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Abstract

Introduction : Repetitive transcranial magnetic
stimulation (rTMS) has shown potential in enhancing
brain plasticity and cognition, particularly when
combined with cognitive training. This study evaluated
the effects of rTMS with cognitive training on cognition
and gait in patients with mild to moderate Alzhei-
mer's disease (AD).

Methods : This retrospective chart review
analyzed data from a previous pilot study. Nine AD
patients underwent rTMS targeting six cortical
areas (Broca's area, Wernicke's area, dorsolateral
prefrontal, and parietal somatosensory cortices)
using 10 Hz stimulation, 20 trains per session, five
days per week for six weeks. Cognitive and functional
assessments, including TMSE, MOCA, NPT, dual-task
gait performance, and Thai-ADL scores, were
conducted at baseline and six months post-stimulation.
The primary outcome was cognitive improvement,
while secondary outcomes included Thai-ADL,
Neuropsychiatric Inventory (NPI), and gait perfor-
mance.

Results : TMSE and MOCA scores showed
a trend toward improvement at six months post-
treatment (22 vs. 12 and 24 vs. 16.5, respectively),
though statistical significance was not reached
(P = 0.059, P = 0.058). Significant improvements
were observed in logical and visual memory, VOSP,
and BNT. Dual-task gait performance showed
increased step length in both feet, while Thai-ADL
scores remained unchanged.

Conclusion : These findings suggests that rTMS
combined with cognitive training is a safe and

promising medical intervention for treating AD,
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particularly during the mild stages of the disease.
Keywords: Repetitive Transcranial Magnetic
Stimulation (rTMS), Alzheimer’s Disease, Cognitive

Training
Introduction

Alzheimer’'s disease, the leading type of
dementia globally, is marked by gradual memory
loss and deterioration in various cognitive functions,
including gait, especially dual-task gait." At present,
pharmacological therapies are the most common
treatments for Alzheimer’s disease, especially
acetylcholinesterase inhibitors (AchEl), which
reduce the degradation of acetylcholine, an essential
neurotransmitter associated with memory functions.
However, these medications provide only limited
symptom relief and may cause adverse effects.
Accordingly, non-pharmacological interventions
have gained increasing attention for their potential
to treat, maintain and improve both cognition and
behavioral problems in AD. One such approach is
rTMS, a non-invasive neuromodulation technique,
which is considered to be a safe and painless
modality for AD treatment. rTMS generates electric
currents to produce magnetic fields that surround
the cortical neurons, modulating synaptic activity in
focal neuronal circuits and cortico-subcortical
networks when applied repetitively.**

Currently, the USFDA has approved rTMS for
the treatment of various psychiatric and neurological
disorders, such as MDD, Parkinson'’s disease and
chronic pain. rTMS functions by delivering an
electrical current through a figure-of-eight shaped
coil positioned on the scalp. The effects of rTMS
depend on factors such as frequency, pulse
waveforms, and direction of the current,” likely due
to the activation of different groups of cortical

fibers®.
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Several previous studies have demonstrated
the positive effects of high-frequency rTMS on
cognition in patients with mild to moderate AD

®"" However, these studies involved

patients.
relatively small sample sizes, leaving significant
knowledge gaps about this treatment. Given these
limitations, the present study was conducted to
evaluate the efficacy and safety of rTMS in Thai

patients with AD.

Objectives

1. Evaluate the cognitive outcomes (TMSE,
MOCA, NPI, THAI-ADL scores, and dual-task gait)
of high-frequency rTMS combined with cognitive
training (rTMS-COG) compared to sham treatment
in Thai patients with mild to moderate AD, based
on a pilot study conducted from 2013 to 2017.

2. Review existing literature on previous case-
controlled trials of rTMS in AD from 2006 to 2023.

Methods

Study population

This study was a retrospective chart review
using data from a previous study titled “New
Treatment for Alzheimer Patients Using Repetitive
e Transcranial Magnetic Stimulation with Cognitive
Training (rTMS-COG): A Pilot Study”, conducted
between 2013 and 2017. The inclusion and
exclusion criteria for this study were based on those
of the original study.

Inclusion criteria

Nine patients diagnosed with probable AD
were included based on the diagnostic criteria set
by the Diagnostic Manual of Mental Disorders, 4"
Edition (six patients received rTMS COG treatment
and three received sham treatment), along with MR

findings consistent with AD. The severity of AD was
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categorized as mild to moderate based on
assessments using the TMSE, CDR, ADL and NPI.
Additional inclusion criteria included requirements
that each participant be accompanied by a
caregiver or family member who spent more than
10 hours per week with them and could provide daily
information. All patients also had to be proficient in
reading and writing Thai language and have at least
completed Grade 6 education. Brain MRIs were
performed to confirm AD-related brain atrophy and
exclude other organic brain lesions. Patients were
also required to maintain a stable dose of AChEI
without changes for at least two months prior to the
study and throughout its duration.

Exclusion criteria

Patients were excluded from the study if they
had a history of alcohol or drug abuse, had taken
psychoactive medications and antiepileptic drugs,
had a history of seizures, metal implants in the head
or implanted cranial or thoracic devices, or any
other contraindications for rTMS.

Study approval This study was conducted at
Siriraj Hospital, Mahidol University following a
protocol approved by the Siriraj Institutional Review
Board Committee. All participant information was
handled confidentially.

Study design

The study followed a retrospective chart review
design, based on the protocol of a previous
prospective cohort study. Patients in the treatment
group underwent rTMS sessions for six weeks (one
session per day, five days per week, totaling 30
sessions), combined with cognitive training. The
sham group received only cognitive training without
magnetic stimulation. Neuropsychological assess-
ments were conducted before treatment and six

months after the completion of rTMS-COG.

Thai * Journal * of ® Neurology

rTMS-COG protocols

Brain mapping and stimulation protocol

Six patients in the treatment group underwent
brain MRIs (3.0T MRI scanner). A neurologist
evaluated MRI images to identify and mark six
cortical areas for stimulation. The rTMS system
(Neuronix, Yokneam, Israel) superimposed the
anatomical locations of these targeted brain regions
onto the MRI images, allowing precise positioning
of each cortical area for rTMS application. The six
brain regions included Broca’s area, Wernicke’s
area, the left and right dorsolateral prefrontal
cortices (dIPFC), and the left and right parietal
somatosensory cortices (pSAC), all of which are
known to be affected in AD. rTMS was applied to
these six areas in combination with cognitive
training, targeting the specific functions associated
with each cortical area. The rTMS intensity was set
at 90% of the motor threshold for Broca’s area and
the bilateral dIPFC, while for Wernicke's area and
the bilateral pSAC, the intensity was set at 110%.
Patients in the sham group did not receive any brain
stimulation.

Cognitive training

The NeuroAD system provided cognitive
training paradigms tailored to the brain regions
implicated in AD. While rTMS was applied to the six
targeted brain areas, patients simultaneously
performed cognitive tasks designed to engage the
high-order cortical functions of each respective
region. The cognitive paradigms included:
syntax and grammar tasks for Broca’s area;” "
comprehension of lexical meaning and categorization

tasks for Wernicke’s area;'®®

action naming, object
naming and spatial memory tasks (shapes, colors
and letters) tasks for both dIPFC areas; and spatial

attention tasks for shapes and letters. .

3
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The cognitive tasks in this study were custom-
ized for each patient, with difficulty levels adjusted
weekly based on their performance in previous
tasks. These tasks were presented on a computer
touchscreen as part of the Neuronix system, which
was specifically designed in the Thai language.
Participants interacted with the tasks by selecting
answers through touchscreen icons. Patients in the
sham group completed the same cognitive tasks
but without brain stimulation.

rTMS procedure

Patients in the treatment group received daily
rTMS sessions, five days per week, for six weeks
(total of 30 sessions). Each session lasted about
one hour. Treatment for each targeted brain region
consisted of 20 trains of rTMS, with each train
delivering 2 seconds of 10 Hz simulation (20 pulses
per train). This was followed by two to four cognitive
tasks administered over a 20 to 40-second period,
resulting in a total of 400 pulses per session within
seven to 15 minutes. The procedure was conduct-
ed by a trained technician.

Cognitive function assessment

Clinical outcomes were assessed for all
participants within one month prior to treatment,
serving as the baseline measurement .The follow-up
assessment was conducted six months after treatment
completion by a trained neuropsychologist who
remained unaware of the patients’ treatment condi-
tions (treated or sham group) during the entire studly.

Gait assessment

Spatiotemporal gait variables were recorded
at 100 Hz using the Force Distribution Measurement
(FDM) platform (Zebris Medical GmbH, Germany),
which measured 307 cm in length and 60.5 cm in
width. Gait evaluations were performed at the begin-

ning of the study and six months following treatment
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completion, utilizing the Zebris FDM plantar
pressure measurement system. For the dual-task
condition, participants were instructed to count
backward by one out loud while walking at their
usual pace along a six meter mat, which was a part
of the system. All gait parameters, including step
length and stance phase (measured in centimeters),
foot rotation angle (measured in degrees), were
calculated using the Zebris FDM plantar pressure
measurement program.

Primary outcomes

The primary outcome measure of this study
was the change in average TMSE and MOCA
scores between the treatment and sham groups.

Secondary outcomes

The secondary outcomes included changes
in the Thai ADL scores (covering both basic and
instrumental ADL), NP test scores, and dual-task
gait performance at baseline and six months after
treatment. All outcome measures were conducted

by trained neuropsychologists.

Literature review

Literature search strategy

We conducted a literature search on Pub Med,
MEDLINE, Embase and Cochrane library for
relevant studies published from 2006 to January
2023 using the following keywords: “repetitive

"o«

transcranial magnetic stimulation”, “brain stimulation”,
“Alzheimer disease”, “Alzheimer dementia”, “cognition”
and “randomized controlled trial”, “controlled
clinical trial”, “cross-section”. In addition, the reference
lists of pertinent articles were manually reviewed.

Eligibility criteria

The inclusion criteria for the literature review
were as follows: (1) rTMS performed on patients

with Alzheimer’s disease; (2) rTMS conducted either
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alone or in combination with cognitive training; (3)
cross-sectional, or case series without control
groups, RCT studies with control groups, or meta-
analyses; (4) control group receiving sham treatment,
cognitive training or other treatments; and (5) out-
come measurements focused on language or
global cognition. The exclusion criteria were: (1)
animal studies; (2) studies that included patients
with neurological disorders other than Alzheimer’s
disease; (3) review, letters, comments, unpublished

reports; and (4) non-English articles.

