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cognitive impairment by ALS functional rating scale,
Japanese ALS severity scale, and MRC sum score.

Conclusion: The result of this study illustrates
that ALS patients have certain mild cognitive
impairment in the orientation domain. this TMSE
examination may not be suitable for cognitive
screening for ALS patients due to their requirement
of good hand function in some parts of the tests
and it is insensitive for assessment of executive
functions. Thus, this study may support that there
should be a new Thai-translated cognitive test that
properly assess the ALS patients.

Keywords: Cognitive Impairment, Dementia,

ALS, Amyotrophic Lateral Sclerosis

Introduction

Amyotrophic lateral sclerosis (ALS) is an
uncommon motor neuron disease which affects both
upperand lower motor neuron in several body regions.
These patients have progressive symptoms of
weakness, dysphagia, respiratory insufficiency, and
will have deficits in activities of daily living." The overall
crude worldwide incidence of ALS is about 2 new
cases per 100,000 people annually.2 ALS is mostly
found in patients aged around 60-65 years old and it
has age-dependent onset and duration.” Currently,
ALS disease still has no specific treatment and patients
would only get supportive care to prolong their survival.

ALS has wide phenotypic heterogeneity, it is
not limited to only motor system, but other neurological
systems can also be affected. The recent studies
suggest that ALS patients may have mild cognitive
impairment with subtle executive deficits. Around
5% of ALS patients have a clinical subtype of
frontotemporal lobar degeneration (FTLD) called
Frontotemporal Dementia (FTD)." In recent years,

the gap between ALS and frontotemporal dementia

has been bridged by genetic evidence, including
abnormality in TDP-43 protein and, C9orf72
hexanucleotide repeats.>® A combination of clinical,
neuroimaging, and neuropathological data suggest
that ALS and FTD may be one disease spectrum
with clinical, pathological and genetic overlap.” ALS
patients with mild cognitive impairment are not
different from classic ALS but ALS-FTD patients
have a worse prognosis than classic subtype.

Cognitive symptoms in ALS patients have
been reported to have variable presentations. Some
patients may have problem in only single domain,
but several patients may have problem in multiple
cognitive domains. However, the information
about the frequency, severity, and progression of
cognitive impairment in classic ALS is still unclear.
The most consistently studied cognitive changes in
ALS reported the deficits in executive functions
(eg. verbal fluency and attention), whereas
abnormalities in memory and language domains
are more preserved.”

There are many neuropsychological tests
for executive functions. However, due to the
complexity of tests, the results can be confounded
by bulbar or limb weakness in ALS. Then, there are
some of the specific tests for ALS patients such as,
the Edinburgh Cognitive and Behavioural ALS
Screen (ECAS) invented by Abrahams and
colleagues. ECAS calculated a verbal fluency index
using the time that the patients took to copy words
they had written in fluency tests.® The Wisconsin
card-sorting test is used to measure rule shifting
and mental flexibility.* These batteries have high
sensitivity and specificity, but they took very long
time to perform. Short batteries such as the mini
mental state examination (MMSE) is easier to use

in clinical practice and can reveal some bahavioral
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abnormalities such as perseveration, inattention,
and disinhibition; but it cannot be used to screen
for frontotempotal dementia because it has only few
tests for Frontal lobe function. Currently in Thailand,
there are two most widely used translated cognitive
screening tests which are The Thai Mental State
Examination (TMSE) and Montreal cognitive
assessment (MOCA) Thai version, the TMSE is
much easier for the patient to perform the test
compared to MOCA, which used many manual skills
to evaluate and may be too difficult for ALS patients.

In Thailand, there is no known study about
cognitive symptoms in ALS patients before.
Therefore, this study aims to find out whether ALS
patients in Thailand have significant cognitive
impairment or not, and if they have, which domains

are the most affected.

Materials and Method

1. Study design

This study was a case control study in
Neurological Institute of Thailand, Bangkok,
Thailand. The participants were enrolled from the
outpatient departments in between September 1%,
2021 and December 31, 2021. ALS patients and
control subject was enrolled in 1:2 ratio (ALS :
control). Both group were matched with age and
educational status. The medical records and
data from ALS registry were reviewed to assess
demographic, clinical data, amyotrophic lateral
sclerosis functional rating scale (ALS-FRS), MRC
Grading Score and Japanese ALS Severity Scale.

2. Inclusion criteria

Inclusion criteria for ALS group

- Age = 18 years old

- Have the diagnosis of ALS (including only
Probable ALS Laboratory Supported, Probable ALS,

Vol.39 ¢ NO.I » 2022

or Definite ALS by The Revised El Escorial
criteria’)

- Able to communicate in verbal or written
language

- Never been diagnosed with cognitive
disorders

Inclusion criteria for control group

- Age = 18 years old

- Never been diagnosed with cognitive
disorders

3. Exclusion criteria

- Patients and controls who were unable to
complete neuropsychological tests

4. Assessment tools

Every participants in both ALS and control
group had been informed about the study before
participated. The Thai Mental State Examination
(TMSE), a validated cognitive screening test that being
used widely in Thailand, is a neuropsychological
test in this study. The test is used to analyze each
cognitive domain of the participants and took
approximately 10-15 minutes to complete. All of
the tests were examined by the experienced
neuropsychologist in Neurological institute of
Thailand (K.S.).

The total score of TMSE test is 30 points, which
contains of 6 domains ; orientation, registration,
attention, calculation, language, and recall memory.

The revised ALS functional rating scale
(ALSFRS-R) is a validated questionnaire-based
scale for monitoring the progression of disability in
ALS patients. It is composed of 12 questions that
cover functions in 4 domains: gross motor tasks,
fine motor tasks, bulbar function, and respiratory
function. The score for each question is summed
for an overall score ranging from O to 48, the higher

the score the more function is retained."
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The Japanese ALS severity classification scale
was used in the edaravone trials to evaluate
the severity of ALS in patients." The level of
functionality is classified into one of five categories
on an ordinal scale, with 1 representing the least
amount of functional impairment associated with
severity of disease, and 5 representing the most.
Information regarding the validity and reliability of
this assessment tool were not identified.

The Medical Research Council sum score
(MRC-SS) is a measure of global peripheral muscle
strength, which ranges from 0 (complete paralysis)
to 60 (normal strength).” Manual strength of six
muscle groups (shoulder abduction, elbow flexion,
wrist extension, hip flexion, knee extension, and
ankle dorsiflexion) is evaluated on both sides using
MRC scale (muscle strength is scored 0-5 in each
muscle).” This score was originally developed for
detecting early strength alterations in patients with
Guillain-Barré syndrome

4. Outcomes

Primary outcome : To find the proportion of
cognitive impairment in ALS patients and cognitive
impairment characteristics. Then, evaluate the
comparison of TMSE total score and each domain
score between ALS patient group and control groups.

Secondary outcome : To determine the
correlation between ALS severity scale and
cognitive impairment

5. Ethical issue

The study was approved by Neurological
Institute of Thailand ethic committee

6. Statistical analysis

Descriptive statistical analysis has been
performed on all demographic data and clinical
characteristics. Because of small sample size, the
median and interquartile range were compared for

numerical data between groups. Qualitative data is
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described using percentage. Group comparison is
performed using Mann-Whitney U test for numerical
ordinal variables. Spearman correlation is
performed to investigate the association between
ALS severity score and TMSE score. Any 2-sided
P<0.05 is considered statistically significant.
Data analysis is performed using SPSS for window
version 17.0 (SPSS Inc, Chicago, lllinois, USA).

Results

1. Demographic Characteristics

A total of 15 ALS patients and 30 control
participants were enrolled from September 1%, 2021
to December 31, 2021 at Neurological Institute
of Thailand. The demographic and clinical
characteristics have been shown in Table 1. There
were no significant difference in sex (male:female)
(6:9, 15:15, p = 0.752), age (median age) (57.76,
58.51, p = 0.516), and educational level (p=1.00)
between both groups.

Median age of onset of symptom in ALS
patients was 56.16 years, and mostly presented
with upper limb weakness (60%). Median of MRC
grading score was decreased from 47 to 43
between first visit and on day of TMSE examination,
while median of total ALS-FRS scale and Japanese
ALS severity scale were the same in both days.
In addition, there were 2 patients who take Riluzole
for the treatment of ALS. For imaging results, four
patients had negative result of MRI brain, 1 patient
had abnormal finding as Pontocerebellar atrophy,
while MRI brain had not been done in most patients
(66.67%). In contrast, MRI C-spine had been done
in most ALS patients (93.33%) and all of them had
negative results. The diagnosis of ALS patients were
mostly defined as Probable ALS with laboratory
support (73.33%), followed by Probable ALS
(13.33%), and Definite ALS (13.33%).

9
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Table 1 Baseline characteristics of study population
Associated factors ALS group Control group p-value
(n =15) (n= 30)
1. Sex (Male / Female), no. (%) 6(40) / 9(60) 15(50) / 15(50) 0.752
2. Age at evaluation (years); median (IQR 25,75) 57.8 (49.1,60.7) 58.5 (49.0,63.4) 0.516
3. Educational Level, no. (%) 1.00
. Grade 1-6 6 (40) 13 (43.33)
. Grade 7-12 3(20) 5 (16.67)
- Diploma degree and above 6 (40) 12 (40)

4. Age at symptom onset (years); median (IQR25,75)
5. First Presentation, no. (%)
« Bulbar weakness
« Upper limb weakness
« Lower limb weakness
6. MRC Grading Score (points); median (IQR25,75)
« First visit
« TMSE test day
7. ALSFRS-R (points); median (IQR25,75)
« First visit
« TMSE test day

8. Japanese ALS Severity Scale (points); median (IQR25,75)

« First visit
- TMSE test day

9. On Riluzole, no. (%)
10. MRI Brain, no. (%)
» Negative result
« Abnormal
- Not done
11. MRI C-Spine, no. (%)
- Negative result
« Abnormal
- Not done
12. Diagnosis, no. (%)
« Definite ALS
« Probable ALS
« Probable ALS with laboratory support

56.2 (46.7,60.2)

D N
o O
= =

47 (38,53)
43 (38,53)

37 (23,44)
37 (21,44)

3(2,4)
3(2,4)

2(13.33)

4 (26.67)
1(6.67)
10 (66.67)

14 (93.33)
0 (0)
1(6.67)

2(13.33)
2(13.33)
11 (73.33)

2. Primary outcome

Based on TMSE standard cut-off, there were
5 patients in ALS group (33.33%) who were in
cognitive impairment range (TMSE score < 23) and
10 patients (66.67%) in normal range (TMSE score
> 23). TMSE total score had statistically significant

difference comparing between both ALS and

control groups (median (IQR) ; 24 (23-26) and 27.5
(24.75-28.25), p-value = 0.015). Judging from the
score of each domain, there were orientation and
language domains that had significant differences
from the control group. The orientation median
score were 6 (IQR5-6) and 6 (IQR6-6) (p-value =

0.015), while the language score had wider
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difference which were 7 (IQR5-8) and 8.50 (IQR8-9)
(p-value = 0.011). The other domains had no
significant differences between ALS and control
groups. The results are shown in Table 2.

In the orientation part, there were 4 patients who
failed to recall the time, 2 patients failed to recall the
place, and 1 patient failed to remember the person.

As for the results of language domain of ALS

patients, there were 6 patients who had weak hand
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muscles and failed to perform the 3-step command
and drew misshaped house due to their muscle
weakness. There were 4 patients who couldn’t
answer in abstract thinking part by failing to identify
similarity of cats and dogs. There was 1 patient who
fail to perform the reading part by doing different
movement from the instruction. Another patient

performed one wrong step in the 3-step command.

