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Introduction

Neuromyelitis optica spectrum disorder
(NMOSD) is an autoimmune central nervous system
(CNS) demyelinating disorder that affects multiple
areas of the CNS and generally follows a relapsing
course, leading to devastating outcomes and
permanent neurologic disability.”” The pathophys-
iology of NMOSD has been well-described for many
decades. A pathogenic serum IgG antibody
causes it against the water channel aquaporin
4 (AQP4) that binds to the channel on astrocytes
and causes inflammatory damage to astrocytes
oligodendrocytes, followed by demyelination and
neuronal loss.”

The prevalence of NMOSD varies among the
studies, but it is overall more frequent in Asian and
Black populations compared with White.** The
average age of onset was 30-40 years, but some
very early and very late-onset cases have also been
reported.” The previous study demonstrated that
older age at onset was associated with worse
disease prognosis, higher mortality rate, and
greater susceptibility to disability.® However, there
was a small number of research comparing the
outcomes of patients with early-onset NMOSD
(EO-NMOSD, disease onset <50 years) and late-on-
set NMOSD (LO-NMOSD, =50 years), and the
majority of the studies were restricted to Western
populations.”"

In this study, we aim to evaluate the effect of
older age at onsetin NMOSD patients and compare
the clinical characteristics and outcomes between
EO-NMOSD and LO-NMOSD in Thai populations.

Vol.39 ¢ NO 4 2023

Methods

Study design

This was a cross-sectional retrospective study
of patients with NMOSD who visited Srinagarind
Hospital between January 2015 to October 2021.
This study was undertaken according to the
principles of the Declaration of Helsinki. The
research protocol was approved by the Ethical
Committee of Srinagarind Hospital.

Participants

We retrospectively reviewed the medical records
of patients diagnosed with NMOSD based on the 2015
International Panel for NMO Diagnosis (IPND)
criteria.’ The inclusion criteria included that patients
must be at least 18 years old and have a disease
duration longerthan six months. Patients with incomplete
data or incomplete follow-up were excluded.

Data collection

Patient demographics, age of onset, sex,
disease duration, comorbidities, clinical attack, CSF
findings, imaging, treatment, and Expanded
Disability Status Scale (EDSS) on discharge date
and six months follow-up were collected. Patients
were classified as EO-NMOSD (age at onset, 18-49
years) or LO-NMOSD (age at onset, more than 50
years). The outcome was determined by using the
EDSS score; EDSS <6 was defined as a good
outcome, and EDSS > 6 was defined as a poor
outcome. "

Statistical analysis

Baseline characteristics were analyzed using
mean and standard deviation (SD) or median and
interquartile range (IQR) for continuous variables.
Categorical variables were presented as
percentages and frequencies. Comparison of
patient characteristics using y 2 test or Fisher's
exact test for categorical variables and independent

t-test or Mann-Whitney U test for continuous
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variables, depending on the data. The correlation
between age of onset and outcome was analyzed
using Pearson’s correlation. Statistical significance
was defined as p <0.05. All statistical analyzes were
performed using STATA software version 15.0
(College Station, Texas, USA).

Results

Seventy-six patients diagnosed with NMOSD
were included. The baseline characteristics were
presented in Table 1. The majority were females
(90.8%), and the average age of onset was

45.33+14.74 years. Comorbidities were reported in

Table 1 Demographic data
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28 patients (36.8%); the three most prevalent were
hypertension (10.5%), dyslipidemia (10.5%), and
diabetes mellitus (9.2%). Transverse myelitis was
the most frequent clinical attack (69.7%), followed
by optic neuritis (59.2%), brain stem syndrome
(4%), area postrema syndrome (2.6%), and
diencephalic syndrome (1.2%). For acute relapse
treatment, 71 patients (93.4%) received intravenous
methylprednisolone, and 19 patients (25%) were
followed by plasma exchange. Most patients
were prescribed prednisolone for long-term
immunosuppressive (92.1%), azathioprine (54.0%),

and mycophenolate mofetil (5.3%).