Statistical analysis

Demographic data were analyzed using the
Mann-Whitney U test for continuous variables and
Fisher's exact test for categorical variables. The IBM
SPSS software (Ver.29) was used to conduct re-
peated measures analysis of variance (ANOVA) for

all assessed measures, including TMSE, MOCA,

Table 1 Baseline characteristics of participants

Thai * Journal * of ® Neurology

NPI, Thai-ADL and dual-task gait assessment. The
Wilcoxon Signed Ranks test was used to compare
scores between pre- and post-treatment. A p-value

<0.05 was considered statistically significant.

Results

Participants

All nine participants were diagnosed with prob-
able AD and had been treated with AD medication
for more than two months prior to study recruitment,
continuing the same medication regimen throughout
the study without any change in dosage. All par-
ticipants remained in the study for the full six-month
duration, with no side effects reported during the
study period. There were no significant differences
in baseline characteristics, including age, gender,
education duration, and neuropsychological as-
sessments (TMSE, MOCA, ADL, FAQ and NPI)

between the two groups (Table 1).

Gr Experiment(n=6) Control(n=3) P value

Age (yrs.) 75.747.8 75.7410.2 1
Gender

Male:Female 3:3 1:2 0.635
Education (yrs.) 10.3+5.1 12.3+3.5 0.586
TMSE total 22.843.8) 18.748.1 0.311
ADL mo0 : 3(0-8) 13(0-18) 0.362
Median(min-max)
FAQ m0 10.249.6 14+11.3 0.603
NPI (y/n) : 0.5(0-3) 1(1-3) 0.683
Median(min-max)
SBP 154.2+15.6 133.3+14.2 0.094
DBP 85.3+14.5 85.7+22.7 0.975
pulse 70+5.6 69.3+13.2 0.915
Body height (¢em.) 158.7+5.6 155.3+10.5 0.543
Body weight (Kg.) 60.7+10.2 60.5+5.8 0.962

5
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Primary outcomes

A trend toward improvement in TMSE and
MOCA scores was observed at six months (M6)
from baseline (MQ) in the treatment group, although
the differences were not statistically significant
(Table 2). The TMSE score in the treatment group
increased by two points at M6 compared to baseline
(P = 0.059). Similarly, the MOCA score improved
by 4.5 points in the treatment group at M6 com-
pared to the baseline (P = 0.059). In the sham
group, TMSE scores also showed improvement, but
the change was not statistically significant (P =
0.18). Notably, one patient in the sham group ex-

hibited a marked TMSE improvement of 6 points

Vol 42 « NO.2 » 2026

while others showed only slight increases of 0 or 1
point. In contrast, the MOCA score in the sham
group remained unchanged at M6 compared to the

baseline (10 vs 9, respectively).

Secondary outcomes

ADL score

The total ADL score in the treatment group
increased from 3.0 at baseline to 3.5 at six months
post-treatment. In the sham group, the average
total ADL score was 13 at baseline and 15 at M6.
However, these changes were not statistically sig-

nificant in either group (Table 3).

Table 2 TMSE and MOCA scores at baseline and 6 months

Experiment (n=6) Control (n=3) P-value
TMSE total
MO 22(19-30) 15(13-28) 03
M6 24(22-30) 21(15-30) 0.362
P-value 0.059 0.180
MO-M6: Improve 4/6 23 1
MOCA total
MO 12(9-26) 10(9-23) 0.60
ME 16.5(12-27) 9(8-26) 0.30
P-value 0.058 0.635
MO-MM6: Improve 506 1/3 022

Values denote median{min-max) unles specified othersise.

Neuropsychological Test (NPT)

A statistically significant improvement was
observed in the treatment group at M6 compared
to MO in the following tests: VOSP (P = 0.026), BNT
(P =0.027), logical memory (LM 1 & LM 2; P = 0.026

and 0.027 respectively) and visual memory (ray
copy, ray immediate and ray recall; P = 0.042,0.027
and 0.042, respectively). In contrast, no significant
improvement was detected in the sham group
(Table 4).
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Dual-task gait analysis foot rotation, step time and stance phase were not
The treatment group showed a significant statistically significant. No improvement in gait
improvement in step length for both feet in the parameters were detected in the sham group

treatment group (P = 0.001). However, changes in (Table 5).

Table 3 Functional assessment of CDR and ADL

Experiment (n=6) Control (n=3) P-value
Mann-Whitney

CDR sum box
MO 3.75(0.5-8.0) 5(1.0-7.0) 0.897
M6 2.5(0.5-6.0) 8.0(0.5-13.0) 0.364
P-value (Wilcoxon) 0.068 0.285
MO-M6:Improve (Fisher's
test) 4/6 1/3 0.523
BADL
MO 0.0(0-1) 4(0-6) 0.155
P-value 1 0.655
MO-M6:Improve 1/6 1/3 1
iADL
MO 3(0-7 7(0-14) 0.433
P-value 0414 0.655
MO-M6:Improve 2/6 1/3 1
ADL total
MO 3(0-8) 13(0-18) 0.362
P-value 0414 0.655
MO-M6:Improve 2/6 1/3 1

Values denote median(minr-max) unless specified otherwise.
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Table 4 Neuropsychological assessment

Experiment (w=6) Control (n=3) P-value
medfan(min-max) median{min-mxx)
VOSF : median{min-max)
MO 115(92-127) 11%(105-135) 0437
- 120(97-132) 119(103-13%) 0.79%
Pvalue 0026 1
MO-MS:Ingprove 65 03 0.01
Ray copy : median(min-max)
MO I8.5(2-36) 03{0-32) 0195
- 32536 0.0(0-34) 0.191
Povalue 0042 0317
MO-M6 Improve L1 13 022
Ray immediste
A0 55029 0{0-23) 059
Mé 5.5(0-30) 0-26.5) 0298
Povalue 0.027 0317
MO-M8: Inprove 66 V3 0,083
Ray recall
MO o025 {0-19) 1
M6 K19 BE-26) 0431
Povalue D042 0317
MO-M8 Inprove 56 13 022
Comtraction pracis
A0 H-A) 32-4) 0887
Mé 33 2 0.758
Povalue 0317 1
MO-M6: Improve 6 03 1

Values denote median(mimnmax) unless specified otherwise.
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Table 4 Neuropsychological assessment (continued)

Experiment (n=6) Control (n=13) P-value
el il e p ) med ian min-max)
Calor vrail 1
MO 1705 54-350) 180(57-247) 0795
M6 2000373500 150049 250) 0604
P-value 05 0655
MO-Mé:lmprove 46 13 05z
Color trail 1T
MO 350(89-350) 350(107-350) !
Mé A20(97-350) 350119-350) i ey
P-value 0285 037
MO-Mé:lmprove 26 3 1
Clock drawing
D 10(%-110) S(5-5) 0,011
6 LO(6-10) S(5-5) 0,023
P-value 0655 0317
MO-M6: Improve 16 13 1
LMI
MO 1L.50-12) 0.00-11) 0429
M 31T 0.0(0-5) 0296
P-value 0.026 0317
MO-Mb:Improve 56 3 004
LMII
- 0(0-4) 00-3) 0.724
M6 H1-14) O(0-5) 0296
P-value 0,027 07
MO-M6:Improve (1] 173 00s

Values denote median(minrmax) unless specified otherwise.
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Table 4 Neuropsychological assessment (continued)
Experiment (n=6) Control (n=3) P-value
median(min-max) median{min-max)
‘Word list recall
MO 1.5(0-5) 0(0-1) 039
M6 4.5(3-6) 0(0-5) 0.185
P-value 0.066 0.317
MO-M6:Improve 4/6 L3 0523
Animal
MO 12.5(2-17) 17(5-21) 0364
M6 15.5(8-21) 17(5-20) 0.897
P-value 0.435 0.317
MO-M6:Improve 56 03 0.047
na
MO 11.5(3-25) 9(5-18) 0.606
M6 14(6-33) 9(5-25) 0.604
P-value 0.176 0.317
MO-M6:Improve 46 113 0523
BNT
MO 22.5(12-26) 19(10-26) 0.697
M6 24.5(20-28) 19(10-30) 0.439
P-value 0.027 0.317
MO-Mé6:Improve 66 13 008
Codding
MO 11.5(0-43) 25(10-41) 0517
M6 20(12-45) 25(10-42) 0.696
P-value 0.042 0.317
MO-M6:Improve 56 13 0.22

Values denotemedian(m in-max) unless specified otherwise.
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Table 5 Test DUAL task gait test

Experiment (n=6) Control (n=3) P-value
median{min-max) median(min-max)
Word list recall
MO 1.5(0-5) 0(0-1) 039
M6 4.5(3-6) 0(0-5) 0.185
P-value 0.066 0.317
MO-Mé:Improve 416 113 0.523
Animal
Mo 12.5(2-17) 17(5-21) 0364
M6 15.5(8-21) 17(5-20) 0.897
P-value 0.435 0.317
MO-Mé:Improve 5/6 03 0.047
i
MO 11.5(3-25) 9(5-18) 0.606
M6 14(6-33) %(5-25) 0.604
P-value 0.176 0.317
MO-Mé6:Improve 4i6 13 0.523
BNT
MO 22.5(12-26) 19(10-26) 0.697
M6 24.5(20-28) 19(10-30) 0439
P-value 0.027 0.317
MO-Mé:Improve 66 13 0.08
Codding
MO 11.5(0-43) 25(10-41) 0517
M6 20(12-45) 25(10-42) 0.696
P-value 0.042 0317
MO-Mé:Improve 5/6 113 0.22

Values denotemedian(min-max) unless specified otherwise.
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Discussion

This study observed improvements in global
cognitive scores, specifically TMSE and MOCA,
among Alzheimer's disease (AD) patients following
repetitive Transcranial Magnetic Stimulation (rTMS)
combined with cognitive training, although these
improvements were not statistically significant. No-
tably, significant improvements were noted in logical
memory, visual memory, VOSP, and BNT, as well
as dual-task gait in the treatment arm. These find-
ings are consistent with previous studies, including
those by Bentwich,” Rabey,” and Lee,’ which
reported improvements in ADAS-Cog, MMSE, and
CGIC scores following rTMS applied to six brain
regions combined with cognitive training.

The absence of statistically significant differ-
ences in global cognitive scores (TMSE and MOCA)
in this study may be attributed to the small sample
size. While rTMS is an emerging non-pharmacolog-
ical intervention for AD, evidence regarding its
long-term efficacy and safety remains limited, es-
pecially in Thai patients. Despite the small sample
size, this pilot study, demonstrated promising re-
sults in both efficacy and safety, prompting the need
for larger-scale studies in the future.

