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Editorial

Neurological practice continues to evolve at the intersection of expanding diagnostic capabilities and a grow-
ing awareness of diverse disease mechanisms that may compromise the nervous system. The contributions
presented in this issue of Neurologia Croatica highlight this dynamic landscape through four thematically
distinct yet conceptually connected case-based investigations. Together, they underscore the heterogeneity
of neurological disorders and the importance of refined diagnostic approaches capable of capturing early or
atypical manifestations.

The first paper examines the diagnostic challenge of acute sensory polyradiculoneuropathy, emphasizing the
limitations of conventional electrophysiological techniques in the early stages of immune-mediated root
pathology. In the presented case, standard electromyoneurography failed to confirm the clinical suspicion
during the acute phase, whereas targeted assessment of lumbosacral dorsal roots through transcutaneous
electrical stimulation identified distinct abnormalities. The subsequent detection of anti-GD1a antibodies
and eventual evolution into chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) further
supports the immune basis of the condition. This work underscores the relevance of advanced reflex-based
electrophysiological methods for the timely identification of selective sensory root involvement-an approach
that may significantly influence early therapeutic decisions.

A second contribution expands the clinical spectrum of SMART (Stroke-like Migraine Attacks after Radia-
tion Therapy) syndrome, a rare delayed complication of cranial irradiation. The authors describe an 18-year-
old patient with prior treatment for glioblastoma who developed migraine-like symptoms, hemiparesis, and
seizures. Notably, MRI revealed not only the characteristic unilateral cortical enhancement but also subcorti-
cal grey matter involvement, a feature not traditionally associated with SMART syndrome. The presence of
cerebrospinal fluid leukocytosis further challenges existing diagnostic assumptions, illustrating that inflam-
matory CSF profiles do not preclude this diagnosis. The possible role of alcohol consumption as a precipitat-
ing factor broadens the discussion about triggers and pathophysiological mechanisms. This case highlights
the need for ongoing refinement of diagnostic criteria and improved recognition of atypical radiological and
clinical patterns in post-radiation neurological syndromes.

The third article provides novel insights into diabetic striatopathy (DS) from a cognitive-behavioral perspec-
tive. Traditionally characterized by hyperkinetic movement disorders, DS has rarely been investigated for its
impact on cognition. Through systematic neuropsychological assessment of five patients, the authors dem-
onstrate that DS may involve variable deficits in attention, executive function, memory, and language, along-
side behavioral symptoms such as apathy, depression, and obsessive tendencies. Importantly, visuospatial
functions remained preserved, suggesting selective vulnerability of specific corticostriatal circuits. By syn-
thesizing their findings with existing literature, the authors propose that the cognitive-behavioral profile of
DS-typically milder than in other striatal disorders—reflects the acute and potentially reversible nature of the
underlying metabolic insult. This work expands the clinical understanding of DS beyond its classical motor

W
N

60T ‘T PqunN



Editorial Neurol. Croat. Vol. 70, 2, 2025

(S8
oo

Number 2, 2025

manifestations and highlights the importance of comprehensive neuropsychological evaluation in metabolic
movement disorders.

The final contribution describes post-infectious small fiber neuropathy (SEN) following laboratory-con-
firmed influenza B infection. In the reported patient, the close temporal relationship between infection and
symptom onset, combined with preserved large fiber function, strongly suggests an immune-mediated
mechanism. The case reinforces the need for clinical vigilance in identifying post-viral neuropathic compli-
cations, especially given the chronicity of symptoms and impact on quality of life despite symptomatic phar-
macologic therapy. As viral infections remain a common trigger of immune-mediated neurological disor-
ders, this report contributes to the expanding recognition of SFN as a significant and often prolonged post-
infectious entity requiring multidisciplinary management.

Across these four papers, several unifying themes emerge. First, the importance of early and targeted diag-
nostic strategies is evident—from advanced electrophysiological techniques in radiculopathies to refined neu-
roimaging interpretation in SMART syndrome. Second, the cases highlight the complex interplay of im-
mune-mediated, metabolic, and post-therapeutic mechanisms, illustrating how diverse etiologies can pro-
duce overlapping or evolving neurological phenotypes. Finally, the studies reaffirm the value of detailed
clinical observation, comprehensive assessment, and interdisciplinary collaboration in characterizing rare or
under-recognized neurological conditions.

We hope that the contributions in this issue will stimulate further discussion and research into the diagnostic
and pathophysiological nuances of these disorders, ultimately enhancing patient care through earlier recog-
nition and more targeted intervention strategies.

Magdalena Krbot Skoric
Deputy Editor
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Early electrophysiological confirmation
of acute sensory polyradiculoneuropathy:
a case report

Julija Rimac', Biserka Kovac*?, Aleksandra Simi¢', Tihana Gilman Kuric**

ABSTRACT - Objectives: Sensory polyradiculoneuropathy is an immune-mediated disorder affecting the pe-
ripheral nervous system. Conventional electrophysiological methods often lack the specificity and sensitivity
required for definitive diagnosis. However, evaluating muscle reflexes mediated by the lumbosacral roots enables
assessment of the functional integrity of both dorsal and ventral spinal roots, as well as the corresponding spinal
cord segments. Case description: We report the case of a 76-year-old female patient with a history of sensory ax-
onal polyneuropathy and lumbar spinal canal stenosis. She presented with an acute onset of ataxia and severe
paresthesia in the lower extremities, without motor weakness. Clinical findings were suggestive of polyradiculo-
neuropathy. Standard electromyoneurography (EMNG) performed during the acute phase failed to confirm the
diagnosis. However, evaluation of dorsal lumbar root function upon admission revealed impaired excitability
and conduction in multiple sensory spinal roots, while stimulation of the ventral roots produced responses
within expected parameters. The patient received symptomatic treatment and showed good recovery. Subse-
quent testing revealed positive anti-GD1a antibodies. Ten months later, she was re-admitted with clinical and
electrophysiological deterioration consistent with chronic inflammatory demyelinating polyradiculoneuropathy
(CIDP). She was treated with pulsed corticosteroid therapy, leading to significant clinical improvement and reso-
lution of ataxia. Conclusion: Reflex muscle responses elicited via transcutaneous electrical stimulation (TES) of
the lumbosacral roots may represent a valuable tool for the early detection of autoimmune polyradiculoneuropa-
thies. This technique has the potential to identify isolated lesions affecting the sensory spinal roots.

Keywords: early detection of disease, electrophysiology, polyradiculoneuropathy, spinal nerve roots,
transcutaneous electric nerve stimulation

! Department of Neurology, National Memory Hospital Vukovar, Vukovar, Croatia

2 Department of Neurology, University Hospital Centre Osijek, Osijek, Croatia

* Department of Neurology, Faculty of Dental Medicine and Health Osijek, Osijek, Croatia

* Department of Neurology and Neurosurgery, Faculty of Medicine Osijek, University of Josip Juraj Strossmayer in
Osijek, Osijek, Croatia
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INTRODUCTION

Sensory polyradiculoneuropathies are inflamma-
tory disorders of the peripheral nervous system,
mediated by immune mechanisms. The primary
pathophysiological changes occur in the proximal
segments of the spinal nerves and their roots (1,2).
Standard electrophysiological testing lacks both the
specificity and sensitivity required to reliably detect
proximal lesions, especially during the early stages
of the disease. Techniques that rely on peripheral
nerve stimulation provide only indirect and non-
specific information regarding the functional integ-
rity of the spinal roots (1,2). Diagnostic accuracy is
further challenged by the presence of comorbid
conditions that can also cause polyneuropathy.