Features

Total (n = 76)

Age at onset (years), Mean (SD)
Sex female, n (%)
Comorbidities, n (%)

- Hematologic disorders

- Autoimmune disease

- Thyroid disease

- Diabetes mellitus

- Hypertension

- Dyslipidemia

- Malignancy
Clinical attack, n (%)

- Optic neuritis

- Transverse myelitis

- Area postrema syndrome

- Brainstem syndrome

- Diencephalic syndrome

- Cerebral syndrome
Coexisting autoimmunity, n (%)

- ANA
Serum NMO positive, n (%)
CSF findings

- CSF WBC, Median (IQR)

- CSF protein, Median (IQR)

- CSF/serum sugar ratio, Mean (SD)
Acute treatment, n (%)

- Methylprednisolone

- Plasma exchange

- Methylprednisolone plus plasma exchange
Medications, n (%)

- Corticosteroid

- Azathioprine

- Mycophenolate mofetil

4533 (14.74)
69 (90.8%)

(1.3%)
(1.3%)
(1.3%)
(9.2%)
(10.5%)
(10.5%)
(

[ T - JIEN NN N

45
&9

O = W N

69 (90.8%)

75 (22.5)
45 (26.5)
0.559 (0.118)

71 (93.4%)
19 (25.0%)
19 (25.0%)

70 (92.1%)
41 (54.0%)

3
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Of 76 patients, 44 were in the EO-NMOSD
group, the average age was 35.61+9.58 years, and
32 were in the LO-NMOSD group, the average age
was 58.69+8.95 years (Table 2). The number of
affected females was higher in both groups.
Diabetes mellitus was reported more in LO-NOMSD
than in EO-NMOSD (18.8% vs. 2.3%, p=0.037), and
other comorbidities were similar in both groups. The
most common clinical presentation in EO-NMOSD
was optic neuritis (68.2%), while in LO-NMOSD was

transverse myelitis (75%). CSF protein was significantly

Vol.39 ¢ NO 4 2023

higher in LO-NMOSD than in EO-NMOSD (62 vs. 37
mg/dL, P <0.001). Both groups had similar spinal
cord lesions in terms of length and lesion locations
in the brain. Acute relapse treatment and long-term
immunosuppressive were similar in both groups.

There was a positive correlation between age
at onset and EDSS score on discharge date and at
six months (r=0.323, 95%CI: 0.095-0.519, p=0.004,
r=0.359, 95%Cl: 0.111-0.565, p=0.004, respectively)
(Figure 1).

Table 2 Comparison of clinical characteristics in patients with early-onset and late-onset NMOSD

Features Early onset (N=44) Late onset (N=32) Difference 95% ClI P-value
Age at onset (years), Mean (SD) 35.61 (9.58) 58.69 (8.95) 23.07 18.76 t0 27.39  <0.001°
Sex female, n (%) 42 (95.5%) 27 (84.4%) 0.1 -0.03t0 0.25 0.124°
Comorbidities, n (%)

- Hematologic disorders 0 (0.0%) 1(3.1%) 0.03 -0.03 t0 0.09 0.421°

- Autoimmune disease 0 (0.0%) 1(3.1%) 0.03 -0.03 t0 0.09 0.421°

- Thyroid disease 0 (0.0%) 1(3.1%) 0.03 -0.03 10 0.09 0.421°

- Diabetes mellitus 1(2.3%) 6 (18.8%) 0.16 0.02 to 0.31 0.037°

- Hypertension 2 (4.6%) 6 (18.8%) 0.14 -0.011t0 0.29 0.063°

- Dyslipidemia 5 (11.4%) 3 (9.4%) 0.02 -0.151t0 0.12 1.000°

- Malignancy 1(2.3%) 1(3.1%) 0.01 -0.07 t0 0.08 1.000°
Clinical attack, n (%)

- Optic neuritis 30 (68.2%) 15 (46.9%) 0.21 -0.01t0 0.43 0.097°

- Transverse myelitis 29 (65.9%) 24 (75.0%) 0.09 -0.11 t0 0.30 0.455°

- Area postrema syndrome 2 (4.6%) 0 (0.0%) 0.05 -0.02 to 0.11 0.506°

- Brainstem syndrome 3 (6.8%) 0 (0.0%) 0.07 -0.01t0 0.14 0.259°

- Diencephalic syndrome 1(2.3%) 0 (0.0%) 0.02 -0.02 to 0.07 1.000°
Coexisting autoimmunity, n (%)