Interestingly, the sham group demonstrated
greater improvement in global cognitive outcomes
than previously reported. This enhancement could
be due to the combined impact of Alzheimer’s
medications and cognitive training. Cholinesterase
inhibitors, a common pharmacological treatment for
AD, have been shown to enhance global cognition
in previous trials.*® Additionally, a meta-analysis®
highlighted the positive impact of cognitive training
on global cognition, including MMSE and task-

specific improvements. The combined influence of

Vol 42 « NO.2 » 2026

these two interventions may explain the observed
cognitive enhancement in the sham group.

Regarding dual-task gait, this study found
improvements in step length in both feet, further
supporting the association between dual-task gait
and cognitive function, suggesting a direct link
between the two'®. However, the study has several
limitations, including a small sample size, single-
center setting, potential selection bias, and the
absence of a control group receiving rTMS without
cognitive training. Despite these constraints, the
findings provide evidence of the effectiveness of
rTMS combined with cognitive training in Thai pa-
tients with mild to moderate AD.

In conclusion, the present study suggests that
rTMS treatment may improve global cognitive func-
tion, as measured by TMSE and MOCA scores, and
demonstrates significantimprovements in visual and
logical memory, as well as step length in dual-task
gait assessment in Thai patients with mild to moder-
ate AD patients. Notably, no side effects were ob-
served. Therefore, rTMS-COG is a novel, safe, and
effective medical device designed for the treatment
of Alzheimer’s disease. Nevertheless, additional
research involving well-designed, larger-scale, and
longer-duration trials is necessary to validate the
clinical importance of the observed cognitive im-
provements. In the future, rTMS may be a useful tool
along with cognitive exercises and pharmacologic
treatments for improving the quality of life in indi-
viduals with AD.
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Abstract

Phanat Nikhom Hospital is a general hospital
that has developed the capacity to treat patients
with acute ischemic stroke by administering intra-
venous thrombolysis (rt-PA) since November 2021,
under a teleconsultation system with neurologists
from Chonburi Hospital. It also serves as a referral
node for 3 affiliated community hospitals.This study
is a retrospective cohort study conducted among
patients with acute ischemic stroke who received
rt-PA and were admitted to Phanat Nikhom Hospital
between November 2021 and April 2023. The objec-
tive was to evaluate treatment outcomes and factors
associated with Good outcomes (MRS score 0-1)

after 3 months of follow-up.
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A total of 447 patients with acute ischemic stroke
were identified, of whom 49 (10.9%) received rt-PA.
Among these, 36 patients were treated with rt-PA
alone, and outcome data at 3 months were available
for 32 patients. The mean door-to-needle time was
47 £ 13 minutes, and the mean onset-to-needle time
was 144 £ 51 minutes. Regarding initial stroke
severity, most patients presented with moderate
symptoms (NIHSS 5-14) 65.6%. At 24 hours after
rt-PA administration, the proportion of patients with
mild symptoms (NIHSS < 5) increased by 56.2%.
Long-term outcomes: At discharge, 12 patients
(37.5%) achieved a Good outcome (mRS 0-1),
increasing to 14 patients (43.7%) at 3 months
follow-up.Factors significantly associated with good
outcomes at 3 months included: Age < 65 years
(RR 3.34, 95% CI 1.52-7.75), initial systolic blood
pressure < 130 mmHg (RR 2.5, 95% CI 1.52-7.75),
Onset-to-needle time < 90 minutes (RR 2.16, 95%
Cl1.11-4.17), NIHSS score reduction > 4 points at
24 hours post-rt-PA (RR 4.66, 95% CI 1.24-17.5)
These were all statistically significant predictors of
good outcomes. Conclusion: Treatment of acute
ischemic stroke with intravenous rt-PA at Phanat
Nikhom Hospital demonstrated good outcomes,
comparable to or better than the general standard
of care. Improved accessibility to thrombolytic
therapy was a key factor, particularly among
patients younger than 65 years, those with initial
systolic blood pressure < 130 mmHg, those treated
within 90 minutes of symptom onset, and those with
a reduction in NIHSS > 4 points at 24 hours
post-treatment. These variables may serve as
predictors of good outcomes at 3 months. Recom-
mendations: Additional quality indicators for the
stroke fast track system should include onset-to-

needle time and the proportion of patients achieving
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mRS 0-1 at 3 months post-thrombolysis, as these
may better reflect network collaboration than the
traditionally used door-to-needle time.

Keywords: Acute ischemic stroke, Thrombolysis,
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2N135eE NIHSS < 541191 1 918 (Feaas 3.2) Lay
AnemdslEFuen it-PA 7 24 dalue wustuudiled
annnatiesifindiudly 18 e (Feeay 56.2) 81N13
U9 8 918 (Feeay 25.1) war 8N19UIuNANY
6 318 (aaaz 18.7) Fanansluman 1

0 ¥
A15199 1 Lmeﬁmﬂ@ﬁuggm (Demographic Data ) kara1nN19n189AALN (Clinical Characteristics)

Demographic Data and Clinical Characteristics

N (%) N total = 32 Or Mean + SD or Median (P%-Pm)

Ischemic heart disease

LNA
e 13 (40.6)
N 19 (59.4)
ang @l Max 95, Min 23, Mean 70 (+15.8)
<65 11 (34.4)
> 65 21 (65.6)
Aamsunlsananung
YRl 15 (46.8)
Refer in 14 (43.7
EMS 3(9.5)
Tsmsan
Hypertension 30 (93.7)
Diabetic mellitus 12 (37.5)
Dyslipidemia 11 (34.3)
Previous ischemic stroke 2(6.2)

1(3.1)

Blood pressure (mmHg)

Max 217, Min 104, Mean 166 (+ 25)

SBP > 130 30 (93.7)
Blood sugar (mg/dl) Max 559 Min 78 Mean 163.1 (+ 96.3)
BS > 180 10 (31.2)
NIHSS <5 5-14 15-24 25-42
Aeuld IV rt-PA 1(3.2%) 21(65.6%) 10(31.2%) 0
WAL IV rt-PA 7 24 dalaig 18(56.2%) 6(18.7%) 8(25.1%) 0
Door to needle time (minutes) 47 (+13)
Onset to needle time (minutes) 144 (+51)
AR LA TOAST classification
Large vessels atherosclerosis 12 (37.5)
Small vessels occlusion 15 (50)
Cardioembolism 3(9.3)
Other/Undetermined 2(6.2)
nzunInNda
Intracerebral hemorrhage 4 (12.5)
Gastrointestinal hemorrhage 1(3.1)
Brain edema 2(6.2)
Death in hospital 4 (12.5)
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Abstract

Background: Stanford type A aortic dissection
may initially present with symptoms mimicking
acute ischemic stroke (AlS), which can lead to
the inadvertent administration of intravenous
thrombolysis (rtPA) without an accurate diagnosis,

significantly increasing the risk of mortality.
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Objective: To present a case series and
literature review emphasizing the importance of
recognizing aortic dissection presenting as AlS and
the consequences of administering rtPA in such
cases.

Methods: A retrospective review was conducted
on four patients between 2019 and 2024 who initially
presented with AIS symptoms and were subsequently
diagnosed with Stanford type A aortic dissection.
Clinical presentation, rtPA administration, treatment
approaches, and outcomes were analyzed. Similar
cases from international literature were also reviewed.

Results: Of the four patients, three did not
receive rtPA; two underwent emergency surgery
and survived, while one declined surgery and
received palliative care. The one patient who
received rtPA died in the hospital.

Conclusion: Aortic dissection should be
considered in AlS patients with suggestive
symptoms such as chest pain, inter-arm blood
pressure difference, or mediastinal widening.
Computed tomography angiography (CTA) should
be performed before administering rtPA to prevent
fatal complications.

Keywords: Aortic dissection, Acute ischemic

stroke, rtPA, Diagnosis, Emergency surgery

Introduction

Aortic dissection is a rare but life-threatening
medical emergency with a high mortality rate if not
diagnosed and treated promptly. Its incidence is
estimated at approximately 2.6-3.5 cases per
100,000 persons per year." In contrast, acute
ischemic stroke (AIS) is a common emergency
condition that is currently treatable with high
efficacy, particularly when intravenous thrombolytic

agents are administered within 3 to 4.5 hours after

Vol 42 « NO.2 » 2026

symptom onset. Early thrombolytic therapy has
been shown to significantly improve patient
outcomes.”® However, thrombolytic in AlS patients
carries a risk of hemorrhagic complications,
especially when an undiagnosed condition such as
aortic dissection is present. Identifying patients with
occult aortic dissection during the critical window
for tPA administration is therefore urgent and poses

amajor diagnostic challenge for treating physicians.

Pathophysiology™*”

Aortic dissection results from a tear in the inner
most layer of the aortic wall (intima), allowing blood
to enter the medial layer and split the aortic wall into
two channels: the true lumen and the false lumen.
This separation may obstruct blood flow to critical
organs and lead to severe complications, such as
acute myocardial infarction, renal failure, or stroke.

Clinically, aortic dissection is categorized
using two widely accepted classification systems.
One of the most commonly used is the Stanford
classification, which is based on the location of the
dissection:

1. Stanford Classification

e Type A involves a dissection in the
ascending aorta or aortic arch, and may extend to
the descending aorta or beyond. It is the more
common and more dangerous form, requiring
urgent surgical intervention. Without treatment, the
mortality rate increases by approximately 1% per
hour during the initial phase, reaching 50% within
3 days and up to 80% within two weeks.

e Type B refers to dissections confined
to the descending aorta. In uncomplicated cases—
i.e., without signs of end-organ ischemia or
aneurysmal expansion medical management with

blood pressure control is typically sufficient.
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However, in the presence of complications, surgical
repair or endovascular intervention may be
indicated.

2. DeBakey Classification: This system
categorizes aortic dissection based on the site of
origin and the direction of propagation within the
aorta. It is divided into three primary types:

e Type I: The dissection originates in
the ascending aorta and extends beyond the
aortic arch into the descending aorta. This is the
most common and most severe form, requiring
emergency surgical intervention due to its extensive
involvement.

e Type ll: The dissection is confined to

aortic dissection.®

Thai * Journal * of ® Neurology

the ascending aorta and does not extend to other
segments. Despite its localized nature, surgical
treatment is still indicated because of the high risk
of life-threatening complications.

o Type lll: The dissection originates in the
descending aorta and is further subclassified into:

e Type llla: The dissection is limited to
the descending thoracic aorta.

e Type lllb: The dissection extends
beyond the thoracic segment into the abdominal
aorta and may involve distal arterial branches.

Table 1 Stanford and DeBakey classifications of

STANFORD TYPE A

TYPE B

Site of dissection

aorta)

Involves the ascending aorta
(may extend to the aortic arch and descending

Originates in the descending aorta

(distal to the aortic arch) arch)

DE BAKEY TYPE | TYPE Il

TYPE llla TYPE lllb

Site of dissection
Originates in the
ascending aorta and
extends to aortic arch

and descending aorta.