Table 2  Comparison of TMSE score between ALS and control groups
TMSE score ALS group Control group P-value
(N = 15) (N = 30)
1. TMSE Total Score; median (IQR25,75) 24 (23,26) 27.5(24.7,28.3) 0.015*
2. Orientation; median (IQR25,75) 6 (5,6) 6 (6,6) 0.015*
3. Registration; median (IQR25,75) 3(3,3) 3(3,3) 0.956
4. Attention; median (IQR25,75) 5 (5.5) 5 (5,5) 0.157
5. Calculation; median (IQR25,75) 2(1,3) 3(2,3) 0.082
6. Language; median (IQR25,75) 7 (5,8) 8.50 (8,9) 0.011*
7. Recall memory; median (IQR25,75) 2(2,3) 2(1,3) 0.929

3. Subgroup analysis by excluding weak hand
muscles cases and matched controls

In addition, we performed the subgroup
analysis by excluding 6 ALS cases who had weak
hand muscles and 12 matched control of those
cases. We excluded patients who had MRC score
of both wrist and finger muscle groups below than

grade 3, which they would not be able to grip the

Table 3

pen or fold the paper. The results are shown in
Table 3. The results were different from previous
results as the TMSE total score and Language parts
were not show significant difference from the control
group (p-value = 0.533 and 0.810 perspectively).
However, the orientation part still has as statistically
significant difference between case and control

groups (p-value = 0.047) as before.

Subgroup analysis of TMSE score comparing between ALS and control group by excluding

weak hand muscles cases and matched controls

ALS group Control group P-value
(N=19) (N =18)
1. TMSE total score; median (IQR25,75) 25 (23,28) 26 (24,28) 0.533
2. Orientation; median (IQR25,75) 6 (5,6) 6 (6,6) 0.047*
3. Language; median (IQR25,75) 8(7.5,9) 8(7,9) 0.810

4. Language domain subgroup analysis by
excluding 3-step command and drawing parts

Drawing part and 3-step command are parts
of language domain. In ALS patients, both parts

were affected by hand weakness and mislead to
impair language domain in ALS patients. Another
subgroup analysis was run by eliminating the 3-step
command and drawing part from Language

"
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segment in TMSE. The results are shown in Table
4. As a result, the total score of this domain

decreased from 10 points to 5 points which resulted

Table 4 Comparison of TMSE language score

between ALS and Control groups

Vol.39 ¢ NO.I » 2022

in no longer significant difference in language part.
(p-value = 0.513)

(3-step command and drawing part were excluded)

ALS group Control group P-value
(N =15) (N =30)
TMSE Language (cut version); median (IQR25,75) 5(4,5) 5(4.8,5) 0.513

5. Secondary outcome

The median value of revised ALS-FRS in first
visit was 37 (IQR 23-44), which was the same as on
TMSE examination day. According to Spearman
Correlation Analysis, ALS-FRS and TMSE score had
no significant correlation (Correlation coefficient =
0.427, p-value = 0.113). The result is shown in
Figure 1. Moreover, in each function of ALSFRS-R
including bulbar, gross motor, fine motor, and
respiratory functions had not correlate with TMSE
total score, the results are shown in Figure 2-5.

For the results of Japanese ALS severity scale,
according to Chi-Square analysis there was no
significant difference in TMSE total score between
ALS patients in grade 1-5 (p-value = 0.440), which
implied that Japanese ALS severity scale had no
correlation to TMSE total score. The results are
shown in Figure 6.

As for the MRC sum score, according to
Spearman Correlation Analysis it also had no
significant correlation between MRC sum score
and total TMSE score of ALS patients (Correlation
coefficient = 0.069, p-value = 0.806). The results

are shown in Figure 7.
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Discussion

In the past, patients with ALS disease were
believed to have normal cognitive function due to
its pure motor neuron disease. Later on with
updated data, we know that ALS and FTD may be
in the same disease continuum through abnormal
accumulation of TDP-43 protein in neural tissues of
many patients.” Recent studies also found that there
are common cognitive deficits in ALS patients
including impaired verbal fluency, impaired

attention, or executive dysfunction.” Since there is
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no known study about cognitive symptoms in ALS
patients in Thailand before, then we have decided
to work in this research topic in Neurological
Institute of Thailand.

Baseline characteristics in both groups were
similar (sex, age, and educational level). There was
no ALS patient who fullfilled the criteria of bvFTD.
However, there was 1 ALS patient who had only
disinhibition and frontal releasing signs whom
scored 26 points in total TMSE score. From the
cognitive test results, ALS patient group had
significant lower total TMSE score than the control
group. The significantly affected domains were the
orientation and the language parts.

Language part of TMSE comprises of tests
in multiple subdomains including language
comprehension (3-step command), repetition,
naming, reading (read and perform “close your
eyes”), visuospatial (house drawing), and frontal
executive function (abstract thinking). Some
sections are not meant to use mainly for language
assessment but need good language function to
perform. Another factor that may affect the
assessment is hand function, especially in 3-step
command and house drawing parts. Since many
ALS patients in this study (6/15) had severe upper
limb weakness at the day of assessment (defined
by MRC score of wrist and finger muscle groups
below than grade 3 of both hands).This resulted in
lower scores from both parts. Therefore, we also
analyzed the subgroup of ALS patients who still had
good hand motor skills (9/15) compared to matched
controls (18/30). The results showed that there were
no significant differences in both TMSE total score
and language score. Moreover, when we excluded
the 3-step command and drawing parts out of the

language assessment (total score after excluded =
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5), we also found no differences between case and
control groups. We can assume from this finding
that lower score of ALS patients in language part
was mainly due to motor weakness confounder, not
the cognitive impairment.

From this study, the truly significant affect
domain was the orientation part, which was different
from previous study. Some ALS patients did not
oriented about the time, place, and person. There
is no certain lesion for disorientation that it can be
caused by multiple cortical lesions. But it is still
inconclusive that the impairment was due to the
cause that patients did not pay attention to the place
or unable to remember the name of the hospital and
current date, as the attention and memory segment
were both normal. The patients might not be aware
of the current date or place due to their disability to
move around independently in the environment.
Apart from that, the result was slightly inconclusive
because the median scores were equal, but the
significant difference was from the different IQR of
both groups.

Apart from the hand weakness, there were 4
ALS patients (26.67%) who failed to perform the
abstract thinking part, but it was not statistically
significant. It may imply that there were some
degree of executive dysfunction in ALS group, but
it did not have significant difference because TMSE
only have two tests for frontal lobe function. We may
need more detailed neuropsychological test for
Frontal lobe cognitive function.

We also found that ALS disease severity had
no correlation with cognitive impairment, including
ALS functional rating scale, Japanese ALS
severity scale, and MRC sum score. This findings
suggests that more severe motor disability may not

associated with more severe cognitive function.
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TMSE requires shorter administration time
(10-15 minutes), so it is less burden for ALS patient
to complete the test. However, TMSE is suitable for
mild disability patients. ALS patients with severe
disability are not capable of completing some
specific tasks such as drawing due to physical
disability. The suitable test could be adapted such
as answering by writing or typing in case with
severe dysarthria, and by blinking or pointing in
case with severe hand weakness. In ECAS test, they
use dot counting and cube counting by verbal or
writing for visuospatial domain, so ALS patients are
more capable to perform these tests than TMSE.
Moreover, the verbal fluency test in ECAS uses the
modifications to control for the speed of response
by calculating a verbal fluency index, so it can allow
patients with upper limb weakness to be assessed
meaningfully. * In which TMSE test is still lacking of
these modifications that allow patients to answer by

either verbal or written language.

Limitations of the study

1. This study has small sample size due to
ALS disease in Thailand is still very rare and
underrecognized, and Covid-19 pandemic within
the country limited the inclusion of the patients.
Most patients also missed the appointment
because of lockdown situation. Further study in
larger population in multiple hospital centers could
be useful to clarify a clearer trend of cognitive
impairment in ALS patients in Thailand.

2. TMSE has the limit for assessment in patient
with hand weakness and may not be the good
neuropsychological test to evaluate ALS patients.

TMSE also has limited executive function assess-

Thai * Journal * of ® Neurology

ment. There are numbers of neuropsychological
tests such as Edinburgh Cognitive and Behavioural
ALS Screen (ECAS), ALS Cognitive Behavioral
Screen (ALS-CBS), etc. But to our knowledge, there

is still no Thai translated version of these tests.

Conclusion

The results of this study have shown that
one-third of the participated ALS patients have
cognitive impairment which mainly shows the
significant deficit in orientation. This may lead into
more understanding regarding cognitive problem
in ALS patients which can be occurred from
the disease itself if no other cause is found.
Nevertheless, this TMSE examination may not be
suitable for cognitive screening of ALS patients due
to its requirement of good hand function in some
parts of the tests. Thus, this study may support that
there should be a new Thai-translated cognitive test

that properly assess the ALS patients.
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Introduction

Epilepsy is a high prevalent neurological
disorder that affects people of all ages and lives all
around the world. Patients with epilepsy are three
times more fatality rate than the general population.’
Furthermore, they are 2-3 times more likely than
those without epilepsy to have mental disorders,
including anxiety and sadness.” Their bidirectional
effects, such psychological issues might increase
seizure frequency or severity. As a result, assessing
anxiety or depression is critical in epilepsy and
should not be overlooked.” According to several
previous researches®, anxiety affects 28 percent
of people. Drug-resistant epilepsy (DRE) has a
higher prevalence than epilepsy that is adequately
managed.’ In two investigations conducted in
Thailand, anxiety in epilepsy was shown to be
5.3 percent’ and 39 percent.’ Female gender,
unemployment, focal onset epilepsy, stigma,
extended duration of medication resistant epilepsy,
and high seizure frequency are all risk factors for
anxiety in Thai epilepsy patients.'®"

Since March 2020, the coronavirus disease in
2019 (COVID-19) pandemic has been affecting
people’s physical and mental health throughout the
world. This virus affects not only the respiratory
system, but also the nervous system, resulting in
anosmia, hygosmia, headaches, altered mental
state, and seizures.'” According to a study from
Wuhan, China, COVID-19 seizures account for 0.5
percent of all cases."” According to a multicenter
survey conducted in Thailand, 0.57 percent of
infected people experienced seizures during the
first wave."® For mental well-being, according to
Huang S, et al. conducted a single center,
cross-sectional survey during the first wave of
COVID-19 in China, 362 online survey, 31 (8.56

Vol.39 ¢ NO.I » 2022

percent) increased seizure frequency, and one of
the risk factors for seizure aggravation was stress."*
In addition, during the first pandemic, Salari M,
et al.'" conducted a cross-sectional case-control
research in Iran to compare the anxiety levels of
persons with epilepsy to the general population.
141 epilepsy and 759 general population were
evaluated by Beck Anxiety Inventory Il-Persian
(BAI-11). The results indicated that anxiety was
present in 54.6 percent of epilepsy patients, which
was similar to the general population, while severe
anxiety was present in 13.5 percent of epilepsy
patients, compared to 6.9 percent in the general
population (p= 0.009)." There is evidence that the
incidence of psychological problems in epilepsy
during pandemics, including anxiety and
depression, is significant and has an impact
on quality of life, particularly in drug-resistant

"1 A study, however, found no link

epilepsy.
between COVID-19 and seizure frequency.'®

The data presented above is from various
nations, with the majority of it collected during the
first wave of the epidemic. As a result, we set out to
investigate the influence of physical and mental
health on the third wave and drug-resistant patients

in Thailand.