F-waves, which assess the integrity of the mono-
synaptic reflex arc, evaluate only motor neurons,
motor spinal roots, and peripheral motor
nerves (2,3). Because they reflect conduction
across a broad segment of the peripheral nerve, F-
waves are limited in their ability to detect patholo-
gy localized to the spinal roots. Similarly, the H-
reflex assesses the entire monosynaptic reflex arc
via peripheral stimulation, but its clinical utility is
restricted due to technical difficulties associated
with reliably stimulating sensory nerve fibers (4).
Somatosensory evoked potentials (SSEPs) evaluate
conduction from the peripheral stimulation site to
the sensory cortex; however, the sensory roots con-
stitute only a small portion of the somatosensory
pathway, limiting the diagnostic value of SSEPs for
root-level lesions.

Transcutaneous electrical stimulation (TES) of the
lumbosacral roots at the thoracolumbar junction
allows for direct and simultaneous stimulation of
both sensory and motor spinal roots (5). This
makes TES a more sensitive and specific modality
for detecting polyradiculoneuropathy. By analyz-
ing posterior root muscle reflexes (PRMR) and an-
terior root muscle responses (ARMR), TES pro-
vides the means to electrophysiologically confirm
polyradiculoneuropathy. Combined interpretation
of these reflex responses may offer a reliable indi-
cator of sensory polyradiculoneuropathy.

CASE DESCRIPTION

We present the case of a 76-year-old female patient
with a medical history notable for sensory axonal
polyneuropathy of unknown etiology and lumbar
spinal canal stenosis from L3 to S1. She was admit-
ted to the emergency neurology department due to

progressive paresthesia in the lower limbs, gait in-
stability, and recurrent falls. Her symptoms had be-
gun approximately ten days prior to presentation.

Roughly six weeks before admission, the patient
had received her second dose of a COVID-19 vac-
cine. She reported no recent signs or symptoms of
infection. Neurological examination revealed nor-
mal cranial nerve function and preserved motor
strength in the upper extremities. In the lower
limbs, gross motor strength was intact; however,
patellar reflexes were diminished, and Achilles re-
flexes were bilaterally absent. Vibration sense was
reduced in the lower legs and feet. Romberg’s sign
was positive, and her gait was ataxic.

Brain MRI showed no structural abnormalities.
Laboratory studies ruled out acute infection, and
serum protein levels were within normal ranges.
Cerebrospinal fluid (CSF) analysis revealed nor-
mal cell counts with mildly elevated protein levels
(proteinorachia 0.60 g/L). The CSF-to-serum IgG
index was elevated. A comprehensive systemic
work-up yielded no pathological findings.

Standard electromyoneurography (EMNG), per-
formed on days 10 and 15 following symptom on-
set, did not support a diagnosis of polyradiculo-
neuropathy. Findings were consistent with sensory
axonal polyneuropathy of the lower extremities
and polytopic radiculopathies affecting the lumbar
segments. SSEPs of the tibial nerve were within
normal limits.

Reflex responses in the lower extremities were fur-
ther evaluated using TES of the dorsal spinal roots.
In all tested muscles (8/8), PRMR demonstrated
significantly reduced amplitudes and/or prolonged
latencies. In contrast, ARMR elicited via stimula-
tion of the ventral roots displayed latencies compa-
rable to those of healthy controls.

The patient was found to have impaired glucose
tolerance, but additional metabolic, paraneoplas-
tic, and autoimmune etiologies were excluded. She
was treated with symptomatic therapy, which led
to marked improvement in her ataxia.

Subsequent serological testing revealed positivity
for anti-GD1a antibodies.

Ten months later, the patient was re-evaluated due
to a relapse characterized by worsening sensory
symptoms in the lower limbs and acute gait dete-
rioration. Repeat EMNG revealed findings consist-
ent with a sensorimotor demyelinating polyradicu-
loneuropathy, leading to a diagnosis of chronic in-
flammatorydemyelinatingpolyradiculoneuropathy
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(CIDP). She was treated with pulsed corticosteroid
therapy, which resulted in clinical improvement
and resolution of her ataxia.

DISCUSSION

In a significant proportion of patients with polyra-
diculoneuropathies, both EMNG and CSF analyses
may yield negative results during the early stages of
the disease (1,2,6,7). In our patient’s case, initial
EMNG and CSF findings did not support the clini-
cal diagnosis of polyradiculoneuropathy. However,
anti-GD1a antibodies were subsequently detected.
Following clinical deterioration ten months later,

EMNG findings became consistent with a chronic
sensorimotor demyelinating polyradiculoneu-
ropathy.

During the initial phase, the patient underwent a
modified diagnostic approach involving TES of the
lumbosacral roots, as described by Professor Mi-
nassian (8). PRMR and ARMR were recorded bi-
laterally in four muscle groups of the lower ex-
tremities. The parameters of the muscle responses
were compared against reference values for PRMR

81 R1

p R2

established in a study of 30 healthy subjects (9). An
example of an evoked PRMR exhibiting normal
characteristics is shown in Figure 1. In our patient,
all eight tested lower limb muscles, PRMRs showed
prolonged latencies and/or significantly reduced
amplitudes. In contrast, ARMR latencies exhibited
expected characteristics when compared with
those of healthy controls in a previous study (9).

Due to technical limitations, maximal ARMR am-
plitudes were not analyzed; however, an increase in
amplitude with rising stimulation intensity was ob-
served. The recorded ARMR characteristics were
consistent with the expected findings in the study
assessing spinal reflex excitability (10).

Direct stimulation at the spinal root level revealed
multiple functional lesions affecting the proximal
segments of peripheral nerves, allowing a diagno-
sis independent of the patient’s pre-existing chron-
ic sensory polyneuropathy. PRMR analysis enables
assessment of the entire reflex arc proximal to the
dorsal root ganglion, including sensory roots, spi-
nal gray matter, motor neuron activation, motor
roots, and proximal segments of peripheral nerves
(11). Simultaneous stimulation of multiple spinal

Fig. 1. Normal finding: Eliciting PRMR (recordings 1, 2, and 3) and ARMR (recordings 4, 5, and 6) by delivering
two electric stimuli over the skin of the cauda equina with an interstimulus interval of 50ms. Recordings were done
in the hamstring muscles of the right leg (recordings 1, 3, and 5) and left leg (2, 4, and 6). The intensity of stimuli
was increased from 90 mA (recordings 1 and 2) to 110 mA (recordings 5 and 6). By increasing stimuli intensity,
ARMR appeared (recordings 2, 4, 5, and 6). S1 - first stimulus, S2 - second stimulus, R1 - response after the first

stimulus, R2 - response after the second stimulus.
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Fig. 2. Findings in patient’s tibialis anterior muscles: PRMR with prolonged latencies and reduced surfaces and
ARMR with expected characteristics. Eliciting PRMR (recordings 2 and 3), mixed response (recordings 4 and 5) and
ARMR (recordings 6 and 7). Recordings were done in the tibialis anterior muscles of the right leg (recordings 2, 4,
and 6) and left leg (3, 5, and 7). The intensity of stimuli was increased from 80mA (recordings 2 and 3) to 100 mA
(recordings 6 and 7). By increasing stimuli intensity, ARMR appeared (recordings 6, 7).

roots likely enhances the sensitivity of this method
compared to standard EMNG.