Confined to the

ascending aorta only.

Originates in the
descending aorta and Originates in the
extends only within the descending aorta and

thoracic aorta. extends into the

abdominal aorta.

Usually requires emergency surgical intervention | Initially managed with medical therapy focusing on
Treatment due to high risk of complications. strict blood pressure control. In cases of complications

(e.g., acute ischemia or rupture), endovascular repair
(TEVAR) may be considered.
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Risk Factors for Aortic Dissection® "

1. Hypertension — The most common risk
factor, present in > 70 % of patients. Sustained
elevated blood pressure increases intraluminal
stress, accelerates medial degeneration, and
facilitates intimal tearing.

2. Connective tissue disorders — Inherited
defects of aortic elastin/collagen, such as Marfan
syndrome, Loeys-Dietz syndrome, and Ehlers-Danlos
syndrome type IV, are strongly associated with
early-onset dissection.

3. Aortic aneurysm — Dilatation, particularly of
the ascending aorta, markedly raises wall tension;
diameters >4.5-5.0 cm confer a high rupture/
dissection risk.

4. latrogenic causes — Cardiac surgery,
catheter-based aortic manipulation, or valve
replacement can produce mechanical injury to a
vulnerable aortic wall.

5. Age and sex — Incidence rises sharply after
60 years and is roughly twice as high in men as in
women.

6. Cigarette smoking — Chronic inflammation
and oxidative stress accelerate medial degeneration,
predisposing to dissection.

7. Pregnancy — Haemodynamic and hormonal
changes, especially in the third trimester, increase
aortic wall distensibility; the risk is heightened in
women with underlying connective tissue disease.

8. Family history — First-degree relatives of
patients with thoracic aortic aneurysm or prior
dissection have a significantly elevated genetic risk.

9. Sympathomimetic drug use — Acute blood
pressure surges from cocaine or amphetamines
precipitate dissection in otherwise low-risk young

adults.
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Signs and Symptoms

The most common presenting symptom of
aortic dissection is sudden, severe chest pain
described as tearing or stabbing in nature. The pain
is typically abrupt in onset and reaches maximal
intensity immediately, especially in Stanford type A
dissection. In contrast, Stanford type B dissections
more often present with back pain, which
may radiate downward toward the abdomen
following the course of the descending thoracic and
abdominal aorta. This characteristic pain has a
sensitivity of 82.9% and specificity of 70.7% for the
diagnosis of aortic dissection.'

Chest pain is frequently accompanied by
signs of hemodynamic instability, and multiorgan
symptoms may occur due to impaired blood flow or
direct extension of the dissection into vital arteries:

e Cardiovascular system: Acute myocardial
infarction, congestive heart failure, and acute
limb ischemia may result from coronary artery
involvement or systemic malperfusion.'

e Respiratory system: Acute lung injury and
acute respiratory distress syndrome (ARDS) may
arise secondary to systemic inflammation or volume
overload"’

o Neurologic system: Acute ischemic myelopathy
and acute ischemic stroke occur in 6-32% of
patients with aortic dissection. ™' The two primary
mechanisms are:

1. Flow obstruction from dissection flap at
or near the aortic root involving the carotid arteries,
especially in Stanford type A.

2. Artery-to-artery embolism from thrombus
formation within the false lumen, leading to cerebral

infarction. "%
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Diagnosis of Aortic Dissection

Clinical history and physical examination
remain crucial in the initial assessment of patients,
particularly when aortic dissection is suspected.
Key diagnostic clues include characteristic chest
pain, a systolic blood pressure differential of more
than 20 mmHg between arms, pulse deficits,”’
and symptoms affecting other organ systems, as
previously described. Chest radiography may
reveal mediastinal widening, which is a classic
finding suggestive of dissection. However, up to
20% of patients may have a normal mediastinum
on chest X-ray. %

The current gold standard for diagnosis is
computed tomography angiography (CTA), which

provides a rapid and highly accurate assessment,

Thai * Journal * of ® Neurology

with a reported sensitivity of approximately 95% and
specificity of 98%.%

In our patient cohort, individuals initially
presented with acute ischemic stroke (AIS) and
were evaluated by an emergency physician between
2019 and 2024 under the Stroke Fast Track protocol.
The case was managed through a coordinated
approach involving a neurologist and the hospital’s
Stroke Fast Track team to assess eligibility
for intravenous thrombolysis (rtPA) within the
prescribed therapeutic window, in accordance with
contemporary clinical practice guidelines.
Subsequently, the patient was further diagnosed
with aortic dissection and was referred to the
cardiothoracic surgery team for comprehensive

evaluation and definitive management planning.

Table 2 Clinical characteristics of patients with aortic dissection presenting as acute ischemic stroke

. CXR finding: | Aortic dissection
Risk Stroke . BP K .
Case | Sex | Age . NIHSS | Chest Pain widening Stanford/ rtPA Outcome
Factors |Presentation Asymmetry L
mediastinum DeBakey type
Left Denied surgery
1 M 66 HTN i . >10 No Yes No A, type | No o
hemiplegia --> Palliative care
Right Ascending and hemiarch
2 M 57 HTN . 9 . >10 Yes No Yes A, type | No |graft replacement surgery -->
hemiparesis
Improve
Ascending and hemiarch
DM, HTN, Left
3 M 58 R . >10 Yes No No A, type | No [graft replacement surgery -->
DLP hemiplegia
Improve
Left No (back pain
4 M 75 HTN K . >10 No No A, type | Yes Dead
hemiplegia post-IVT)
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Radiographic Image of Case 3

Vol 42 « NO.2 » 2026

The transverse image (A) shows the dissection flap (arrow) extending through the ascending (a) and

descending (d) aorta. The flaps are shown more clearly on the coronal (B)and sagittal (C) images.

Based on a literature review of nine published
case reports between 2000 and 2022, patients
with aortic dissection initially presented with

clinical manifestations suggestive of acute ischemic

stroke and subsequently received intravenous
thrombolytic therapy (rtPA). Details of these cases

are summarized in Table 3.

Table 3 Summary of published case reports of aortic dissection presenting as AlS

Ref. Cases Dead in hospital Thoracic surgery after rtPA Clinical stroke

Fessier(2000)” 1 Yes

Chua(2005)* 1 - Emergency Improve

Uchio(2005)*® 1 - Emergency Not improve

Moti(2007)* 1 - Emergency Improve

Iguchi(2010)*” 2 Yes (2/2)

Nari C(2016)*® 1 Yes

Young(2017)* 1 - Emergency Not improve

He Z2Y(2022)* 1 - Emergency Not improve

Ankur(2023)* 2 - Emergency Improve
Yes (1/2)

In cases where Stanford type A aortic dissection
presents with clinical features of acute ischemic
stroke (AIS) during the therapeutic “golden period”
for intravenous thrombolytic therapy (rtPA), clinicians

face a critical and potentially life-threatening

challenge in both diagnosis and treatment decision-
making within a limited timeframe.

The administration of rtPA under these
circumstances requires careful evaluation, as a

missed diagnosis of aortic dissection can result in
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catastrophic complications. A review of risk factors
should be undertaken, including advanced age,'
hypertension,’ and characteristic chest pain
described as tearing or stabbing in nature, along
with evidence of abnormal circulatory status.™®
Additional diagnostic clues such as widened
mediastinum on chest radiograph may prompt
further investigation. In such cases, computed
tomography angiography (CTA) should be
performed to confirm the diagnosis of aortic
dissection prior to thrombolytic administration.

A synthesis of published case reports indicates
that the administration of intravenous alteplase
(rtPA) is associated with a heightened risk of aortic
dissection-related complications, frequently

necessitating emergent thoracic surgery. * %%

Several deaths have also been documented®*"***'
Reported neurological presentations in patients
ultimately found to have an underlying aortic
dissection include aphasia®, depressed level of
consciousness”, and convulsions. *' Notably, many
cases lacked the classical prodromal features of
aortic dissection, complicating recognition prior to
thrombolytic treatment. '

Across nine published case reports, a total
of 11 patients received intravenous alteplase. >’
In-hospital mortality occurred in 5 of 11 cases (45 %).
Survival to discharge was closely linked to the
performance of emergent surgical repair. > 2°**'
Neurological outcomes were reported in six
patients; only three showed sustained clinical
improvement on follow-up (50 %).

During emergent surgical intervention in several
reported cases, blood component therapy—
including cryoprecipitate and platelet transfusion—
was administered to optimize hemostasis prior to

24- 26,29-31

surgery. In the report by Ankur et al.,*
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epsilon-aminocaproic acid, an antifibrinolytic
agent, was also used to counteract the effects of
rtPA. However, preparation and administration of
these agents may contribute to delays in surgical
intervention.

These findings highlight the complex balance
between thrombolysis and surgical readiness in
patients with aortic dissection presenting as acute
ischemic stroke. Although the overall survival rate
following emergency surgery in this subgroup was
approximately 55%, only 50% of survivors
demonstrated favorable neurological recovery. This
underscores the clinical challenge of managing
such cases and the importance of early recognition
to prevent inappropriate thrombolytic therapy.

It is well established that, following a diagnosis
of acute Stanford type A aortic dissection, the
cumulative mortality rate increases by approximately
1-2% per hour without surgical intervention. If
managed with medical therapy alone, the mortality
rate may reach up to 20% within the first 24 hours
and as high as 50% within one month.*?

This aligns with our Case 1, in which the
patient, after being diagnosed with Stanford type A
aortic dissection, declined surgical intervention. As
a result, the treatment plan was shifted to palliative
care, focusing on symptom control and comfort
measures.

Several reports have documented cases in
which acute ischemic stroke (AIS) coexists with
aortic dissection, a condition that may be suspected
based on a patient’s history of chest pain and
subsequently confirmed through computed tomography
angiography (CTA). * *In such cases, physicians
often choose to withhold intravenous thrombolysis
(rtPA) due to the high risk of life-threatening

complications, and instead proceed with urgent
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referral to cardiothoracic surgery for definitive
management planning.

This clinical approach is consistent with
Cases 2 and 3 in our series, in which patients were
diagnosed with Stanford type A aortic dissection,
promptly underwent emergency surgical repair, and
survived. Following postoperative recovery and
neurological rehabilitation, both patients showed

notable improvement in neurological function.