- ANA 8 (24.2%) 7 (33.3%) 0.04 -0.1510 0.22 0.541°
Serum NMO positive, n (%) 40 (90.9%) 29 (90.6%) 0.003 -0.129t00.135 1.000°
CSF findings

- CSF WBC, Median (IQR) 6 (19) 15 (52) 3 21020 0.137°

- CSF protein, Median (IQR) 37 (22) 62 (54) 23 11 to 41 <0.001°

- CSF/serum sugar ratio, Mean (SD)  0.584 (0.100) 0.514 (0.136) 0.070  -0.001to 0.141 0.052°
Acute treatment

- Methylprednisolone 42 (95.5%) 29 (90.6%) 0.05 -0.07 t0 0.17 0.644°

- Plasma exchange 8 (18.2%) 11 (34.4%) 0.16 -0.04t00.36  0.108°

- Methylprednisolone plus plasma 8 (18.2%) 11 (34.4%) 0.16 -0.04t0 0.36  0.108°

exchange
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Table 2 Comparison of clinical characteristics in patients with early-onset and late-onset NMOSD

Features Early onset (N=44) Late onset (N=32) Difference 95% ClI P-value
Medications
- Corticosteroid 41 (93.2%) 29 (90.6%) 0.03 -0.10t0 0.15 0.692°
- Azathioprine 27 (61.4%) 14 (43.8%) 0.18 -0.05t0 0.40 0.128°
- Mycophenolate mofetil 3 (6.8%) 1(3.1%) 0.04 -0.06 t0 0.13 0.634°
MRI of brain
- Normal 29 (65.9%) 24 (75.0%) 0.09 -0.11t00.30  0.394°
- Cortical/juxtacortical 1(2.3%) 0 (0.0%) 0.02 -0.02 to 0.07 1.000°
- Periventricular 4 (9.1%) 0 (0.0%) 0.09 0.01t00.18 0.134°
- Infratentorial 8 (18.2%) 2 (6.3%) 0.12 -0.02 to 0.26 0.177°
- Other 2 (4.6%) 4 (12.5%) 0.08 -0.05 to 0.21 0.233°
Spinal cord MRI
- Normal 17 (39.5%) 8 (25.8%) 0.14 -0.08t00.35 0.218°
- Short segment 2 (4.7%) 0 (0.0%) 0.05 -0.02 to 0.11 0.224°
- LETM 24 (55.8%) 23 (74.2%) 0.18 -0.03t00.40  0.105°
Spinal cord axial view 1.000°
- Complete 10 (41.7%) 11 (47.8%) 0.06 -0.22 t0 0.35 0.671°
- Central 13 (54.2%) 12 (52.2%) 0.02 -0.31 to 0.27 0.891¢
- Dorsolateral 1 (4.2%) 0 (0.0%) 0.04 -0.04t00.12  1.000°
Number of segments , Median (IQR) 6 (6) 7(7) 1 -1to 4 0.485°
GAD enhancement 29 (67.4%) 21 (65.6%) 0.003 -0.213t00.219 0.979°

“p-value from independent t-test, ° p-value from Mann-Whitney U test, ° p-value from exact method, ° p-value from z-test

1.1 EDSS on discharge date

r=0.323, 95%ClI: 0.095 to 0.519, p-value = 0.004

(Pearson’s correlation)

1.2 EDSS at follow-up 6 months
r=0.359, 95%CI: 0.111 to 0.565, p-value = 0.004

(Pearson’s correlation)

o
= ol o o °
© 4
. °
.
° [ ° °
- o o » o o . °
. ° 2 ° o o0 @
° ] Toq e ° ° [ °
() o
2 ° L £ ®
foqe » oo 0 0 0 o ® © ° P o d oo
aQ
2 ° ° . 5 °
o oo oo o . 3
© Rl ° [ J ° °
o
B<-e ° ° @ &
o ©
w 7} bad °
° ° ° 173
a
W o A o0 o6
e o o
° ° ) [ »
o A ° o A o o (X
T T T

T T T T T T
60 100
Age of onset (years)