The patient’s early clinical presentation, in combi-
nation with repeatedly negative EMNG and the
PRMR/ARMR findings, supported a diagnosis of
sensory polyradiculoneuropathy. Pathological
PRMRs in all eight tested muscles, accompanied by
ARMRs with normal latency and appropriate am-
plitude modulation, indicated selective involve-
ment of the sensory spinal roots. PRMR and
ARMR findings from the tibialis anterior muscle
(TA) are illustrated in Figure 2.

Pathological PRMRs can be expected in cases in-
volving dorsal and/or ventral root lesions, as the
method evaluates reflex muscle responses and im-
pulse conduction through the entire monosynaptic
reflex arc (12,13). In cases of isolated dorsal root

involvement, ARMR findings reflecting direct
muscle responses to ventral root stimulation are
expected to remain within normal limits, as they
assess conduction through the motor component
of the peripheral nerve only (14).

In this case, early analysis of PRMR and ARMR
contributed significantly to supporting the clinical
diagnosis, which could not be confirmed by con-
ventional methods. Given the severity and poten-
tial progression of neurological symptoms, timely
initiation of treatment is critical, requiring rapid
and accurate diagnosis (15). The findings in this
patient suggest that spinal root muscle response
testing may allow early electrophysiological confir-
mation of polyradiculoneuropathy. Validation of
this method in larger cohorts is warranted, with a
comprehensive analysis of all PRMR and ARMR
parameters.
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CONCLUSION

We present a case in which analysis of posterior
and anterior spinal root function indicated a diag-
nosis of acute sensory polyradiculoneuropathy
during the early phase of the disease, despite nega-
tive findings on standard electrophysiological tests
and cerebrospinal fluid analysis, and in the absence
of antiganglioside antibodies.

PRMR and ARMR show promise as early, specific
electrophysiological tools for confirming autoim-
mune polyradiculoneuropathies. Furthermore,
they offer potential for the early confirmation of
sensory polyradiculoneuropathies.
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Adding new features to SMART syndrome?

Sarah Gomezelj', Matic Lo¢niskar?, Tina Vipotnik Vesnaver’,
Gal Granda', Gregor Brecl Jakob'*

ABSTRACT - Background: Stroke-like migraine attacks after radiation therapy (SMART) syndrome is char-
acterized by severe headache with prolonged and mainly reversible neurological deficits, referable to a uni-
lateral cortical region in patients after cranial irradiation. Magnetic resonance imaging (MRI) usually reveals
unilateral cortical enhancement with mild mass effect and no signs of tumor recurrence. Cerebrospinal fluid
(CSF) analysis is performed to rule out alternative diagnoses. Case report: We report a case of SMART syn-
drome in an 18-year-old male, diagnosed with right frontal lobe glioblastoma at the age of 10, treated suc-
cessfully with surgery, chemotherapy, and radiotherapy. He experienced a migraine-like headache with pro-
gressive left sided hemiparesis and seizures. Symptom onset was preceded by alcohol consumption. MRI
findings were consistent with SMART syndrome, with additional subcortical pathology. CSF analysis yielded
leukocytosis. Conclusions: CSF leukocytosis does not exclude the diagnosis of SMART syndrome. Subcorti-
cal grey matter MRI findings may be present in patients with SMART syndrome. Alcohol consumption
might provoke SMART syndrome development.

Keywords: migraine-like headache, cranial irradiation, subcortical grey matter, CSF pleocytosis, blood-
brain barrier, SMART syndrome, alcohol-induced neurotoxicity

INTRODUCTION

of residual or recurrent neoplasm; (2) Prolonged,
reversible or non-reversible signs and symptoms
Stroke-like migraine attacks after radiation therapy

(SMART) syndrome is a late complication of brain
irradiation. It was first described in 1995 by Shuper
et al., and over many cases have been reported
since (1,2).

To establish the diagnosis, the following diagnostic
criteria have been proposed: (1) Remote history of
external beam cranial irradiation without evidence

! Department of Neurology, University Medical Centre
Ljubljana, Ljubljana, Slovenia

2 Abteilung fiir Neurologie, Klagenfurt am Worthersee
Hospital, Klagenfurt, Austria

* Institute of Radiology, University Medical Centre Lju-
bljana, Ljubljana, Slovenia

* Faculty of Medicine, University of Ljubljana, Ljublja-
na, Slovenia
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referable to a unilateral cortical region, years after
irradiation with clinical manifestations including
confusion, seizures, visuospatial deficits, hemisen-
sory deficits, hemiparesis, aphasia, antecedent mi-
graine headache with or without aura; (3) Magnet-
ic resonance imaging (MRI) evidence of transient,
diffuse, unilateral cortical gadolinium enhance-
ment of the cerebral gyri within the previous irra-
diation field, sparing the white matter; (4) Not at-
tributable to another disorder (3,4). Recently, two
updates of the criteria were proposed (5,6).

The pathophysiology of SMART syndrome re-
mains unclear. A post-radiation vasculopathy,
characterized by endothelial dysfunction and in-
creased blood-brain barrier permeability, is sus-
pected (3,7). Other proposed mechanisms include
radiation-induced mitochondrial dysfunction and
neuronal dysfunction (5).

In order to meet SMART syndrome diagnostic cri-
teria, several diagnostic tests including MRI, elec-
troencephalography (EEG) and cerebrospinal fluid
(CSF) analysis should be used to exclude other
possible neurological disorders, such as acute in-
farction, venous sinus thrombosis, infection, mito-
chondrial disorders, posterior reversible encepha-
lopathy syndrome (PRES), headache with neuro-
logical  deficits and  cerebrospinal  fluid
lymphocytosis (HaNDL syndrome), as well as rule
out neoplasm recurrence (8).

MRI findings typically include reversible, unilat-
eral, gyriform enhancement with T2 and FLAIR
hyperintense cortical swelling in the previously ir-
radiated brain region, not following the distribu-
tion of vascular territories, as well as leptomenin-
geal contrast enhancement (1,3).

CSF analysis usually vyields normal results
(1,3,5,7,9). Some authors report nonspecific ab-
normalities of CSF studies performed in patients
with SMART syndrome, limited to glucose and
protein abnormalities (1,8).

CASE REPORT

An 18-year-old male was admitted to the neurolo-
gy department after his second episode of head-
ache with associated left-hand weakness.

He had been treated for frontal lobe glioblastoma,
8 years earlier, with gross tumor resection, chemo-
therapy, and right hemisphere irradiation (full
dose 59.4 Gy). He had recovered fully, with no neu-
rologic deficits.

The patient presented after a night of heavy alcohol
consumption, with a severe throbbing headache
(rated 10/10) and associated left upper limb weak-
ness. Neurological examination upon admission
revealed distal left upper limb weakness associated
with numbness of the dorsum of the left hand. In
the following 10 days, he progressively developed
left hemiplegia with left hemispatial neglect and
left homonymous hemianopsia. He suffered sever-
al generalized tonic-clonic seizures.

Two weeks prior to admission, he had experienced
a migraine-like headache accompanied with left
upper limb numbness and weakness, resolving
spontaneously in 15 minutes.

MRI revealed a hyperintense T2 signal and thick
gyriform postcontrast enhancement over the ma-
jority of the right hemisphere cortical grey matter,
sparing parts of the parietooccipital cortex (Figure
1A). Small areas of the affected cortex showed re-
stricted diffusion. Focal areas of T2 and fluid at-
tenuated inversion recovery (FLAIR) hyperintense
signal with subtle contrast enhancement were also
noticed in the ventral lentiform nucleus and pulvi-
nar (Figure 1B). Diffuse hypointense signal of the
right hemispheric subcortical white matter was
present on T2, FLAIR and susceptibility weighted
imaging (SWI) sequences. (Figure 1C). Time of
flight MR angiography (TOF MRA) showed irreg-
ular narrowing of the proximal M2 segments of the
right middle cerebral artery (MCA). There was no
evidence of tumor recurrence.