Pitfalls in Patient Management

Based on the current case series and literature
review, several common pitfalls have been identified
in the management of aortic dissection presenting
as acute ischemic stroke (AIS). These challenges
often lead to delayed diagnosis and poorer clinical
outcomes, particularly when initial clinical features
are subtle or non-specific. Notable pitfalls include:

e Absence of characteristic tearing chest pain,
which is typically associated with aortic dissection

e Lackof inter-arm blood pressure discrepancy,
a classic but inconsistently present sign

e Absence of mediastinal widening on chest
radiography

e Misinterpretation or oversight of subtle
findings on imaging studies

e Premature administration of rtPA under
stroke fast-track protocols, without sufficient screening
for alternative life-threatening conditions such as
aortic dissection

These pitfalls emphasize the importance of
maintaining a high index of suspicion for aortic
dissection in AIS patients, particularly in the
presence of any atypical signs or inconclusive
imaging. Careful clinical judgment and early use of
CTA may improve diagnostic accuracy and

outcomes in these high-risk scenarios.
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System-Level Recommendations

1. Develop an integrated screening protocol
for aortic dissection within the acute stroke fast-
track system. Implementation of a structured
screening pathway is essential to prevent inadvertent
administration of rtPA in patients with undiagnosed
aortic dissection. Such a protocol would help
reduce the risk of catastrophic complications,
improve early diagnosis, and increase the likelihood
of survival and favorable neurological recovery.

2. Consider immediate computed tomography
angiography (CTA) in patients with any suggestive
clinical features or red flags. Early CTA should
be incorporated into the diagnostic workflow
for stroke patients exhibiting signs suspicious
for aortic dissection. This approach ensures
timely and accurate diagnosis prior to thrombolytic
therapy, allowing appropriate surgical referral

and management.

Conclusion

Thorough history-taking and physical examination
play a critical role in evaluating patients with
acute ischemic stroke (AlS) when Stanford type A
aortic dissection is suspected. Key clinical clues,
including chest pain, inter-arm blood pressure
discrepancy, or absent peripheral pulses should
prompt consideration of alternative diagnoses to
avoid the potentially fatal consequences of
inappropriate rtPA administration.

When suspicion arises, computed tomography
angiography (CTA) should be performed without
delay to confirm the diagnosis. Prompt consultation
with cardiothoracic surgery for emergency operative
management can significantly reduce mortality in

these high-risk patients.
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Abstract

Rheumatoid pachymeningitis (RP) is an
extremely rare central nervous system (CNS)
manifestation of rheumatoid arthritis (RA). We report
a rare case of a first diagnosed seronegative
rheumatoid arthritis patient presenting with acute
paraparesis and urinary retention. Whole spine MR
revealed dural thickening between C6 and T7 levels
with leptomeningeal enhancement along the conus
medullaris and cauda equina roots. Cerebrospinal
fluid (CSF) analysis showed marked lymphocytic
pleocytosis and elevated protein level. Infection and
malignancy were excluded. A spinal meningeal
biopsy demonstrated palisading granulomatous
inflammation consistent with rheumatoid nodule. The
patient responded well to high-dose corticosteroid
therapy, with near-complete clinical and radiological
recovery.

This case illustrates an unusual neurological
presentation of seronegative RA and emphasizes
the importance of including RP in the differential
diagnosis when evaluating dural lesions of unclear

etiology.

\Hananasdniauainlsadadniaugniness

(rheumatoid pachymeningitis; RP) tilun1ae
unsndeudingldennunnaessyunilszamdaunans
(CNS) Tugftlelsadadniaugninass (RA) 118914
faﬁuﬁﬁﬁmw@’ﬂwﬁiﬁ%umﬁﬁwﬁaLﬂuiiﬂ%ﬁmmu
JUIRBLATHA seronegative funsousn tneflennis
@'@umemm%mm%’NL?iﬂuwﬁu (acute paraparesis)
éqmﬁumim%uﬁmmqviaﬂﬁ

HANZATIA MR mm”mﬂmwmwumwmm
mmmﬂmm (dural thickening) ﬁl\‘lLLB‘Ii‘”m‘U C6 4 T7
uaziinaiduaudindoyyniaed leptomeninges

ORIGINAL ARTICLE

Thai * Journal * of ® Neurology

Case Report: Rheumatoid
Pachymeningitis in a
Seronegative Patient

Presenting with Dural
Thickening - A Rare Case
Report and Review of the

Literature

Pannawich Tantipisit,

Jarukit Tantipisit,
Pitchayaporn Sornplang,
Suwanna Setthawatcharawanich,
Pornchai Sathirapanya,
Kanitpong Phabphal,

Pat Korathanakhun,
Thanyalak Amornpojnimman,
Supakorn Yam-Uthai,
Aurakoch Kanjana-opas,
Prut Koonalintip

Pannawich Tantipisit', Jarukit Tantipisit',

Pitchayaporn Sornplang’,

Suwanna Setthawatcharawanich?,

Pornchai Sathirapanya®, Kanitpong Phabphal?,

Pat Korathanakhun®, Thanyalak Amornpojnimman’,

Supakorn Yam-Uthai®, Aurakoch Kanjana-opas®,

Prut Koonalintip®

'Department of Pathology, Faculty of Medicine,

Prince of Songkhla University. Hat Yai, Songkhla 90110, Thailand.
“Division of Neurology, Department of Internal Medicine,

Prince of Songkhla University, Hat Yai, Songkhla 90110, Thailand.

Corresponding author :

Prut Koonalintip, M.D

Division of Neurology, Department of Internal Medicine,

Prince of Songkhla University, Hat Yai, Songkhla 90110, Thailand.
*Email: koo.prut@gmail.com

Susfuatiy 30 @amAn 2568, Uiutljsuatil 1 ga1AN 2568, ALSLFURTLANNW 1 WgAINIEY 2568

39



40

21sasUs:ananentiiuds:inelng

13190U conus medullaris kazsnN&ULIza M8
cauda equina Anamsaatinladungs (CSF) wuLdn
dena1rinaniwlafAnduegnaunnuazss fu
Tﬂ?ﬁuqﬁu Ima[?Tmmm&;mnmaﬁm%mmzm@q
panluuda nisfnguileanniderinladundony
N198NLELLLL granulomatous 'ﬁlfl palisading %I\‘i
48AAARNAL rheumatoid nodule
filhanauauassianisinedasnnefftaame
soafmunngueth Tnaeainimiepatinuaznn
$ddeunduthuinfvevan nsdliuaadlfifiudanns
LdaspenmNeszLLLszamiRmInAuedlsadasniay
JURRLATIA seronegative LL@:Lﬁuéﬁmmzﬁﬁﬁm
28IN13WAT0UT RP Lﬂwﬁﬂuﬂ@jumﬁﬁ@ﬁﬂ ueinlsn
Lﬁﬂﬂ?:Lﬁu?@aTmmmLﬁlﬂﬁu@mmﬁﬁml,m”lﬂ‘imL@u
Keywords: Rheumatoid arthritis, Rheumatoid
pachymeningitis, Dural thickening, Seronegative,

Spinal cord, Granulomatous meningitis

Introduction

Rheumatoid arthritis (RA) is a chronic,
systemic autoimmune disease primarily affecting
synovial joints, typically presenting with symmetric
polyarthritis of small peripheral joints such as the
metacarpophalangeal and proximal interphalangeal
joints. It affects approximately 1% of the adult
population and is more prevalent among women.’
Beyond articular manifestations, RA can involve
multiple extra-articular organs, including the skin
(rheumatoid nodules), lungs (interstitial lung
disease), eyes (scleritis, episcleritis), blood vessels
(vasculitis), and kidneys.2 Neurological involvement
in RA is relatively uncommon and usually manifests
as peripheral neuropathy, mononeuritis multiplex,
or cervical myelopathy secondary to atlantoaxial
subluxation. Central nervous system (CNS)
involvement, particularly rheumatoid meningitis

(RP), is extremely rare and often underrecognized.
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RA may involve the pachymeninges (dura mater),
leptomeninges (arachnoid and pia mater), or both,
and presents with a wide range of symptoms,
including headache, seizures, focal neurological
deficits, cognitive disturbances, and stroke-like
presentations.’ The diagnosis is challenging due to
its rarity and nonspecific imaging and cerebrospinal
fluid findings. Histopathological confirmation is often
required to differentiate it from infections, neoplastic,
or other inflammatory processes. Here, we describe
a rare case of rheumatoid pachymeningitis in a
seronegative RA patient, presenting with atypical
spinal-level neurological symptoms, histologically
confirmed rheumatoid nodule in the meningeal
biopsy and showing a favorable response to

high-dose corticosteroid therapy.

Case Report

A 56-year-old Asian woman with a 4-year
history of symmetrical polyarthritis involving the left
wrist, both knees, and both ankles. One month prior,
she experienced intermittent mid-back pain that
responded well to prednisolone. Approximately 12
hours after waking up, she developed bilateral leg
weakness and was unable to stand due to instability
of both legs. In addition, she had urinary retention.
A Foley catheter drained 900 mL of urine, confirming
significant retention.

Neurological examination revealed normal
mental status and cranial nerve function. Motor
examination showed normotonia with mild weakness
of both iliopsoas muscles (Grade IV+). Sensory
examination demonstrated decreased vibratory
sense at both anterior superior iliac spines (ASIS)
and the right knee, but complete loss of vibration at
the left knee and both ankles which were consistent

with sensory ataxia. Reflexes were hyperactive
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in the upper extremities (biceps, triceps,
brachioradialis) but showed hyporeflexia in the
knees and ankles. Tenderness over the lower
thoracic spinous processes was noted. Joint
examination revealed mild swelling and tenderness
in the left wrist, both knees, and both ankles without
evidence of sclerodactyly, digital ulcers, periungual

erythema, puffy hands, or rheumatoid nodules.

Pre-treatment

Thai * Journal * of ® Neurology

Whole spine MRI of the thoracolumbar spine
revealed dural thickening extending between C6
and T7, with mass effect on the cervicothoracic
spinal cord but without definite compressive
myelopathy. Leptomeningeal enhancement was
also observed along the conus medullaris and

cauda equina roots (Fig1).

Film hand AP

(Front cover)

Fig 1. The pre-treatment whole spinal MRI showed dural thickening between C6 and T7 in T1W (A) with

gadolinium enhancement (B) The post-treatment MRI revealed complete absence of previous

dural thickening in T1W (C) with gadolinium enhancement at surgical site of biopsy. The plain x-ray

of both hands showed juxta-articular osteopenia, joint space narrowing, and marginal erosions

(E).
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Cerebrospinal fluid (CSF) analysis showed
a white blood cell count of 148/uL (lymphocyte
predominant), 23 red blood cells, elevated protein
(2270 mg/dL), and a glucose level of 32 mg/dL with
a serum glucose of 78 mg/dL (CSF/serum glucose
ratio = 0.41). CSF culture and cytology were
negative for fungal organisms or malignancy.

