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Abstract

Background: Impaired consciousness is a
common condition in intensive care unit (ICU)
patients. It is associated with high mortality and
morbidity. Prolonged electroencephalography
(EEG) is frequently used to detect nonconvulsive
seizures, and to predict prognosis, whilst the
benefit of periodic routine EEG remains unclear.

Objective: To evaluate clinical and EEG
patterns from routine EEG among ICU patients who
had alteration of consciousness.

Methods: A retrospective longitudinal cohort
study was conducted. Adult ICU patients with
Glasgow Coma Scale (GCS) score of less than 12
underwent routine EEG were enrolled. Patients with
clinical seizures within 96 hours prior to EEG
recording were excluded. Clinical characteristics,
etiologies, EEG features, mortality, and functional
outcomes, assessed by the modified Rankin Scale
(mRS) had been reviewed for at least 6 months.

Results: A total of 59 patients were included,
mean age of 61.7 years old, male of 38 (64.4%).
Nonconvulsive seizures were not detected. The
commonest etiologies were hypoxic—ischemic brain
injury (HIBI) (25.5%) and metabolic encephalopathy
(20.3%). HIBI patients had significantly lower initial
GCS scores, worse outcomes than non-HIBI group.
The absent of posterior dominant pattern, absence
of anterior-posterior (AP)-gradient, and severe
encephalopathic pattern were predictors for
unfavorable outcomes.

Conclusions: Routine EEG recording can be
used as a predictor for outcomes in ICU patients
with impaired consciousness. Moreover, hypoxic
ischemic brain injury was associated with more

severe EEG patterns and had poorer outcomes.
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Introduction

Alteration of consciousness is a common
condition among patients in intensive care unit
(ICU), particularly in older adults, and is associated
with high mortality and morbidity'. Disorders of
consciousness in critically ill patients arise from
heterogeneous etiologies, including hypoxic—is-
chemic brain injury (HIBI), cerebrovascular disease
(stroke), metabolic/toxic encephalopathy, infection.
To identify etiologies, manage and offer prognostication
are particularly challenging'. Early identification of
patients at risk for poor neurological outcomes is
therefore essential to guide clinical decision-
making, resource allocation, and communication
with families.

In addition to clinical evaluation and neuroimaging,
electroencephalography (EEG) is a noninvasive
assessment tool for cerebral function and is widely
used in the ICU setting, primarily for detecting
nonconvulsive seizures*. Beyond seizure detection,
EEG background characteristics such as continuity,
reactivity, dominant background frequency, and
voltage have been shown that they reflect the severity
of cerebral function and carry important prognostic
implications™°. In particular, discontinuous or low or
suppressed background activity and absent EEG
reactivity have been consistently related to
unfavorable neurological outcomes and increased
mortality>®. Moreover, sleep-related EEG elements,
including K-complexes and spindles, are associated
with favorable outcomes”®. Subsequent reviews
have further support the prognostic relevance of
sleep spindles and other sleep-related EEG
features, emphasizing their roles as biomarkers of

preserved cerebral network function®.
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In patients with HIBI, EEG has been shown to
be particularly useful for determining early prognos-
tication. A narrative review by Hoedemaekers et al.
highlighted EEG as a valuable tool for predicting
outcomes in comatose ICU patients following
hypoxic injury’. Furthermore, recent cohort studies
have demonstrated that an unreactive EEG
background is strongly associated with unfavorable
outcomes across various etiologies of disorders of
consciousness’.

Although continuous EEG is superior for the
detection of electrographic seizures, emerging
evidence suggests that the prognostic accuracy of
routine EEG may be comparable when background
features are the primary focus'. Most available
evidences have been derived from prolonged EEG
recordings, which are resource-intensive and may
not be universally available. However, continuous
EEG is not available at resource-limited setting,
while periodic routine EEG is practically feasible.
The data for prognostic utility from short-duration
routine EEG recordings in critically ill patients with
impaired consciousness who had no prior motor
seizures remains insufficient. We therefore hypoth-
esized that periodic routine EEG recorded for 20-30
minutes could provide the meaningful prognostic

information.

Methods

Our objectives were to identify 1) etiologies
of altered mental status, 2) EEG pattern from
20-30-minute routine EEG recording, and 3) prog-
nostic factors for determining both short-term and

long-term outcome.
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Study Design and Setting

This study was a retrospective longitudinal
cohort study conducted in the intensive care units
of Phramongkutklao Hospital, Thailand. Medical
records and electroencephalographic data were
reviewed for patients admitted at ICU between
January 1%, 2024, and June 30", 2025.

Study Population

Inclusion criteria were 1) adult patients aged
18 years or older, 2) admitted to an ICU, 3) impaired
consciousness, defined as a Glasgow Coma Scale
(GCS) score of less than 12 at the time of EEG
recording, and 4) available data of routine EEG
recording for reassessment. Exclusion criteria was
patients with clinical motor seizures within 96 hours

prior to EEG recording.

Clinical Data Collection

Demographic data, etiology of impaired
consciousness, preadmission functional status,
assessed by the modified Rankin Scale [mRS],
initial GCS score, antiseizure medications and
anesthetic agents prescribed, and timing of EEG
recording relative to ICU admission were collected.
Etiologies, including hypoxic—ischemic brain injury
(HIBI), traumatic brain injury (TBI), ischemic stroke,
intracerebral hemorrhage (ICH), metabolic/toxic/
septic encephalopathy, encephalitis, etc., were

reviewed.

Electroencephalography

Routine EEG recordings were performed using
a standard international 10-20 electrode placement
system. Each EEG was recorded for approximately

20-30 minutes. EEGs for this cohort were indepen-
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dently reviewed by 2 interpreters, a neurologist
(W-M) and an epileptologist (P-S). Further validation
for the agreement of findings were obtained.
EEG patterns, including background symmetry,
posterior dominant rhythm, anteroposterior (AP)
gradient, background frequency, continuity, volt-
age, EEG reactivity to external stimuli, the presence
of sleep-related elements, including K-complexes,
vertex sharp waves and spindles, ictal or interictal
epileptiform discharges, periodic or ictal-interictal
continuum (lIC) patterns, and degree of encepha-
lopathy, classified as mild, moderate, or severe,

were analyzed.

Outcome Measurement

Primary outcomes were in-hospital morbidity,
1-month and 6-months mortality rate. Functional
outcomes were assessed using the modified Rankin
Scale (mRS) at hospital discharge, 1-month, and
6-month after discharge from the hospital. Favorable
functional outcome was defined as an mRS score

of 0-2.

Statistical Analysis

Continuous variables were summarized as
mean and standard deviation (SD). If data were
non-parametric, median, and interquartile range
(IQR) were reported. Categorical variables were
presented as number and percent. Comparisons
between groups were performed using Student's
t-test or Mann-Whitney U test in case nonparametric
data for continuous variables. Chi-square test or
Fisher's exact test were applied for categorical
variables. A p-value of less than 0.05 was considered
as statistically significant. Statistical analysis was
performed using standard statistical software, IBM
SPSS statistics version 26.

3



21sasUs:ananentiiuds:inelng

Ethical Considerations

This study was approved by the institutional
review board of royal Thai army (the IRBRTA study
code - R151h/68_Exp). Given the retrospective in
nature of the study and the use of unidentified data,

the requirement for informed consent was waived.
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Results

Patient Characteristics

A total of 117 ICU patients with impaired
consciousness underwent EEG evaluation was
identified. Of these, 58 patients were excluded. The
59 remaining patients met the inclusion criteria and

were included in the final analysis, Figure 1.

117 ICU Patients

with alteration of consciousness

Exclude due to

h 4

- Motor seizures

- Incomplete data

59 eligible patients

Figure 1. Study flow chart

The mean age was 61.7 = 20.6 years, and
64.4% were male. Hypoxic—ischemic brain injury
(HIBI) accounted for 15 cases (25.5%), while the
remaining patients had non-HIBI etiologies which
were metabolic/toxic or septic encephalopathy,

ischemic stroke, intracerebral hemorrhage,

encephalitis, traumatic brain injury, and other
causes, Table 1. Patients in the HIBI group had
significantly lower initial GCS scores compared with
the non-HIBI group (median 3 vs. 7, p-value

<0.001), Table 1.
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Table 1. Baseline Characteristics of ICU Patients with Impaired Consciousness stratified by Etiology

Variables (Onvzeggl)l Hl?nlzg1r50)up Non-(l;:I:BA! 4g;roup p-value

Age (years) [mean * SD] 61.7 £20.6 66.3+11.9 60.1+21.4 0.321
Male [number (%)] 38 (64.4) 10 (66.7) 28 (63.6) 0.832
GCS [median (IQR1-IQR3)] 6 (3-8) 3 (3-4) 7 (5-8) <0.001*
(T('j':ye)f[rfnz d?g:‘('fnsi'ri%fx)EJEG 50(0.1-79.8) | 6.6(4.4-11.9) 4.7(0.1-79.8) 0.439
ASM used [number (%)] 33 (55.9) 9 (60) 24 (54.5) 0.713
e o 09| e w0y | w
Anesthetic agents use [number (%)] 2(3.4) 2(13.3) 0 (0) 0.061
Etiologies [number (%)]

- TBI 5(8.5) - - -

- HIBI 15 (25.5) - - -

- ICH 7(11.9) - - -

- Ischemic stroke 7 (11.9) - - -

et oo s ey |- - -

- Encephalitis 7(11.9) - - -

- Other etiology 6(10.2) - - -

* p-value<0.05;SD,standard deviation; GCS, Glasgow Coma Scale; IQR, interquartile range; EEG, electroencephalography;

ASM, anti-seizure medication; mRS, modified Rankin Scale: TBI, traumatic brain injury; HIBI, hypoxic-ischemic brain injury;

ICH, intracerebral hemorrhage; NA, not applicable

EEG Findings

Routine EEG was performed at a median time
from ICU admission to EEG recording of 5 days.
Most common EEG patterns were medium-to-high
voltage (61.1%), symmetrical (78%), continuous
(66.1%), delta waves (59.3%). The degrees of
encephalopathy were mild (6.8%), moderate (33.9%)
and severe (40.7%). There was no electrographic

nor nonconvulsive seizures captured in this cohort.

Compared HIBI with non-HIBI patients, it was
significantly demonstrated the worse EEG back-
ground characteristics, in particular the reduced
continuity, absent EEG reactivity, and suppressed
or low-voltage patterns (p-value <0.001). Severe
encephalopathy was more observed in the HIBI
group than non-HIBI group (86.7% vs. 25%), Table
2. Sleep-related EEG elements were rarely

observed.
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Table 2. Electroencephalographic Characteristics of ICU Patients with Impaired Consciousness
Variables (Onv=esrgl)l Hlaljl?)Up Non-(l;:lil 4gs|roup p-value

Symmetrical background [number (%)] 46 (78) 14 (93.3) 32 (72.7) 0.911

Asymmetrical background [number (%)] 3(22) 3(6.7) 12 (27.3)

- Mild asymmetry 6 (10.2) 0 6 (13.6) -

- Markedly asymmetry 7(11.9) 1(6.7) 6 (13.6) -
Presence of PDR [number (%)] 4 (6.7) 1(6.7) 3(6.8) 0.735
Presence of AP gradient [number (%)] 6 (10.2) 1(6.7) 5(11.4) 0.518
EEG “best” frequency [number (%)] 0.156

- Beta 7(11.9) 3(20) 4(9.1) -

- Alpha 1(1.7) 0 1(2.3) -

- Theta 6 (27.1) 1(6.7) 15 (34.1) -

- Delta 35 (59.3) 11 (73.3) 24 (54.5) -
EEG continuity [number (%)] <0.001*

- Continuous 39 (66.1) 4(26.7) 35 (79.5) -

- Nearly continuous 7(11.9) 0 7 (15.9) -

- Discontinuous 3(5.1) 2(13.3) 1(2.3) -

- Burst suppression 2 (3.4) 2(13.3) 0 -

- Suppression 8 (13.6) 7 (46.7) 1(2.3) -
EEG reactivity [number (%)] <0.001*

- Reactivity 14 (40.7) 4 (26.7) 35 (79.5) -

- Non-reactivity 7(11.9) 0 7 (15.9) -

- SIRPIDS 0 0 0 -

- Unclear 11 (18.6) 0 11 (25) -
Presence of (Sleep) stage change (K, V, SS) [number (%)] 2 (3.4) 0 2 (4.5) 0.553
EEG voltage [number (%)] <0.001*

- Normal (medium-to-high voltage) 36 (61.1) 2(13.3) 34 (77.3) -

- Low voltage 13 (22) 5(33) 8(18.2) -

- Suppression 10 (16.9) 8 (53.3) 2 (4.5) -
Presence of breach rhythm [number (%)] 4 (6.8) 0 4(9.1) 0.298
Presence of periodic pattern [number (%)] 6 (10.2) 0 6 (13.6) 0.157
Presence of IIC [number (%)] 5(8.5) 0 5(11.7) 0.217
Presence of interictal EDs [number (%)] 3(5.1) 0 3(6.8) 0.407
Presence of EEG seizure [number (%)]

(Prevalence of nonconvulsive seizures) 0 0 0 NA
Encephalopathic pattern [number (%)] 0.407

- No evidence of encephalopathy 11 (18.6) 0 11 (25) -

- Mild encephalopathy 4 (6.8) 1(6.7) 3 (6.8) -

- Moderate encephalopathy 0 (33.9) 1(6.7) 19 (43.2) -

- Severe encephalopathy 24 (40.7) 13 (86.7) 11 (25) -

* p-value <0.05; EEG, electroencephalography: PDR. posterior dominant rhythm; AP gradient, anteroposterior gradient;
SIRPIDs, stimulus-induced rhythmic, periodic, orictal discharges; K, K-complex; V, vertex sharp waves; SS, sleep spindles;
IIC, ictal-interictal continuum; EDs, epileptiform discharges; NA, not applicable
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Mortality Outcomes respectively. Patients with HIBI had significantly

Overall, mortality rates were 49.2%, 49.2% and higher mortality at all points of time than patients

50.8% for in-hospital, 1-month, and 6-month, with non-HIBI, Table 3.

