modern brain im-
aging, especially magnetic resonance imaging
(MRI), is crucial for prompt diagnosis, because
timely treatment can remarkably increase the sur-
vival rate (1,4).

CASE DESCRIPTION

A 50-year-old woman admitted to the Department
of Psychiatry for dysfunctionality and lack of moti-
vation to abstain from chronic alcohol consump-
tion had, during a 2-year period, consumed 200-
500 mL hard liquor daily. One month before hospi-
talization, she started complaining of general
weakness and occasional leg muscle cramps, which

were accompanied by gradual cognitive impair-
ment. As her state of consciousness deteriorated
from somnolence to sopor, she was transferred to
the Department of Neurology.

On admission, the patient’s Glasgow coma score
was 9. Dysphagia and paratonia were evident, but
no signs of meningeal irritation, focal motor defi-
cits, or pathologic reflexes were present. We per-
formed a computed tomography (CT) scan of the
brain which showed edema of the splenium of the
corpus callosum (CC) bilaterally (Fig. 1, A-B). As
her clinical condition was further deteriorating, we
ordered a brain MRI for more detailed informa-
tion. The MRI showed extensive bilateral lesions in
the frontal subcortical and deep white matter re-
gion at the level of vertex and in the genu and sple-
nium of CC, but also some lesions in the parietal
and occipital regions. The lesions were hyperin-
tense on FLAIR (Fig. 1, C-D) and T2WI images,
with some signs of restricted diffusion and minor
enhancement inside frontal lesions. The cerebro-
spinal fluid assay revealed moderate proteinorahia
and just 1 leukocyte, with no signs of intrathecal
immunologic activity. An electroencephalogram
was remarkably slowed, without epileptiform dis-
charges. Escherichia coli was isolated from urine.
No deficit of folic acid or vitamin B12 was detect-
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ed. Thyroid function tests were normal and anti-
thyroid antibodies were negative.

Because the clinical presentation and MRI findings
were consistent with a diagnosis of MBD, we im-
mediately started therapy with high-dose vitamin
B complex (B1, folate, B12) and intravenous meth-
ylprednisolone (1250 mg total) over five days. The
urinary infection was treated with co-amoxiclav.
After two weeks, total protein in the cerebrospinal
fluid had decreased to almost normal, a test for
JCV was negative, and follow-up MRI showed sig-
nificant regression of the callosal and frontal white
matter lesions (Fig. 1, E-F). During and after treat-
ment, the patient gradually started regaining con-
sciousness and a natural cycle of wakefulness and
sleep; however, lack of verbal skill and dysphagia
persisted. Further treatment focused on nutrition-
al support and rehabilitation from alcoholism.

The patient was discharged to a long-term care fa-
cility that provided physical and intensive speech
rehabilitation. Follow-up MRI of the brain 12
weeks after the initial imaging revealed almost
complete regression of the brain lesions (Fig. 1,
G-H). After a 2-year period of rehabilitation and
alcohol abstinence, the patient’s electroencephalo-
gram was normal. Her cognitive performance had
improved markedly (Montreal Cognitive Assess-
ment: 24/30), with mild residual deficits in the ar-
eas of attention, visual-spatial skills, left-right ori-
entation, and praxia. During a neurologic exam,
her walk was unimpaired, but slight gaze palsy to
the left persisted, accompanied by a brisker left pa-
tellar reflex, weaker left plantar response, and mild
spastic dysarthria. She left the care facility and
moved into a house with her sister.

DISCUSSION

The pathologic changes typical in MBD were first
described by two Italian pathologists, Ettore Mar-
chiafava and Amico Bignami, in 1903. The syn-
drome includes symmetrical demyelination and
necrosis of the central part of the CC, with relative
sparing of the dorsal and ventral layers (1). Later, it
became evident that the pathology could addition-
ally affect the subcortical white matter, basal gan-
glia, and even the brain cortex (5,6). Those changes
are most frequently encountered in chronic alco-
holism and other malnourishment but might also
be observed in paraneoplastic syndromes or os-
motic myelinolysis (2). The precise mechanism of
the damage in MBD, including the selective vul-
nerability of the CC, is still not entirely elucidated,

but synergism between ethanol-induced neurotox-
ic effects and hypovitaminosis B, particularly B1, is
suggested to be the most plausible (7).