Routine blood tests revealed a normal
complete blood count. However, inflammatory
markers were significantly elevated: C-reactive
protein (CRP) was 144.7 mg/L (normal 0-5 mg/L)
and erythrocyte sedimentation rate (ESR) was 83
mm/h (normal 0-25 mm/h). Extensive infectious
workups, including tests for tuberculosis, HIV, and
syphilis, were negative. Autoimmune serology
was also negative, including rheumatoid factor,
anti-cyclic citrullinated peptide (anti-CCP), and
antinuclear antibody (ANA).

Histopathology of spinal dural biopsy revealed
central necrobiotic collagen surrounded by spindle-
shaped, elongated histiocytes, multinucleated-giant
cells, and mononuclear inflammatory cells especially
plasma cell (palisading granuloma). These findings
could be compatible with rheumatoid nodule, chronic
infection, vasculitis, autoimmune or malignancy
(Fig 2). Chronic infection was not probable due to
negative straining for fungal and acid-fast bacilli.
The evidence of malignancy or vasculitis were not
found. Inflammation caused from IgG4 related
disease was not compatible because IgG4/1gG ratio
was only 10% although number of plasma cells up
to 200 cell/HPF (Fig 3), Finally the diagnosis of , a

granulomatous meningitis secondary to rheumatoid

arthritis was made.

Fig 2. Histopathology of dural biopsy. (A) Low-power view 40x showing dense chronic inflammatory cell

infiltration with a palisading granuloma (arrow). (B) Higher magnification 400X of the palisading

granuloma, demonstrating central necrotic collagen surrounded by spindle-shaped and elongated

histiocytes, multinucleated giant cells, and numerous plasma cells. (C, D) Dense lymphoplasmacytic

infiltration with scattered histiocytes and multinucleated giant cells. (Back cover)
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Fig 3.

Special stains and immunohistochemical stains as AFB, GMS, IgG4 and IgG, respectively. The

patient was treated with intravenous methylprednisolone 1000 mg daily for 5 days, followed by

prednisone 30 mg daily then tapered over several months. (Back cover)

Outcome and Follow-Up

The patient had near-complete resolution
in her symptoms after completed high-dose
corticosteroids, with minimal residual weakness
without urinary retention. Repeat blood tests
showed that CRP and ESR decreased to normal
level (CRP <1, ESR 10 mm/h). After follow-up 1
month MRI showed a completely absence of
meningeal parenchymal at cervicothoracic spine
with some residual mild myelopathy (from previous
compression) at T1-T2 and T7-T8 levels. This
improvement of clinical, serum blood tests and MRI
result, further supports our diagnosis of rheumatoid

meningitis.

Discussion

Rheumatoid pachymeningitis (RP) is a rare
CNS complication of rheumatoid arthritis (RA). This
occurs in patients with longstanding seropositive
RA with extra-articular involvement. Notably, not all
patients had long-standing RA before the onset of
RP. In this case review, 45% had reported data
about RA duration had less than 5 years after
diagnosis (median duration of RA before RP onset
was 8.5 years).’

Diagnosis of RP depends on a combination of
clinical presentation, lumbar puncture, brain MRI
and biopsy along with exclusion of other etiologies.
A majority of the patients have elevated systemic
inflammatory markers erythrocyte sedimentation
rate and C reactive protein. The CSF analysis on

lumbar puncture may have mild pleocytosis with
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predominant lymphocytes, increased protein and
increased or normal glucose. To exclude any
infections, CSF cultures should be negative.
Leptomeningeal enhancement is commonly seen
as abnormality on MRI (69%), followed by
pachymeningeal and pachymeningeal with
leptomeningeal enhancement.”” The most common
finding on pathology was chronic inflammation. This
is consistent with the autopsy findings in Kato's case
review that studied reports before the year 2000.
Another key feature described was the presence of
rheumatoid nodules;* central necrosis surrounded
by elongated histiocytes and mononuclear
inflammatory cells, mostly plasma cells. After
infectious etiologies are ruled out, the differential
diagnosis for necrotizing granulomas would favor
rheumatoid nodules.

In our patient, she initially presented with a
history of chronic polyarthritis involving multiple
joints over four years, consistent with seronegative
rheumatoid arthritis despite negative RF and anti-
CCP results. Uniquely, she developed acute
bilateral leg weakness and urinary retention — an
uncommon presentation compared with most

previous cases that typically involve cranial

Vol 42 « NO.2 » 2026

meninges. MRI findings demonstrated dural
thickening from C6 down to T7 with leptomeningeal
enhancement along the conus medullaris and
cauda equina roots, indicating spinal meningeal
involvement, which is rarely reported in the
literature.

Meningeal biopsy revealed central necrobiotic
collagen surrounded by spindle-shaped, elongated
histiocytes, multinucleated giant cells, and
abundant plasma cells (palisading granuloma),
characteristic of rheumatoid nodules. Chronic
infections, IgG4-related disease, vasculitis, and
malignancy were also excluded.

According to our literature review summarized
in Table 1, most reported cases were cranial-based,
and spinal involvement is exceedingly rare.
Furthermore, to the best of our knowledge, this is
the first reported case of rheumatoid pachymeningitis
involving the spinal dura in Thailand in over
20 years. The combination of seronegative
status, atypical spinal presentation with acute
paraparesis and urinary retention, and confirmatory
histopathology makes this case exceptionally rare
and highlights its value for clinical recognition and

further study.
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Conclusions

We presenta case of rheumatoid pachymeningitis,
an extremely rare neurological complication of
rheumatoid arthritis. The diagnosis was based
on a combination of clinical, radiological and
pathological features. Clinical and radiological
improvement was noted after high dose intravenous
corticosteroid treatment. Clinical and pathological

features of this rare condition are reviewed.
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Raauasdauniin (frontal cortex) WAZ/V3R Ao@aNeY
A2ua9 (temporal cortex) Hiloadndanisnanas
1B4NRANTTH (behavior) 1ea Wnaileyeyn (cognition)
NNANU N19UIMNI9ANIT (executive function) 1Ta
A1 (language) ™’

Frontotemporal Lobar Degeneration (FTLD)
fhideGunfifiannamnardiandeiu FTD nanie
u neurodegenerative disorders ﬁ@wmwﬁﬂmm
Tﬁ‘ﬂLﬁm@’]ﬂﬂQWNLaﬂN"uﬂﬂ frontal WaZ/¥3e temporal
cortex ANAfumseT FTLD HAnnamanelu@anen?
anen (pathology) dmendanminelsadadinann
ANRnUNFAre9llsAN (proteinopathies) 4ia Tau
(FTLD-Tau), TAR DNA-binding protein-43; (FTLD-
TDP43), Fused in sarcoma protein (FTLD-FUS) VB
Ubiquitin Proteasome system (FTLD-UPS) aei19la
atnamile

FTD ‘]J?Zﬂ’ﬂ‘]_lﬁ?ﬁjﬁ]ﬁli?ﬂf_i‘ﬂﬁl (variant) “annuiang
LLUNFAINAINIT (clinical manifestations) Tnedl 3
variant van l&wn

e Behavioral variant (BvFTD) 81n19LAU
u wqﬁmamﬂ?{ﬁuuﬂm fia 11npududedsla
(disinhibition) 21aAv s lawazdiueniuladEn
(loss of empathy and sympathy) ﬁﬁ%ﬂimgﬂmﬁ\‘i%ﬂ
(repetitive behavior) ﬂqﬂﬁﬁﬂmaﬁummﬂﬂﬁﬂu
(eating behavior change) Latllugl (apathy) Lay
ansnmsilynyinmnes (cognitive impairment) fin
N19LTUNFAANNT (executive function)®

e Semantic variant primary progressive
aphasia (SVPPA) @1n15tauiduen1snien e
zgn&ll,af;lmqmﬁﬂ@ﬁfmmﬂmw (loss of semantic
knowledge) L?ﬂﬂ%@%ﬂﬂ@ﬂﬁigﬂﬁ@ﬂ (impair
confrontation naming) finAldaan (word finding
difficulty)®

e Non-fluentic variant primary progressive
aphasia (NFVPPA) 81n1711e1n1n19n1en Ae
gryidsANaINIsanialagnsnl (agrammatism)
zgtyLaﬂmmmmmium?ﬁqﬁumﬁﬁmiﬂ:@mmm
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(apraxia of speech) LAy ﬂ?mmﬁmmmm (impair
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21119 (Symptoms) Cognitive AaE19RIN15a3v1Rg1lae (Real life example)
domain

\aelNel (apathy) Behavior filaelai§Anasnazyinianssn i A ausE e ) Radaniewazsies
Wuaudnaaugou
. 4 . < v 4o d a
filaelsleanneanliianiunsaunis luisenllinaenatinidngsies
WuRaLlszan

ImANsELEadsla (disinhibition) | Behavior filhenautiafiaan@n Fawrasnsesinlusaiunendndng wezdnla

dAesiidaulsznauaamesan
fileemsinuanludiealszgudn “anilnun” anssdlssgumyiinu vanidng
ATUAPIDANAIAIINAN T
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(episodic memory loss) wuaausn g uiiiugnang
L ° 1 v o 1 a 1 a % = a z‘/
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ANITHATAMNDUBILAAZAINIT TI9UINENINASe (initial feature) wazilafnn nainissald (ater

feature) 109518 RTVFTD wanglumngned 2

AN 2 LAAIBINITLATANNDTBdLARTaN T NFaAY LT snBNATade (initial feature) wazLie

Aamnuenisselyl (later feature) Aipuilasann Ulugut H, et al. Brain 2020.°

Clinical features: Cognition ﬂ‘mufﬂu ﬂ’muflil.ﬁ.'a Clinical features: ﬂ’muﬁiu‘ﬁ‘)d ﬂ’mufl‘l,ﬁ.'a
dagusniza ARAIN Behavior and other usnisw ARATIN
(fagaz) | amssalil symptoms (Sa8az) ansealy
(5eaaz) CGELE)
Prosopagnosia 54 70 | Disinhibition 60 74
Memory problems 60 90 | Apathy/ Inertia 55 91
Episodic memory loss 35 75 | Loss of empathy 50 65
Naming difficulties 28 51 | Compulsive behavior 40 71
Single word comprehen- 18 35 | Hyperorality/ Dietary 22 68
sion deficits changes
Executive dysfunction 21 58 | Depression 27 44
Visuospatial problems 7 23 | Delusion 7 22
Getting lost 7 30 | Somatic complaint/ aches 15 40
Prosopagnosia face) filngazdspaiudsuilsznavaaslund lawn

a1n19anluntin vize 8IN1TgEURENITANAT  Aaemn A ayn 1n win g AR nsuansdutihaes
lunsin (Prosopagnosia) ¥uNeD mmaﬁé’ﬂfmiﬂ B:J’%'uvl,é’ vnusiie ¥ ueafiasadaasn azl
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(impaired ability to recognize individuals by their ATAAANFIFL (Identity) ﬂjmqﬁﬂ@ﬁuj N11NN95U
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Audadoadsau 1w anldanides yaanvianig
¥ v Ao . o = a
s iloanil prosopagnosia ¥NNNENFANIN

v
LFIUAULVTANG 2 Au184 fusiform gyrus Lag/
38 lingual gyrus 189 tempero-occipital cortex'”
ALUEIBY prosopagnosia AUAINUANE LT
neurodegenerative disease, 19ANABALABAANDY
(cerebrovascular disease) %38 QiRLMAANSY