Table 3. Mortality and Functional Outcomes of ICU Patients with Impaired Consciousness

Variables (()nv=esrgl)l Hlalzgrg)up Non-(l;I1I=B4I 4g;roup p-value
Death [number (%)]
- In hospital 29 (49.2) 12 (80) 17 (38.6) 0.006*
- At 1-month 29 (49.2) 12 (80) 17 (38.6) 0.019*
- At 6-month 30 (50.8) 12 (80) 18 (40.9) 0.033*
mRS evaluation
[median (IQR1 - IQR3)]
- Pre-admission 1(0-3) 1(0-1) 2 (0-3) 0.413
- At 1-month 5 (4-6) 5 (4-6) 5 (4-6) 0.020
- At 6-month 5 (4-6) 5 (4-6) 5 (4-6) 0.075

*, p-value<0.05, mRS, modified Rankin Scale; IQR, interquartile range; HIBI, hypoxic-ischemic brain injury.

Functional Outcomes

Functional outcomes, determined by mRS
score, were generally poor, with a median of 5
and 5 at 1-month and 6-month follow-up period,
respectively, representing high morbidity and
dependency among the studied population. HIBI
group tended to have poorer function outcomes
than non-HIBI group, Table 3.

Poor outcome: Death and/or dependency
(MRS of 3-6)

At hospital discharges, mortality rate was
assessed. There were 29 patients deceased. It was
significantly associated with 1) low GCS (p-value
0.004), 2) HIBI etiology (p-value 0.006), 3) unfavorable

EEG features; 3.1) absent posterior dominant

pattern (PDR) (p-value 0.041); 3.2) absent of AP
gradient (p-value 0.013); 3.3) loss of EEG continuity
(p-value 0.005); 3.4) absent of reactivity (p-value
0.0.022); 3.5) low-to-suppressive background
(p-value 0.001); 3.6) severe encephalopathic
pattern (p-value 0.021), Table 4.

At 6-month, poor outcome was assessed.
There were 43 patients who had poor outcome
(mRS 3-6). It was significantly associated with 1)
older age (p-value 0.021), low GCS (p-value 0.015),
3) unfavorable EEG features; 3.1) absent of PDR
(p-value 0.002); 3.2), absent of AP gradient
(p-value <0.001); severe encephalopathy patterns
(p-value <0.001). Table 5.
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Table 4. Comparison of Clinical and Electroencephalographic Characteristics Between Death and

Survival Groups at hospital discharge

Variables De?r’:rlzggr;)up Surv(ixi(;og)roup p-value
Age (years) [mean * SD] 61.7£22.7 61.7£18.8 0.098
Male [number (%)] 21(72.4) 17 (56.7) 0.207
GCS [median (IQR1 - IQR3)] 4 (3-7) 7 (5-8) 0.004*
Time from admission to EEG (day) [mean *+ SD] 11.5+16.1 9.2 £15.3 0.574
ASM used [number (%)] 17 (58.6) 16 (53.3) 0.683
Pre-admission mRS [median (IQR1 - IOR3)) 1(0-2) 1(0-3) 0.449
Anesthetic agents use [number (%)] 1(3.4) 1(3.3) 0.746
Etiology [number (%)] 0.096

- TBI 1(3.4) 4(13.3) -

- HIBI 12 (41.4) 3(10) -

- ICH 3(10.3) 4(13.3) -

- Ischemic stroke 2 (6.9) 5(16.7) -

- Metabolic/toxic/septic encephalopathy 4(13.8) 8(26.7) -

- Encephalitis 3(10.3) 4(13.3) -

- Other etiology 4(13.8) 2(6.7) -
Subgroup to HIBI vs. non HIBI group 12 (41.4) vs. 17 (58.6)| 3 (10) vs. 27 (90) 0.006*
EEG pattern [number (%)]

- Symmetrical background 24 (82.8) 22 (73.7) 0.237

- Presence of PDR 0 4(13.3) 0.041*

- Presence of AP gradient 0 6 (20) 0.013*

- EEG continuity 13 (14.8) 26 (86.7) 0.005*

- Presence of EEG reactivity 8 (27.6) 15 (5633.3) 0.022*

- Presence of (Sleep) stage change 0 2(6.7) 0.254

- Normal voltage 12 (41.4) 24 (80) 0.001*

- Presence of breach rhythm 2 (6.9) 2 (6.7) 0.681

- Presence of periodic pattern 1(3.4) 5(16.7) 0.105

- Presence of IIC 1(3.4) 4(13.3) 0.87

- Presence of interictal EDs 0 3 (10) 0.080

- Presence of EEG seizure 0 0 NA

- Encephalopathic pattern 0.021*

o Mild encephalopathy 0 4(13.3) -
o Moderate encephalopathy 8 (27.6) 12 (40) -
o Severe encephalopathy 17 (58.6) 7 (23.7) -

* p-value<0.05; SD,standard deviation; GCS, Glasgow Coma Scale; IQR, interquartile range; EEG, electroencephalography;
ASM, anti-seizure medication; mRS, modified Rankin Scale; TBI, traumatic brain injury; HIBI, hypoxic-ischemic brain injury;
ICH, intracerebral hemorrhage; PDR, posterior dominant rhythm; AP gradient, anteroposterior gradient; IIC, ictal-interictal
continuum; EDs, epileptiform discharges; NA, nor applicable
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Table 5. Clinical and Electroencephalographic Characteristics According to 6-Month Prognosis in ICU

Patients with Impaired Consciousness

Thai * Journal * of ® Neurology

Good prognosis group Poor prognosis group
Variables [survived + mRS 0-2] [death + mRS 3-5] p-value
(n=7) (n=43)
Age (years) [mean + SD] 47 £13.3 64.6+21.2 0.021*
Male [number (%)] 4 (57.1) 28 (65.1) 0.495
GCS [median (IQR1 - IQR3)] 9 (6-11) 6 (3-7) 0.015*
Time from admission to EEG (day) [mean * SD] 52+ 6.9 11.0+16.7 0.174
ASM used [number (%)] 4 (57.1) 26 (60.5) 0.470
Pre-admission mRS [median (IQR1 - IOR3)] 0 (0-0) 1(0-3) 0.750
Anesthetic agents use [number (%)] 0 2(4.7) 0.687
Etiology [number (%)] 0.357
- HIBI 1(14.3 30 (69.8 -
- Non HIBI 6 (85.7 13 (30.2 -
EEG pattern [number (%)]
- Symmetrical background 7 (100) 32 (74.4) 0.317
- Presence of PDR 3(12.9) 0 0.002*
- Presence of AP gradient 5(71.4) <0.001*
- EEG continuity 7 (100) 24 (55.8 0.288
- Presence of EEG reactivity 5(71.1) 14 (32.6 0.129
- Presence of (Sleep) stage change 1(14.3) 0 0.140
- Normal voltage 7 (100) 22 (51.2) 0.052
- Presence of breach rhythm 0 3(7) 0.630
- Presence of periodic pattern 1(14.3) 4(9.3) 0.546
- Presence of IIC 1(14.3) 3(7) 0.464
- Presence of interictal EDs 0 2(4.7) 0.737
- Presence of EEG seizure 0 0 NA
- Encephalopathic pattern <0.001*
o Mild encephalopathy 3 (50) 0 -
o Moderate encephalopathy 2 (33.7) 14 (40) -
o Severe encephalopathy 1(16.7) 29 (60) -

9

* p-value<0.05; SD, standard deviation; GCS, Glasgow Coma Scale; IQR, interquartile range; EEG, electroencephalography;
ASM, anti-seizure medication; mRS, modified Rankin Scale; TBI, traumatic brain injury; HIBI, hypoxic-ischemic brain injury;
ICH, intracerebral hemorrhage; PDR, posterior dominant rhythim; AP gradient, anteroposterior gradient; IIC, ictal-interictal
continuum; EDs, epileptiform discharges; NA, nor applicable
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Discussion

Our findings are consistent with prior literatures
emphasizing the prognostic value of prolonged or
continuous EEG background characteristics and
sleep-related elements in critically ill patients. Sutter
et al. demonstrated a four-year cohort study showing
that the presence of electroencephalographic sleep
elements was significantly associated with favorable
neurological outcomes in patients with acute
encephalopathy’. Similarly, Grigg-Damberger et al.
highlighted that sleep spindles and K-complexes
were favorable prognostic biomarkers in critically
il patients, suggesting that these EEG features
reflect preserved thalamocortical network function®.
In addition, Hoedemaekers et al. reported in a
narrative review focusing on hypoxic—ischemic
brain injury that EEG is a valuable tool for early
outcome prognostication in comatose ICU patients
following hypoxic injury”. In our cohort using routine
EEG, although sleep-related EEG elements were
infrequently observed, they were associated with
favorable outcomes, supporting their roles as
biomarkers for preserving cerebral function even
when detected in short-duration recordings.

Benghanem et al. reported that an unreactive
EEG background was strongly associated with
unfavorable outcomes in patients with disorders of
consciousness of various etiologies, with an odds
ratio of 10.9.° Conversely, unfavorable EEG
background characteristics have been consist-
ently associated with poor outcomes. This finding
aligns closely with our results, in which absent EEG
reactivity, discontinuous or suppressed background
activity, and severe encephalopathic patterns pre-

dict poor outcomes (death and dependency).

Vol 42 « NO 4 » 2026

Regarding EEG monitoring strategies, Fenter
et al. demonstrated that although continuous EEG
is superior to routine EEG for the detection of
electrographic seizures, the prognostic accuracy
of routine EEG'". This observation is particularly
relevant to our study, as no nonconvulsive seizures
were detected in the cohort, which would be one of
the limitations on the usage of periodic routine EEG.
Other limitations of our study are its retrospective
design, single-center, and small sample size.
Nonetheless, our findings suggest that routine EEG
provides meaningful prognostic information in ICU
patients with impaired consciousness. The strength
of our cohort is to investigate the outcome from
routine EEG finding in which it is widely available in
general hospital setting and it is feasible and not

expensive for resources-limited countries.

Conclusion

Routine EEG recording in ICU patients with
impaired consciousness without motor seizures
provides prognostic information. Hypoxic ischemic
brain injury is the commonest etiology the studied
patients which correlates with severe EEG patterns
and is consistently associated with poorer

outcomes.
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Abstract

Background: Differentiating central vertigo
caused by posterior circulation stroke from peripheral
vertigo remains diagnostically challenging. Early
ischemic lesions may be missed on neuroimaging,
and bedside examination can be limited in patients
with severe symptoms. Circulating microRNAs
(miRNAs) have emerged as potential biomarkers of
cerebrovascular injury. This study aimed to validate
the diagnostic performance of serum miR-125a-5p,
miR-125b-5p, and miR-433-5p in distinguishing
central from peripheral vertigo, while extending the
age range to improve generalizability in clinical
practice.

Methods: This single-center prospective cohort
study enrolled adults presenting with acute vertigo
within 72 hours of symptom onset. Central vertigo
was diagnosed by neurologists using clinical and
neuroimaging criteria, while peripheral vertigo was
diagnosed by otolaryngologists or by the absence
of stroke on MRI. Acute-phase venous blood
samples were collected, and serum miRNA levels
were quantified using absolute RT-gPCR. Group
comparisons were performed using appropriate
statistical tests, with p<0.05 considered significant.
This is an interim analysis.

Results: A total of 48 patients were enrolled
(central=27; peripheral=21). Serum miRNA levels
did not differ significantly between groups. Median
levels of miR-125a-5p (278.27 vs. 324.78, p=0.8111)
and miR-125b-5p (570.43 vs. 519.60, p=0.4734)
were comparable between central and peripheral
vertigo. Median miR-433-5p levels were higher in
the central group (51.81 vs. 28.97), though not
statistically significant (p=0.4117).

Vol42 « NO 4 » 2026

Serum microRNA Levels
including miR-125a-5p,
miR-125b-5p, and
miR-433-5p as Biomarkers
for Differentiating Acute
Vertigo between Cerebellar
or Brainstem Infarction
and Peripheral Vertigo
(Interim Analysis)

Suttipat Eurboorananon
Naruchon Kijpaisalratana

Suttipat Eurboorananon’,

 Asst. Prof. Naruchon Kijpaisalratana'?
Division of Neurology, Department of Medicine,
Faculty of Medicine, Chulalongkom University,
Bangkok 10330, Thailand

“Chula Neuroscience Center,

King Chulalongkorn Memorial Hospital,

Thai Red Cross Society, Bangkok, Thailand

Correspondence:

Suttipat Eurboorananon, MD

Division of Neurology, Department of Medicine,

Faculty of Medicine, Chulalongkorn University,

1873 Rama IV Road, Pathumwan, Bangkok, Thailand 10330
E-mail : ppgamepp@docchula.com

Received manuscript : March 25, 2026, Revised manuscript : June 2, 2026, Accepted manuscript : June 10, 2026



Vol 42 « NO 4 » 2026

Thai * Journal * of ® Neurology

Conclusion: Although no significant differences
were observed, miR-433-5p showed a trend
toward higher levels in central vertigo. Interpretation
is limited by reduced statistical power due to
incomplete sample size, and continued recruitment
is required to determine the diagnostic performance
of these miRNAs.