Two separate CSF studies revealed similar leuko-
cytic pleocytosis (results of the first analysis: white
blood cell count of 12x10%L (normal range
<5x10°/L) with 6x10° neutrophils, 4x10° lympho-
cytes and 2x10°monocytes) with a slightly elevated
protein level — 0.58g/L (normal range 0.15-0.45g/
L) and normal glucose. Blood tests revealed an el-
evated blood leukocyte count of 17,6 x 10°/L (nor-
mal range 4-11 x 10°/L) and a CRP value of 16
mg/L (normal range <5 mg/L)

Extensive investigations were undertaken to exclude
an infectious etiology. A complete panel of polymer-
ase chain reaction (PCR) tests, including HSV1,
HSV2, VZV, CMV, HHV6, Enterovirus, Parechovi-
rus, Tick-borne encephalitis (TBE) virus RNA, as
well as serologic tests for Lyme disease and TBE,
were negative. Blood cultures were also negative. No
focus of infectious disease could be found clinically.
Serological screening for autoimmune encepha-
lopathies from blood and CSF was negative.

Three EEG studies were performed. The first EEG
study, right after the first generalized tonic clonic
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Fig. 1. A: T1 MPRAGE contrast-enhanced sequence in the axial plane; thick gyriform cortical enhancement of the
right hemisphere, sparing a part of the parietal lobe. B: FLAIR image in the axial plane through the basal ganglia
with small hyperintense lesions in the right pulvinar and anterior putamen. C: FLAIR image in the axial plane
through the postoperative defect in the right frontal region. Note the hypointense signal of the subcortical and partly
deep white matter of the right hemisphere. D: resolution of the white matter changes on control MRI

seizure, was done to exclude the possibility of non- with near normal activity over the left hemisphere.
convulsive status epilepticus and showed diffuse No ictal or interictal epileptiform activity was
delta waves (0.5-1Hz) over the right hemisphere found, and status epilepticus was excluded. The
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other two EEG studies were done during the third
week of hospitalization and showed a reduction of
asymmetry with regional slow waves and interictal
sharp waves right fronto-temporal, which corre-
lated well with the patient’s clinical improvement.

Epileptic seizures were treated with lorazepam and
levetiracetam. We introduced antiepileptic therapy
with carbamazepine and switched to lacosamide
due to liver enzyme elevation. The headache was
partially relieved using tramadol and metamizole.
After exclusion of an infectious etiology, we treated
with dexamethasone for 10 days (12mg/day),
which was gradually tapered and discontinued.

The patient recovered completely in 14 days. His
paresis improved substantially after corticosteroid
treatment, and only minor weakness was present
upon his discharge from hospital care. No neuro-
logical deficits were found at two-year follow-up.
Follow-up MRI scans after 6 and 24 months
showed resolution of all SMART-related cortical
and subcortical changes (Figure 1D).

DISCUSSION

The presented case fulfills all the original and up-
dated proposed diagnostic criteria for SMART
syndrome (1,3); however, a few characteristics not
described wuntil now, can Dbe identified.
Abnormal CSF glucose and protein levels have
been reported in cases of SMART syndrome by
some authors; however, none reported leukocyto-
sis (1,8). HaNDL syndrome represents one of the
important differential diagnostic considerations
when SMART syndrome is suspected. Pleocytosis
is a hallmark of the HaNDL, and intracranial arte-
rial narrowing can often be observed. On the other
hand, CSF pleocytosis has not been reported in
SMART syndrome, whereas diffuse gyriform en-
hancement observed in the presented case is typi-
cal. Friedenberg and Dodick propose that the MRI
changes observed in SMART syndrome result
from meningeal and parenchymal hyperperfusion,
edema, or protein extravasation due to blood-brain
barrier (BBB) disruption (10). Such pathology
could lead to leucocyte migration across the BBB
and subsequently to transient CSF leukocytosis.
Accordingly, the leukocytosis observed in our pa-
tient might be attributable to a specific disease
stage, when endothelial dysfunction is at its great-
est. SMART syndrome has been reported to occur
between 1 and 35 years following radiotherapy(1).
Why the interval of disease manifestation is so
broad, or what the precipitating factors are, is still

unknown. Alcohol can cause vascular endothelial
dysfunction through BBB disruption related to
oxidative stress. It can thus serve as an aggravating
factor in neuroinflammatory disorders. Increased
leukocyte migration across the BBB in such condi-
tions has been observed previously (in in vitro
studies of samples of human BBB, where ethanol
was used to alter the intercellular tight-junction in-
tegrity through oxidative stress-related phospho-
rylation of myosin light chains) (11). In the pre-
sented case, excessive alcohol intake occurred ap-
proximately 12 hours prior to symptom onset and
might thus have triggered SMART syndrome on-
set. To our knowledge, some radiological changes
observed in this case were not yet described. We
were not able to find any published cases of sub-
cortical grey matter involvement in SMART syn-
drome. In the presented case, the patient also had
predominant involvement of the frontal and tem-
poral cortical regions, while usually, predominant
involvement of the occipitoparietal and temporal
cortex with relative sparing of the frontal lobe is
observed. We believe that the history of radiation,
MRI findings, negative extensive diagnostic
workup to exclude other possible etiologies and
clinical course of the presented case speak for
SMART syndrome and not for other possible diag-
noses such as HaNDL. The presented case is, to the
best of our knowledge, the first case of SMART
syndrome with CSF pleocytosis and subcortical
grey matter MRI pathology. We additionally iden-
tified ethanol as a potential agent that possibly pro-
vokes SMART syndrome development. Due to an
increase in patients treated with brain irradiation
and better survival of such patients, an increase in
SMART syndrome incidence should be expected
(9). It is therefore crucial to be aware of all possible
disease manifestations. Consequently, we encour-
age clinicians not to exclude SMART syndrome
diagnosis due to CSF leukocytosis or atypical dis-
tribution of imaging findings, and encourage pa-
tients after irradiation for brain tumors, to avoid
excessive ethanol consumption.
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Clinical Implications
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Diabetic striatopathy: cognitive and
behavioral insights from case series
and literature synthesis
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ABSTRACT - Objective: Neurological disorders affecting the striatum are often associated with cognitive
impairments and movement abnormalities. Diabetic striatopathy (DS), a rare complication of diabetes mel-
litus, has been traditionally associated with hyperkinetic movement disorders. However, comprehensive
studies exploring the cognitive-behavioral aspects of this condition remain limited. We aimed to examine the
cognitive and behavioral profiles of DS patients and explore mechanisms underlying the differential impact
on motor versus cognitive-behavioral functions. Methods: Five consecutive Bengali patients with DS pre-
senting with hemichorea, all without reported cognitive complaints prior to disease onset, underwent com-
prehensive neuropsychological assessments. These evaluations, conducted three months after the onset of
movement disorders, included the Montreal Cognitive Assessment, Addenbrooke’s Cognitive Examination-
ITL, and Frontal Assessment Battery. Behavioral changes were assessed using the Neuropsychiatric Inventory.
Results: The series included three women and two men (69.7 + 5.6 years) with poorly controlled diabetes. The
cognitive evaluation revealed variable impairments: attention deficits in two patients, executive dysfunction

in one, recent memory impairment in two, and language deficits in two patients. Visuospatial and visuoper-
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ceptual functions were preserved, while behavioral manifestations included depression, apathy, and obses-
sive behavior, notably without psychotic features. A literature review identified five previously reported cases
of DS with cognitive-behavioral manifestations. Conclusions: DS may produce less severe cognitive-behavio-
ral impairments than other striatal disorders, likely due to selective circuit involvement and preserved com-
pensatory mechanisms. This unique profile may reflect the acute nature of DS pathology, the potential re-

versibility of striatal changes, and preserved cortical-subcortical connectivity. These findings expand our

understanding of DS beyond its classical motor manifestations.