T
60 80 100 80
Age of onset (years)

Figure 1 Correlation between age of onset and outcome
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Discussion

We included 76 patients diagnosed with
NMOSD and classified into EO-NMOSD group and
LO-NMOSD group, using a cut point of age at onset
of 50 years.’ The previous studies showed transverse
myelitis was more common in LO-NMOSD, and
optic neuritis was more common in EO-NMOSD, the
same with our study.”""® Interestingly, significantly
higher levels of CSF protein in LO-NMOSD group
correlated with age; Carl P et al. stated that
age-related reduction in CSF turnover caused
higher levels of CSF protein in the elderly.” Our
study discovered no significant differences in the
spinal cord lesions and the locations of the brain
lesions between EO-NMOSD and LO-NMOSD, but
some earlier studies reported longer spinal cord
lesions and more severe myelitis in LO-NMOSD.*

This study emphasized the correlation
between age of onset and outcomes; we
demonstrated that patients with older age at onset
had worse clinical outcomes, like the results from
previous studies.**'® Maria et al. also reported that
late-onset patients had a higher disability rating
after follow-up; for every 10-year increase in age at
disease onset, the risk of requiring a cane to walk
(EDSS score of 6.0) increased by 63% (hazard ratio
[HR] 1.63, 95%CI1.35-1.92, p <0.001).° The
association of older age with a lower or impaired
mechanism of reparation has also been suggested
in some reports.'”” During aging, there is a
substantial decline in the ability to resist immune
and inflammatory responses and a corresponding
decline in the generation of protective immune
responses, leading to a deficient anti-inflammatory
process.'” Furthermore, earlier research discovered

that LO-NMOSD had a worse response to

Vol.39 ¢ NO 4 2023

immunosuppressive medication and higher
side effects because of additional comorbidities.’
Age-related comorbidities were another factor that
contributed to poor outcomes and the risk of
complications, our study also found a prevalence
of diabetes mellitus in LO-NMOSD more than
in EO-NMOSD. These processes probably
synergistically influence morbidity and disability, but
they are more likely to be age-related than NMOSD-
related. Unfortunately, our investigation failed to find
any meaningful prognostic differences between the
two groups. It was similarly challenging to pinpoint
prognostic variables in a previous study.8

Our study’s limitations were that we collected
data from only a single center and had a small
population, and the study design was retrospective;

some data might have been missed.

Conclusion

The current study revealed that patients with
LO-NMOSD have similar clinical characteristics but
worse outcomes than EO-NMOSD. Further studies
in multi-centers with larger populations need to

confirm and evaluate the prognostic factors.
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rate by 70 percent. Cell-brain damage and cerebral
edema are the main causes of death following cardiac
arrest.’ After cardiac arrest, treatment can prevents
brain damage, which lowers mortality and disability
rates. Therapeutic hypothemia prevent brain ischemia
and brain hypoxia.** Cardiopulmonary resuscitation and
post-cardiac arrest prognostication have numerous
applications. Eg. Brainstem reflexs, somatosensory
evoked potential, high-specific neurospecific enolase,
and brain computed tomography or magnetic
resonance imaging. There is no apparent exact ratio
in the post-cardiac arrest guidelines for computed
tomography brain ratio following cardiac arrest.”

After a cardiac arrest, brain imaging using
computed tomography can predict the prognosis,
but if the diagnosis is made within 24 hours,
everything may return to normal. The loss of the
gray-white junction in the brain’s computed
tomography can be seen three to five days after a
cardiac arrest, which has a poor prognosis and
prevents the brain from returning to normal." There
are several advantages for brain computed
tomography, and it is economical for predicting
outcomes after cardiac arrest." We are interested in
employing computed tomography to assess the
gray-white junction ratio and forecast prognosis after
cardiac arrest.gray

To determine the relationship between the
gray-to-white density ratio from computed

tomography for post-cardiac arrest prognostication.
Objectives

To determine the correlation between the
gray-to-white matter (GM/WM) density ratio from
computed tomography and the prognosis following

cardiac arrest.