Keywords : Acute vertigo, Posterior circulation
stroke, Central vertigo, Peripheral vertigo, Micro
RNA, Biomarkers, miR-433-5p, miR-125a-5p, miR
125b-5p

Introduction

Acute ischemic stroke is a leading cause of
death and disability in Thailand and worldwide'”.
Moreover, the incidence of ischemic stroke among
young adults is rising globally, especially in
developing countries, including Thailand. In recent
years, the prevalence of stroke among patients
under 40 years of age in Thailand has increased™*.
Vertigo is one of the common presentations of
posterior circulation stroke, and differentiating
central vertigo due to cerebellar or brainstem
infarction from peripheral vertigo remains a major
clinical challenge. Clinical assessment is often
limited by severe vertiginous symptoms. Neuroimaging
also has limitations, as computed tomography (CT)
has low sensitivity for posterior fossa infarction®,
and early diffusion-weighted magnetic resonance
imaging (MRI) performed within 48 hours of symptom
onset may miss acute infarction®. Blood-based
biomarkers have therefore been studied as potential
tools to improve diagnostic accuracy in patients
presenting with acute vertigo. MicroRNAs (miRNAs)
are small non-coding RNAs involved in post-
transcriptional gene regulation and have gained

attention as stable and disease-specific circulating

biomarkers among stroke patients” . In our previous
studies'’, we identified miR-125a-5p, miR-125b-5p,
and miR-433-5p as being significantly elevated
in patients with acute vertigo due to posterior
circulation stroke compared with those with peripheral
vertigo.

This study aims to validate the diagnostic
performance of these miRNAs for distinguishing
central from peripheral vertigo and to extend the
age range of enrolled patients to better reflect
real-world clinical practice and increase clinical

applicability.
Materials and Methods

1. Study design and study population

This was a single-center prospective
cohort study conducted between December 2024
and November 2025. The study was approved by
the Institutional Review Board of the Faculty of
Medicine, Chulalongkorn University (IRB No.
0476/67). Initial screening was performed by
emergency medicine physicians, neurologists, or
otolaryngologists who first encountered the patients.
Inclusion criteria were patients aged =18 years who
presented with acute vertigo at King Chulalongkorn
Memorial Hospital within 72 hours of symptom onset.
Exclusion criteria included altered consciousness;
body temperature >38 °C; white blood cell count
>15,000 cells/pL; serum creatinine >2 mg/dL; liver
enzyme levels >3-fold the upper limit of normal or
the presence of cirrhosis; a known history of active
malignancy or autoimmune disease; and concurrent
intracranial pathology other than acute ischemic
stroke. Informed consent was obtained in the
hospital after patient encounter in the emergency
department, outpatient clinic, or inpatient ward in

cases of hospitalization.
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2. Diagnosis of central and peripheral vertigo
The diagnosis of central vertigo due to
acute ischemic stroke (cerebellar or brainstem
infarction) was made by a neurologist based on
clinical evidence of an episode of neurological
dysfunction caused by focal cerebral or cerebellar
infarction and was confirmed by imaging evidence
of infarction in a defined vascular distribution,
demonstrated by restricted diffusion on diffusion-
weighted MRI or by a lesion detected on CT scan.
The diagnosis of peripheral vertigo was confirmed
either by a board-certified otolaryngologist according
to established diagnostic criteria and classified into
benign paroxysmal positional vertigo (BPPV)",
Méniére’s disease', or vestibular neuritis, or by the
absence of evidence of acute ischemic stroke on
brain MRI.
3. Specimen collection and processing
Venous blood samples were obtained
during the acute phase and at a 3-month follow-up
visit. A total of 8 mL of venous blood was collected
into blood collection tubes containing clot activator.
After collection, the blood samples were left to clot
completely at room temperature for 30-60 minutes
and then centrifuged at 1,000 g for 15 minutes at
4°C. The serum supernatant was transferred to a
new tube and centrifuged again at 2,500 g for 15
minutes at 4°C to remove residual debris. Serum
samples were stored at —80°C until analysis.
4. miRNAs Extraction and quantification
MicroRNAs were isolated from samples
using a commercially available miRNA isolation kit
(Geneaid Biotech Ltd., New Taipei City, Taiwan)
according to the manufacturer’s protocol. Purified
RNA was stored at —70°C in RNase-free water.
Quantification of serum miRNA was performed using

reverse transcription quantitative polymerase chain
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reaction (RT-gPCR). Absolute miRNA expression
levels were determined using standard curves
generated from serial dilutions of known miRNA
concentrations. Quantification of miRNA levels was
performed by laboratory staff blinded to clinical
presentation and neuroimaging findings.

5. Sample size calculation and enroliment

The sample size was calculated based on
our previous study'® using the area under the
receiver operating characteristic curve (AUC).
Among the three candidate miRNAs, the lowest
AUC value (0.71) was used for estimation. With an
alpha level of 0.05, 80% power, and an assumed
case proportion of 0.5, a total of 100 participants
were required. Allowing for an estimated 10% loss
to follow-up at 3 months, the final target sample size
was set at 110 participants (55 with central vertigo
and 55 with peripheral vertigo). Sample size
calculation was performed using RStudio.

At the time of this interim analysis, a total
of 48 patients with acute vertigo had been enrolled
(central = 27, peripheral = 21). Of these, 35 patients
reached the 3-month follow-up window. Six patients
were lost to follow-up, leaving 29 patients who
completed the 3-month evaluation (central = 15,
peripheral = 14) (Figure 1). As the number of
patients with available 3-month follow-up data
remains limited, these data were not included in
the current analysis and will be evaluated once
additional follow-up data are obtained.

6. Statistical analysis

The distribution of the data was determined
using the Kolmogorov—Smirnov test. Continuous
variables were presented as mean * standard
deviation or median with interquartile range, as
appropriate. Categorical variables were presented

as frequencies and percentages. Comparisons
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between the central and peripheral vertigo groups
were performed using the unpaired t-test or Mann-
Whitney U test for continuous variables, and the
chi-square test or Fisher’s exact test for categorical

variables. Biomarker levels between groups were

Thai * Journal * of ® Neurology

3-month follow-up samples were analyzed using the
Wilcoxon signed-rank test. All statistical analyses
were performed using STATA version 19.5 (Stata
Corp LLC, College Station, TX, USA). A two-sided

p-value < 0.05 was considered statistically

compared using the Mann-Whitney U test, while significant.
within-group comparisons between acute and
Total enrolled Patients
(n=48)
I
3 v
Central vertigo Peripheral Vertigo
(n=27) (n=21)
Reached 3-month follow up
period (n = 35)
R Lost to follow up
. (n=16)
v
Completed 3-month follow up
(n=29)
]
+ +

Central vertigo
(n=15)

Peripheral Vertigo
(n=14)

Figure 1: Patient enroliment

Results

1. Patient characteristics

A total of 48 patients presenting with acute
vertigo were included in the study, consisting
of 27 patients with central vertigo and 21 patients
with peripheral vertigo. Patients with posterior
circulation stroke included cerebellar infarction
(37%), brainstem infarction (41%), and combined
cerebellar and brainstem infarction (22%). In the
peripheral vertigo group, there were patients
with BPPV (38%), vestibular neuritis (19%),
and MRI-negative other peripheral vertigo (42%).

The baseline characteristics are summarized in
Table 1.

The mean age was comparable between
the central and peripheral vertigo groups (66.26 +
12.58 vs. 65.38 £ 13.84 years, p = 0.819).
The proportion of female patients did not differ
significantly between groups (55.6% vs. 57.1%,
p = 0.912). Patients with central vertigo had
a significantly longer onset-to-blood collection
time compared with those with peripheral vertigo
(41.87 £16.90 vs. 25.03 + 17.55 hours, p = 0.0018)
(Table 1).

15
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Most vascular risk factors were more prevalent
in the central vertigo group, including hypertension
(88.9% vs. 66.7%), diabetes mellitus (40.7% vs.
23.8%), and dyslipidemia (92.6% vs. 80.9%),
although these differences did not reach statistical
significance. Smoking history, past smoking, and
alcohol intake were observed only in the central
vertigo group. Regarding vital signs, systolic and
diastolic blood pressures were significantly higher
in patients with central vertigo (159 vs. 151 mmHg,
p = 0.0345; and 90 vs. 83 mmHg, p = 0.0009,
respectively). Atrial fibrillation was more frequently
observed among central vertigo patients (14.8% vs.
4.8%), although the difference was not statistically
significant. Laboratory parameters were similar
between groups, except that patients with central
vertigo had significantly higher fasting blood
glucose (114 vs. 93 mg/dL, p = 0.0221) (Table1).
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2. Clinical presentation

Neuro-otologic findings are shown in
Table 2. A positive head impulse test (HIT) was
predominantly observed in patients with peripheral
vertigo (38.1% vs. 3.7%), with a statistically
significant difference between groups (p = 0.001).
Various patterns of nystagmus were observed in
both groups. Bilateral direction-changing and
vertical nystagmus were more frequent in the central
vertigo group, whereas unidirectional nystagmus
was more common in the peripheral vertigo group.
However, none of the nystagmus subtypes reached
statistical significance. There was also a significant
difference in functional disability at presentation,
with patients in the central vertigo group having
higher modified Rankin Scale (mRS) scores
compared with those in the peripheral vertigo group
(p =0.010).

Table 1 Baseline characteristics, laboratory parameters

Central vertigo (n=27) Peripheral vertigo (n=21) P-value
Age, year, mean (SD) 66.26 (12.58) 65.38 (13.84) 0.819
Female% (n) 55.6% (15) 57.1% (12) 0.912
Onset to blood collection (hrs), mean(sd) 41.87 (16.90) 25.03 (17.55) 0.0018*
Stroke risk factors, % (n)
Hypertension 88.9% (24) 66.7% (14) 0.081
Diabetes mellitus 40.7% (11) 23.8% (5) 0.217
Dyslipidemia 92.6% (25) 80.9% (17) 0.383
Ischemic heart disease 8% (2) 4.8% (1) 1.000
Smoking 11.1% (3) 0 0.246
Past smoking 14.8% (4) 0 0.121
Alcohol 3.7% (1) 0 1.000
Past drinking 3.7% (1) 0 1.000
Systolic BP, mmHg, median (IQR) 159 (30) 151 (22) 0.034*
Diastolic BP, mmHg, median (IQR) 90 (14) 83 (12) 0.001*
Pulse rate, bpm, median (IQR) 80 (20) 74 (14) 0.243
Atrial fibrillation % (n) 14.8% (4) 4.8% (1) 0.369
Laboratory parameters
Hemoglobin, g/dL, med (IQR) 13.6 (3.5) 13.1 (1.4) 0.212
WBC count, *10%uL, mean (SD) 9.14 (2.51) 6.87 (1.81) 0.001*
Platelets, *103/p, med (IQR) 247 (88) 222 (70) 0.164
Cr, mg/dL, med (IQR) 0.74 (0.22) 0.77 (0.26) 0.43
Fasting blood sugar, mg/dL, med (IQR) 114 (42) 93 (24) 0.022
HbA1c, %, med (IQR) 5.8 (2.4) 5.75 (0.9) 0.508

*P <0.05
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Table 2 Clinical presentation
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Clinical presentation, % (n) Central vertigo (n=27) Peripheral vertigo (n=21) P-value
Carotid bruit 0 0 -
Murmur 0 0 -
Irregular heartbeat 3.7% (1) 4.8% (1) 1.000
Positive HIT 0.001*
- Not presence 96.3% (26) 61.9% (13)

- Presence (left) 0 28.6% (6)

- Presence (right) 3.7% (1) 9.52% (2)

Nystagmus 48.12% (13) 42.9% (9) 0.715
- Bilateral direction changing 22.2% (6) 9.5% (2) 0.437
- Vertical 7.4% (2) 0 0.497
- Torsional 14.8% (4) 14.3% (3) 1.000
- Unidirectional horizontal 25.9% (7) 33.3% (7) 0.575
Skew deviation 0 0 -
mRS 0.010*
-1 18.5% (5) 61.9% (13)

-2 18.5% (5) 14.3% (3)

-3 29.6% (8) 19.0% (4)

-4 33.3% (9) 4.8% (1)

-5 0 0

HIT head impulse test

*P < 0.05

3. Serum biomarker expression level

At this point of interim analysis, serum
miRNA expression levels measured during the
acute phase did not show significant differences
between central and peripheral vertigo. Median
miR-125a-5p levels were similar between groups
(278.27 [IQR 350.10] vs. 324.78 [IQR 288.90],
p = 0.8111). Similarly, miR-125b-5p showed no

significant group difference (570.43 [IQR 974.10]
vs. 519.60 [IQR 1293.55], p = 0.4734). Median
miR-433-5p levels were slightly higher in the
central group compared to the peripheral group
(51.81 [IQR 57.63] vs. 28.97 [IQR 51.18]), but the
difference did not reach statistical significance
(p=0.4117).