Method of the study

Objective

The objectives of the study were to assess
anxiety, sadness, quality of life, and seizure
frequency among drug-resistant epilepsy patients
in Thailand during the third wave of COVID-19.

Study design and study period

This was a cross-sectional prospective-
observation research conducted in Thailand from
July to September 2021.
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Population

Drug-resistant focal epilepsy patients over the
age of 20 were invited to participate in the study at
our Division of Neurology, Department of Medicine,
Phramongkutklao Hospital, Bangkok, Thailand.
Drug-resistant epilepsies are defined as individuals
who fail to achieve seizure free despite using two
anti-seizure medicines, either polytherapy or
sequential monotherapy, and adhering to a strict
treatment regimen. Patients who refused to fill out
questionnaires were excluded.

Evaluation batteries

1) Hamilton Anxiety Rating Scale; HAM-A for
anxiety

2 Patient Health Questionaire-9 Thai version;
PHQ-9T for depression

3) Patient Weighted Quality Of Life in
Epilepsy-10; QOLIE-10 for quality of life

4) Seizure diary for the 1-month seizure
frequency

Statistical analysis and ethical consideration

The discrete value was presented in number
and percent, whereas the continuous number was
in mean and standard deviation. A paired sample
t-test was used to determine the difference between
one month HAM-A, PHQ-9, QOLIE-10, and monthly
seizure frequency. Wilcoxon-Singed Rank test was
used for comparing non-parametric variables. The
statistical significance difference is p-value 0.05.
This research is part of an ongoing single-center
investigation, looking at the use of etifoxine as an
adjuvant therapy in patients with medically refractory
focal epilepsy and concomitant anxiety symptoms
(The ETIFOXs trial). The local ethic committee
approval number was Q020h/63.
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Result

We invited ten patients with DRE to assess
during the third wave of the COVID-19 pandemic in
Thailand, from July to September 2021. The surveys
were completed again, one month apart. Six of the
patients were men (60 percent). The average age
was 36.8 years. They all denied having used
alcoholic beverages, smoked, or used illegal drugs
in the past. Their adherence to anti-seizure
medication was excellent. The average age at the
beginning of the first seizure was 21.4 years old.
Epilepsy has been present for an average of 21.0
years. The preceding month’s median seizure
frequency was three times. Table 1 shows the
baseline features in further detail.

Table 1 Baseline characteristics

Number
Age (year, mean * SD, range) 36.8 +12.7 (23 - 65)
Male 6 (60%)
15.8+11.2(10- 31)

Baseline characteristics

Age onset of epilepsy
(year, mean #* SD, range)
Duration of epilepsy 16.22+11.8 (5 - 35)
(year, mean * SD, range)
Median frequency of seizure
(time/month)

Number of anti-seizure medication

Number of mood stabilizers

w =~ O b 0w N -

Note: SD-standard deviation

The median monthly seizure frequency was
lowered from 3 to 1 after a one-month study. The
HAM-A average and range increased slightly from
10.44 (6-17) to 11.33 (2-24), respectively, indicating

a shift from mild to moderate anxiety, p-value of
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0.859. From baseline to one month, the average and
range of PHQ-9 were the same [6.22 (1-15) and
6.44 (1-18)], indicating no mild-to-moderate
depression, p-value of 0.609. The QOLIE-10T score
was lowered slightly from 41.33 to 40.79, and all

Vol.39 ¢ NO.I » 2022

patients had a QOLIE score of more than 25,
indicating poor quality of life, p-value of 0.622. There
was no statistically significant difference between

the four results. Table 2 contains the specifics.

Table 2  The change of seizure frequency, anxiety, depression and quality of life
Variable Baseline 1-month p-value
Seizure frequency (time/month) 3 (1-15) 1(0-21) 0.072°
1-2 times/month 3 (30%) 8 (80%))
3 or more time/month 7 (70%) 2 (20%)
HAM-A(mean + SD range) 12.0 + 6.4 [6-28] 13.6% 10.6[2-34] 0.135
0 (no anxiety): number (%) 0 0
1-17 (mild anxiety symptom): number (%) 9 (90%) 6 (60%)
18-56 (moderate-to-severe anxiety symptom) 1(10%) 4 (40%)
PHQ-9T(mean * SD, range) 6.40 £ 4.2 [1-15] 6.80 £5.3[1-18] 0.791
0-4 (no depressive symptom): number (%) 4 (40%) 4 (40%)
5-9 (mild depressive symptom): number (%) 4 (40%) 3(30%)
10-27 (moderate to severe depressive symptom) 2 (20%) 3 (30%)
QOLIE-10T (mean % SD, range) 39.8 £78.6 [26-53] 38.7 £ 4.5 [20-54] 0.800
QOLIE-10T <25 (good QoL ) 0 1(10%)
QOLIE-10T > 25 (poor Qol) 10 (100%) 9 (90%)

YWilcoxson Singed rank test, QoL-quality of life

Discussion

Our findings, which were comparable to other

researches''®

, indicated a non-significant change
in one-month anxiety (HAM-A) score during the third
wave of COVI-19 in Thailand. All were mildly anxious
before the third wave, but 30 percent had later
developed moderate-to-severe anxiety, with a
p-value of 0.135. According to the Mehri S, et al.
research'®, 54.6 percent experienced mild anxiety,
25.5 percent had moderate anxiety, and 15.6
percent had severe anxiety. A research conducted
by Burcin A, et al.”®, 70.2 percent of epilepsy
patients had moderate anxiety.

The majority of our patients, 80%, had no to

mild symptoms of depression. The score almost

stayed consistent after one month with the third
wave. Based on a PHQ-9 score of less than 10,
Shanshan H, et al." discovered that 87 percent of
people did not have depression. In addition,
Xiaoting H, et al.'® discovered that epilepsy
individuals had a significantly greater level of
psychological distress than non-epileptic patients,
13.3 versus 1.6, respectively, p 0.001.

Our cohort’'s quality of life was low, but the
score did not change over the COVID-19 era in
Thailand, comparable to Helmstaedter C, et al.”* and
Burcin A, et al.”®. In contrast to Zeynep BG, et al.",
they stated that during the COVD-19 pandemic,
quality of life was affected, and that multivariate
analysis revealed that this was attributable to a

greater chance of seizure recurrence.
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Our study had two limitations: 1) a limited
number of participants who following the
stay-at-home protocol, so the patients who were
able to complete all of the questionnaires at our
hospital may differ from those who stayed at home
or declined to participate, and 2) a very short time
of follow-up. Furthermore, the lack of significance
of COVID-19’s impacts on our drug-resistant
epilepsy might be attributable to the fact that this
would be the third wave, when many individuals had
already acclimated to the event better than the first
and second waves. Further research with a greater
number of participants and a longer follow-up

period, according to the authors, is warranted.

Conclusion

In Thailand, the third wave of COVID-19 has
had no effect on the physical or emotional wellbeing
of individuals with drug-resistant focal epilepsy.
However, adequate psychological counseling and
a pandemic effectively managing will be necessary

to maintain quality of life.

Acknowlegdement

We would like to acknowledge the attending
consultants and colleagues in Division of Neurology,

Department of Medicine, Phramongkutklao Hospital.

References

1. Watila MM, Balarabe SA, Ojo O, Keezer MR, Sander JW.
Overall and cause-specific premature mortality in
epilepsy: A systematic review. Epilepsy Behav
2018;87:213-25.

2. Tellez-Zenteno JF, Patten SB, Jetté N, Williams J, Wiebe
S. Psychiatric comorbidity in epilepsy: A population-based
analysis. Epilepsia 2007;48:2336-44.

10.

1.

12.

13.

Thai * Journal * of ® Neurology

Jansen C, Francomme L, Vignal JP, Jacquot C, Schwan
R, Tyvaert L, et al. Interictal psychiatric comorbidities of
drug-resistant focal epilepsy: Prevalence and influence
of the localization of the epilepsy. Epilepsy Behav
2019;94:288-96.

Scott AJ, Sharpe L, Hunt C, Gandy M. Anxiety
and depressive disorders in people with epilepsy:
A meta-analysis. Epilepsia 2017;58:973-82.

Kanner AM. Anxiety disorders in epilepsy: the forgotten
psychiatric comorbidity. Epilepsy currents 2011;11:
90-1.

Rai D, Kerr MP, McManus S, Jordanova V, Lewis G,
Brugha TS. Epilepsy and psychiatric comorbidity:
A nationally representative population-based study.
Epilepsia 2012;53:1095-103.

Gandy M, Sharpe L, Perry KN, Miller L, Thayer Z, Boserio
J, et al. Rates of DSM-IV mood, anxiety disorders, and
suicidality in Australian adult epilepsy outpatients: a com-
parison of well-controlled versus refractory epilepsy.
Epilepsy Behav 2013;26:29-35.

Kuladee S, Prachason T, Srisopit P, Trakulchang D,
Boongird A, Wisajan P, et al. Prevalence of psychiatric
disorders in Thai patients with epilepsy. Epilepsy &
Behavior 2019;90:20-4.

Phabphal K, Sattawatcharawanich S, Sathirapunya P,
Limapichart K. Anxiety and depression in Thai epileptic
patients. Journal of the Medical Association of Thailand
= Chotmaihet thangphaet 2007;90 10:2010-5.
Hesdorffer DC, Ishihara L, Mynepalli L, Webb DJ, Weil
J, Hauser WA. Epilepsy, suicidality, and psychiatric
disorders: a bidirectional association. Ann Neurol
2012;72:184-91.

Beyenburg S, Mitchell A, Schmidt D, Elger C, Reuber M.
Anxiety in patients with epilepsy: Systematic review and
suggestions for clinical management. Epilepsy &
behavior : E&B 2005;7:161-71.

Divani AA, Andalib S, Biller J, Di Napoli M, Moghimi N,
Rubinos CA, et al. Central nervous system manifestations
associated with COVID-19. Curr Neurol Neurosci Rep
2020;20:66.

Sithinamsuwan P, Apiwattanakul M, Wongsinin T,
Sukajintanakarn D, Luangdilok P, Suttha P, et al. Seizures
in coronavirus disease-2019 in Thailand: case series
survey. Southeast Asian J Trop Med Public Health
2020;51:709-18.

21



22

21sasUs:andneniiiods:inelng

14.

15.

16.

17.

18.

19.

20.

21.

22.

Huang S, Wu C, JiaY, Li G, Zhu Z, Lu K, et al. COVID-19
outbreak: The impact of stress on seizures in patients
with epilepsy. Epilepsia 2020;61:1884-93.

Salari M, Etemadifar M, Gharagozli K, Etemad K, AshrafF,
Ashourizadeh H. Incidence of anxiety in epilepsy during
coronavirus disease (COVID-19) pandemic. Epilepsy
Behav 2020;112:107442.

Hao X, Zhou D, Li Z, Zeng G, Hao N, Li E, et al. Severe
psychological distress among patients with epilepsy
during the COVID-19 outbreak in southwest China.
Epilepsia 2020;61:1166-73.

Gul ZB, Gozubatik Celik RG, Uzuilmez Yildiz M, Aksoy
S, Teker SR, Mutluer BT, et al. The Impact of The
Coronavirus Disease 2019 Outbreak on The Quality of
Life of Patients with Epilepsy. Epilepsi 2021;27:78-84.
Aktar B, Balci B, Ferik S, Oztura |, Baklan B. Physical
activity, anxiety, and seizure frequency in epilepsy: The
results of the first 3 months of the Coronavirus Disease
2019 pandemic. Epilepsi 2021;27:85-90.