Material and Method

Study design

This study was designed as a retrospective
observational cohort at Phramongkutklao Hospital

Study population

Patients at the Phramongkutklao Hospital who
experienced cardiac arrest and were successfully
revived between 1 June 2557 and 30 April 2021. Atotal
of 77 individuals who experienced cardiac arrest
were retrospectively reviewed. We retrospectively
evaluated 43 patients who underwent computed
tomography of the brain with complete resuscitation
in 5 days and were comatose (Glasgow coma scale
8 or unresponsiveness to internal and external
stimuli with total lack of alertness) at least 6 hours
later were included and older than 18 years old.
The following were the grounds for exclusion:
traumatic brain injury, history of brain surgery
following successful resuscitation, insufficient
computed tomography brain imaging results, inability
to follow up with a clinician for six months, and an

incomplete patient history medical record. (Figure 1)

CT brain perform after ROSC
cardiac arrest
N=77
CT perform after 60 hours
ROSC
N=16
CT Brain perform in 60 hours
after ROSC
N=61
Traumatic brain (N = 5)
loss follow-up (N = 10)
Age<18(N=2)
CT imaging available for
analysis
N=43

Figure 1 Subjects included in the study

Note : ROSC : return of spontaneous circulation
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All data were collected through review CT
brain, age, sex, cause of death, out of hospital
arrest, in hospital arrest, co-morbid, presentation of
ECG on admission, time to CT brain, times to
resuscitations, hypothermia, Glasgow coma outcome
after successful resuscitation and 6 months follow
up and discharge status. Every CT scan of the brain
is read by a neuroradiologist. The neurologist
assessed the clinical result at post-cardiac arrest
and at the 6-month follow-up. The comatose
patients were divided into 2 groups; good

prognosis (GOS 3-5), poor prognosis (GOS 1-2).
Definition

Therapeutic hypothermia has proven
neuroprotective effects in global cerebral ischemia.
Indications for hypothermia induction include
cardiac arrest and neonatal asphyxia. The two
general methods of induced hypothermia are
either surface cooling or endovascular cooling.
Hypothermia should be induced as early as
possible to achieve maximum neuroprotection and
edema blocking effect.”

The Glasgow outcome score is a scale of
patients with brain injuries, such as cerebral
traumas that groups victims by the objective degree

of recovery.”

Grey — white matter density ratio of basal ganglion (GWR— BG) =
Grey — white ratio in cortical (GWR— CO) =

Grey — white ratio average =

Vol.39 ¢ NO 4 2023

GOS Glasgow outcome scale (Neurological outcome)

GOS 1 Death

GOS 2 Persistent vegetative state (unable to interact
with environment)

GOS 3  Severe disability (unable to live independently
but able to follow commands)

GOS 4 Moderate disability (able to live independently
but unable to return to work)

GOS 5 Mild or no disability (able to return to work)

Poor: consisted of patients who died of any cause or
remained in a persistent vegetative state (GOS 1-2).
Good: consisted of patients who regained consciousness

(GOS 3-5).

Density measurement of gray matter

and white matter

CT brain imaging data were collected by
Canon Aquilion Prime were used of all CT studies
with 6 mm slice thickness. All brain imaging
procedures used non-contrast, standardized
protocol imaging. Two investigators, who were
blinded on clinical data assess CT scan in basal
ganglion site defined as imaging in which; caudate
(CN), putamen (PU), posterior limb of internal
capsule (PIC) and corpus callosum (CC) and two
level of superior cortex ; (1) medial cortex centrum
semiovale that defined as the image 5 mm above
the lateral ventricular system (MC1, MWM1), (2)
medial white matter that defined high convexity area
that defined next 5 mm above centrum semiovale
(MC2, MWM2)

(CN + PU)

(CC + PIC)
(MC1 + MC2)

(MWM1 + MWM2)

(GWR — BG) + (GWR— CO)

2
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Figure 2 Basal Ganglion area; CC : corpus callosum,

C: caudate, P: putamen, PIC: posterior limb of

internal capsule

Figure 3 Medial cortex centrum semiovale; MC1 :

medial cortex, MWM1 : medial white matter

Figure 4 High convexity area; MWM2 : medial white matter, MC2 : medial cortex

Statistical analysis

The information will be validated and get saved
in the form of a data file. The data was processed
with the STATA/MP 12 program and then analyzed
using the following statistics.