Table 3 Biomarker level during acute phase in patient with central and peripheral vertigo

miRNA level [median (IQR)] Central vertigo (n=27) Peripheral vertigo (n=21) P-value
miR-125a-5p 278.27 (350.1) 324.78 (288.9) 0.8111
miR-125b-5p 570.43 (974.1) 519.6 (1293.55) 0.4734
miR-433-5p 51.81 (57.63) 28.97 (51.18) 0.4117

17
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Discussion

In this interim analysis, serum miRNA levels
measured during the acute phase did not show
statistically significant differences between central
and peripheral vertigo. However, miR-433-5p
tended to be higher in patients with central vertigo,
suggesting a possible biological marker that may
become clearer once more patients are included.
Since the study has not yet reached its calculated
sample size, the current results may be affected by
limited statistical power and should be interpreted
with caution. Technical factors may also contribute
to the lack of statistical significance at this stage.

Mei et al.

showed that miRNA quantification using
RT-gPCR requires optimized and sensitive assays,
as small differences in miRNA levels can be difficult
to detect without proper methodological control.
This supports the idea that early non-significant
findings do not necessarily rule out potential
diagnostic value, especially when the sample size
is still small.

From a biological perspective, the trend
observed in miR-433-5p may relate to vascular and
endothelial changes that occur in posterior
circulation stroke. Reijerkerk et al." demonstrated
that specific miRNAs can regulate endothelial
barrier function during inflammation, affecting
blood-brain barrier integrity. Their indings support
the broader concept that circulating miRNAs may
reflect cerebrovascular or inflammatory processes,
which are relevant in central vertigo caused by

ischemia.
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Conclusion

Overall, the preliminary trend in miR-433-5p is
noteworthy, but the current data are insufficient to
draw definitive conclusions. Continued patient
recruitment will be important to complete the
planned sample size and to determine whether
miR-433-5p or other miRNAs can help distinguish
central from peripheral vertigo. Further analyses
with a full dataset will also allow assessment of
temporal changes, diagnostic performance, and

multivariable associations.
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Diagnosis with Artificial Intelligence)™

NI MsSUNgNAasN AN

fulaeieng 18 Tuly fanfininng o vesgniau
yreldfunisdesiaainisanenunalATetne sTmdng
Fuft 1 fuenen 2567 e 31 Asneau 2568 Tnglas
nsatadaansia ICD-10 Ngx 160-169 wazlAiunis
ATIAUANTLITAANNIADTANAY
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WNUANTAANGNAIRENTANE

ﬁﬂwﬁﬁ@mmmﬁmmmi (onset) 11NN 72
dalas, ﬁﬂi%ﬁ@qﬁﬁm@1un%ﬁ’1§umﬁn‘1&m§“@ﬁ,
lail#Funsmea CT scan wivedeyanassidauly
anysafaulaianunsniudmaeile

nsARNsTayauaziuils

Faulsild Tdun 1.%@H@ﬂi$mﬁﬂiLﬁ@a§1’u (28]
WA ATiiaanie) 2 I TN TN 3. TvAL
m’mgm@u (emergency severity index level: ESI
level) 4. 811911 (present iliness) LAl 801133 WA
laidin Unmitien S Sade an layn ansfa i dan
Aswey 5.1UszdRlsatszansia laun Tsamanusulafin
49 Taaunuonu Tenladuluimeniinlng lsavaan
AendNad waz lsaviala 6.‘1Jim”r§1mm;uuu?' LazAN
FrasnLaanaged 7.anusilaiinfiuunaziaang
(systolic blood pressure: SBP/ diastolic blood
pressure: DBP) 8 svuTnmaliAananein (point
of care testing blood sugar) 9.9xAUANFANGD
(Glasgow Coma Scale: GCS) 10.32ALNNAINAN
L‘ﬂ@ (motor power grading) 11. ANNIULINTBIAINT
N199zuLL9za1n National Institutes of Health Stroke
Scale (NIHHS) score

Outcome

nadwsuan Ae leniafiaziflulsanaaniden
susstiiavaanidanuan dnasalnelfuusiaedd
idayafidagfitesgniau neuaznay ua CT scan
brain (gold standard)

NFWRIUILLUANRD

nmsAUIMNguAlate Tdnisauilneld
LUINT9UBY Riley et al.”" hundreds of prediction
models are being developed to predict health
outcomes in individuals. For continuous outcomes,
typically a linear regression model is developed to
predict an individual's outcome value conditional
on values of multiple predictors (covariates fingl
Tsungu R (package pmsampsize module) Tmel
nuuaANgnIaslsaaenlaenanasTinnasn
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wankanludsymalnaffeaaz 23'%, Cox-Snell
R-squared = 0.2, apparent & adjusted R-squared
< 0.05, shrinkage factor = 0.9 L&Y AUUAATUIU
fautlsdasziiaadiaziindnguunanaes (candidate
predictor parameters) 7 Aalls WUINAUIARAIRENY
9:/ é dl v A & al o &
TURNFaINIIAe 279 518 IntiFesia ANl
¥
(events) aeinstiagl 65 3¢ lunsAneidingusacing
a ¥ I3 < o L A
Mdineuat 406 518 Feilanwsuilelsavaaniaan
ANDITRAVABALARALAN 71 378 A9NRINRUVUIA
FoataieNnanunusinIue fayasaetingay
gNINNULNNANRNUIENNS stratified and randomized
Tnautiaiugeadayanldlnuuuanass (70%) uaz
NAGALLLLANAD (30%) bNe TN FARILUDIARNS
EHETR
> L b2 o 1 dl
nsaRnIsTRNAgMe dayasaulssaiies

u @ a
2

(continuous predictors) TAEWNUANGATERF I
(median) dquteyasiuilsdanngu (categorical
predictors) LA RuNUTiAaa8ane iy k-Nearest
Neighbors (k-NN, K=5) Tagianuaninisfimasain
godayaiindeumintuiietlesiudeyasalva (data
leakage)

nsAnLaanmauils (feature selection and
engineering) Lﬁ@ﬂ@ﬁﬂﬁm%@uﬂ@%ﬂﬁuﬁﬁ%LLﬂﬁ‘@o’]u’Ju
unniielfunusaasananenin U Rl dasong
ARTIN (clinical constraint) FAdEAIANTWNNIAANTT

¥

¥ v
faya 2 Tumeu Inadunauusn Tfn1ssaungusowdls
o %y e .
(feature engineering) IWAAAAANT TR LUAILLLT
T 2 Fqwds Toun 1. 70ade@eaniaznaaniaan
gaF” (atherosclerotic risk) laan1uualiian
4‘ aa 1 £ k4 dl
Wanutlsydfetinetes 1 4a: n1sguyna, TaAnana
[ % a A o A a
puladings, laawnuau, vialsaladuluideniin
1nf) 2. fadeidaadaenaan” (bleeding risk)
Taenuua LA NenulssiRlsavaanaendnes
| o dIBJ s % % < A
yialAdiala NFBIFN AN TNIUENANLINTALASA
1 v

WIDLNATANEANLADA) TUABUABNINIIAALADN
fiauilspaenatian LASSO (least absolute shrinkage

. A o oA o a PP
and selection operator) [NaAALARNA2LLTAATENH
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AudNATylAwn e, AuAuladindauu (SBP),
waz GCS score Tatag luaunis uazdniaansouls
LﬁuLaumnﬂ@:uﬁqLLﬂi‘ﬁlmﬁmumu 7 diauils 1éun
a1g ANAUlaRRAILW (SBP) sxduAuFAnsa
ﬂ@@"ﬂ@mmawmm@@m@mﬁu svdumAandnanile
1seSRnnshuieresinLeanaged uasiladededon
aan
FAaduimuIuuLanaes 3 danasin Lo
logistic regression, random forest lLag XGBoost
(eXtreme gradient boosting) Taefin sUFuuss
WITHLBRS (hyperparameter tuning) HNUNTLLAUNNT
5-fold cross-validation Lugadayatnaa
N5UsEIAUNALLUANADY
dszifiutlarAn3nnsuiuilal4 (AUROC:
area under the receiver operating characteristic
curve), T F KA uuiutLazn1s BanAy
(AUPRC: area under the precision-recall curve) ",
ANARAARBITDINIINNUNE (calibration slope/
intercept, brier score), AN 1A (sensitivity), AN
RUNN (specificity), PPV thaz NPV Immﬁ@ﬂqmﬁm‘ﬁ'
ﬁﬁ?‘]lzgméw’qa Youden’s Index N388LNEATNAN AR
NATRILULANARILTAT SHAP (SHapley Additive
exPlanations) N193LATIEHN AT AILAZNITWR LN
LU aesaLas i laeldlilsunau RStudio
version 2026.01.0 Build 392

WANSANW

TayaNUzIUNARLEN
v
andiayasinacinyianm 490 918 Hdayaanuau
o dl ¥ (72 &
84 3nagnAnaaniiiasainaindayaliidninms
=2 a o IS A £ 3
nsAnu3de Afilaalsavaaninenanesidinme
n1sAnE 406 38 (3UN 1) winfunquaiinnass
wanwAn 71 378 (Feeay 17.5) Laznguatiniaien
335 918 (Faeaz 82.5)
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HlonFaueudneEneAaEn (A9197 1)
dihengulsavaaniaananesaiinuaaniaanumn
Hengdeandingulsavaanidenanestinannlaen
aeieditied1Aty (Weugueny 58.0 T (IQR 48.0-72.0)
Weiuiy 65.0 T (IQR 57.0-74.0): P = 0.009) luanue
ﬁﬁmmummLWﬂVLstummLLmﬂﬁiﬁq@mqﬁﬁﬂzﬁﬁﬁm
72MI489NgN (P = 0.19)

sudeyaniadtinuaniu filaelsnvasninen
anasTavasARaALANNLAMNALTATAZINI 188N
Toianu wapnusulafindawy (systolic blood pressure)
ﬁﬁﬂgm@ﬁ 164 mmHg (IQR 150.0 - 189.0) gL
iU 154 mmHg (IQR 135.0 - 173.0 ;P=0.001) LAy
AMNAulatnfAaa1e (diastolic blood pressure)
188914 98 mmHg (IQR 76.0 - 96.0) Wiauriu 86
mmHg (IQR 83.0 - 113.0) ;P<0.001) yanannii gtloe
nqufaszAUANASANG Glasgow Coma Scale
(GCS) AHNT (14 WUy 15 :P<0.001) wazanlea
Wmm@ﬁfmmmimmﬁﬂﬁqLﬂﬁlﬂuuﬂm (altered
level of consciousness) ‘Luﬁmmu‘ﬁ'@qndﬁ (Gasay
33.8 Wiaufiu fasay 11.6; P<0.001) WATATIANL
Mdsreendruiiofissfuaunnndd (P<0.001) Ex
AAARBNNLINTYNARTZALANNGNLEULTIU ESI level
1 ﬁwﬂuﬂ@jmimmamLﬁ@mmmﬁmm@mﬁ@mmn
1nN9n (Gasiaz 32.4 Weauiy 5.7; P<0.001) agdls
Anna Lﬁ@ﬂixLﬁumwa;mmmmmm@mqswu
dszamsauuuilsziiu NIHSS Tdwuaauuansng
mmﬁﬁiwdwﬁjﬂw%mmmﬁu (median score 0 vs.
0; P=0.31)

dvsuiladendes wudlsyiRnsasueanesed
(35.2% vs. 13.0%; P<0.001) Lme@qumﬁ' (23.9%
vs. 13.1%; P=0.028) wulunguatianaaniaananas
wanuANNINguaiagnaanat 9 lTud Ay u
anizilsadszaniain Thun puduladings w
i wazluiuluwaengs TunumuLansanig

v
ANATENINTNEBINGN
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¥

dayanilog 490 3¢

Y

doyadilosdunnet 406

- 14 978 BUDINITNINNGN 72 F2Tag AaUN T,

- 14 378 Aadalsnau
- 38 918 giloeian (OPD)

-10 918 fihaandsnninesaiiie

-6 918 HilsedRaRme

-1 972 lsifideya CT scan

gﬂﬁ 1: LLmumwm?zmumiﬁmLaﬂnn@jmﬁfmﬁw (Patient Flow Diagram)

a o o A o I3 =
M159N 1 m@uy@@ﬂfmmmmm%mi‘ﬂﬂﬁﬁ

Overall Non - Hemorrhagic Stroke | Hemorrhagic Stroke p-value
(N=406) (N=335) (N=71)

21" 65.0 (56.0 - 74.0) 65.0 (57.0 - 74.0) 58.0 (48.0 - 72.0) 0.009
LWATNE - 318(%) 239 (58.9) 192 (57.3) 47 (66.2) 0.19
ANAUTATAAD LI 156.0 (138.0 - 175.0) 154.0 (135.0 - 173.0) | 164.0 (150.0 - 189.0) | 0.001
ANAUIATRAAN 87.0 (77.0 - 99.0) 86.0 (76.0 - 96.0) 98.0 (83.0 - 113.0) <0.001
BMI* 23.1 (20.3 - 26.0) 23.4 (20.6 - 26.2) 22.1(19.7 - 25.7) 0.12
GCS score* 15.0 (15 - 15) 15.0 (15 - 15) 14.0 (10 - 15) <0.001
POCT blood sugar* 125.0 (100.0 - 172.0) 125.0 (99.0 - 172.5) 125.0 (106.0 - 169.0) 0.38
A29L2R15UUTNT (%) 0.047