Hamilton M. The assessment of anxiety states by rating.
British Journal of Medical Psychology 1959;32:50-5.
Kimiskidis VK, Valeta T. Epilepsy and anxiety: epidemiology,
classification, aetiology, and treatment. Epileptic
Disorders 2012;14:248-56.

Gupta S, Sharma N, Bharti S, Sharma R, Kohli A, Agarwal
A, et al. Depression and anxiety in patients with epilepsy.
International Journal of Advances in Medicine 2018;
5:1268.

Lépez-Gomez M, Espinola M, Ramirez-Bermudez J,
Martinez-Juarez IE, Sosa AL. Clinical presentation of
anxiety among patients with epilepsy. Neuropsychiatr

Dis Treat 2008;4:1235-9.

23.

24.

25.

26.

27.

28.

29.

Vol.39 ¢ NO.I » 2022

Promma T, Lotrakul M. A Comparison of group meditation
and group psychotherapy in the treatment of mixed
anxiety-depressive disorder in patients suffered from
flood disaster at Uttaradit province. J Psychiatr Assoc
Thailand 2008;53:165-75.

Lalitanantpong D. A study of 1 month clinical response
in generalized anxiety disorder treatment. Chula Med J
2002;46:549-54.

Lotrakul M, Sumrithe S, Saipanish R. Reliability and
validity of the Thai version of the PHQ-9. BMC Psychiatry
2008;8:46.

Asadi-Pooya AA, Kanemoto K, Kwon QY, Taniguchi G,
Dong Z, Chinvarun Y, et al. Depression in people with
epilepsy: How much do Asian colleagues acknowledge
it? Seizure 2018;57:45-9.

Kwon O-Y, Park S-P. Depression and anxiety in people
with epilepsy. J Clin Neurol 2014;10:175-88.
Kanjanasilp J, Khaewwichit S, Preechagoon Y. Thai
version of the quality-of-life in epilepsy inventory:
comparison between the QOLIE-31 and the QOLIE-10.
CMU Journal 2004;3:35-42.

Helmstaedter C, Stefan H, Witt JA. Quality of life in
patients with partial-onset seizures under adjunctive
therapy with zonisamide: results from a prospective
non-interventional surveillance study. Epileptic Disord
2011;13:263-76.



ORIGINAL ARTICLE

Vol.39 ¢ NO.1 * 2022 Thai * Journal * of ® Neurology 23

Pilot Study: A Validation
of Wrist Actigraphy

in Thai Cognitive
Impairment Patients with
Sleep Problem

Pisan Tangketmookda,

Vorapun Senanarong,
Wattanachai Chotinaiwattarakul,
Chatchawan Rattanabannakit,
Natthamon Wongkom

Pisan Tangketmookda, Vorapun Senanarong,
Wattanachai Chotinaiwattarakul,

Chatchawan Rattanabannakit, Natthamon Wongkom
Division of Neurology, Department and Faculty of Medicine,
Siriraj Hospital, Mahidol University, Bangkok, Thailand

Corresponding author:

Vorapun Senanarong

Division of Neurology, Department and Faculty of Medicine,
Siriraj Hospital, Mahidol University, Bangkok, Thailand
Email: vorapun.sen@mahidol.ac.th

Received: July 12, 2022, Revised: October 10, 2022, Accepted for publication: October 13, 2022



ORIGINAL ARTICLE

32

21sasUs:andneniiiods:inelng

Introduction

Transient global amnesia (TGA) is a syndrome
which patients encounter an episode of memory
impairment. Typical presentation is sudden onset
of anterograde and retrograde amnesia with
preserve consciousness and personal identity."”
Although both types of amnesia usually resolve within
24 hours after onset, any events occurred during
the attack would not be recalled permanently. This
symptom demonstrates disease manifestation that
involves not only memory retrieval but also memory
registration process. MRI brain which done within
48-72 hours after onset with high b-value (b = 2000-
3000 s/mm°) may detect the abnormality of 1-5mm
of punctate or dot-like foci of restricted diffusion
in DWI at CA1 region of hippocampus.®*

Although TGA is a benign and spontaneous
recoverable condition, general concerns of patients
and their family are long-term memory outcomes.
The result of long-term sequelae effect of TGA on
memory is inconclusive. Early studies, mostly before
2005, showed that there was a persistent memory
deficit in TGA patients especially about verbal

>'2 Moreover, in a

memory, and visual memory.
recent study of TGA in Taiwan by Sung-Wung Hsieh
et al”®, they concluded that TGA increases the
long-term risk of dementia. However, meta-analysis
of 25 studies in 2009" show no long-term
performance differences detected in TGA patients
and healthy control. Inconclusive outcome could be
from the uncertain diagnosis as there were some
syndromes such as transient epileptic amnesia and
transient ischemic stroke that could mimic the
clinical syndrome of TGA."

Therefore, this study aims to explore long-term
memory outcome of the TGA patients with abnormal
MRI in hippocampal area compared to healthy

control of the same age. We are also interested in
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the influence of characteristics of lesions on MRI on

memory outcome in TGA patients.
Materials and Methods

Subjects

Electronic medical records of patients who
were diagnosed with TGA (Hodge and Warlow
criteria’®) between 2006 to 2020 at King
Chulalongkorn Memorial Hospital (KCMH) were
reviewed. Only the patients whose MRI brain
showed restricted diffusion in the hippocampal
area were included in this study. Controls are
healthy people with age and sex match. Any
subjects who previously had neurological or
psychiatric impairment such as stroke, epilepsy or
dementia were excluded from this study.

Neuropsychological test

The Thai version of Montreal cognitive
assessment (MOCA) and comprehensive
neuropsychological battery tests were done on both
TGA and control group. In the TGA group, the tests
were performed at least 6 months after onset of
episode.

Aim of the comprehensive neuropsychological
battery test was to assess 2 dimensions of memory
quality and quantity. The first aspect was the
memory domain which could be divided into verbal
and visual memory. The second aspect was the
memory type which could be divided into immediate

memory and delayed memory. Immediate verbal

Table 1 Neuropsychological tests

memory was assessed by digit span (DS) test
according to Wechsler Adult Intelligence Scale IV
Edition (WAIS-IV). Symbol span (SSP) test, as a part
of Wechsler Memory Scale IV Edition (WSM-1V),
represented immediate visual memory. To assess
delayed verbal and visual memory, we used logical
memory (LM), verbal paired association (VPA)
and visual reproduction (VR) test from WSM-IV
respectively. Recognition tests of logical memory
(LM), verbal paired association (VPA) and visual
reproduction (VR) were done at the end of each
test. Each subtest result was calculated to scale
score compared to normal population in same age
and turned into composite memory scale score
for each main assessed function. Details of each
subtest are summarized in Table 1.

Data Analysis

Quantitative data between groups such
as age, composite memory scale score of
neuropsychological tests, were compared by mean
using Independent T-Test for normal distribution
data and Mann-Whitney U test for skewed
distribution data. Qualitative data such as gender
and educational status were compared between
group by Chi-square and Fisher’s exact test.
Comparison within groups was done by One-way
ANOVA. Interaction between each factor such as
side of lesion, memory domain and memory type

were studied by Three-ways mixed ANOVA.

Assessed Function Test

Task

Immediate verbal memory Digit span (DS)

Symbol span (SSP)
Logical memory (LM)

Immediate visual memory

Delayed verbal memory

Verbal paired association (VPA)

Delayed visual memory Visual reproduction (VR)

Recognition Recognition

- repeat number of digits forward, backward and sequencing the
given digits in order

- repeat the given set of 2-5 geometric pictures in order

- free recall of 2 short stories about 60-100 words 20 minutes after
the first story was told

- pairing groups of given coherent and incoherent words 20 minutes
after first set of words

- draw given geometric pictures 20 minutes after a glance

- answer yes-no question at the end of task (LM, VPA, VR)
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Results

From 2006 - 2020, there were 55 TGA patients
whose MRI showed abnormal restricted diffusion
in hippocampus and were admitted at KCMH.
There are 26 patients whose contact records are
confirmed and participated in this study. 26 healthy
volunteers were included in a control group. There
was no significant difference between baseline
characteristics of 2 groups including gender
(female 69.2% in TGA vs 61.5% in control),
age (63.1 £ 5.7 in TGA vs 61.8 £ 4.6 in control).
Education status tends to be higher in TGA group
but not statistically significant. MOCA score in TGA

Vol.39 ¢ NO.I » 2022

group was not significant different from control
group (26.12 + 2.86 in TGA vs 26.92 = 2.19 in
control).

In TGA group, 13 patients (50%) had lesions
in left hippocampus while 7 patients (26.9%) had
lesions in right hippocampus. There were 6 patients
who had lesions on both sides (23.1%). 19 of 26
patients (73.1%) had a single lesion while the rest
had multiple lesions (26.9%). The mean size of
lesions was 3.19 £ 1.13 mm and the median
follow up time after TGA onset was 44 months
(IQR 23 - 68). Baseline characteristics of subjects

were summarized in Table 2.

Table 2  Baseline characteristic of subjects
TGA (%) Controls (%) p-Value
Subjects (N) 26 26
Gender 0.56 X
- Male 8 (30.8) 10 (38.5)
- Female 18 (69.2) 16 (61.5)
Age 62.8+5.7 61.4+48 0.338P
Education 0.110Y
- Below Gr 6 2(7.7) 1(3.8)
-Gr7-Gr12 6 (23.0) 1(3.8)
- Bachelor 11 (42.3) 14 (53.8)
- Master and doctor 7 (26.9) 10 (38.5)
MRI Brain characteristic
Side of lesions on MRI
- Left 13 (50)
- Right 7 (26.9)
- Both 6 (23.1)
Amount of lesions
- single 19 (73.1)
- multiple 7 (26.9)
Size of lesions on MRI (cm) 3.19+1.13
Follow-up periods (months) 45 (IQR 23, 68)
MOCA 26.12 + 2.86 26.92+2.19 0.258 P

X Pearson Chi-square

B Independent T-test

¥ Fisher's Exact

MOCA: Montreal cognitive assessment

MRI: Magnetic resonance imaging
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In comprehensive neuropsychological battery
test, control group had better performance than
TGA in immediate visual memory test (8.88 £ 2.16
vs 10.12+1.7,t=2.281, p = 0.027). While in other

domains, control group also tended to perform

Table 3
done by Independent T-test

Thai * Journal * of ® Neurology

better but not statistically significant. In recognition
tests, visual reproduction recognition score was
significantly lower in TGA when compared to the
controls (p = 0.037) (Table 3).

Mean scores and standard deviation in memory task compared between TGA and controls

TGA vs Control

. TGA Control t p
Memory domain
mean+/-SD mean+/-SD

Immediate verbal 10.31 £ 2.65 11.15+£2.36 1.216 0.23
Immediate visual 8.88+2.16 10.12+1.70 2.281 0.027*
Delayed verbal 10.79+2.82 11.88+£2.22 1.542 0.13
Delayed visual 11.15+£2.44 11.83+1.92 1.103 0.28
Recognition test

LM rec 454 +1.75 4.46 £ 1.60 -0.165 0.869
VPA rec 4.73+1.56 5.19+1.20 1.253 0.216
VR rec 485+1.16 5.46 £ 0.91 2.138 0.037*

Three-ways mixed ANOVA was performed on
group (TGA vs control), memory domain (verbal vs
visual) and memory type (immediate vs delayed
test) to explore main effect and interaction between
within-subject and between-subject variables (see
figure 1). There were main effects on group study
(performance better in control, F =4.19, p = 0.046),

memory domain (performance better in verbal test,

TGA

14
13
12

1 i

10

Scale score

Verbal Visual

Memory

em@mm |mmediate @@ Delayed

F =4.284, p = 0.044) and memory type (performance
better in immediate memory test, F = 31.236,
p < 0.001). There is significant interaction between
memory domain and memory type (F = 6.831,
p = 0.068). Visual memory scores in both groups
were lower than verbal memory in immediate

memory test but not in delayed test (Table 4).