(traumatic brain injury) (16w

Cognitive test

a . .

n1m39annatleyayn (cognitive test) Taila
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WUUNARAUAANTRINNTLIEYY1 (cognitive
screening test) 14 Mini Mental State Examination
(MMSE), Thai Mental State Examination (TMSE),
Montreal Cognitive Assessment (MoCA) dinlaidae
Tunnsifiade RTVETD lusnsfiuuufansesnni
Ty AfinNIRIIRNNEaZIEATY 191 Greenbook
1178 Addenbrooke Cognitive Examination (ACE)
aru1gndaeaiadadilas RTVFTD fidannisaes
semantic memory nanag &

wuunaseunnailoyn1u1mnIgu (standard
cognitive test) 984 cognitive domain AN N1
ANNAN WA INsrd3AN (social cognition) Taeiin
aRAnanAAINATLszaun1n] daeldunneanunsn
30ade RTVFTD |&usiueunnay feena standard
cognitive test Laadlumsned 3 §rusiAENsmIa
LazAuAaUnARNLIEANNNNIAIIA aNNTANEA
isAnlgannienansnede

A15719% 3 WA Standard Cognitive test Naeiatiage RTVFTD®'"™

Cognitive Cognitive test Cognitive Cognitive test
domain domain
Episodic - Visual Association Task (VAT) Language - VAT Naming
memory - Rey Auditory Verbal Learning Test - Animal Fluency
(RAVLT): delayed recall - Boston Naming Test
- Wechsler Memory Scale (WMS): - Pyramid and Palm Trees (words, Pictures)
Logical memory - Famous face (Naming, Familiarity,
Semantic association, Name familiarity)
Executive - Frontal Assessment Battery (FAB) Social cogni- | - The Awareness of Social Inference Test
function - Trail Making Test (TMT) B tion and Emo- | (TASIT): The Social Inference-Minimal
tion (SI-M) (Sincere, Sarcastic) -- The Emotion
evaluation test
- Emotional theory of mind test
- Cognitive theory of mind test

NWAUON (Brain image)

anfiennveslsn RTVFTD Ae neurodegenerative

disease 1A1NN1IATIANMNENLIANBS WL temporal
3| 1 dld I dl

lobe 191 lludnasdiuniANdanInNga (most

atrophic region) WafgLiUAN89EIUAN AITNN
ATaNINIATIAFN (structural imaging) 21038109l
dnaudli CT %38 MRI a¥ww91 AN temporal
| o 1 -:ll Yo = dl
lobe 991 aztflusu T b FUANMAL N ENINNIgA
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(most affected region) ﬁmmmﬂugﬂﬁ 1 81N19TFN7]
184 RTVFTD 11U prosopagnosia, disinhibition, loss

of empathy, apathy, compulsion, loss of semantic
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knowledge e NN @8N NAU 74 NNIANEA Ruuda
wAasunglFaInnNNIARNENFANIWA right temporal

lobe

C Right

5191 1 uansnIw MRI suasaasfilansdiAinmnainadtinergsnssuilazam laswenagyiiaansal (A) TIW
Axial (B) T1W Coronal haz (C) T1W sagittal AULIN

MRI

AINNFANEN voxel-based morphometry U84
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(grey matter volume loss) 15130 temporal lobe ‘1%\‘1
2 419 Fuaaunnndngie suldwn Temporal pole,
superior temporal gyrus, medial temporal gyrus,

inferior temporal gyrus, medial temporal lobe,

fusiform gyrus, angular gyrus, supramarginal gyrus
wazdanudndhBumsiinauesanadlusumisivenan
temporal lobe 16 insula, inferior frontal gyrus,
gyrus rectus, orbitofrontal cortex Aa1ua31%"
AU AFU AN ARITAY RTVFTD avdl
T SO T I R AR PLEP PRI YRR
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ANBIANRININ ALANEDU-THWABLETHMIHIANDIARANLANTRY (R = Right view, L= Left view, | =

Inferior view) AALLLAIRIN Ulugut H, et al. Brain 2020.°
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Metabolism and Perfusion Image
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Tuszauunuud eeslafimu 8 2 3an15alade
RTVFTD 'ﬁlfaglflmzﬁu wua Ll (proposed diagnostic
criteria) Aa 1. Diagnostic tree to identify RTvVFTD

mﬂﬂ@:wfﬁmﬂﬂ Alzheimer's Center Amsterdam

LYY Amsterdam University Medical Center
(Amsterdam UMC) UseimnALuliasuans way 2.
Proposed diagnostic criteria for Semantic
Behavioral variant Frontotemporal Dementia A1n
NANEITEAIN Memory Aging Center L4 University
of California San Francisco (UCSF) uszina
anigawmsn

Diagnostic tree to identify RTvFTD

ATNTINATEmIN diagnostic tree to identify
RTVFTD wanslunauning 1 Tnantsdfadades
Usenaudaeis 4 dasieliil

1. @IN19IUAN (core clinical features) RN
1w 3 a1nn3289 prosopagnosia, memory deficit,

behavioral change {8l behavioral change AFael
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a3 2 1w 4 1esenssielidAe disinhibition,
apathy/inertia, loss of empathy, compulsiveness

2. 81N19984 (supportive clinical features) FIag
1111 3 8119229 word finding difficulties, naming
difficulties , depression

3. NWdNas (brain imaging features) FagN 1
w3 w09 predominant right anterior temporal atrophy
91N MRI, predominant right anterior temporal

hypometabolism a1n FDG-PET, predominant right
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anterior temporal hypoperfusion a1 perfusion
SPECT

4. namsialdsiueNasemluduesdaaduay
Taidnaziflunnansaadag PET vite v ladumds (CSF)
Famsatadaiitanule (sensitivity) 588182 70 LAY
ANNNAINNY (specificity) 88182 100 unHianisde
1-3 Tagldifinansaeiiaeed azlninulaFeaaz 70
LazAMNANNIEFREay 99°

Core Clinical Features

(At least 2 of the following)

1. Prosopagnosia

Features

2. Memory deficit
3. Behavioral changes (At least 2 of » L
the followings)

3A. Disinhibition 3

Supportive Clinical

(At least 2 of the following)
Word finding difficulties
2; Naming difficulties

Depression

» Neuroimaging Features

(At least 1 of the following)

RTVFTD | 4=

negative

p 4 Predominant right anterior temporal

3B. Apathy-Inertia lobe atrophy on MRI or CT
3C. Loss of empathy Amyloid Status 2. Predominant right anterior temporal
3D. Compulsiveness . lobar hypo-metabolism on FDG-PET
(At least 2 of the following) « 3. Predominant right anterior temporal

1. CSF Alzheimer’s disease

specific biomarkers:

2. Amyloid PET: negative

lobar hypo- perfusion on SPECT

WHUMWA 1 LAAS Diagnostic tree to identify RTVFTD Tneings Amsterdam UMC sinkiasann Ulugut H,

et al. Brain 2020.°

Proposed diagnostic criteria for Semantic Behavioural variant FTD

INEUIINNTINAsE SBYFTD wanalumisned 4 Tasnoeinisinasaainane UCSF Aaniulnfasay 81.3

LATAINNANNNEFaEAY 84.2"
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AN 4 LARS Proposed diagnostic criteria for Semantic Behavioral variant Frontotemporal Dementia

ANAMEIAEAIN UCSF™

Proposed diagnostic criteria for Semantic Behavioral variant Frontotemporal Dementia (SBvVFTD)

1. gilesesiiannismnsdygvivenginssuionnesatnetie aannisdsedd enasaniunisnmaanuuLagey

2. inawvinnsanaselngain1snNaatn (Clinical diagnosis) 184 SBVFTD
Uszneudasanisudnetnation 2 1u 3 4o uarannssasetinetien 2 lu 3 4e eeliil
21N13UAN
N. Loss of empathy
9. Prosopagnosia 178 zgtyLaﬂmwmmm‘lumsﬁm%mu‘ﬁliﬁn (difficulties naming known people)
A. Compulsiveness %17@ AnuAneFaliALlvA (rigid thought process)
AINITIEN
. zj;tyLiﬂmmmmmiumiﬁm%%wm (object naming difficulties)
4. Visuospatial functions AaudeUnR
A. Motor speech and phonology Aaudnsilng

3. inausinnsitadeiusue g 150 mane (Imaging-supported) 984 SBVFTD
Aaslsznaudians 2 Tasalui

n. a9 léiu clinical diagnosis 289 SBVFTD fadia 2

2. DINENBINLANNHALNR ﬂmﬂm@ﬂﬂwﬁqﬁqﬁﬂiﬂﬁmmumﬁmmﬂuﬁﬂ Tnfiaa97 Wee wuANRALNRA
siellifresanasinuing Tugiilaldndaidenan
o ANANElRLITINOL anterior temporal lobe LAY relative sparing frontal cortex @10 MRI VG CT; 778
. mmwumﬂ%{iﬁm@@mm (hypometabolism) 17104 anterior temporal lobe LLag relative sparing frontal cortex

/7N FDG-PET

1
o o

4. inouvinnsiiasenusueulagldne153nen (SBVFTD with definite pathology)

>

Waslsznaudasis 2 dastalili
n. annd Ly clinical diagnosis 184 SBVFTD Addia 2
2. NUAHAALNFAINNIAIIANINTINENVTRRUGNITH
o We3AnE MU FTLD-TDP, FTLD-tau vi3e Tusiudur fineltifineinisves FTD

e FFIAWL known pathogenic mutation

o A

AMNNIIANEIENTINAdEe 2 st Tungn  delideandn wareadesimuisaiiasivanas

Thai * Journal * of ® Neurology

ﬂ?:mmﬁmﬁﬁ@ﬁ_ﬂuﬁi:mmmmﬁiﬁﬁi’ﬁmu 225318l
flEsun1safadadnilu BVFTD via semantic
dementia 391 TUN anterior temporal lobe 29M8ALNG
wiudn wudnlunguilszainssinane 3an19atade
RTVFTD Tnaings Amsterdam UMC fpnnuilafasas
81 ANANNITFREAL 29 A9uNUFiNITIHASY
SBVFTD Tatingu UCSF dimaulafetas 45 Aoy
srmzdenay 55 aziiulddnnnminnsinadua 2