8.00 - 16.00 208 (51.2) 176 (52.5) 32 (45.1)

16.00 - 24.00 149 (36.7) 125 (37.3) 24 (33.8)

24.00 - 8.00 49 (12.1) 34 (10.1) 15 (21.1)
N19N15ULSENNT (%) 0.24

HIGN 189 (46.6) 152 (45.4) 37 (52.1)

desiaanisanening 203 (50.0) 173 (51.6) 30 (42.3)

Janinds 14 (3.4) 10 (3.0) 4 (5.6)
STALANNYNIAY ESI <0.001

Levell (%) 42 (10.3) 19 (5.7) 23 (32.4)

Level2 (%) 268 (66.0) 223 (66.6) 45 (63.4)

Level3 (%) 96 (23.6) 93 (27.8) 3(4.2)
aNSANL (%)

ARULN 266 (65.5) 216 (64.5) 50 (70.4) 0.41

mmiﬂﬁm Auuds 231 (56.9) 197 (58.8) 34 (47.9) 0.1

Tuntuiien 151 (37.2) 129 (38.5) 22 (31.0) 0.28

T 63 (15.5) 39 (11.6) 24 (33.8) <0.001

e 45 (11.1) 42 (12.5) 3(4.2) 0.058

Sl 49 (12.1) 46 (13.7) 3(4.2) 0.026
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Overall Non - Hemorrhagic Stroke | Hemorrhagic Stroke p-value
(N=406) (N=335) (N=71)
Tain 31(7.6) 23 (6.9) 8 (11.3) 0.22
AINIIND 2(0.5) 1(0.3) 1(1.4) 0.32
WAL 17 (4.2) 17 (5.1) 0(0.0) 0.052
anAsee 13 (3.2) 9(2.7) 4 (5.6) 0.26
ATRRINS (%) <0.001
Haendn 4.5 %TW 215 (53.0) 165 (49.3) 50 (70.4)
4.5 - 24§l 151 (37.2) 133 (39.7) 18 (25.4)
24 - 48 dalus 27 (6.7) 27 (8.1) 0(0.0)
48 - 72 %ﬁim 13(3.2) 10 (3.0) 3(4.2)
tladendea (%)
Tearauaulating 215 (53.0) 178 (53.1) 37 (52.1) 0.90
TR 132 (32.5) 114 (34.0) 18 (25.4) 0.17
Tanlasiuluinengs 47 (11.6) 43 (12.8) 4 (5.6) 0.10
l3AnaamAaAANDY 57 (14.0) 51 (15.2) 6 (8.5) 0.19
I3pviala 35 (8.6) 31(9.3) 4 (5.6) 0.48
a;‘i_l'i_qm?: 61 (15.0) 44 (13.1) 17 (23.9) 0.028
E:'wlmﬂ?"m?{mmmﬂaﬂﬁ 67 (16.5) 42 (12.5) 25(35.2) <0.001
hasndaiilafisniige (%) <0.001
0 40 (9.9) 28 (8.4) 12 (16.9)
1 39 (9.6) 16 (4.8) 23(32.4)
2 28 (6.9) 22 (6.6) 6 (8.5)
3 74 (18.2) 64 (19.1) 10 (14.1)
4 121 (29.8) 110 (32.8) 11 (15.5)
5 104 (25.6) 95 (28.4) 9(12.7)
NIHSS Score* 0(0.0-0) 0(0-0) 0(0-0) 0.31

* %@H@ﬁimﬁm (continuous data) rﬂ'ﬂmqtﬁuLmeﬁ\ﬁﬁ’ﬁ@mzzﬁﬂmﬂ%@H@L%\‘mzju (categorical data) uwazATNAe
s2919A%8 A (IQR)

T NARDUALIADH Wilcoxon rank sum test &1915UF wilasaiiiesfiinsuanuasuuy (skewed) WAz Fisher's exact
test AniuFaLlamINg

+ BMI = body mass index (fiiuaannel), GCS score = Glasgow Coma Scale score (ﬁ‘:ﬁummﬁﬂﬁ'ﬂ, POCT
blood sugar = point of care testing blood sugar (?:ﬁuﬁ’]m@lmﬁ@mﬂmﬂﬁfn, ESI = emergency severity index
(i‘xﬁummgmau), NIHHS = National Institutes of Health Stroke Scale score (ﬂ:;LLuum’]Nﬁ;uLL?\‘ﬁJﬂ\‘lmmivm
AN

§

1
I
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Logistic Regression

Random Forest

XGBoost

Discrimination

AUROC (95% Cl)

0.736 (0.567-0.905)

0.811 (0.709-0.912)

0.781 (0.669-0.893)

AUPRC (95% Cl)

0.612 (0.352-0.810)

0.549 (0.307-0.755)

0.403 (0.206-0.687)

Calibration

Calibration Slope 0.986 1.078 0.691
Calibration Intercept 0.179 0.025 0.012
Brier Score 0.100 0.111 0.125
Diagnostic Performance*

Selected Threshold 0.029 0.229 0.137

Sensitivity (95% Cl) 0.941

0.713-0.999

0.529 (0.278-0.770 0.588 (0.329-0.816

Specificity (95% Cl)

PPV (95% CI)

(
0.036 (0.008-0.102
0.167 (0.098-0.256

)
)
)

( )
0.807 (0.706-0.886)
( )

( )
0.711 (0.601-0.805)
0.360 (0.180-0.575 ( )

0.294 (0.151-0.475

NPV (95% CI)

0.750 (0.194-0.994)

0.893 (0.801-0.953) 0.894 (0.794-0.956)

* AUROC = area under the receiver operating characteristic, AUPRC = area under the precision-recall curve, Cl = Confidence

interval, PPV = positive predictive value, NPV = negative predictive value

+
1
§

1
[

AUROC denotes area under the receiver-operating-characteristic curve; AUPRC, area under the precision-recall curve;

Cl, confidence interval;, PPV, positive predictive value; NPV, negative predictive value. * Diagnostic performance metrics

were calculated based on the optimal thresholds determined by Youden’s index or specific clinical constraints on the

training set.

UseANTNINLRILLLANADY
AMNAIN5D bUNIFALRNLSA (discrimination
performance): Lﬁ@wmmwum%@sﬂ@mmu (1914
1 2) NUIWLLANA8Y random forest (RF) NAIH

° v pRp =

annnsnlun1sawungUaeNininznaenaenaNes
a = dd’l/ dl 2N =
1ianaanaanLaAngagn tnadnunlalaseniled
(AUROC: 0.811 [95%CI 0.709 - 0.912]) FINLAR
nsufFaumanlu 317 2 (ROC curve) $898911AD
XGBoost L@ logistic regression (LR) A1 AUROC

?’BQ@QNW‘?{ (0.781 [95%CI 0.669-0.893]) LLaz (0.736
[95%Cl 0.567 —0.905]) AuanAL aenslsiinna e
fansaunn AUPRC duasftautlszavianmlugadeya
ﬁﬁmmimu@@ (imbalanced data) W11 Logistic
Regression ﬁﬁ’l'ejﬂzﬁmﬁ (AUPRC: 0.612 [95%ClI
0.352 - 0.810]) denpdasiudnenizidulAclu g7 2
9A909NNAD RF (0.549 [95%CI 0.307 - 0.755]) wae
XGBOOSt‘ﬂI (0.403 [95% CI 0.206 - 0.6871])
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Panel A | ROC Curves

o
)

o
o

Sensitivity (True Positive Rate)
o
s

o
N}

-+ Reference (AUC = 0.500)
—— Logistic Regression (AUC = 0.736)
Random Forest (AUC = 0.811)
== XGBoost (AUC = 0.781)

004"
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity (False Positive Rate)
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Panel B | Precision-Recall Curves

- No-skill baseline (prevalence = 0.176)
—— Logistic Regression (AUPRC = 0.612)
Random Forest (AUPRC = 0.549)
== XGBoost (AUPRC = 0.403)

Precision (PPV)

Higher is better t

0.0

0.0 0.2 0.4 0.6 0.8 10
Recall (Sensitivity)

519 3 Maulsumeudss@nininlunisaruunisa (discrimination performance)

AMNADAARDITRINTTNINUNE (calibration)
szinarnAnmas il s ae s e fUS s
nafielansis saarnglu g1l 3 (Calibration Plot)
W91 logistic regression AANUGadalunns
ﬁﬁuwﬁ‘ﬁlqm {aeA calibration slope 7 0.986 (AN
IndiAaaganAR7 1.0) wazilen brier score sfigadi
0.100 LULA1a89 random forset AN calibration

=== Perfect calibration
=0~ Logistic Regression (Slope = 0.986)

1.0 1 Random Forest (Slope = 1.078)
-\ - XGBoost (Slope = 0.691)

0.9 1

0.8 4

0.7 1 l. \

Underconfidents
(model too Cautuf;s) \

Observed Fraction of Positives

slope #11.078 wa brier score 71 0.111 laniziuuy
o = v dl = a o v
A1899 XGBoost Auunliunaziinfnfiudeyatn
Hnaeuunniniuld (overfitting) waziaausulalunns
YINUNEANIALNAAIANATY (overconfidence) Taaid
AN calibration slope el 0.691 WA brier score %1
0.125

Oferconfident
(mpdel too boid)

0.0 01 0.2 0.3 0.4

0.5 0.6 0.7 0.8 0.9 1.0

Mean Predicted Probability

519 3 ANAenARBITBINIIVINUNE (Calibration Plot / Reliability Diagram)
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1lsz@n8MWMeARUN (Clinical and Diagnostic
Utility)

Lﬁ@ﬁmﬂzﬁamﬁmﬁmmmu (threshold) 4
N gﬂ‘ﬁ 4 (Decision Curve Analysis) bag A194
17{ 2 WULANAD logistic regression (‘ﬁlfﬂmﬁm 0.029)
IsArannalla (sensitivity) gegndi 0.941 (95% Cl,
0.713-0.999) SamnrdvELNNIAANTadLiaAARaN
(rule-out) WARANANNAWNTE (specificity) Fiie
0.036 (95% CI, 0.008 D4 0.102) VANNIINIUNEIEA

Vol 42 « NO 4 » 2026

uqn (PPV) ﬁ 0.167 (95% CI, 0.098 - 0.256) AT
LLUAa89 random forest (Vif-gmﬁm 0.229) 1simanu
aupan1epdinfiandt Inadanuswzd 0.807
(95% Cl, 0.706 f11 0.886) Allafi 0.529 (95% ClI,
0.278 94 0.770) LAZAINIINIUILHAAL (NPV)
7 0.893 (95% CI, 0.801 @i 0.953) AQULLLNFE4
XGBoost (‘ﬁlﬁgmﬁm 0.137) HA2nallafi 0.588 (95% Cl,
0.329 14 0.816) Lmzmmfi’mwwﬁl 0.711 (95% Cl,
0.601 114 0.805)

— Treat All
0.20 : + Treat None
: LR Rule-out - |ogistic Regression
: Threshold = 0.029
: NBE = 0.153 Random Forest
: ==+ XGBoost
\,E ----- LR Rule-out Threshold (0.029)
-
0.15 4 .
b=
=
g
o 0104
o
-
7}
=2
0.05 1
0.00 Freees a .............................................................................. '\ ............................................
X-axis truncated at 0.60
(curves collapse beyond this point)
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60

Threshold Probability

51U 4 nsTimvidulAainisingula

(Decision Curve Analysis; DCA) , LR = Logistic Regression , NB = Net Benefit

AMNEINISD LUNNFRELNALLILAARY (Model
Explainability)

N7 uaNSNATRIALLLITEN U SHAP (SHapley
Additive exPlanations) (gLt 5) uaadliifuindaudls
FdaNaAaN AL ANNATBINNI AR ARE AN

1HavaanaanLAn 5 SuAuwan 1w (1) ArAusu
Tafinfuufige, (2) N1IRTANLAINIRIUINE LN,
(3) dnengfilrentesninatiavaaniaensiy, (4) i
szdRnnshnLaanaaed Laz (5) svalANansan
AN AouannARenUANBUza0adnalunnsed 1
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Systolic BP (mmHg) 4 o oe

Motor Grade Weakness |
(0-5 scale)

Age (years) 1

=
Alcohol Use 1 W
e« (4

GCS Score

Bleeding Risk Factor

-

Atherosclerotic Risk 1
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High

. - Med

.
]
[ ]
L ]
[ ]
(]
.
[ ]
Feature Value

Low

“ Reducs‘s hemorrhage rrjk Increases hemorr.hage risk —

-1.0 70 5

1.0 1.5

gﬂﬁ 5 SHAP (SHapley Additive exPlanations) Summary Plot

onuUsigwa

=] nilj o J = % dll

NEANE AR LLLA1A2INEHUTB9ATES
(machine learning) WayunaANNIde9T99lsA

= a = v o
vaanaenanastiavaenaenuan tnaldivesdaya
AUFIUNARTN Dl HR99NIBU HanIFANEINLdY
wuuanaed RF Mauatnisalunisaiuunien
(AUROC) gega? 0.811 atnslafinu lugadaya
nnsAnidANliannaresteya (AINTNT
TRANADARDALAN IEFREAT 17.5) WULAIABY LR
NAUHANIMNNZANTNGA LA UANNADAREDITDY
n13vinune wazlviR AUPRC 440 (calibration slope
0.986, AUPRC 0.612) @q48nAaediuNIsANS128
Bhardwaj uazansy Nszyintgadayadihalsavaen
iwanaNeindanuliannags Insldndauaasaiin
waenABRTNATINAIAEN INgeDianar 84 wazNIg
= . . < o v a
ANE1284 Silveira wazAME TNAndugiaaiin
vaaalReALANINENTatas 3 N1sldArANLsuen
(accuracy) T8 AUROC a1avn l¥dsz@nsninaas

dl A n:ll a a . . 14,15
LATAINANGINUATI (overestimation)

AMFULLLANAaIN N A NG UTauatine XGBoost
1 =] QEIIQ xKX a o ¥ dl
wugn lunisAneBiiatloymeesaiugadeyanuin
il (overfitting) Tasaziflunannanndeaninsnu
Auudet9IemANIn] (events) NlAUIUTIAE
atalafinnu WeRansanluiiunaesnisldgadeya
aunalug] | NIANELLL prospective multicenter
299 Hayashi wazauy Nlsziiugilasscaziauds
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Abstract

Background: Vasculitic neuropathy (VN)
results from inflammation of blood vessels supplying
peripheral nerves, causing ischemic nerve injury.
It manifests as systemic vasculitic neuropathy (SVN)
or non-systemic vasculitic neuropathy (NSVN).
While SVN treatment protocols are established, data
on clinical characteristics and treatment outcomes
of NSVN, particularly in Thai population, remain
limited.