Controls

14
13

12 i

11

10

Scale score

Verbal Visual

Memory

e=@mm |mmediate  ===@mme Delayed

Figure 1 Interaction graph between memory domain and memory type compare between TGA and control
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Table 4  Effect of group study, memory domain and memory type on composite memory scores done
by three-ways mixed ANOVA

Effect F P

Group study (TGA or control) 4.190 0.046*

Memory domain (verbal or visual) 4.284 0.044*

Memory type (immediate or delay) 31.236 <0.001*
Group*Memory domain < 0.001 0.978

Group*Memory type 0.117 0.734

Memory domain*Memory type 6.831 0.068*
Group*Domain*Type 0.563 0.056

In subgroup analysis of TGA patients,
comparison of comprehensive neuropsychological
battery tests among side of lesions was done by
One-way ANOVA. There was no significant
difference in immediate verbal memory (F = 0.396,

p = 0.68), immediate visual memory (F =0.096, p =

Table 5

0.91), delayed verbal memory (F = 0.623, p = 0.55),
and delayed visual memory (F =2.516, p = 0.103).
In recognition tests, there was no significant
difference in recognition scores among sides of

lesions. (Table 5)

Mean and SD scores in memory compared between side of lesion done by One-way ANOVA

Side of lesions

Memory Domain Left Right Both F p
mean+/-SD mean+/-SD mean+/-SD

Immediate verbal 10.69+0.76 10.29 £ 1.11 9.50 £ 0.96 0.396 0.68

Immediate visual 9.08 £ 0.62 8.71+0.84 8.67 £ 0.96 0.096 0.91

Delayed verbal 11.35+0.68 10.61+£1.10 9.79+1.48 0.623 0.55

Delayed visual 10.54 £ 0.70 10.71 £ 0.66 13.00 £ 0.96 2.516 0.103

Recognition test

LM rec 5.15+0.90 3.57£2.57 4.33+1.75 4.151 0.057

VPA rec 4.77 £1.59 4.71+1.80 4.67 +1.51 0.005 0.945

VR rec 5.00+1.16 4.71+0.76 4.67 +1.63 0.344 0.565

comparison between three factors, which were
side of lesions (left vs right vs both sides), memory
domain (verbal vs visual) and memory type
(immediate vs delayed test), was done by
Three-ways mixed ANOVA (see Figure 2). There
was a main effect only on a memory type (better in
delayed memory F = 22.69, p < 0.001). There was
no main effect on side of lesions and memory
domain (F = 0.063, p = 0.939 for side of lesions and
F=0.415, p = 0.562 for memory domain). There was

significant interaction between memory domain and
memory type (F =1.474,p=0.011) (Table 6). Visual
memory scores were all lower than verbal memory
scores in immediate memory in every side of
lesions. Visual memory scores were higher than
verbal memory scores in delayed memory of
both-sided lesions and right-sided lesions (much
higher in both-sided lesions). However, in left-sided
lesions, visual memory score was lower than verbal

memory score in delayed memory.



Vol.39 « NO.1 » 2022

Lesion on left side

14 14
13 13
12 12
I L
S 11 S 11
a a
[ [}
Tg 10 E 10
a a
9 9
8 8
7 7
Verbal Visual Verbal
Memory

Lesion on right side

Thai * Journal * of ® Neurology

lesions on both sides

15
14
13
12
11

scale score

10

Visual Verbal Visual

Memory Memory

Figure 2 Interaction graph between memory domain and memory type compare between side of lesions

in MR
Table 6  Effect of lesion side, memory domain and memory type on composite memory scores done by
Three-ways mixed ANOVA

Effect F P
Side of lesions (left or right or both) 0.063 0.939
Memory domain (verbal or visual) 0.415 0.526
Memory type (immediate or delay) 22.691 <0.001*
Side*Memory domain 337 0.052
Side*Memory type 1.474 0.25
Memory domain*Memory type 7.596 0.011*
Side*Domain*Type 1.483 0.248

According to the amounts of lesions in
TGA group, means and SD of comprehensive
neuropsychological tests were compared by

independent T-test. There was no significant

Table 7
T-test

difference in each test between single lesion group
and multiple lesion group. In recognition test, there
was no significant different between single and

multiple lesions (Table 7).

Mean and SD scores in memory task compared between amounts of lesions by independent

Amounts of lesions

Memory Domain single multiple t p
mean+/-SD mean+/-SD

Immediate verbal 10.68 £ 0.63 9.29+0.84 1.204 0.24
Immediate visual 9.05+0.50 8.43+0.84 0.646 0.53
Delayed verbal 11.12 £ 0.61 9.89+1.25 0.981 0.34
Delayed visual 10.66 £ 0.53 12.50 +0.95 1.78 0.09
Recognition test

LM rec 4.53 +1.81 4.57+1.72 -0.057 0.955
VPA rec 4.68 +1.64 4.86 +1.46 -0.041 0.968
VR rec 4.95+1.03 4.57 +1.51 0.729 0.473

37
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Three variables including amounts of lesions
(single vs multiple lesions), memory domain (verbal
vs visual) and memory type (immediate vs delayed)
were compared using Three-way mixed ANOVA (see
figure 3). There was main effect only on memory type
(better in delayed memory F = 26.72, p < 0.001) but
there were no main effects on amounts of lesions and
memory domain (F = 0.161, p = 0.841 in amounts of
lesions and F = 0.041, p = 0.692 in memory domain).

There was significant interaction between amounts

Single lesion on MRI

14
13
12

11
10
9

Verbal Visual

scale score

Memory

e=@um |nmediate  ess@umms Delayed

Vol.39 ¢ NO.I » 2022

of lesions and memory domain (F = 5.20, p = 0.032).
In single lesion, visual memory scores were lower
than verbal memory scores. In multiple lesions, visual
memory score was higher than verbal memory score.
There was also interaction between memory domain
and memory type (F = 7.535, p = 0.011). Visual
memory scores were lower than verbal memory
scores in immediate memory. On the other hand,
visual memory score was higher than verbal memory

score in delayed memory (Table 8).

Multiple lesions on MRI
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Verbal Visual

memory

em@um |mmediate  e==@m Delayed

Figure 3 Interaction graph between memory domain and memory type compare between amounts of lesion

Table 8 Effect of amounts of lesions, memory domain and memory type on compaosite memory scores
done by Three-ways mixed ANOVA

Effect F P

Amounts of lesions (single or multiple) 0.161 0.692

Memory domain (verbal or visual) 0.041 0.841

Memory type (immediate or delay) 26.72 <0.001*
Amounts*Memory domain 5.20 0.032*
Amounts*Memory type 4.123 0.054

Memory domain*Memory type 7.535 0.011*
Amounts*Domain*Type 1.844 0.187

Discussion

As this study aimed to explore long term
memory outcome in imaging confirmed TGA
patients, we found that memory performance in TGA

was slightly lower than the controls regardless of

memory domain and memory type. The pattern of

performance in memory domain and type of TGA

group also resemble pattern in control group, this

mean TGA episode may affect overall baseline of

memory function in long term equally, not just in

specific domain or type of memory. Our results
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support the previous study”®' that TGA episode of
patients leave some sequelae on memory outcome.
However, this effect could not be observed by the
general screening neuropsychological test- MOCA
and did not affect patient’s daily activity.

MRI brain characteristic analysis is strength of
our study compared to the others. We found
different pattern of memory performance between
patient who had different lesion’s location. Although
Performance of immediate verbal and visual
memory were similar in every group, but in delayed
memory type, visual memory tended to be better in
TGA with right-sided lesions while verbal memory
performance tend to be better in left-sided lesion
patients. The result of our study was contrast to the
evidence of performance in neurocognitive function
in patients with structural brain disease such as
sequelae of stroke or epilepsy. Studies in temporal
lobe resection in epilepsy patients and left-sided
(dominant hemisphere) lesions ischemic stroke
show a verbal memory impairment compared to
visual memory and vice versa, non-dominant side
lesions affect visual memory more than verbal
memory."*" We proposed this phenomenon may
come from an unequal baseline of the subjects
group. There may also be a side of the hippocampus
which functions more than another one, resulting in
better baseline verbal memory type if dominant
hemisphere is more functional and better in baseline
of visual memory type if non-dominant hemisphere is
more functional. The higher functional hippocampus
side is, comes the greater risk of injury from stress,
which causes TGA more likely to attack on that side.
Even though they had a TGA episode, in the long
duration follow-up, they were still good at the
memory type they had performed better in baseline.
To investigate this hypothesis, we suggest exploring
hippocampal volume and side of lesions in which

TGA occurred may indirectly demonstrate the

Thai * Journal * of ® Neurology

correlation. Baseline neuropsychological test of
TGA patients right after recovery from the attack
and long term follow up compared to hippocampal
volume may reveal an interesting aspect of the
disease.

Considering the effect of the amounts of
lesions, we found that all memory domain scores in
multiple lesions group tended to be lower than those
with single lesion group except for delayed visual
memory test which imply that multiple lesions in TGA
episode had negative effect on verbal memory over
visual memory. However, due to small numbers of
patients in this group (N = 7), our study could not
show the significant burden from amounts of lesions
affecting long term memory outcome.

In this study, we found that delayed memory
score was always higher than immediate memory
score. This should be cautiously interpreted due to
the characteristic of delayed memory tasks. In
immediate recall test, the more correct answers, the
more scale scores were obtained. But in the
delayed memory test, the same amounts of answers
could get better scores in reward for not forgetting
the information. For example, corrected 15 free
recall answers at the end of story would have 10
points on scale score, but corrected 15 free recall
answers 20 minutes later would give them 12.
This mean increase in scale score did not directly
reflect better memory performance in this case.
Nevertheless, we use scale score in our study
because of the property of age adjusted and
normalization in normal population, thus we can
compare score across subjects. Another limitation of
the study was lack of baseline neuropsychological
test in both groups which makes the evaluation of
change in cognitive function more difficult. We also
did not have data on hippocampal volume to answer
the hypothesis of a more functional side of the

hippocampus.
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Conclusion

We demonstrated the impairment in long term
memory outcome in transient global amnesia
patients who have abnormal MRI brain signal
compared to control. There might be interesting
effects of the location and amounts of lesions on
memory performance. Longitudinal neurocognitive
function follow-up in this group of patients should

be important to observe the cognitive declination.
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Introduction

Stroke is the second leading cause of death
worldwide and also the leading cause of long-term
disability. Ischemic stroke is the most common type
of stroke." An occurrence of acute ischemic stroke
(AIS) always leads to the death of brain tissues and
focal neurological deficits. The World Health
Organization (WHO) estimates that every year there
will be more than 15 million stroke patients
worldwide, and by 2020 this will double.” Thailand
situation in the past 5 years of the Department of
Strategic and Planning, Ministry of Public Health
(2013 - 2017), the number of stroke cases tends to
increase every year. In 2017, there were 304,807
new cases and deaths more than 30,000 cases last
year.® Recombinant tissue plasminogen activator
(rtPA) is the only thrombolytic agent approved by
the FDA for ischemic stroke therapy.® But, owing to
the limitation of the narrow therapeutic time window
(4.5 h from the onset of symptoms of ischemic
stroke) and the potential risk of hemorrhagic
transformation (HT), only partial patients can benefit
from intravenous thrombolysis (IVT).