Keywords: diabetic striatopathy, hyperglycemia, basal ganglia, cognitive impairment, psychiatric

disturbances, MRI hyperintensity

INTRODUCTION

Diabetic striatopathy (DS) is a rare neurological
complication of poorly controlled diabetes melli-
tus, often presenting with hyperglycemia and
movement disorders such as hemichorea and
hemiballismus. It is characterized by distinctive
neuroimaging findings, including striatal hyper-
density on non-contrast computed tomography
(NCCT) and hyperintensity on T1-weighted mag-
netic resonance imaging (MRI) (1-3). Predomi-
nantly affecting older individuals, particularly
Asian women, DS is closely associated with chron-
ic hyperglycemia and elevated glycated hemo-
globin (HbAlc) levels (1-3). Although its patho-
physiology remains incompletely understood,
metabolic and vascular alterations, such as oblit-
erative vasculopathy and microhemorrhages, are
thought to play a significant role (1-3). Timely gly-
cemic control, typically achieved with insulin ther-
apy, is crucial for symptom resolution and the pre-
vention of recurrence (1-3). Despite its rarity, DS
highlights the importance of recognizing neuro-
logical manifestations in diabetes mellitus for
prompt diagnosis and management (1-3).

The striatum is widely recognized not only as a
motor hub but also as a crucial component of the
cognitive network, playing a significant role in
memory, executive function, and overall cognitive
resilience. Its involvement in neurological disor-
ders (including stroke, deposition disorders, and
neurodegenerative conditions such as Wilson’s dis-
ease, neurodegeneration with brain iron accumu-
lation, basal ganglia calcifications, and Hunting-
ton’s disease) is frequently associated with cogni-
tive impairment, often resulting from disruptions
in the frontostriatal network (4-9). This network
plays a pivotal role in maintaining attention, exec-

utive function, and information processing speed
while also influencing language and praxis. Addi-
tionally, it governs emotion, motivation, and
thought processes, contributing significantly to be-
havioral constructs (8,9). Within this framework,
the ventral striatum governs reward processing,
emotional regulation, and affective anticipation. In
contrast, the dorsal striatum facilitates the transla-
tion of motor plans from the praxicon or supple-
mentary motor area into actions, additionally play-
ing a pivotal role in cognitive functioning (9).

Neurological diseases affecting the entire striatum,
whether due to deposition or degeneration, often
result in a combination of movement abnormali-
ties and cognitive, emotional, and behavioral im-
pairments. Conversely, selective involvement of
the dorsal or ventral striatum tends to disrupt spe-
cific functions associated with the respective re-
gions. Recent research has highlighted the diverse
spectrum of movement disorders linked to DS (1-
3,10). However, despite sporadic reports docu-
menting cognitive impairments in DS (11-15),
comprehensive studies exploring its cognitive-be-
havioral dimensions remain scarce. This study
aims to address this gap by examining the cogni-
tive and behavioral profiles of five DS patients,
shedding light on the underlying mechanisms and
clinical implications of these manifestations.

METHODS

Five consecutive Bengali patients, each with at
least four years of formal education, diagnosed
with DS in the outpatient departments of Neuro-
medicine at Bangur Institute of Neurosciences,
IPGMER & SSKM Hospital, Kolkata, and Endo-
crinology at Medical College & Hospital, Kolkata
(India), between July 2024 and November 2024,
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were evaluated for cognitive dysfunction. DS was
defined as a “hyperglycemic condition associated
with either or both of the following: (i) acute on-
set choreoballism and (ii) striatal hyperdensity
on NCCT or striatal hyperintensity on T1-
weighted MRI” (1,2). Other potential etiologies
capable of producing similar clinical or radio-
logical features were excluded through appropri-
ate investigations.

Cognitive assessments were jointly conducted by
two investigators, SDubey and SC, using the Ben-
gali versions of the Montreal Cognitive Assessment
(MoCA) (16) and Addenbrooke’s Cognitive Exam-
ination-III (ACE-III) (17) three months after the
onset of movement disorders. Frontal executive
function was assessed using the Frontal Assess-
ment Battery (FAB), where scores below 12 indi-
cated dysfunction (18). Behavioral and psychiatric
symptoms were evaluated using the Neuropsychi-
atric Inventory (19).

Relevant metabolic and biochemical parameters
(fasting and post-prandial plasma glucose,
HbAlc, serum urea, creatinine, urine albumin-
creatinine ratio, liver function tests, and lipid pro-
file) were documented. Screening for diabetic mi-
crovascular and macrovascular complications
was also performed on the day of the cognitive
assessment.

Cases were analyzed for age, sex, education level,
duration of diabetes, semiology of movement dis-
orders, random blood glucose and HbA1c levels at
the time of DS diagnosis, the time interval between
the onset of involuntary movements and DS diag-
nosis at our center, NCCT scan and MRI findings,
treatments received (anti-hyperglycemic and neu-
roleptic medications, if any), and other relevant
factors. The results were summarized descriptively
due to the small sample size, precluding statistical
comparisons.

Written informed consent was obtained from each
patient for publication. As no study-specific proce-
dures were conducted, ethics committee approval
was not required.

A literature search was conducted on PubMed and
Google Scholar until December 15, 2024, using the
keywords “diabetic striatopathy” OR “hyperglyce-
mic non-ketotic hemichorea hemiballism” OR
“chorea hemichorea associated with non-ketotic
hyperglycemia® OR  “diabetic  hemiballism
hemichorea” OR “chorea, hyperglycemia, basal
ganglia syndrome” AND “cognition” OR “cognitive
impairment” OR “dementia” OR “behavior”

RESULTS

Demographic and clinical characteristics

The series consisted of five patients, including three
women and two men, with a mean (+ standard de-
viation) age of 69.7 * 5.6 years, with no reported
cognitive complaints or known cognitive impair-
ment prior to DS onset. Educational background
averaged 7.0 + 3.3 years of formal schooling, and
the mean duration of diabetes was 2.2 + 2.6 years,
with two patients having previously undiagnosed
diabetes mellitus. At initial DS diagnosis, patients
presented with markedly elevated mean random
blood glucose (517 + 131.6 mg/dL) and HbAlc
(14.4% =+ 3.3) levels. The average time from symp-
tom onset to diagnosis at our center was 28.2 (£
46.0) days.

Movement disorders manifested as hemichorea in
all patients (Supplementary Video 1)), with two pa-
tients showing right-sided involvement and three
showing left-sided involvement. One patient with
left hemichorea additionally displayed facial dyski-
nesias. Neuroimaging consistently revealed con-
tralateral striatal hyperdensity on NCCT scan and
contralateral hyperintensity on T1-weighted MRI
(Figure 1), except for one patient who showed clin-

Fig. 1. An axial T1-weighted MRI image demonstrates
hyperintense lesions involving bilateral putamina (left
more than right), characteristic of diabetic striatopathy.
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ico-radiological discordance with ipsilateral stri-
atal T1 hyperintensity.