Objective: To evaluate clinical manifestations,
pathological findings, and treatment responsiveness
in patients with confirmed VN at the Neurological
Institute of Thailand, and identify factors associated
with treatment response.

Methods: A retrospective cohort study of patients
with pathologically confirmed VN diagnosed at the
Neurological Institute of Thailand between June
2015, and May 2025. Clinical data, electrodiagnostic
results, nerve biopsy findings, and treatment
regimens were analyzed. Treatment responsiveness
was assessed in patients followed over 24 months,
based on improvements in pain, sensory deficits,
motor weakness, relapse rates.

Results: Thirty-five patients were enrolled
(65.7% female, median age 58.0 years). NSVN was
present in 54.3%. Sensory loss and motor deficits
were universal, pain occurred in 60%. Electrodiagnostic
studies revealed axonopathy with predominant
lower extremity involvement. Pathologically, 60%
had definite VN. Treatment groups included
corticosteroid alone (45.7%), corticosteroid plus
cyclophosphamide (42.9%), and corticosteroid plus

rituximab (11.4%). Overall good outcome was
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achieved in 85.7% with no significant difference
between groups (p=0.575). Relapse rate was 8.6%.
Pathological features did not differ significantly
between treatment groups.

Conclusion: VN in Thai tertiary care patients
demonstrates favorable outcomes regardless of
immunosuppressive regimen. Rituximab shows
promise with a favorable relapse profie. Pathological
features did not correlate with severity or prognosis.

Keywords: Vasculitic neuropathy, Vasculitis,
Neuropathy, Non-systemic vasculitic neuropathy,

Treatment

Introduction

Vasculitic neuropathy (VN) result from
inflammation of the vasa nervorum, causing
ischemic nerve damage'”. Patients typically
present with acute to subacute dysesthesia,
and motor deficits in an asymmetric distribution,
often manifesting as mononeuritis multiplex.
Clinical severity varies; systemic organ involvement
generally correlates with higher morbidity and
mortality’. Without treatment, mortality for primary
systemic vasculitis can reach 90% .

VN is classified into systemic vasculitic
neuropathy (SVN), associated with multi-organ
involvement, and non-systemic vasculitic
neuropathy (NSVN), isolated to peripheral
nerves'”. SVN treatment is based on the underlying
systemic cause, primary systemic vasculitis guided
by established protocols for systemic vasculitis
using immunosuppressive agents. Evidence for
NSVN management remains limited, based primarily
on observational studies'. The Peripheral Nerve
Society Guidelines 2010 recommend treating
NSVN similarly to systemic vasculitis, with

corticosteroids as first-line therapy and additional

Vol 42 « NO 4 » 2026

immunosuppressants for progressive or severe
disease”’.

Studies have demonstrated superior outcomes
with corticosteroids plus immunosuppressive
agents compared to corticosteroids alone. Patients
receiving corticosteroids plus cyclophosphamide
achieved good treatment response and complete
remission”®". Rituximab has shown non-inferiority
to cyclophosphamide for induction therapy
in ANCA-associated vasculitis'' and may be
considered for patients with contraindications to
cyclophosphamide, cryoglobulinemic vasculitis, or
active glomerulonephritis'.

For maintenance therapy, prednisolone is
gradually tapered over 6-18 months in combination
with other immunosuppressive agents, including
azathioprine, methotrexate, mycophenolate mofetil,
or rituximab. Total maintenance duration should be
at least 18-24 months, as rapid tapering is
associated with increased relapse rates".

However, treatment regimen vary in clinical
practice, particularly regarding drug selection.
Furthermore, data regarding clinical characteristics
and treatment outcomes of VN in the Thai population
remain limited.

This study aims to describe clinical
manifestations and pathological findings and
treatment outcomes of VN in a Thai tertiary center,
and identify factors influencing outcomes and

relapse rates.

Materials and Methods

Study Design: This retrospective study was
conducted at the Neurological Institute of Thailand,
including VN patients diagnosed and treated
between June 1, 2015, and May 31, 2025. All

patients were performed nerve biopsy and
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diagnosed according to the Peripheral Nerve
Society Guideline 2010° and Thai guideline for
immunomodulating therapy in immune mediated
neuromuscular disease'”. Diagnosis requires
clinical assessment, electrodiagnostic studies
demonstrating asymmetric axonal neuropathy, and
nerve biopsy.

Clinically probable VN required

1) Nerve or muscle biopsy consistent with VN
or meeting criteria for systemic vasculitis from other
organs.

2) Clinical features including sensory-motor
or sensory deficit, asymmetric or multifocal
distribution, lower limb and distal predominance,
presence of pain, or recurrent episodes.

3) Electrodiagnostic findings of sensory-
motor or sensory axonal neuropathy.

4) Absence of red flags.

Inclusion criteria:

1. Adults aged =218 years-old

2. Diagnosed with Vasculitic neuropathy
according to the Thai guideline for immunomo
dulating therapy in immune mediated neuromuscular
disorders'®, the Peripheral Nerve Society Guideline
2010°

3. All patients were performed nerve biopsy
proven vasculitic neuropathy

Exclusion criteria:

1. Incomplete medical records

2. Patients with alternative diagnosed mimic
vasculitis neuropathy

Study Protocol

Data Collection:

e Baseline characteristics: age, gender,

disease duration, underlying disease, and
clinical manifestation including sensory

symptoms, muscle strength assessed by

Thai * Journal * of ® Neurology

Medical Research Council (MRC) grading,

and other symptoms.

Medical Research Council (MRC) Grading:

e Grade 0: No contraction.

e Grade 1: Trace contraction, no movement.

e Grade 2: Movement with gravity eliminated.

e Grade 3: Movement against gravity but

not resistance.

e Grade 4: Movement against some

resistance.

e Grade 5: Normal strength.

MRC sum score; assessment of muscle
action of each limb (0-60 points) evaluating
shoulder abduction, elbow flexion, wrist
extension, hip flexion, knee extension, and
ankle dorsiflexion.

e Laboratory data included serum ESR, CRP,
B2-microglobulin, ANA, cryoglobulins, Anti
Ro, Anti La, C-ANCA, P-ANCA, Rheumatoid
factor, Anti HIV, Anti HCV, HbsAg,
electrodiasnostic studies, and nerve
biopsy results were recorded.

e Classification of vasculitic neuropathy:
Systemic vasculitic neuropathy (SVN), and
Non-systemic vasculitic neuropathy (NSVN).

Systemic vasculitic neuropathy (SVN)
required at least one abnormal systemic
marker (ESR, CRP, ANCA, complement,

RF, B2-microglobulin) plus evidence of

extraneural organ involvement or associated

conditions (connective tissue disease,
infection, malignancy, cryoglobulins).
Nonsystemic vasculitic neuropathy

(NSVN) was diagnosed when patients met

clinically probable or pathologically definite

criteria but without evidence of systemic

involvement.
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e Treatmentregimens included corticosteroids
(CS) alone, CS combined with Cyclophos
phamide (CS+CY), and CS combined with
Rituximab (CS+RTX).

e QOutcomes were assessed at 6 months and
at last follow-up, evaluating MRC score
changes, pain and sensory loss improvement,

and refractory or relapse events.

Statistical Analysis

Data was analyzed using SPSS for Windows
version 17.0. Continuous variables were expressed
as median with interquartile range (IQR). Categorical
variables were expressed as frequencies and
percentages. Group comparisons used Chi-square
test or Fisher’s exact test for categorical data and
Kruskal-Wallis test or Mann-Whitney U test for
continuous data. Statistical significance was set at
p < 0.05.

This study was approved by the Institutional
Review Board of Neurological Institute of Thailand
(study number: 68066) on September 11" 2025.

Results

Baseline Characteristics

A total of 35 patients with vasculitic neuropathy
were included (Table 1). There was female
predominance (65.7%) with median age at onset of
58.0 years (IQR 45.5-65.0). Median disease
duration from symptom onset to diagnosis was 8.0
weeks (IQR 4.5-22.0). NSVN (54.3%) was slightly
more common than SVN (45.7%). SVN etiologies
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included microscopic polyangiitis (MPA) 14.3%,
eosinophilic granulomatosis with polyangiitis
(EGPA) 8.6%, systemic lupus erythematosus (SLE)
8.6%, systemic sclerosis (SSc) 2.9%, rheumatoid
arthritis (RA) 2.9%, cryoglobulins 11.4%, HBV
infection 2.9%, and HIV infection 2.9%.

Diabetes mellitus was present in 11.4%. The
most common presentation was asymmetrical
sensorimotor polyneuropathy (71.4%), followed by
multiple mononeuropathy (17.1%), and distal
symmetric polyneuropathy (11.4%). All patients had
sensory and motor deficits. Sensory loss was
reported in 100%, while pain was reported in 60.0%.
Median baseline MRC sum score was 52.0 (IQR
47.5-55.5). Constitutional symptoms (fever, weight
loss, myalgia, or anorexia) were presented in 54.3%.

Laboratory and Electrodiagnostic Findings

Laboratory investigations revealed elevated
ESRin 66.7% and elevated CRP in 64.0% of tested
patients. Positive autoantibodies included rhematoid
factor (64.7%), anti-Ro (12.5%), P-ANCA (30.0%),
and cryoglobulins (36.4%) of tested patients.
Hypereosinophilia was recorded in 20.0%, and
anemia in 40.0%.

Nerve conduction studies demonstrated an
axonopathy pattern in all patients. Lower extremity
nerves were predominantly affected, with peroneal
nerve involvement in 91.4%, sural nerve in 85.7%,
and tibial nerve in 82.9%. Upper extremity
involvement included median nerve in 74.3%, ulnar

nerve in 57.1%, and radial nerve in 14.3%.
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Table 1: The demographic and clinical characteristic
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Treatment regimens
. Total
Variable (n=35) CS alone cs +CY CS +RTX | Pvalue
(n=16) (n=15) (n=4)

Sex, n (%) 0.042
Male 12 (34.3%) 9 (56.3%) 2 (13.3%) 1(25.0%)
Female 23 (65.7%) 7 (43.8%) 13 (86.7%) 3 (75.0%)
Age at onset, years; median 58.0 58.0 58.0 65.0 0.767
(IQR 25, 75) (45.5, 65) (37.3,67.5) (48.0,61.0) (29.8, 71.0)
Disease duration, weeks; median 8.0 12.0 12.0 3.0 0.080
(IQR 25, 75) (4.5, 22.0) (6.0, 27.0) (3.0, 24.0) (1.3,7.0)
Constitutional symptoms, n (%) 19 (54.3%) 7 (43.8%) 10 (66.7%) 2 (50.0%) 0.433
Fever 8 (22.9%) 3(18.8%) 3(20.0%) 2 (50.0%) 0.390
Anorexia 4 (11.4%) 1(6.3%) 2 (13.3%) 1(25.0%) 0.322

Weight loss 11 (31.4%) 4 (25.0%) 6 (40.0%) 1(25.0%) 0.769
Myalgia 5(14.3%) 1(6.3%) 4 (26.7%) 0 (0.0%) 0.218
Classification, n (%) 0.214
- Systemic VN 16 (45.7%) 5(31.2%) 8 (53.3%) 3 (75.0%)

MPA 5 (14.3%) 1(6.3%) 3(20.0%) 1(25.0%)

EGPA 3(8.6%) 1(6.3%) 1(6.7%) 1(25.0%)

CTD 5(14.3%) 0 (0.0%) 4 (26.7%) 1(25.0%)

Cryoglobulins 4 (11.4%) 2 (12.5%) 2 (13.3%) 0 (0.0%)

HBV infection 1(2.9%) 1 (6.3%) 0(0.0%) 0 (0.0%)