Although MBD occurs in both sexes, most cases
are seen in men (2). The clinical spectrum of the
disease is broad and lacks specificity (1). Its fea-
tures can vary from mild motor and cognitive
disturbances to severe motor deficits, disordered
coordination, impaired consciousness, signs of in-
terhemispheric disconnection, seizures, and ulti-
mately death (3). Based solely on clinical manifes-
tations, the first MBD classification (8) distin-
guished acute, subacute, and chronic forms.
Subsequently, in 2004, with the advent of modern
brain imaging, Heinrich et al. proposed a clinico-
radiological classification of type A - with distin-
guishing clinical features of stupor or coma, ac-
companied by pyramidal signs, and imaging re-
vealing involvement of almost the entire CC like it
was in our case, or type B - normal or mildly per-
turbed mentation, with signs of focal callosal le-
sions on imaging (9). In the early 2000s, MBD was
still considered a rather rare and almost invariably
fatal disorder (10). But given that alcoholism is a
common problem, MBD was more likely to have
been underdiagnosed in the preimaging era. Data
suggest that the overall outcome of MBD has im-
proved notably in recent decades (4), partly be-
cause of increased awareness and because of the
broader availability of MRI.

On MRI, a characteristic “sandwich sign” repre-
sents the involvement of the central layers of the
CC body, with relative sparing of the dorsal and
ventral extremes on sagittal views. In our case, the
lesions were in the genu and splenium of CC,
which is more common in MBD mimics but also
can be seen in one-third of the MBD subjects (1).
On the other hand, no lesion enhancement has
been described in the MBD mimics: it is more
common in real MBD like it was in our case. The
CC might appear edematous in the acute phase
and atrophic in the chronic phase (11). The clinical
and radiologic presentations contribute equally to
a quick diagnosis. The mainstay of therapy is
prompt parenteral thiamine replacement (1).
When MBD is suspected, disorders from the dif-
ferential such as infarction of the recurrent artery
of Heubner, neoplastic diseases (astrocytoma or
lymphoma, for instance), demyelinating diseases
such as multiple sclerosis, progressive multifocal
leukoencephalopathy, or acute disseminated en-
cephalomyelitis should first be excluded. Among
the demyelinating diseases to be excluded, multi-
ple sclerosis is the most common but occurs in a
different clinical setting (11).
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In our case, the diagnosis was made based on the
history of chronic alcoholism and radiologic fea-
tures. Diagnostic workup was limited to a certain
extent as some tests like measurements of blood
thiamine level or autoimmune encephalitis antibod-
ies have not been available in our center. Although
the patient initially had a severe subacute type A
case of MBD, prompt treatment and long-term re-
habilitation led to a favorable clinical outcome.

CONCLUSION

To the best of our knowledge, this case of MBD is
the first described in Croatia. Given that the mani-
festations of MBD are nonspecific, early clinical
suspicion coupled with timely brain imaging were
crucial for effective treatment and avoiding a po-
tentially fatal outcome in this case.
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CLIPPERS: chronic lymphocytic
inflammation with pontine perivascular
enhancement responsive to steroids

Denis Cerimagi¢', Ervina Bili¢?

Keywords: neuroinflammatory diseases, lymphocytes, pons, magnetic resonance imaging, steroids

A 71-year-old man was referred for a neurological
examination due to instability. Dysphonia, dyspha-
gia, and ataxia were present in neurological exami-
nation, while punctate and curved gadolinium en-
hancement “peppering” lesions of the pons and the
cerebellar peduncles were present in the MRI of
the brain (Figs. 1-3). The MRI of the cervical spine
was normal. The CSF analysis revealed only mild
lymphocytic pleocytosis (cell count 30/3). The oli-
goclonal bands were negative in CSF and serum
(type 1). The results of ACE, immunological tests,
tumor markers, and serological tests for neuro-
tropic pathogens, as well as testing for HIV, lues,
and tuberculosis, were normal. The patient was
treated with high-dose IV methylprednisolone (1
g/day) for five consecutive days, followed by a ta-
per with oral steroids for six months, after which
complete clinical and neuroradiological remission
was achieved (Figs. 4 and 5). Based on the results
of these findings, the diagnosis of CLIPPERS was
established. CLIPPERS is a rare neuroinflammato-

Fig. 1. Axial T2WI MRI shows multiple punctate and
patchy regions in the pons and cerebellar peduncles.
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Fig. 2. Axial FLAIR MRI shows multiple punctate and Fig. 3. Axial contrast-enhanced T1WI MRI shows
patchy regions in the pons and cerebellar peduncles. punctate foci of contrast enhancement in the pons.
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Fig. 4. Control axial T2ZWI MRI shows normal Fig. 5. Control axial FLAIR MRI shows normal
findings. findings.
ry disorder characterized by brainstem-predomi- REFERENCES

nant encephalomyelitis that typically presents with
cerebellar (ataxia) and bulbar involvement (dysar-
thria, dysphagia), typical MRI findings, and an ex-
cellent therapeutic response to steroid administra-
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