Treatment approaches varied among patients, with
three managed solely through oral antidiabetic
medications, while two initially required insulin
therapy before transitioning to oral antidiabetic
drugs. Two patients needed additional neuroleptic
medications for movement disorder control. After
three months of follow-up, all except one patient
achieved complete resolution of involuntary move-
ments, with the non-resolving case showing resid-
ual striatal changes on repeat MRI.

Diabetic complications were prevalent in the se-
ries. Microangiopathic manifestations included
sensorimotor neuropathy in two patients, ne-
phropathy in four, and retinopathy in one. Macro-
vascular disease affected three patients, comprising
two cases of previous ischemic stroke and one my-
ocardial infarction. Small vessel disease was evi-
dent on MRI in four patients.

Cognitive and Behavioral Profile

Cognitive evaluations were conducted three
months after the onset of movement disorders. By
the time of assessment, glycemic parameters had
improved significantly, with a mean random blood
glucose of 175.0 + 81.3 mg/dL and an HbAlc of
7.2% * 1.5%. Cognitive performance measured
through the MoCA and ACE-III revealed mean to-
tal scores of 23.0 £ 0.82 and 81.7 + 5.3, respectively.

The evaluations revealed a complex pattern of defi-
cits and preserved functions across various cogni-
tive domains. Two patients demonstrated attention
impairment, particularly in backward digit span
tasks. Language function showed variable involve-
ment, with one patient experiencing difficulties in
complex syntax comprehension and two showing
decreased word fluency, though paraphasia was
absent and reading remained intact. One patient
exhibited mild writing impairment attributed to a
persistent movement disorder.

Information processing speed deficits were ob-
served in two patients, manifesting as prolonged
Trail B test completion times. Memory assessment
revealed intact semantic memory and preserved
registration and immediate recall. However, recent
memory impairments emerged in two patients
during 10-word list testing, suggesting difficulties
with new learning or sustained attention. While
two patients showed impaired delayed free recall,
their recall abilities improved with cueing.

Visuospatial and visuoperceptual functions re-
mained intact across all patients. Similarly, praxis
evaluation through TULIA testing showed no evi-
dence of upper limb apraxia, and no patient dem-
onstrated agnosia. Frontal lobe function assess-
ment revealed preserved performance in most ar-
eas, with FAB scores exceeding 12 in all patients,
though one patient showed executive function im-
pairments. While one patient struggled with Trail
B performance, other frontal lobe functions, in-
cluding inhibitory control, abstraction, proverb in-
terpretation, decision-making, and judgment, re-
mained intact in all.

The behavioral evaluation revealed a spectrum of
manifestations, including single cases of depres-
sion, apathy, and obsessive behavior. Two patients
exhibited impulsivity with intermittent aggression
and anger outbursts, though these symptoms likely
predated their movement disorders. Hoarding be-
haviors, psychotic symptoms (delusions or halluci-
nations), and eating disorders were notably absent.

Literature review

A literature search identified five papers reporting
cognitive, behavioral, or psychiatric manifestations
in DS (Table 1) (11-15). The earliest report by
Kincses et al. (11) described a case of hyperglyce-
mic hemiballismus with frontal executive dysfunc-
tion, particularly impairing phonemic verbal flu-
ency tasks. Through tractography, they demon-
strated altered connectivity between striatal lesions
and the frontal cortex, highlighting that DS can
affect cognitive networks beyond motor pathways.

Sato et al. (12) presented a significant departure
from classical DS presentations by describing a
case manifesting solely as severe consciousness
disturbance without involuntary movements. Their
patient achieved marked cognitive improvement
following glycemic control, demonstrating that DS
can present with neurocognitive impairments even
in the absence of typical motor symptoms.

A more recent report by Miyauchi et al. (13) docu-
mented a case of treatment-resistant diabetic
hemichorea accompanied by psychiatric symp-
toms, including irritability and violent behavior.
The patient’s symptoms improved with tiapride,
suggesting dopamine D2 receptor involvement in
both motor and behavioral aspects of DS.

Li et al. (14) further expanded the understanding
of DS by describing a case of subacute cognitive
decline as the primary manifestation without in-
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voluntary movements. The patient demonstrated
significant improvement in cognitive function
with glycemic control. MRI findings revealed bilat-
eral caudate nucleus involvement, providing addi-
tional evidence for the role of striatal circuits in
cognitive regulation.

The most recent report by Ersoz et al. (15) described
two cases of cognitive decline as the primary presen-
tation of DS, both without hyperkinetic movement
disorders. Both patients recovered fully with glyce-
mic control, further supporting the emerging con-
cept that DS can primarily present with cognitive
impairments rather than motor symptoms.

DISCUSSION

This study integrates our findings with prior evi-
dence to provide a comprehensive understanding
of the cognitive and behavioral manifestations of
DS. While traditionally viewed as a movement dis-
order, DS presents a broader spectrum of neuro-
logical involvement. Our results reveal selective
neural network vulnerabilities alongside compen-
satory mechanisms, contributing to variable pat-
terns of cognitive preservation and impairment.
These findings expand on previous reports, high-
lighting both commonalities and distinctions in
DS presentations.

Analysis of attention and executive functions re-
vealed impairments in a subset of patients, consist-
ent with disruptions in the fronto-parietal network
and its subcortical contributions (20,21). These
findings align with those of Kincses et al. (11), who
reported a single case of DS presenting with hemib-
allismus and executive dysfunction, specifically
impairments in phonemic verbal fluency. Their
tractography study identified the involvement of
frontostriatal pathways, suggesting that lesions in
these circuits could account for the observed cog-
nitive deficits. Nevertheless, the preservation of ex-
ecutive functions in most patients indicates robust
compensatory mechanisms within the frontal cor-
tex and its white matter connections (22,23).

Recent memory functions are mediated by a dis-
tributed network involving the temporal cortex,
including the hippocampus, parahippocampal
gyrus, and the Papez circuit (24). In our series, the
variable pattern of impairment-preserved in some
patients but deficient in others—suggests that DS
differentially affects this network. Semantic mem-
ory, anchored in anteromedial temporal structures
(25), remained largely intact, while deficits in re-

cent memory and delayed recall were observed in
some instances. This selective dysfunction likely
reflects the involvement of striatal-temporal con-
nections rather than direct temporal lobe damage.
Furthermore, the preservation of categorical mem-
ory, which relies on temporal cortical regions,
along with variability in letter fluency tasks de-
pendent on frontal cortical function (26), under-
scores the distinct cognitive profile of DS. These
findings support the hypothesis that DS disrupts
specific striatal circuits without causing wide-
spread memory network dysfunction.

The preservation of visuospatial and visuopercep-
tual functions in our series aligns with the anatom-
ical basis of these processes, which primarily rely
on an integrated network of posterior cortical re-
gions, including the parietal, temporal, and occipi-
tal lobes (27). Intact performance on tasks such as
dot counting and fragmented letter tests suggests
that, despite striatal dysfunction, DS does not sig-
nificantly impair these posterior cortical networks.
This preservation corresponds to the anatomical
distribution of pathology in DS, which predomi-
nantly affects striatal structures while sparing pos-
terior cortical regions essential for complex visual
processing and spatial integration.

The striatum also plays a critical role in language
production and speech expression through its intri-
cate connections with Brocas area. Our findings
suggest that striatal dysfunction in DS may partially
affect but not entirely disrupt language networks, as
evidenced by variable language preservation in DS
patients; some demonstrated intact function, while
others exhibited mild deficits in word fluency and
complex syntax comprehension. This stands in con-
trast to the more severe language impairments typi-
cally seen in stroke affecting these circuits. The pat-
tern observed in our series indicates that DS may
cause partial rather than complete disruption of
striatal-language networks, allowing for the preser-
vation of essential language functions while affect-
ing more complex linguistic processes.