In the pathogenesis of AlS, platelet activation
and aggregation are important. Under pathological
conditions, excessive activation and aggregation
of platelets may lead to thrombosis and vascular
occlusion, which would result in ischemic
stroke.” Numerous studies have demonstrated that
platelet count (PLT) decreases in the circulatory
system of AlS patients, whereas platelet distribution
width (PDW) and mean platelet volume (MPV)
increase.’ It is known that the immune response is
vital in the pathological changes of AlS. Ischemic
and anoxic brain tissue promote the infiltration of

peripheral blood leukocytes to the injured area and
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neutrophils are the first cell to be recruited into the
brain after stroke, which release inflammatory
mediators in the ischemic brain area, exacerbate
brain damage’ and promote the occurrence of
ischemia by inducing thrombosis with different
mechanisms such as interacting with platelets and
coagulation factors, and releasing proteases.’
Platelet-to-neutrophil ratio (PNR) is a new biomarker
that combines platelets and neutrophil counts.
Compared with single platelet counts and neutrophil
counts, PNR reflects the severity of both thrombosis
and inflammation, revealing the connection between
the two processes. In the stroke field, a recent study
suggested that the level of PNR on admission is
associated with the prognosis of AlS patients.” In
this retrospective study our aim was to demonstrate
the clinical value of PNR in predicting the outcome
in AIS patients treated with IVT.

Materials and Methods

1. Study population

Data from this retrospective study were
collected at Thammasat University Hospital. Acute
ischemic stroke patients who received intravenous
thrombolysis treatment from January 2018 to June
2021 were included. Inclusion criteria: [1] patients
diagnosed with AIS accepted IVT (rt-PA) treatment
within 4.5 hours of stroke onset according to stroke
fast track criteria of Thammasat University Hospital,
[2] age of 18 to 85 years. Exclusion criteria:
[1] history of prior infection or surgery within 2 weeks,
[2] underlying disease of malignancy, rheumatoid
arthritis, connective tissue disease, [3] chronic liver
disease (Child-Pugh > B), [4] chronic kidney disease
(serum creatinine > 2.0 mg/dL), and [5] prior
abnormalities of platelets and white blood cells.

Finally, 434 patients were included in the study.
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The Human Research Ethics Committee of
Thammasat University (Medicine) approved this
study.

2. Data Collection

Base on the clinical manisfestation and sign,
an experienced clinician determined whether the
patient met the clinical case description of acute
stroke, and stroke severity was assessed on
admission using the National Institute of Health
Stroke Scale (NIHSS) score. All patients underwent
emergent computerized tomography (CT) scan or
magnetic resonance imaging (MRI) before IVT to
rule out the possibility of hemorrhagic stroke.
Baseline clinical characteristics including laboratory
examination within 24 hours of admission were
collected for all patients, such as complete blood
count, fasting blood glucose (FBG), low-density
lipoprotein (LDL). PNR was calculated according
to platelet counts and neutrophil counts; and
demographic information (age, gender), vascular
risk factor (hypertension, hyperlipidemia, diabetes
mellitus, atrial fibrillation (AF), current smoking
and current drinking), past medical history
(antinypertensive therapy, antiplatelet therapy and
hypoglycemic therapy), the National Institute of
Health Stroke Scale (NIHSS) score on admission.™

3. Evaluation Standard

Hypertension is defined as repeated multiple
systolic blood pressure = 140 on admission or a
history of previous hypertension. Diabetes is defined
as a history of previous diabetes or admission to
hospital with diabetes mellitus and fasting plasma
glucose = 126 mg/dL or HbA1C = 6.5%. AF is
defined as the any previously known AF episode or
electrocardiogram of AF recorded at the time.
Hyperlipidemia is defined as a history of

hyperlipidemia or admission dyslipidemia and is
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one of the following LDL = 100 mg/dL, triglyceride
(TG) = 150 mg/dL."

434 cases were examined with computed
tomography (CT) scans or magnetic resonance
imaging (MRI), according to the formula 0.5 x ax b
x ¢ (a: maximum longitudinal diameter; b: maximum
transverse diameter perpendicular to a; c: 10 mm
slices with infarction) to calculate the infarct volume
(12). Defined as < 5 cm® as small infarct volume,
=5 cm’ as large infarct volume.

4. Outcomes

Four clinical outcome indicators included
early neurological deterioration (END), hemorrhagic
transformation (HT), delayed neurological deterioration
(DND) and poor 3-month outcome. HT was defined
as any visible hemorrhage on brain CT or MRI
within 24 h after thrombolysis. END was defined as
= 4-point increase in scores on the NIHSS or dead
within 24 h after intravenous thrombolysis. DND and
3-months clinical outcome were measured using
modified Rankin Scale (mRS). DND defined as poor
outcome group (MRS score of 3-6 at discharge date
(24 h to 7 d). In 3-months clinical outcome, poor
outcome was defined as an mRS score of 3-6 at
discharge date (24 h to 7 d) and good outcome was
defined as an mRS score of 0-2 at discharge date.

5. Statistical Analysis

Data were analyzed using the Statistical
Program for Social Sciences version 22.0 (SPSS,
IBM, West Grove, PA, USA). The difference between
the 2 groups was tested using the Mann-Whitney
U-test for nonparametrically distributed variables.
The differences between categorical variables were
determined using the y’ test. Median with IQR and
percentage were used to describe the distribution
of continuous and categorical variables, respectively.

The receiver operating characteristic (ROC) curve
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was used to evaluate the prognosis effect of PNR.
P < 0.05 was used to establish statistical significance

in all comparisons between groups.

Results

1. Clinical characteristics of the study
population

Of the 434 patients were analyzed in this study,
169 (40.4%) were female and 249 (59.6%) were
male, with the age was 64.5 (53-72) years, NIHSS
score on admission average 10 (IQR, 6-16). The
most common risk factors are hypertension was
found at 71.5%, followed by hyperlipidemia and
diabetes, at 66 and 33.7%, respectively. The time
from stroke onset to IVT infusion was 170 (124-218)
min. Baseline clinical characteristics and outcomes
are summarized in Table 1.

2. The Association of PNR Levels with END,
HT, DND and poor 3-month outcome

We divided all eligible patients into groups
according to the presence or absence of each
clinical outcome indicators. The age was higher in
END group with statistical significance (70 vs 64,
p = 0.045). The group with END had higher
proportions of other determined/undetermined and
large-artery atherosclerosis than those group
without END. Baseline blood sugar showed the
group with END was higher than those group
without END (164.5 vs 109 mg/dL, p< 0.001). Infarct
volume in the group with END was higher than those
group without END (34.42 vs 2.76 ml, p< 0.001), as
shown in Table 2.

Patients who developed HT had higher
proportions of other determined/undetermined,
cardioembolic and large-artery atherosclerosis than
those without HT, except the proportions of

small-artery occlusion in patients who developed
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HT was less than those without HT (p < 0.001). The
group with HT had NIHSS score on admission
been higher than those group without HT (13 vs 10,
p = 0.018). LDL in the group with HT was greater
than those group without HT (119 vs 112, p = 0.001),
as shown in Table 2.

The group with DND had higher age than
those group without DND with statistical significance
(67 vs 60 years, p < 0.001). Patients with
hypertension developed a greater percentage of
DND than those without hypertension (79.1% vs
62.6%, p < 0.001). We found the group with DND had
the proportion of other determined/undetermined
and large-artery atherosclerosis been greater
than those without DND, while the proportion of
cardioembolic and small-artery occlusion in the
group with DND were significantly less than those
group without DND with statistical significance
(p=0.004). In DND group had higher NIHSS score
on admission than those group without DND
(17 vs 7 points, p < 0.001), as shown in Table 3.

We found age of the patients who had poor
3-month outcome was 69 years, which was higher
than those group had good 3-month outcome been
60 years (p<0.001). A group with poor 3-month
outcome had a greater proportion of other
determined/undetermined and large-artery
atherosclerosis than those group with good 3-month
outcome, while a group with poor 3-month outcome
had a lower proportion of cardioembolic and
small-artery occlusion than those group with good
3-month outcome (p = 0.002). NIHSS score on
admission in poor 3-month outcome group was
higher than those group with good 3-month outcome
(14 vs 8, p<0.001). PLR and NLR in the group with
poor 3-month outcome was significantly higher than

the group with good 3-month outcome (126.57 vs
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111.24, p = 0.021 and 2.8 vs 2.48, p = 0.026). The
infarct volume in the group with the poor 3-month
outcome had a median of 16.62 ml, which was
significantly higher than the group with the good
3-month outcome with a median of 1.46 ml
(p = 0.013), as shown in Table 3.

Based on the ROC and AUC analysis of
platelet-to-neutrophil ratio (PNR) prognostic
outcomes for 90-day outcomes in ischemic stroke
after intravenous thrombolysis, it was found the
optimal cutoff value of the PNR level to predict the
90-day prognosis of stroke patients was 43.4,
with sensitivity 60.3% and specificity 52.5%. The
PNR was statistically significant 56.2% accurate
prognosis for the 90-day outcome in ischemic stroke
after intravenous thrombolysis (AUC= 0.562, 95%
Cl 0.501-0.624, p = 0.048), as shown in Figure 1
and Table 4.

The PNR prognostic outcome for DND in
ischemic stroke after intravenous thrombolysis, the
ROC curve was considered. The optimal cut off
value of the PNR level in predicting prognosis for
DND in stroke patients was 43.6 with a sensitivity of
67.3% and specificity 51.9%. The PNR was

statistically significant 58.4% accurate prognosis
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for DND in ischemic stroke after intravenous
thrombolysis (AUC = 0.584, 95% CI 0.504-0.664,
p = 0.044), as shown in Figure 2 and Table 4.

The PNR in prognosis of hemorrhagic
transformation in ischemic stroke after intravenous
thrombolysis, it was found the optimal cutoff
value of the PNR level to predict the prognosis for
hemorrhagic transformation in stroke patients was
38.4, with sensitivity 67.0% and specificity 53.3. %.
The PNR was statistically significant 60.7% accurate
prognosis for hemorrhagic transformation in
ischemic stroke after intravenous thrombolysis
(AUC = 0.607, 95% CI 0.535-0.678, p = 0.004),
as shown in Figure 3 and Table 4.