Aasalsaliacinansuen audluneansyluszmuly
NNANINTL

1aAI55EI9LUN5INARY RTVFTD
wHRTNIINAse Aanatazdas LN a1N130
AaselFpau atnalafinin RTVFTD dawlulsafiny

£%

Tuitas AaidamsseSaNanasefatl
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o NR1ATAdY RTVFTD A295a4d9msanIn
TAT9AF19aNa (structural brain image) l@NALUZYN
%@ MRI 490091 CT vnnanansovinlg iivedtase
wanlzafitannnsadnafis (mimics) L brain tumor,
arteriovenous malformation/fistula, chronic
subdural hematoma 1{luu fanaflanisadneiy
RTVFTD

e wnATIaNINIATIaFI9aNeanLdn il
right temporal lobe atrophy Wag9&sde RTVFTD 13
Naseunde FDG-PET 3@ perfusion SPECT m1u
ANNIANNZAN

. ﬁjﬂwﬁi@fﬁ*umﬁﬁqﬁﬂLﬁmﬁmﬂu
BVFTD, semantic dementia 1138 Alzheimer’s disease
MINATIA MRI 9138 CT WU temporal lobe 297 elaiay
Fandnmuua frontal, temporal fudng ¥i3e medial

¥
temporal 114 2 419 81AFRINANTUIBINTT WARTIA

TDP-C

TDP-C
+CTD
14%

TDP-C+
Tau-PSP
2%
Tau-MAPT
16%

nanW7 1
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WnaTyyn LAZNNIRIANINANDY BENNATIBEATN
ansaasiiaadnldiu RTVFTD snnndnvizaly

WYISINY (Pathology)

N19ANEI289NgN Amsterdam UMC* Wudn
wm%mmwmm‘imﬁ;mﬁuﬁ temporal lobe 291 /7N
1%uwm%mquzﬁ@ﬂj s temporal lobe
#hel vide frontal lobe ¥4 2 413 wenFanwmiinuses
ﬁzgmﬁmmﬂiﬂiﬁu TDP43-C (Faeiaz 36) 70989y
Tau (¥eziay 30) MNA28 TDP43-A (Fazay 20)
atislafimugilsannndnfasay 40 fiwendanwd
AnannldsfuAndnaseus 2 2iistuld dilaadesas
28 fiAnnuRALnAed corticospinal tract SNAdE N3
ﬁﬂ‘]ﬁf’]@’mE?J’%/EmZﬂ:NﬁWUdﬁWHﬂ%@ﬂ’]WWNT?ﬂﬁ@isﬁLN
aftlaanunsanyliienas 8 mn@’ﬂw%\mm (N
7i1)

TDP-E 2%
AD+DLB 2%
TDP+MND 2%

FUS 4%

TDP-B+MND 6%

TDP-B+MND+AD 2%

TDP-A-B 6%

TDP-A-B+AD 2%

TDP-A-B+MND 4%

TDP-A-B+AD+ 4RTau 2%

TDP-A 4%
Tau-GGT 2%
Tau-PSP+TDP-A 2%

Tau-PiD
6%

LAAITREAZIBINENBANINTHAR 1 209E1ael RTVFTD Fiatle TDP: TAR DNA-binding protein

43; TAU: tau protein; MND: motor neuron disease; CTD; corticospinal tract degeneration;

MAPT: microtubule associated protein; PiD: Pick’s disease; PSP: progressive supranuclear

palsy; GGT: globular glial tauopathy; FUS: fused in sarcoma protein; DLB: dementia with Lewy

bodies; AD: Alzheimer's disease AnLLa3an Ulugut H, et al. Acta Neuropathol Commun 2021.*
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NNSONYNOANWWUSNSSU (Genetics)

RINN1TANHIUBINGN Amsterdam UMC ARNW
A.A. 2021 filae RTVFTD Faaay 33 HiugnIsuia
Unf?' waz annsAna8INgN Fondazione IRCCS
Istituto Neurologico Carlo Besta, Milan FNNN A.A.
2022 gtlog RTVFTD Faeiaz 39 Nugnssuiailng
a2 NANNIIANEY WUNIINABRUTUBEY MAPT
vatfiga Buiu inudnfluawgaes RTVETD e
GRN, TARDBP uay PSEN1*"* aginalsimuliny
ANHALINAYEY Corf72 lungueilae RTVFTD B9
wanFngaIngLlae FTD Fialulfinudn Coorfr2 1l 1
u 3 Buvdniiandna®

gUagoy (Subtype) You RTVFTD

fAnzfAn®n RTVFTD A0 Mayo clinic 53
Minesota UszinAanigainsni’™ lauiauadn
RTVFTD @nunsauiiaidu 2 dilnges (subtype) A
21117 (clinical manifestation) s-ﬁ’%mmiwm@maﬂﬁ
FunANgENU (affected brain region) WeN83INeN
(pathology) HATANHEULAITENENDANIINUGNTIN
(genetics) lAun

1. Behavioral phenotype

Jilagazlannisidunie waAnssu 11w
disinhibition, compulsiveness, apathy, loss of

empathy, eating behavioral change fauruililoyyn

Thai * Journal * of ® Neurology

social cognition 11 emotional recognition deficit
UNNYATIRINNILANANY parkinsonism LHAATA
MRI %78 CT @ned azwu3ni temporal lobe 191¢6l8
f9ufiL frontal lobe Halsudandn temporal lobe Gl
1FUATHIANAIAAAIUAY behavioral phenotype
wanalugii 4 namsaanenBangtaznudnTdssiun
azaunaLnAUTanl temporal lobe 2191 Sniilu tau &
v
1lae phenotype #HUs23R neurodegenerative
disease luATaLATIZINIT Uarlan1ansanLng
NANURUENEYW MAPT 1g9nan’°
2. Semantic phenotype

o o oA )

gtlaeiniansiai Aa prosopagnosia kA
AINIINWNNEN 1T loss of semantic knowledge,
word finding difficulties liana MRI 1138 CT duad

Al 1) 1 o ?.\// ¥ v
azWu9N temporal lobe Hataudavia 2 419 Taasu
1 U v % 3\// ¥ o 1| o 1
11azlandnsutne temporal 14 2 4esindadanan
frontal lobe AauAAIlUILN 4 AIraNENBINEIAENL
dnldsAunazauinUnAL3iin temporal lobe 291 870
¥

\flu TDP43-C Hilael phenotype Hnlaidnanannis

ﬁuﬁqﬂﬁ\j\u4,10,21 22

atnalsfimungu@aatieynAne RTVFTD
douwlunfldlduislsnaaniduaiingas szdilon
, < a . !
AVTUNUINAINITNNEGN (mix) Taunsendng 2
phenotype kaziilanaiiiulilssazuile 1y 3-5 Usie

o o = A 9 =2 o
N1 H‘]JFJEWN 2 phenotype 213UAIN1TNANLARINL
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Behavioral phenotype

‘tu\ﬁr >4

Less severe [l [l Il More severe

Semantic phenotype

hsldd

gﬂﬁ 4 ugnatumsiioaesludausinge 283198 RTVFTD (A) Behavior phenotype (B) Semantic phenotype

a v A a = o % a A 1 oA a
@LLG’NL‘UNﬂ‘ﬂﬂ?‘ﬂ’]ﬁ]?ﬂl’mm’ﬂﬂﬂﬁﬂﬂﬂ’mLVIEIUﬂU@W@W@NﬂT’ZﬁIﬂ”IWﬂ ALANAAUNINARUTUIATHAIANDY

anAdlaNaLLs A UaNa14TA4IN WA ARLasaIn Josephs K A, et al. Neurology 2009."

NNSSNWN

faqudslaifimssnuniannzsie RTVETD ns
FNEMR98N989mN FTD Taeininsau

FTD fielaifinsinsnfianunsnnlasuutlasnis
AHiulsA (disease modifying therapy) lHda4 5\1
lundmiugslaifinissnulafignansatzaanisnanas
2a31Matlayeyn (delay cognitive deterioration) 11
the FTD 1diuiu i wanuasaiiunissnem
ANNLAAZAINIT

N1 ldeanFnNeN (pharmacological treatment)
TIANBININ NN ANTINLATBINIINNAR LUELae
auenden FTD #1NqN Selective Serotonin
Reuptake Inhibitors (SSRIs) dqgamainig
disinhibition, compulsive behavior, depression &0
@jm Serotonin Norepinephrine Reuptake Inhibitors
(SNRI) ez Agomelatine dq8amaINe apathy,
inertia, depression 11 Oxytocin AEIAARINIT apathy
\Judu a1ngu Benzodiazepine, Tricyclic
antidepressant liAasldlunisinmn FTDUWnER3N

= v U 1
wpasiasin lfemnANsnzan U usay
f‘\,-]E|23,24

nnsfnetaeladlden (non-pharmacological
treatment) Juszlamluinninnisinedaaan Tae
WU A9
o aal o a Aa .
o UFurlg9RannenneAHuTAR (lifestyle
, \ A A a ., = a Na °
modification) Aa WNNANIINNTEHNAA LTI TzAN
44 (cognitive training) 8ANNIAINILAILAINNUTIN
1114na19 (moderate intensity exercise) HnAu
wiaunfandnsiiie (strength training) nnnsnsasa
L = = | o X

(balance training) LL@:ﬁJﬂm’mﬂmﬁquﬂﬂ’mLu@
(flexibility training)® *°

o Hnun (speech therapy) 39u9A2IN
Wnlanne Taetinessniinis (Speech therapist) #i
\TengnynsaNaadan®

¥ 1 1 Dd‘d U o

o indaunguiNien1sAdail (peer
support group) Hilae FTD anai@nlantmag vAin 1ile
wine Viowdt nasdidannguazdauanilasuaay
Wil Uszaunisal Sensdjumsa vinliguaediuda
3 o [3 1) i/dd’g 23
Wnfuaadulagl@mnaw
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U a A

o NNstaeAauarliA LAy AYTe

o

ALA (caregiver support and education) Ey’lﬁﬂdi'ﬂ

a

nelany

2220 ©3°p

guanasiaudlafaaiusalsn Aansa
mﬁﬂmﬂguuﬁugmmmLﬂu@?\a aAAITdnladn
filagazldneenn nainedulliennn miang
Fiuzestithe msdseedzaziaeifillidesannidladn
S lameaai lgilaedlsaunsndau ywwanin
s wanani pfiedauanstaditeaiy
nisatgilaavinfadnslsanduesnaunizan g
@me@mﬁﬂﬁugmiﬁéﬂw nsdFuilgeanin
WINABN WATNINLEUINEUszAULsvAadlussey
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