Information processing speed, while reliant on
frontal-subcortical circuits, appears to be more in-
fluenced by the integrity of white matter connec-
tions than by subcortical nodes. In our DS patients,
the relative preservation of information processing
speed contrasts with the marked impairment ob-
served in conditions predominantly affecting white
matter, such as multiple sclerosis (28). This differ-
ential pattern suggests that intact white matter
pathways may play a more critical role in main-
taining processing speed, compensating for dis-
ruptions in subcortical structures caused by DS.
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The behavioral manifestations observed in our se-
ries, including depression, apathy, and obsessive
behavior, warrant careful interpretation within the
broader context of diabetes mellitus and move-
ment disorders. These symptoms contribute to the
growing body of evidence that DS can present with
significant psychiatric manifestations. However, it
is important to recognize that depression, anxiety,
and obsessive behaviors are generally more preva-
lent among patients with diabetes (29). The inter-
play between movement disorders and psychiatric
symptoms in DS appears complex, as abnormal
motor movements may exacerbate low mood and
impulsivity (30). Our observations, coupled with
Miyauchi et al.’s (13) report of treatment-resistant
DS associated with psychiatric symptoms, high-
light that the emotional-behavioral aspects of DS
may be more common than previously acknowl-
edged. Notably, across our series and in the litera-
ture, psychotic features such as delusions and hal-
lucinations were consistently absent, suggesting
that DS may selectively impact specific limbic cir-
cuits while sparing those involved in psychosis.

The dissociation between motor and cognitive-be-
havioral manifestations in DS reflects a distinct
pattern of striatal involvement that contrasts with
other basal ganglia disorders. Conditions such as
Wilson’s disease, neurodegeneration with brain
iron accumulation, and Huntington’s disease typi-
cally cause severe cognitive impairment due to ex-
tensive bilateral basal ganglia involvement (4,5,7).
In contrast, DS appears to selectively affect specific
striatal circuits, leading to more significant disrup-
tion of dorsal striatal regions controlling motor
functions while relatively sparing substrates re-
sponsible for cognitive and behavioral processes.
This relative preservation likely arises from multi-
ple factors, including the acute nature of DS pa-
thology, the potential reversibility of striatal chang-
es, and the integrity of cortical structures and white
matter connections, which may compensate for
striatal dysfunction. Moreover, the inherent resil-
ience of multimodal cognitive-behavioral net-
works, with their redundant pathways, offers fur-
ther protection against dysfunction. The architec-
tural redundancy of these networks, compared to
the more focused organization of motor circuits,
helps explain the differential impact on motor ver-
sus cognitive functions.

Current evidence increasingly supports the con-
cept of DS as a spectrum disorder rather than a
uniform condition. Ersoz et al. (15) demonstrated
that cognitive decline could be the primary mani-
festation of DS, even in the absence of movement

disorders, aligning with our findings of variable
clinical presentations. Similarly, Li et al. (14) de-
scribed a case of subacute cognitive decline as the
predominant symptom, highlighting the variabili-
ty in DS manifestations. Sato et al. (12) reported a
presentation limited to severe consciousness dis-
turbance, while Miyauchi et al. (13) detailed a case
with psychiatric symptoms accompanying move-
ment abnormalities. Collectively, these reports,
along with our findings, underscore the diverse
clinical spectrum of DS, ranging from motor
symptoms to cognitive and behavioral impair-
ments, and emphasize the need for broader diag-
nostic considerations beyond the classical motor-
dominant paradigm.

The cognitive and behavioral impairments ob-
served in DS, though less severe than anticipated
given the extent of striatal involvement, likely re-
sult from a combination of mechanisms. Selective
striatal involvement, with more pronounced dis-
ruption of motor circuits in the dorsal striatum
while relatively sparing cognitive-behavioral sub-
strates, provides an anatomical explanation for this
phenomenon. Additionally, the acute and poten-
tially reversible nature of DS pathology, coupled
with preserved functionality of cognitive-behavio-
ral circuits despite structural changes visible on
imaging, may account for this relative preserva-
tion. The integrity of cortical structures and white
matter connections appears to play a crucial role in
compensating for striatal dysfunction and main-
taining cognitive-behavioral functions. Further-
more, the resilience of cognitive-behavioral net-
works, supported by their multimodal nature and
redundancy, enhances their ability to withstand
damage. This hypothesis is further supported by
the general improvement in both cognitive and
motor symptoms observed with glycemic control
(11-15). However, it is noteworthy that in our pa-
tients, cognitive deficits persisted for at least three
months from symptom onset, contrasting with
previous reports of faster recovery. This discrep-
ancy may stem from the more detailed cognitive
evaluation performed in our study, which may
have captured subtle deficits that could otherwise
remain undetected.

This study has several limitations. A major limita-
tion is that the cognitive status of patients who
eventually developed DS was not known prior to
the diagnosis. While participants had no cognitive
complaints, impairments were only recognized af-
ter a detailed battery of assessments. Thus, it is pos-
sible that such deficits were already present before
DS onset and were only revealed during evalua-
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tion. In addition, the small sample size and absence
of control groups (such as diabetic patients with-
out striatopathy, individuals with other striatal dis-
orders, and age-, sex-, and education-matched
healthy controls) limit the generalizability of our
findings. The lack of functional imaging prevent-
ed exploration of network-level mechanisms un-
derlying the observed deficits, and the cross-sec-
tional design precludes conclusions about their
temporal evolution. Longitudinal investigations
will therefore be crucial to clarify the progression
of cognitive and behavioral manifestations in DS
and their relationship to glycemic control and
treatment response.

In summary, our findings indicate that DS exhibits
relatively mild cognitive-behavioral impairments
compared to what might be anticipated, given the
degree of striatal involvement. Similarly, behavio-
ral manifestations were less prominent compared
to those that are usually observed in other striatal
pathologies (4-9). Notwithstanding, these insights
hold significant implications for clinical practice.
Clinicians should remain vigilant for DS, even in
the absence of classical movement disorders, par-
ticularly in diabetic patients presenting with acute
cognitive or behavioral changes. Comprehensive
cognitive and behavioral evaluations should be
routinely included in the assessment of these pa-
tients, and treatment strategies must address both
motor and non-motor symptoms, with glycemic
control serving as the cornerstone of management.
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Small fiber neuropathy after
influenza B infection

Ivan Martinez!, Mirea Hancevi¢', Rujana Sprljan Alfirev',
Branimir Ivan Sepec!, Gabrijela Pejki¢?, Tomislav Becejac?

ABSTRACT - Objectives: Small fiber neuropathy (SFN) is a peripheral nervous system disorder due to affec-
tion of small nerve fibers, which include Ad-fibers and C-fibers. Clinically, it frequently manifests with in-
tense pain, sensory disturbances, or autonomic dysfunction. Case description: We present a case of a 43-year-
old female who developed acute, progressive small fiber neuropathy following laboratory-confirmed influ-
enza B infection. Results: The temporal relationship between the patient’s influenza B infection and the onset
of symptoms, coupled with the absence of other identifiable etiologies and normal large fiber studies, sug-
gests an immune-mediated mechanism triggered by viral infection. Conclusion: Management of SFN is pri-
marily symptomatic, with pharmacologic options such as duloxetine providing partial relief in this case. The
persistence of symptoms despite treatment underscores the potential for chronicity and impact on quality of

life, highlighting the need for early recognition and multidisciplinary management of post-infectious SEN.