HIV infection 1(2.9%) 1 (6.3%) 0 (0.0%) 0 (0.0%)
- Non-systemic VN 19 (54.3%) 11 (68.8%) 7 (46.7%) 1(25.0%)
Clinical presentation, n (%)
Sensory symptoms 35 (100.0%) 16 (100.0%) 15 (100.0%) 4 (100.0%) -
Pain 21 (60.0%) 10 (62.5%) 8 (53.3%) 3(75.0%) 0.798
Paresthesia 18 (51.4%) 9 (56.3%) 7 (46.7%) 2 (50.0%) 0.649

Sensory loss 35 (100.0%) 16 (100.0%) 15 (100.0%) 4 (100.0%) -
Motor symptoms 35 (100.0%) 16 (100.0%) 15 (100.0%) 4 (100.0%) -
Pattern of distribution
Asymmetric polyneuropathy 25 (71.4%) 10 (62.5%) 12 (80.0%) 3(75.0%)
Multiple mononeuropathy 6 (17.1%) 3 (18.8%) 2 (13.3%) 1(25.0%)
Distal symmetric polyneuropathy 4 (11.4%) 3 (18.8%) 1(6.7%) 0 (0.0%)

Pathological Findings

Sural nerve biopsy was performed in all cases
(Table 2), revealed definite VN in 60.0%, probable
in 25.7%, possible in 5.7%, and inflammatory
neuropathy (not reach criteria diagnosis) in 8.6%.
Epineurial perivascular inflammatory collection was

small in 54.3%, moderate in 34.3%, and large in

31.4%. Small vessel involvement in epineurium was
present in 51.4%, and large arteriole involvement
in 45.7%. Vessel wall disruption was present in
54.3%. Severe nerve fiber density loss occured in
60.0% with generalized (62.9%) or multifocal pattern
(37.1%). Active axonal degeneration was present

(61.8%), and late stage (8.8%). Immunohistochemistry
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demonstrated CD3 positivity in 97.0%, CD20 pattern (both CD3 and CD20 positivity) in 93.9%.
positivity in 93.9%, CD3 positivity more predominant

than CD20 positivity in 39.4%, CD3 and CD20

Pathological features did not differ significantly
between treatment groups (p>0.05).

positivity same proportion in 54.8%, and polyclonal

Table 2 : Sural nerve biopsy

Treatment regimens
Pathological findi Total |
athological findings (n=35) CS alone CS +CY Cs +RTx | Pvaue
(n=16) (n=15) (n=4)
Diagnostic certainty n/N (%) 0.499
Definite VN 21/35 (60.0%) 9/16 (56.3%) 9/15 (60.0%) 3/4 (75.0%)
Probable VN 9/35 (25.7%) 4/16 (25.0%) 5/15 (33.3%) 0/4 (0.0%)
Possible VN 2/35 (5.7%) 2/16 (12.5%) 0/15 (0.0%) 0/4 (0.0%)
Inflammatory neuropathy 3/35 (8.6%) 1/16 (6.2%) 1/15 (6.7%) 1/4 (25.0%)
Size of perivascular inflammatory
collection in epineurium, n (%)
Small 19 (54.3%) 9 (56.3%) 10 (66.7%) 0 (0.0%) 0.064
Moderate 12 (34.3%) 6 (37.5%) 4 (26.7%) 2 (50.0%) 0.686
Large 11 (31.4%) 7 (43.8%) 3(20.0%) 1(25.0%) 0.355
Vessel size involvement in epineurium, n (%)
Large arteriole 16 (45.7%) 7 (43.8%) 7 (46.7%) 2 (50.0%) 1.000
Small vessel 19 (51.4%) 9 (56.3%) 8 (53.3%) 1 (25.0%) 0.644
Large and small vessel 3 (8.6%) 2 (12.5%) 1(6.7%) 0 (0.0%) -
Distribution of inflammation
in endoneurium, n/N (%)
Collection 3/34 (8.8%) 2/16 (12.5%) 114 (7.1%) 0/4 (0.0%) 1.000
Scatter 25/34 (73.5%) | 11/16 (68.8%) | 12/14 (85.7%) | 2/4 (50.0%) 0.250
Disruption of vessel wall (Seperation of | 19/35 (54.3%) 9/16 (56.3%) 7115 (46.7%) 3/4 (75.0%) 0.638
smooth muscle actin stain), n/N (%)
Neovascularization 18/35 (51.4%) 8/16 (50.0%) 7115 (46.7%) 3/4 (75.0%) 0.717
Hemosiderin deposits 7/35 (20.0%) 0/16 (0.0%) 4/15 (26.7%) 3/4 (75.0%) 0.001
Fibrinoid necrosis 4/35 (11.4%) 1/16 (6.3%) 2/15 (13.3%) 1/4 (25.0%) 0.322
Severity of nerve fiber density loss, n/N (%)
Mild 4/35 (11.4%) 0/16 (0.0%) 4/15 (26.7%) 0/4 (0.0%) 0.107
Moderate 10/35 (28.6%) 6/16 (37.5%) 2/15 (13.3%) 2/4 (50.0%)
Severe 21/35 (60.0%) | 10/16 (62.5%) 9/15 (60.0%) 2/4 (50.0%)
Pattern of fiber loss, n/N (%)
Multifocal 13/35 (37.1%) 4/16 (25.0%) 6/15 (40.0%) 3/4 (75.0%) 0.180
Generalize 22/35 (62.9%) | 12/16 (75.0%) 9/15 (60.0%) 1/4 (25.0%) 0.180
Axonal degeneration, n/N (%)
Early (active) 21/34 (61.8%) | 10/16 (62.5%) 8/14 (57.1%) 3/4 (75.0%) 1.000
Late 3/34 (8.8%) 2/16 (12.5%) 1714 (7.1%) 0/4 (0.0%) 1.000
Immunohistochemistry stains, n/N (%)
CD3 positive 32/33 (97.0%) | 15/15 (100.0%) | 13/14 (92.9%) 4/4 (100.0%) 0.545
CD20 positive 31/33 (93.9%) | 14/15(93.3%) | 13/14 (92.9%) 4/4 (100.0%) 1.000
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Table 3 : Outcomes
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Treatment regimens
Response Total CS alone CS + CY CS + RTX | p-value
(n=16) (n=15) (n=4)
Composite MRC score, point; median
(IQR 25,75)
At baseline 52.0 (47.5, 55.5)|52.5 (48.8, 57.0)(52.0 (47.0, 55.0)|48.5 (44.8, 55.3)| 0.596
Changed at 6 months 3.0(3.0,6.0) 5.0(2.2,8.5) 3.0(2.7,5.2) 4.0(2.0,-) 0.559
Changed at last follow up 6.0 (3.5, 8.5) 6.0 (2.0, 8.0) 5.0 (4.5, 10.5) 6.0 (3.0, -) 0.760
Pain at 6 mo, n/N (%)
Improve 17/21 (81.0%) | 8/8 (100.0%) 6/10 (60.0%) 3/3(100%) 0.384
Pain at last follow up, n/N (%)
Improve 19/19 (100%) 7/7 (100.0%) 9/9 (100.0%) 3/3 (100.0%) -
Sensory loss at 6 mo, n/N (%)
Improve 17/21 (81.0%) 6/8 (75.0%) 9/10 (90.0%) 2/3 (66.7%) 0.449
Sensory loss at last follow up, n/N (%)
Improve 19/19 (100%) 7/7 (100.0%) 9/9 (100.0%) 3/3 (100.0%) -
Table 4 : Relapse and Refractory events
Treatment regimens
Response, n (%) Total CS alone CS +CY CS + RTX p-value
(n=16) (n=15) (n=4)
Response to treatment 30 (85.7%) 14 (87.5%) 12 (80.0%) 4 (100.0%) 0.575
Refractory 2 (5.7%) 0 (0.0%) 2 (13.3%) 0 (0.0%) 0.243
Relapse 3(8.6%) 2 (12.5%) 1(6.7%) 0 (0.0%) 0.684

Treatment and Outcomes

Patients received CS alone (n=16), CS+CY
(n=15), or CS+RTX (n=4), based on clinical
judgment and disease severity. Most NSVN patients
received CS alone due to lower disease severity.
Baseline characteristics were similar across
treatment groups except for sex distribution, with
more females in CS+CY and CS+RTX groups
(p=0.042). Patients receiving rituximab had shorter
duration before treatment initiation (median 3.0 vs
12.0 weeks) and higher proportion of SVN (75.0%
vs 31.2-53.3%).

At 6-month follow-up, median MRC sum score
improvement was 5.0 (CS alone), 3.0 (CS+CY), and
4.0 (CS+RTX) (p=0.559). Pain improvement

occurred in 100% of CS alone and CS+RTX groups
compared to 60.0% in CS+CY group (p=0.384).
Sensory improvement was similar across groups
(66.7-90.0%, p=0.449). At last follow-up, all groups
achieved 100% improvement in pain and sensory
symptoms, with no significant MRC differences
(p=0.760).

Overall treatment response was achieved in
85.7%. Refractory disease (5.7%) occurred only in
CS+CY. Relapse rate was 8.6%, two patients in CS
alone (at 3 and 36 months) and one in CS+CY (at
30 months). The CS+RTX group had no relapses or
refractory cases. Good outcome rates did not differ

significantly between treatment groups.
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In subgroup analysis, VN classification did not
affect good outcome rates across treatment
regimens (all p=1.000). However, within the CS
alone group, NSVN showed significantly better MRC
recovery than SVN at 6 months (60 vs 57, p=0.031)
and last follow-up (60 vs 59, p=0.036).

Adverse events occurred only in CS+CY group
(3 pateints), pneumonia, sepsis with urinary tract
infection, herpes zoster infection.

Predictors of Outcomes

Univariate analysis was performed to identify
factors associated with treatment outcome. The
clinical, laboratory testings, nerve conduction study
and pathological findings did not correlate with
treatment outcome. Notably, disease severity (MRC
sum score) did not correlate with pathological

severity.

Discussion

This study demonstrates the clinical sprectrum
and treatment outcomes in 35 VN patients at
Neurological Institute of Thailand, with an overall
good outcome rate of 85.7%. Demographics, with
female predominance and median age in the sixth
decade, are similar to previous studies™®. NSVN was
slightly more common than SVN (54.3% vs 45.7%).
However, most SVN patients were classified by
secondary from systemic disease and laboratory
abnormalities without significant extraneural organ
involvement. Previous cohort reported 6-37% of
NSVN patients developing systemic manifestations

>3 which was not observed in our

over 5-6 years
study, possibly due to small sample size and loss
to follow-up.

All patients presented with sensorimotor
deficits, predominantly as asymmetrical

sensorimotor polyneuropathy (74.3%). While pain
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is classically a hallmark of VN, only 60% of our
patients reported, comparable to previous NSVN
studies (66-80%)""™. This might be under-reported
by paresthesia symptoms (51.4%) or NSVN more
common in our study.

Electrodiagnostic findings showed axonopathy
pattern with lower extremity predominance, and
asymmetric distribution is typical for vasculitic
neuropathy. The peroneal nerve was most frequently
affected (91.4%), followed by sural and tibial
nerves, are similar to previous studies**'>".

Treatment response was comparable across
the three regimens, although selection bias was
present. The CS alone group was predominantly
comprised NSVN patients, who demonstrated better
MRC recovery despite similar good outcome rates
compared to SVN (91% vs 80%, p=1.000), possibly
due to higher baseline MRC in NSVN (55 vs 52).
The CS+RTX group, although small, demonstrated
no refractory disease or relapse, potentially superior
to CS alone and CS+CY group, however, this group
was biased toward ANCA-positive patients for
whom rituximab is recommended. Evidence for
rituximab efficacy in ANCA-negative vasculitic
neuropathy remains limited. Regarding safety, both
CS+RTX and CS alone group showed favorable
profiles with no serious infection observed in either
group.

Nerve biopsy remains essential for establishing
the diagnosis of vasculitic neuropathy. However,
pathological findings did not correlate with clinical
severity or prognosis, possibly due to short duration
to treatment in our study.

This study has several limitations. First, the
retrospective design and small sample size,
particularly in the rituximab group. Second,

non-randomized treatment selection, leading



Vol 42 « NO 4 » 2026

potential selection bias. Third, the treatment
regimens in our study categorized by induction
therapy, but maintenance therapy may have also
affected or predicted long term outcomes. Fourth,
missing data in some laboratory variables or in loss

follow up patients may have affected the analysis.