The PNR in the prognosis for END in ischemic
stroke after intravenous thrombolysis, it was found
the optimal cutoff value of PNR to predicting
prognosis for END in stroke patients being 36.3,
with sensitivity 68.4% and specificity 45.8%.
The PNR was 57.6% accurate prognosis for END in
ischemic stroke after intravenous thrombolysis.
There was not statistically significant (AUC = 0.576,
95% CIl 0.449-0.702, p = 0.214), as shown in
Figure 4 and Table 4.
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Table 1 Clinical characteristics of the study population

Age (y), median (IQR) 64.5 (53-72)

Risk factor
Hypertension 299 71.5
Dyslipidemia 276 66
Diabetes mellitus 141 33.7
Atrial fibrillation/ Atrial flutter 102 24.4
Old CVA 47 11.2
Current smoking 73 17.5

Current alcohol drinking 42 10

Medication
Antihypertensive therapy 202 45.6
antiplatelet therapy 81 18.3

Hypoglycemic therap: 27.3

Infarct volume (ml), median (IQR) 3.27 (0.58-24.24)

Baseline blood glucose (mg%), median (IQR) 110 (96-141)

NISHH on admission, median (IQR)

Outcome events
Increase NIHSS from baseline or death within 7 days after IV rt-PA

poor outcome (= 4 score) 24 5.7
ood outcome (< 4 score) 394 94.3

mRS on discharge date (day1-7), median (IQR) 3(1-4)
poor outcome (3-6) 236 56.5
ood outcome (0-2) 182 435
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Table 2  Clinical characteristics of patients according to presence/absence of early neurological

deterioration and Hemorrhagic transformation after IVT treatment

Variables Total (n=418) No END (n=394) END (n=24) P-value  No HT (n=342) HT (n=75) P-value
Age (y), median (IQR) 64.5(53-72) 64(52-71) 70(58.75-77.25) 0.045* 65(53-72) 64(52-74) 0.939*
Sex, n (%)
Male 249(59.6) 237(60.2) 12(50) 0.325** 206(60.2) 42(56.0) 0.499*
Female 169(40.4) 157(39.8) 12(50) 136(39.8) 33(44.0)
Risk factor, n (%)
Hypertension 299(71.5) 279(71.2) 20(83.3) 0.198** 245(72.1) 53(70.7) 0.808**
Dyslipidemia 276(66.0) 261(66.9) 15(62.5) 0.655** 223(65.8) 52(70.3) 0.458**
Diabetes mellitus 141(33.7) 126(32.1) 15(62.5) 0.002** 114(33.4) 26(34.7) 0.838"
Atrial fibrillation/ Atrial flutter 102(24.4) 97(24.6) 5(20.8) 0.675* 81(23.7) 21(28.0) 0.431*
Old CVA 47(11.2) 44(11.3) 3(12.5) 0.852** 44(13.0) 3(4.0) 0.027**
Current smoking 73(17.5) 70(82.4) 3(100) 0.424* 62(83.8) 10(76.9) 0.546"*
Current alcohol drinking 42(10.0) 42(91.3) 0(0) 0.003** 37(90.2) 5(83.3) 0.608**
Etiology, n (%)
Other determined or 177(42.3) 161(41.2) 16(66.7) 0.005** 143(42.1) 34(45.3) <0.001**
undetermined
Cardioembolic 102(24.4) 100(25.6) 2(8.3) 73(21.5) 29(38.7)
Small-artery occlusion 94(22.5) 93(23.8) 1(4.2) 91(26.8) 3(4.0)
Large-artery atherosclerosis 42(10) 37(9.5) 5(20.8) 33(9.7) 9(12.0)
Medication, n(%)
Antihypertensive therapy 202(45.6) 75(19.0) 6(25.0) 0.473** 165(48.2) 37(49.3) 0.864**
Antiplatelet therapy 81(18.3) 191(48.5) 11(45.8) 0.801** 63(18.4) 18(24.0) 0.269**
Hypoglycemic therapy 121(27.3) 111(28.2) 10(41.7) 0.16** 96(28.2) 25(33.3) 0.371*
Infarct volume (ml), median (IQR)  3.27 (0.58-24.24)  2.76(0.45-20.25)  34.42(5.57-303.93) <0.001* 2.67(0.43-16.88)  13.99(1.11-73.07)  0.389*
Time for stroke onset to IVT 170.05 (124-218.25) 170(122-217) 180.5(147.5-232.25)  0.157* 172(124.85-218.25) 160(124-219) 0.516*
infusion (min), median (IQR)
Baseline blood glucose (mg%), 110 (96-141) 109(96-137) 164.5(130.75-200.75) < 0.001* 110(96-139) 115(98-158) 0.231*
median (IQR)
NISHH on admission, median (IQR) 10 (6-16) 10(6-15) 11.5(6-18.5) 0.368* 10(6-15) 13(7-18) 0.018*
Laboratory tests, median (IQR)
Hb 13.3(12.2-14.4) 13.3(12.2-14.4) 13.2(12.22-14.35)  0.796* 13.3(12.1-14.4) 13.3(12.3-14.4) 20.735*
WBC (10°L) 8.4 (6.81-10.51) 8.4(6.81-10.4) 8.76(6.7-14.0) 0.306* 8.3(6.78-10.5) 8.7(7.2-10.81) 0.339*
Platelets (107L) 227 (192-278) 227.05(192-278.5)  220.5(187.03-264)  0.569* 226.55(190.08-280)  229(193.1-278) 0.969*
Neutrophil (10%/L) 5.14 (3.8-7.06) 5.14(3.82-6.92) 5.26(3.44-11.06)  0.375* 5.1(3.75-6.92) 5.4(1.01-7.97) 0.153*
Lymphocyte(10°/L) 1.93 (1.36-2.7) 1.94(1.36-2.71) 1.71(1.36-2.24) 0.315* 1.94(1.36-2.7) 1.81(1.43-2.69) 0.825*
PNR 43.73(32.0-59.04)  43.83-32.16-59.61) 38.39(26.95-55.96) 0.214* 44.14(33.45-60.25) 41.98(29.11-56.59) 0.179*
PLR 115.33 (87.17-170.64) 115.29(87.1-170.64) 117.75(95.16-201.13) 0.476* 115.29(87.22-174.67)120.17(87.18-161.74) 0.907*
NLR 2.56 (1.61-4.52) 2.77(1.92-9.06) 2.77(1.92-9.06) 0.242* 2.54(1.58-4.13) 2.78(1.73-5.66) 0.362*
PWR 27.07 (21.4-33.99)  23.91(20.37-33.43) 23.91(20.37-33.43) 0.238* 27.27(21.4-34.37) 25.57(21.48-33.17)  0.345*
LDL 114.5 (89-143) 114(88.75-143.25)  120(99-136.25)  0.918*  112(87.75-142) 119(93-144) 0.001*
Baseline blood glucose (mg%), 110 (96-141) 109(96-137) 164.5(130.75-200.75) < 0.001* 110(96-139) 115(98-158) 0.231*
median (IQR)
NISHH on admission, median (IQR) 10 (6-16) 10(6-15) 11.5(6-18.5) 0.368* 10(6-15) 13(7-18) 0.018*
Laboratory tests, median (IQR)
Hb 13.3(12.2-14.4) 13.3(12.2-14.4) 13.2(12.22-14.35)  0.796* 13.3(12.1-14.4) 13.3(12.3-14.4) 20.735*
WBC (10°L) 8.4 (6.81-10.51) 8.4(6.81-10.4) 8.76(6.7-14.0) 0.306* 8.3(6.78-10.5) 8.7(7.2-10.81) 0.339*
Platelets (10%L) 227 (192-278) 227.05(192-278.5)  220.5(187.03-264)  0.569* 226.55(190.08-280) 229(193.1-278) 0.969*
Neutrophil (10%/L) 5.14 (3.8-7.06) 5.14(3.82-6.92) 5.26(3.44-11.06) 0.375* 5.1(3.75-6.92) 5.4(1.01-7.97) 0.153*
Lymphocyte(10°/L) 1.93 (1.36-2.7) 1.94(1.36-2.71) 1.71(1.36-2.24) 0.315* 1.94(1.36-2.7) 1.81(1.43-2.69) 0.825*
PNR 43.73(32.0-59.04)  43.83-32.16-59.61) 38.39(26.95-55.96) 0.214* 44.14(33.45-60.25) 41.98(29.11-56.59) 0.179*
PLR 115.33 (87.17-170.64) 115.29(87.1-170.64) 117.75(95.16-201.13) 0.476* 115.29(87.22-174.67) 120.17(87.18-161.74) 0.907*
NLR 2.56 (1.61-4.52) 2.77(1.92-9.06) 2.77(1.92-9.06) 0.242* 2.54(1.58-4.13) 2.78(1.73-5.66) 0.362*
PWR 27.07 (21.4-33.99)  23.91(20.37-33.43) 23.91(20.37-33.43) 0.238*  27.27(21.4-34.37)  25.57(21.48-33.17)  0.345*
LDL 114.5 (89-143) 114(88.75-143.25) 120(99-136.25) 0.918* 112(87.75-142) 119(93-144) 0.001*

* Mann whitney u test **Chi-square test
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Table 3  Clinical characteristics of patients according to presence/absence of DND and 3 months outcome

after IVT treatment

Variables Total (n=418) No DND (n=182) DND (n=236) P-value Good 3-month (n=250) Poor 3-month (n=168)  P-value
Age (y), median (IQR) 64.5 (53-72) 60(49-67.25) 67(58-76.75) <0.001* 60(50-68) 69(61-75) <0.001*
Sex, n (%)
Male 249(59.6) 120(65.9) 129(54.7) 0.02** 162(64.8) 87(51.8) 0.008**
Female 169(40.4) 62(34.1) 107(45.3) 88(35.2) 81(48.2)
Risk factor, n (%)
Hypertension 299(71.5) 114(62.6) 185(79.1) <0.001** 163(65.2) 136(81.9) <0.001**
Dyslipidemia 276(66.0) 113(62.8) 163(69.7) 0.141** 162(65.3) 114(68.7) 0.478**
Diabetes mellitus 141(33.7) 55(30.4) 86(36.4) 0.195** 73(29.3) 68(40.5) 0.018**
Atrial fibrillation/ Atrial 102(24.4) 40(22.0) 62(26.3) 0.311* 53(21.2) 49(29.2) 0.063**
flutter
Old CVA 47(11.2) 16(8.8) 31(13.2) 0.16** 24(9.7) 23(13.7) 0.21**
Current smoking 73(17.5) 38(86.4) 35(79.5) 0.395** 52(85.2) 21(77.8) 0.39**
Current alcohol drinking 42(10.0) 20(95.2) 22(84.6) 0.24* 30(88.2) 12(92.3) 0.685*
Etiology, n (%)
Other determined or 177(42.3) 69(38.3) 108(46.0) 0.004** 93(37.5) 84(50.3) 0.002**
undetermined
Cardioembolic 102(24.4) 51(28.3) 51(21.7) 70(28.2) 32(19.2)
Small-artery occlusion 94(22.5) 50(27.8) 44(18.7) 66(26.6) 28(16.8)
Large-artery 42(10) 10(5.6) 32(13.6) 19(7.7) 23(13.8)

atherosclerosis
Medication, n (%)

Antihypertensive therapy 202(45.6) 81(44.5) 121(51.3) 0.17** 111(44.4) 91(54.2) 0.05**
Antiplatelet therapy 81(18.3) 31(17.0) 50(21.2) 0.287* 44(17.6) 37(22.0) 0.262+
Hypoglycemic therapy 121(27.3) 53(29.1) 68(28.9) 0.967** 71(28.5) 50(29.8) 0.783**

Infarct volume (ml), 3.27 (0.58-24.24) 1.16(0.05-7.88) 7.61(1.53-63.41) 0.36* 1.46(0.13-7.93) 16.62(2.51-103.09) 0.013*

median (IQR)

Time for stroke onset to 170.05 (124-218.25) 182(0-125) 167.5(120-219.5)  0.528" 173.5(125-218) 166.5(120-220) 0.306*

IVT infusion (min), median

(IGR)

Baseline blood glucose 110 (96-141) 105(92.75-128.5) 117(98-152.75) <0.001* 107(94-131) 123(100.25-160.75) <0.001*

(mg%), median (IQR)

NISHH on admission, 10 (6-16) 7(5-12) 13(8-18) <0.001* 8(5-12) 14(9.25-18) <0.001*

median (IQR)

Laboratory tests, median (IQR)
Hb 13.3(12.2-14.4) 13.4(12.5-13.4) 13.2(11.9-14.3) 0.075* 13.5(12.5-14.6) 12.8(11.63-14.08) <0.001*
WBC (10°L) 8.4 (6.81-10.51) 8.7(7.2-10.3) 8.16(6.7-10.6) 0.391* 8.56(7.08-10.35) 8.11(6.63-10.75) 0.505*
Platelets (107L) 227 (192-278) 232.55(199.08-280.5) 220.1(185.03-272.75)  0.162*  227.05(195.75-278) 224.6(184.25-279.5) 0.409*
Neutrophil (10°/L) 5.14 (3.8-7.06) 5.2(3.89-6.83) 5.07(3.74-7.53) 0.965* 5.14(3.8-6.83) 5.13(3.81-7.63) 0.709*
Lymphocyte (10°/L) 1.93 (1.36-2.7) 2.08(1.47-2.98) 1.81(1.28-2.48) 0.003* 2.04(1.41-2.93) 1.77(1.29-2.33) 0.005*
PNR 43.73(32.0-59.04)  44.53(32.08-62.53)  43.29(31.77-56.98) 0.357¢ 44.4(32.46-62.63)  43.14(30.93-56.31) 0.286*
PLR 115.33 (87.17-170.64) 111.1(79.83-161.09) 121.91(92.51-180-08)  0.023*  111.24(81.33-165.56) 126.57(94.57-182.56) 0.021*
NLR 2.56 (1.61-4.52) 2.47(1.54-3.96) 2.66(1.73-5.07) 0.055% 2.48(1.49-4.09) 2.80(1.85-5.04) 0.026*
PWR 27.07 (21.4-33.99)  27.32(21.16-33.90) 26.78(21.44-34.11) 0.748* 27.12(21.14-34.13)  26.88(21.51-33.85) 0.887*
LDL 114.5 (89-143) 117(93.75-142) 112(85.25-144) <0.001* 119(93-144) 107(79.5-136) <0.001*

* Mann whitney u test **Chi-square test

Table 4  Diagnostic values of the PNR for four outcome events.