Keywords: influenza B, small fiber neuropathy
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of the peripheral nerves (3). They originate from
pseudo-unipolar neurons and can both conduct
pain signals and sequester antigen-specific anti-
bodies. This dual functionality allows them to act
as both sensory receptors and antigen-presenting
cells, potentially leading to immune-mediated hy-
peralgesia (4).

CASE DESCRIPTION

We present a case of a 43-year-old female who de-
veloped acute, progressive SEN following laborato-
ry-confirmed influenza B infection. The patient
initially presented with fever and cough. At her
primary care consultation, a combined antigen test
for SARS-CoV-2, influenza A/B, and respiratory
syncytial virus yielded a positive result for influ-
enza B. On the fifth day of illness, she reported a
sudden onset of diffuse cutaneous pain described
as a burning or “sunburn-like” sensation involving
the entire body. Concurrently, she experienced bi-
lateral loss of thermal sensation, both hot and cold,
below the knees. Approximately three weeks after
the initial influenza diagnosis, the patient reported
worsening of cutaneous pain localized to the lower
extremities, without back pain, which progressive-
ly intensified over the subsequent two weeks. This
prompted her to seek care at the Emergency De-
partment, where she was referred to the Neurology
Department. In addition to the described sensory
disturbances, including paresthesia (“pins and nee-
dles”), impaired thermal sensation, and hyperalge-
sia, the patient reported generalized fatigue and oc-
casional tingling in her feet provoked by neck flex-
ion as well as an increase in pain during ambulation.
She had no dizziness, loss of consciousness, consti-
pation, urinary retention, or lack of sweating. Neu-
rological examination revealed symmetrical dyses-
thesia in both lower legs, but no sensory level or
hypoesthesia was reported. Tendon reflexes on both
upper and lower extremities were symmetrical,
without hyperreflexia, and the plantar reflex was
normal. Cranial nerve testing, pupil function, motor
function testing, as well as balance and walking,
were unremarkable. Lasegue sign was negative.

RESULTS

As part of the diagnostic evaluation, a lumbar
puncture was performed, which revealed mildly
elevated cerebrospinal fluid protein levels, normal
oligoclonal bands type I and normal kappa-free
light chain index. Serological testing for neuro-

tropic viruses and Borrelia burgdorferi was nega-
tive, and laboratory investigations demonstrated
normal vitamin B12, folic acid, and trace element
levels. Enzyme Immunoassay (EIA) test for the in-
fluenza B antibody IgG titer EIA was > 200 RU/ml.
Electromyography (EMG) and nerve conduction
studies were unremarkable, revealing no evidence
of large fiber neuropathy or myopathy. However,
findings were suggestive of mild to moderate
chronic bilateral Th1 and L5, and left S1 radicu-
lopathies. Magnetic resonance imaging (MRI) of
the neuroaxis excluded ischemia, demyelination, or
neoplastic lesions and did not reveal significant
neuroforaminal conflict requiring surgical inter-
vention. Temperature threshold testing (TTT)
demonstrated findings consistent with small fiber
neuropathy, specifically involving C-fibers, while
Ad-fiber function remained within normal limits
(Fig.1). Bedside autonomic nervous system testing
(active standing test) showed normal findings. In
view of history and examination results, the patient
was diagnosed with small fiber neuropathy accord-
ing to NEURODIAB criteria and the revised Besta
criteria (5, 6). After exclusion of other possible eti-
ologies (Table 1, adapted from 7,8,9) either through
history and examination or through laboratory
testing, it was concluded that small fiber neuropa-
thy was most likely a consequence of influenza B
infection. Symptomatic management was initiated.
Due to intolerance of pregabalin and gabapentin,
duloxetine was prescribed. At follow-up one month
later, the patient reported partial symptom resolu-
tion, with intermittent lancinating pain and ther-
mal dysesthesia persisting in the lower extremities.

DISCUSSION

This case highlights a rare complication of influ-
enza B infection, acute SEN. SEN primarily affects
thinly myelinated Ad-fibers and unmyelinated C-
fibers, which are responsible for nociceptive, ther-
mal, and autonomic functions. The temporal rela-
tionship between the patient’s influenza B infection
and the onset of symptoms, coupled with the ab-
sence of other identifiable etiologies and normal
large-fiber studies, suggests an immune-mediated
mechanism triggered by viral infection. This
pathophysiological process likely involves the gen-
eration of autoantibodies or pro-inflammatory cy-
tokines targeting small fibers, resulting in sensory
disturbances and hyperalgesia (10,11). The patient
did not experience widespread severe autonomic
dysfunction, which would suggest autoimmune
autonomic ganglionopathy. Although lumbar
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Fig. 1. Temperature threshold testing result showing selective involvement of C-fibers

Table 1. SEN causes and testing (adapted from 7,8,9)

Metabolic
Diabetes mellitus
Impaired glucose intolerance
Vitamin B12 deficiency

Hemoglobin Alc
2-h oral glucose tolerance test
Vitamin B 12, methylmalonic acid, homocysteine

Copper deficiency Cu

Abnormal thyroid function TSH, T4
Infectious

HIV Serologic testing

Lyme

Hepatitis

Immune-mediated
Sarcoidosis
Rheumatic diseases, Sjogren syndrome, Lupus,
Connective tissue disease
Primary systemic amyloidosis
Monoclonal gammopathy
Chronic inflammatory demyelinating polyneuropathy

ACE level

ESR, CRP, ANA, SS-A, SS-B

Free light chains

Serum (and/or urine) immunofixation electrophoresis
Neve conduction studies

Drug induced and toxic
Alcohol
Chemotherapy
Neurotoxic drugs
Vaccine-associated

GGT

Genetic
Fabry’s disease
Mutation in sodium channels
Familial amyloidosis
Ehlers-Danlos

Alpha-galactosidase assay or gene sequencing
SCNO9A, SCN10A gene sequencing
TTR gene sequencing




Neurol. Croat. Vol. 70, 2, 2025

I. Martinez et al. Small fiber neuropathy after influenza B infection

puncture revealed mildly elevated protein levels, a
finding often associated with inflammatory neu-
ropathies, serological testing for neurotropic infec-
tions and common metabolic causes was negative.
Multiple sclerosis was excluded based on normal
MRI findings, while serum AQP4-IgG and MOG-
IgG antibodies returned negative. These antibodies
were obtained as part of the initial laboratory
workup prior to neuroimaging. Notably, the pa-
tients EMG and nerve conduction studies were
normal, consistent with the selective involvement
of small fibers in SEN. The TTT findings further
supported this diagnosis, showing selective C-fiber
dysfunction. These findings, in correlation with
the clinical presentation, were consistent for SFN,
and additional testing, such as skin biopsy or so-
matosensory evoked potentials, was not consid-
ered at the time. The associated radiculopathies
identified on electrophysiological studies were
chronic and did not correlate with the severity or
distribution of her symptoms, suggesting these
findings were incidental rather than causative.

CONCLUSION

Management of SEN remains primarily symptomat-
ic, with pharmacologic options such as duloxetine
providing partial relief from neuropathic pain in
this case. The persistence of symptoms despite treat-
ment underscores the potential for chronicity and
impact on quality of life, highlighting the need for
early recognition and multidisciplinary manage-
ment of post-infectious SFN. Timely recognition of
SEN and appropriate symptomatic treatment can
mitigate its impact on patients’ quality of life.
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