Conclusion

Vasculitic neuropathy in Thai tertiary care
setting demonstrates favorable treatment outcomes
with an overall good outcome rate of 85.7%,
regardless of the immunosuppressive regimen
used, Rituximab shows promise as an effective
therapy with no relapse observed. Pathological
features did not correlate with clinical severity or
prognosis. These findings support individualized
treatment approaches based on disease severity.
Larger prospective studies are needed to further

stratify risk factors and optimize treatment protocols.
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Deaths Prevalence DALYs
2016 Percentage 2016 count Percentage 2016 count Percentage
count change in change in change in
age-standardised age-standardised age-standardised
rates, 1990-2016 rates, 1990-2016 rates, 1990-2016
Southeast 9274 -171% 2476546 15.1% 1339006 -6.1%
Asia (8359 to (-27.3t0-1.0) (1936233 to (-11.3t0 46.8) (1008109 to (-23.310 15.3)
9975) 3038069) 1733718)
Cambodia 260 (212 -18.4% 58844 (17847 21.8% 36251 (19511 to -1.7%
to 314) (-33.6t0 11.5) to 97084) (-65.4 to 455.8) 58011) (-54.5 10 91.0)
Indonesia 3260 -11.4% 961337 20.5% 531484 (391440 -1.7%
(2880 to (-24.8t10 4.8) (745715 to (-8.3t0 62.4) to 694387) (-22.1t0 24.5)
3616) 181120)
Laos 134 (96 -19.0% 19476 (4652 to 23.2% 16126 (8338 to -8.7%
to 178) (-37.8 t0 16.6) 34802) (-76.4 to 558.9) 24624) (-54.2 to 84.0)
Malaysia 253 (228 -22.3% 127814 (50455 13.5% 54867 (26378 to -6.1%
to 284) (-34.1t0-4.9) to 188070) (58.2 t0 230.4) 94205) (-57.7 t0 101.9)
Maldives 4 (410 6) -60.9% 1607 (600 to -11.5% 693 (339 to -50.0%
(-75.7 t0 23.0) 2315) (-67.5t0 139.3) 1158) (-763 10 9.3)
Mauritius 28 (24 to -9.6% 6675 (1953 to 11.7% 3376 (1726 to -3.7%
33) (-23.210 5.8) 9616) (-66.7 t0 216.8) 5297) (-52.81t0 77.9)
Myanmar 955 (813 21.7% 196070 (60852 13.2% 123865 (66239 -9.3%
to 1175) (-37.2t0 3.4) to 313438) (-67.1 to 309.7) to 193398) (-564.6 10 72.9)
Philippines 819 (701 -14.7% 345441 (95379 8.0% 176577 (75952 -3.7%
to 948) (-27.2t0-1.1) to 570826) (-71.2t0 270.3) to 305773) (-569.3t0 113.4)
Sri Lanka 318 (254 -18.0% 124196 (54642 15.5% 51538 (27088 to -6.5%
to 401) (-35.810 5.0) to 164196) (-48.0 to 155.5) 81058) (-562.0t0 76.9)
Seychelles 1(1to 1) -31.9% 444 (156 to 4.4% 199 (93 to 333) -16.9%
(-46.6 t0 -10.1) 649) (-65.4 t0 247.2) (-64.110 77.2)
Thailand 693 (598 70.4% 279933 (95172 22.5% 117533 (52264 12.8%
to 792) (25.21t0 110.8) to 405229) (-59.5 t0 223.8) to 199495) (-50.7 to 160.4)
Timor-Leste 13 (9 to -30.1% 3754 (1026 to 25.7% 2211 (1082 to -13.7%
18) (-58.4 t0 18.6) 6479) (-67.2 to 467.8) 3631) (-59.4 t0 90.1)
Vietnam 2537 -29.5% 347567 5.6% 223067 (134466 -22.2%
(2036 to (-44.6 10 -3.9) (117296 to (-68.4 to 266.5) to 338834) (-55.6 t0 38.9)
3035) 547206)

17;34’1 : GBD 2016 Epilepsy Collaborators. Global, regional, and national burden of epilepsy,1990-2016: a systematic
analysis for the Global Burden of Disease Study 2016. Lancet Neurol 2019; 18: 357-75.
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analysis for the Global Burden of Disease Study 2016. Lancet Neurol 2019; 18: 357-75.
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Epilepsy Migraine Controls p-value
(mean = SD)/median (mean = SD)/median (mean % SD)/median

WHO-BREF-Q1 3.06 £ 0.86 (3) 3.74+£0.83 (4) 4.67 £0.57 (5) <0.001
WHO-BREF-Q2 2.78 £ 1.03 (3) 2.70 £0.99 (2) 4.78 £0.44 (5) <0.001
WHO-BREF-physical 22.28 £ 4.21 (22.5) 25.86 £ 4.10 (26) 33.64 £ 1.91 (34) <0.001
WHO-BREF-psychological 18.86 + 4.22 (19) 24.62 + 3.98 (25) 29.0 + 1.72 (29) <0.001
WHO-BREF-social support 0.72+0.19 (0.8) 0.82+0.13(0.8) 0.96 £ 0.08 (1) <0.001
WHO-BREF-environmental 26.94 £ 5.29 (27) 33.78 £5.32 (35) 39.24 £ 2.17 (40) <0.001
°CCL-problem solving 3.95+2.94 (4) 6.34 + 1.59 (6) 6.34 + 1.99 (6) <0.001
°CCL-acceptance 6.44 + 2.37 (6.5) 6.98 + 1.39 (7) 8.94 +1.32 (8) <0.001
“CCL-social support 2.81+1.45(3) 3.16 £1.10 (3) 3.09+1.05(3) <0.001
°CCL-positive distraction 5.10+2.63 (5) 5.28 £ 1.87 (5) 5.89+1.79 (6) 0.032
°CCL-negative distraction 0.90 +1.16 (4) 1.14 +1.01 (4) 1.65+0.97 (2) <0.001
“CCL-denial 4.47 £2.23 (1) 4.20%2.16 (1) 1.81£1.28 (2) <0.001
°CCL-religion/faith 3.05+1.88 (3) 3.84+1.78 (3) 2.12+1.39 (2) <0.001
PBAS score 56.13 £ 10.26 (56.6) 45.12 £ 8.27 (43.5) 34.92 + 1.75 (35) <0.001

“CCL-coping checklist.

PBAS-burden assessment schedule

“7;34’1 : Sachin S, Padma MV, Bhatia R, et al. Psychosocial impact of epilepsy in women of childbearing age in India.
Epileptic Disord 2008; 10: 282-9.
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Variables With epilepsy M(=DP) Without epilepsy M(zDP) P value®
WHOQOL-bref
Physical_100 58.48 (+ 16.25) 70.71 (£ 15.26) 0.001
Psychological_100 58.75 (+ 16.85) 66.87 (£ 16.58) 0.019
Social_100 66.04 (+ 18.43) 66.25 (£ 18.48) 0.957
Environmental_100 49.69 (+ 15.27) 49.53 (+ 14.72) 0.758

*Mann-Whitney test.

17;34'1 : Cruz Santos AM, Castro-Lima H,Almeida Matos MA, et al. Quality of life among women with epilepsy during their

reproductive years. Epilepsy & Behavior 2018;85: 10-13.
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NAIPRDA
Measures Reference Epilepsy MD Cl B
Mean (SD) Mean (SD)

Pregnancy weeks 15-19
Global life satisfaction 28.30 (5.34) 27.29 (5.99) -1.02 -1.47 to -0.56 <0.001
Relationship satisfaction 53.06 (6.57) 52.46 (7.29) -0.61 -1.16 to -0.05 0.034
Self-esteem 13.19 (1.98) 12.78 (2.15) -0.42 -0.58 to -0.26 <0.001
Work strain 12.50 (2.72) 12.76 (2.85) 0.26 0.041-0.48 0.020
6 months postpartum
Global life satisfaction 28.81 (4.91) 27.96 (5.55) -0.85 -1.31t0-0.39 <0.001
Relationship satisfaction 52.61 (7.19) 52.23 (7.63) -0.38 -0.99 -0.51 0.22
Self-esteem 13.25 (2.03) 12.78 (2.20) -0.47 -0.64 to -0.30 <0.001
18 months postpartum
Global life satisfaction 4.41 (0.63) 4.27 (0.70) -0.13 -0.20to -0.07 <0.001
Relationship satisfaction 51.44 (7.97) 51.15 (8.21) -0.29 -1.09 -0.51 0.48
Self-esteem 13.10 (2.06) 12.71 (2.28) -0.39 -0.61t0-0.17 0.001
Quality of somatic health 3.75(0.2) 3.58 (1.04) -0.17 -0.27 to -0.069 <0.001
General self-efficacy 15.49 (3.07) 14.91 (3.41) -0.58 -0.91 t0 -0.24 0.001

17';34’1 : Reiter SF, Bjegrk MH,Daltveit AK, et al. Life satisfaction in women with epilepsy during and after pregnancy.
Epilepsy & Behavior 2016;62: 251-7

“NeLueR @ SD, standard deviation; MD, mean difference; Cl, confidence interval. At pregnancy weeks 15-19 and 6 months
postpartum, global life satisfaction was assessed through the Satisfaction With Life Scale, while at 18 months postpartum,
a single question on quality of life was used. Values therefore differ noticeably between the first two and the last survey times.
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Parameters’ All cases (n=124) Male (n=57) Female (n=67)
Physical function 48.6 £10.2 49.4 +91 479+ 111
Role physical 452 +11.5* 46.4 +10.3 442 +12.4*
Body pain 498+ 11.2 51.2+10.1 487+ 121
General health 442 £9.7* 44.3 +10.0* 44.0 £ 9.5*
Energy / vitality 485+ 10.9 51.2+11.19 46.3 £ 10.3*
Social function 37.0+6.2* 36.9 £6.5* 37.0+6.1*
Role emotional 42.8+11.8* 44.8 +10.7* 41.1+13.2*
Mental health 40.2 +11.6* 42.1+11.0* 38.6 £ 12.0*
Change in health 53.2 £ 10.0* 545+9.4 52.0 £ 10.4*
Physical health composite 49.9+9.3 50.2 £ 9.1 49.6 £9.6
Mental health composite 39.3+10.2* 41.4 +£10.0"7 37.5+10.2*

17;34’1 : Mutluay FK, Gunduz A, Tekeoglu A, et al. Health related quality of life in patients with epilepsy in Turkey. J Phys

Ther Sci 2016; 28: 240-5.

TAll score are shown as mean + standard deviation (SD) and scales with respect to those of reference healthy population

whose normalized scores are 50 + 10 i.e. a 10-point score difference represents one SD.

"Significantly different from healthy population value (p<0.05, Student’s t-test)

TSignificantly different from women (p<0.05, Student’s t-test)

A9 6 WAAYANAZLLLANNIWTINAE UL 52131 QOLIE-31

Scores on the Quality of Life in Epilepsy-31 (QOLIE-31) inventory®.

QOLIE-31 subscale Total sample (N=247) Men (N=152) Women (N=95)
Seizure Worry 57.17 £ 24.93 60.40 + 25.14 52.05 + 23.83°
Overall QOL 66.14 + 18.05 66.39 + 18.01 65.75 £ 18.21
Emotional Well-Being 59.48 + 16.51 61.43 £ 15.88 56.40 +17.10°
Energy/Fatigue 57.73 +19.36 60.14 £ 18.19 53.89 + 20.61°
Medication Effects 56.73 + 27.71 59.59 + 27.09 52.20 + 28.21°
Social Functioning 61.82 + 28.62 62.03 + 28.51 61.48 +28.94
Cognitive Functioning 59.86 + 23.71 60.71 £ 24.45 58.48 + 22.53
Overall score 60.73 £ 16.92 61.96 £ 16.73 58.756+17.14

17';34’1 :Yue L, Yu PM, Zhao DH, et al. Determinants of quality of life in people with epilepsy and their gender differences.

Epilepsy & Behavior 2011;22: 692—6.
Note. All values are means * SD.

“Statistical differences were calculated between the men and women.

°P<0.05.
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17;34'1 : Rathore C, Henning OJ, Luef G, et al. Sexual dysfunction in people with epilepsy. Epilepsy &
Behavior 2019; 100: 106495.
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Most recommended AEDs

Less recommended AEDs

AEDs to be avoided

Heart disease

LEV, LTG, TPM, VPA, ZNS,

CBZz, OXC, PGB, PHT

PRM, TGB, ZNS

GBP

Lung disease LEV, LTG, OXC, PGB, TPM, | CBZ, PHT BZD, PB, PRM
VPA, ZNS, GBP

Hepatic impairment LEV, OXC, PGB, TPM, GBP | BZD, CBZ, ESM, PB, PHT, | LTG, VPA

Renal impairment

BzD, CBZ, ESM, PHT, TGB,

VPA

GBP, LEV, LTG, OXC, PB,

PGB, PRM, TPM, ZNS

Porphyria

LEV, OXC, PGB, GBP

BZD

CBZ, LTG, PB, PHT, PRM,

TGB, TPM, VPA, ZNS

Liver transplantation

LEV, PGB, TPM, GBP

CBZ, PB, PHT, PRM

VPA

Kidney transplantation

BZD, LTG, VPA

AEDs with renal excretion

Bone morrow transplanta-

LEV, LTG, TPM, GBP

CBZ, OXC, PB, PRM, VPA

tion

Hypothyroidism BZD, LEV, LTG, PGB, ZNS, | OXC, TPM, VPA CBZ, PB, PHT, PRM
GBP

Osteoporosis BzD, LEV, TG, PGB, ZNS, | VPA CBZ, PB, PHT, PRM
GBP

Obesity TPM, ZNS CBZ, CLB GBP, PGB, VPA

HIV LEV, PGB, TPM, GBP BZD, LTG, OXC, VPA, ZNS | CBZ, PB, PHT, PRM

Mental disability

LEV, LTG, OXC, VPA, GBP

PGB, ZNS

BzZD, CBZ, PB, PHT, PRM,

TPM

Cognitive impairment

LEV, LTG, PGB, GBP

CBZ, OXC, VPA, ZNS

BZD, PB, PHT, PRM, TPM

Stroke

LEV, LTG, GBP

CBZ, OXC, PHT, TPM, VPA

BZD, PB, PRM

Brain tumor

LEV, VPA, GBP, PGB, ZNS

CBZ, LTG, OXC, PHT, TPM

PB, PRM
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