Outcome Events Threshold AUC 95% CI Sensitivity, %  Specificity, % P-value

Baseline PNR END 36.3 0.576  0.449-0.702 68.40% 45.80% 0.214
HT 38.4 0.607  0.535-0.678 67% 53.30% 0.004

DND 43.6 0.584  0.504-0.664 67.30% 51.90% 0.044

Poor 3-month outcome 43.4 0.562 0.501-0.624 60.30% 52.50% 0.048
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Figure 1 Receiver operating characteristic curve (ROC) of platelets to neutrophil ratio (PNR) for predict

90-days outcome in acute ischemic stroke after IVT
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Figure 2 Receiver operating characteristic curve (ROC) of platelets to neutrophil ratio (PNR) for predict

delay neurological deterioration (DND) in acute ischemic stroke after IVT
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Figure 3 Receiver operating characteristic curve (ROC) of platelets to neutrophil ratio (PNR) for predict

hemorrhagic transformation (HT) in acute ischemic stroke after IVT
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Figure 4 Receiver operating characteristic curve (ROC) of platelets to neutrophil ratio (PNR) for predict

early neurological deterioration (END) in acute ischemic stroke after IVT
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Discussion

In this study, we found that PNR was associated
with poor 3-months clinical outcome, HT and DND.
Lower PNR level was associated with worse outcomes.
Our results indicated that PNR level might become
a new predictor of prognosis and complications in
patients with acute ischemic stroke after IVT.

As a new parameter put forward recently, the
research of PNR in the stroke field is still rare. The
study of Jin et al.’ indicated that PNR might be an
autocephaly protective predictor for 90-days
outcome in acute ischemic stroke (AlS). They also
suggested that lower PNR level was associated with
short-term adverse outcomes. Similarly, the study
of Wang et al.” found that post-IVT PNR was
independently associated with END, HT, DND and
poor 3-month outcome. Lower PNR can predict a
worse outcome. In addition, several studies found
PNR was correlated with thrombosis." For example,

Long et al.”

proposed that PNR might be an
indicator of blood hypercoagulable state, and an in
creased PNR level may induce a gastric cancer-
related ischemic stroke. However, the relationship
between PNR and the prognosis of IVT patients has
not been explored. Besides, the platelet-neutrophil
crosstalk is increase recognized as a driver of
inflammation and thrombosis'®, and in the process
of the AIS, the form of the intravascular thrombosis
and the infammation response could cause the
decrease of platelets and increase of neutrophils,
which ultimately accounted for decrease of PNR
levels. Therefore, we reasonably found that the low
levels of PNR were independently associated with
poor outcome for AIS. Thus, the indicator of PNR
may be a novel predictor for the prognosis of AlS

patients receiving thrombolysis.

Thai * Journal * of ® Neurology

For another, combined with the thrombolysis,
the symptoms could get worsen more easier due to
the symptomatic intracranial hemorrhage. A mount
of studies revealed that decreased platelets
and increased neutrophils could account for
symptomatic intracranial hemorrhage.'”" Moreover,
according to Gensicke et al.”, decreasing platelet
counts are associated with the occurrence of HT in
IVT-treated stroke patients. They assessed the
potential mechanism for explaining the relationship
between poor outcome and neutrophil in the
disruption of the blood-brain barrier by releasing
MMP-9 and increased reactive oxygen and nitrogen
species.”® All above studies suggested that PNR
could be a potential predictor for prognosis of
patients.

Compared with other studies, there was
several advantages to our study. First, based on a
large sample size, our result became more reliable
and convincing. Second, to the best knowledge,
it was one of few that focused on the association
between PNR and prognosis in IVT-treated AIS
patients. However, our results should be considered
in the context of several limitations. First, the study
had all of common drawbacks retrospective studies,
and a further confounder may exist. Second, all data
were collected only in one hospital, and it might lead
to selection bias. Third, PNR level were recorded
only once on admission and were not monitored
dynamically. Finally, many diseases and infection
may affect inflammation that occurred during

treatment were not taken into consideration.

Conclusion

In summary, we found PNR was independently
associated with poor 3-month outcome (mRS = 3),

hemorrhagic transformation and delay neurological
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deterioration. Lower PNR could predict a worse

outcome. This finding could help neurologists

predict stroke outcome in clinical setting. Further

prospective studies with larger sample sizes and

dynamic PNR are warranted.
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onset 41 years
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nsaas1ameialil:

GA: A Thai female, good consciousness, followed
to commands, oriented to time place person.

V/S: BT 37.0 °C, HR 75 bpm, BP 130/70 mmHg.,
RR 14/min, SpO2 Room air 99%, BW 55 Kg, HT 165
cm. (no orthostatic hypotension)

HEENT: no pale conjunctivae, anicteric sclerae
Lymph node: no palpable lymph node

Heart: normal S1 S2, no murmur

Lungs: normal and equal breath sound, no
adventitious sound

Abdomen: no surgical scar, no distension,
normoactive bowel sound, soft, not tender, liver and
spleen can’t be palpated

Extremities: no pitting edema

Neurological examination:

Consciousness: good consciousness, oriented to
time place person

Cranial nerve

CN II: pupil 3 mm. RTLBE, RAPD negative

CN lI-IV-VI: slow horizontal saccades, no ptosis,
full EOM

CNV : normal pinprick and light touch sensation of
V1 V2 V3 areas, corneal reflex-normal both, muscle
of mastication-normal power

CN VII: no facial weakness

CN VIII: normal

CN IX,X: normal gag reflex, uvula at midline

CN XlI: normal power sternocleidomastoid and
trapezius muscles

CN XII: no tongue deviation, no tongue atrophy
Motor system: normal tone, motor power Gr.V all,
no fasciculation

Sensory: intact pinprick and vibratory sensation
DTR: 2+ all, no spastic tone

BBK: plantar response both

Clonus: absent both
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Cerebellar sign: bilateral gaze-evoked nystagmus,

impaired finger to nose and heel to knee tests at

bilateral sides, dysdiadokokinesia at bilateral sides

Gait and posture: truncal ataxia, wide based gait,

impaired tandem gait

Stiff neck: negative

NAN1SAFIANNBILUHURNS

CBC: Hb 13.1, Hct 39, MCV 69.6, WBC 7,100 N%

38 L% 44 PIt 330,000

LFT: Albumin 4.3, Globulin 2.3, TB 0.5, DB 0.1, AST

24, ALT 28, ALP 39

Electrolyte: Na 138, K 3.60, Cl 92, HCO3 24

BUN/Cr: 14/0.8

LP: Open pressure 16 cmH20, Clear, colorless,

WBC 3, Mono 100%, RBC 0, Sugar 71/110 mg%,

Protein 17

Anti-HIV: negative

Anti-Syphilis : negative

Serum protein electrophoresis showed no

paraprotein detected.

Serum unclassified antibody : negative

Serum antiganglioside antibody: negative

Vitamin B12 level : 634 pg/mL (180-914 pg/ml)

MRI brain with Gd injection: Generalized cerebellar

atrophy, The rest of brain parenchyma shows

normal signal intensity.

Genetic test: This patient carries a heterozygous

expansion of (CAG) repeats in ATXN3 gene

(72 repeats) which is consistent with a diagnosis

of spinocerebellar ataxia type 3 (SCA3). Clinical

significance: Autosomal dominant, full penetrance
wnneln1s9iadaidulsa spinocerebellar

ataxia subtype 3 Filoalafun1sinmsaanigmin

NanInLie faufunansunlisuen Varenicline

e tiesannidugaefiauunacldfunisin

nanwiintinieNaenafen LazinuAaANaINT

1 ] 4‘ dglaj 1 Yo a =K o
ALUNABLURN u@nmnugﬂmimmmmﬁmElmmﬂm
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WAZNTENBANINAUGNTTH (genetic counselling)
fausael

391snd

gilaemegalng ang 42 T dayaniaiduleadrdry
16un chronic progressive cerebellar ataxia with
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Uszina SCA1 SCA2 SCA3 SCA6 SCA7 SCA12 SCA17 SCA31 DRPLA  Unknown
au 6.3% 6.5% 50.1% 1.9% 1.3% 33.3%
Al 14.3% 251% 6.5% 0.3% 3.7% 38.5%
ﬂj‘]_!u 5.5% 2.0% 24.9% 26.0% 8.8% 7.0% 23.4%
GRLIN 35% 19.4%  529%  2.6% 3.4%

WNNUALA 7.3% 29.6% 25.6% 17% 7.6% 51% 30.5%
| 3.3% 10.9% 39.7% 5.4% 2% 38%
Ine 12% 10% 19% 2% 57%
A5 2 agtnsinemnseniaznnannanninialugian SCA®
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Valproic acid 1,200 AANFN wialiduaz 2 A¥tsvezinan 1244lasT SCA3 I B
BCAA 15 faan3u wivliuazas svazinan 4 dland SCA3 I B
Trehalose LULIAA 15-30 N3y, 10%, dlnviazass szeizionn 24 dilai  SCA3 I B
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miﬁluvjammmw

Neurorehabitation Aisaz 6 9T 5 ARasedLn szezionn 24 A SCA2 I B
Neurorehabitation nfans 2 Falus 3-5 aiasiadilaf sxeivionn 24 dilansi  SCA7 I B
Immediate in-patient  Aeaz 2 FalsluTusssnmn 1 %ﬁ‘imluﬁumm SCA6 | A
neurorehabitation sreizingn 4 duanit SCA31

Videogame-adapted p¥saz 40 w3 AXsradilanif szeizioan 4 dulak SCA3 I B
balance exercises

Home-based cycling p¥tar 15 U 3 AXsradianif szeizioan 4 dulan SCA I B

regimen

*Varenicline Faeana s luLNNAUIaeRaTInlLuEeIN19geyL@ananaasa (Scale for the Assessment and Rating of Ataxia:

SARA) l#uA gait, stance wae fast alternating hand movement Wi bl ldianum
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