1. Qualitative data were shown with numbers
and percentages. For quantitative data, mean and
standard deviation were used for data with a normal
distribution, while median and interquartile range
were used for data with a skewed distribution.

2. For this research, the suitable method for

examining the precise prognosis of grey-to-white

matter density ratio is sensitivity, specificity, positive
predictive value and negative predictive value.

3. Glasgow outcome score is necessary
method to distribute the data of good prognostic
and poor prognostic. For good prognostic, itis GOS

3-5 while poor prognostic is 1-2 respectively.

Results

Fromanumber of patients inthe Phramongkutklao
hospital who had survived cardiac arrest and were
successfully revived, 43 patients met the selection
criteria of the study, 8 of whom had favorable

prognoses and 35 of whom had bad ones. The
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mean age of patients was 62.1 years, most patients
were males (55.8%) as described in Table 1.

Underlying disease, ECG at arrest and therapeutic

Table 1 Demographic data

Vol.39 ¢ NO 4 2023

hypothermia use was not significantly different

between groups.

Total Good prognosis  Poor prognosis  p-value
(n = 43) at 6 months* at 6 months*
Number (%) (n=28) (n =35)
Number (%) Number (%)

Age (years): mean * SD (range) 62.1+19.9 575+13.9 63.2+21.1 0.178#

(21-98) (27-69) (21-98)
Gender; Male : Female 24:19 SHS 21:14 0.223%
Resuscitation time (minute): mean * SD (range) 15.3+12.8 18.0+13.7 147 +12.7 0.571

(2-52) (2-40) (2-52)
Diabetes 19 (44.2%) 2 (25%) 17 (48.6%) 0.209%
Hypertension 26 (60.5%) 2 (25%) 24 (68.6%) 0.031%
Dyslipidemia 23 (53.5%) 2 (25%) 21 (60%) 0.081%
Heart disease 17 (39.5%) 1(12.5%) 16 (45.7%) 0.088%
Stroke 4 (9.3%) 1(12.5%) 3(8.6%) 0.576%
Out hospital arrest 18 (41.9%) 4 (50%) 14 (40%) 0.447%
ECG at arrest: asystole or PEA 36 (83.7%) 5 (62.5%) 31 (88.6%) 0.106%
ECG at arrest: VT, VF 7 (16.3%) 3(37.5%) 4 (11.4%) 0.106%
Therapeutic hypothermia 15 (34.9%) 3 (37.5%) 12 (34.3%) 0.583
Duration ROSC to CT brain (hour): mean = SD (range) 12.8+15.8 13.5+16.3 12.6+15.9 0.748

(1-57) (1-46) (1-57)

Data are shown as meanzstandard deviation. # p-value by Mann-Whitney U test

$ p-value by Fisher-Exact test; Significant if p<0.05, ROSC : return of spontaneous circulation, PEA : pulseless electrical

activity, VT : ventricular tachycardia, VF : ventricular fibrillation

Patients after return of spontaneous circulation
(ROSC) have persistent vegetative state: minimal
responsiveness (76.7%) and death at hospital
discharge (65.1%). At six months, patients’ Glasgow
outcome scale scores were GOS 1 (Death) 69.8%.
(Table 2)

After cardiac arrest, there is no statistically
significant distinction in Hounsfield unit in a distinct
brain area between individuals with a good
prognosis and those with a bad prognosis
(Table 3)
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Table 2 Outcomes at different time points
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Total
(n = 43)
Number (%)

Glasgow outcome scale at return of spontaneous circulation (ROSC)

1
2
3
4

5

Death

Persistent vegetative state: Minimal responsiveness

Severe disability: Conscious but disabled, dependent on others for daily

Moderate disability: Disabled but independent; can work in sheltered setting

Good recovery: Resumption of normal life despite minor deficits

Death at hospital discharge

Glasgow outcome scale at 6-months

NA
33 (76.7%)
8 (18.6%)
2(4.7%)
0
28 (65.1%)

1 Death 30 (69.8%)
2 Persistent vegetative state: Minimal responsiveness 5 (11.6%)
3 Severe disability: Conscious but disabled, dependent on others for daily 1(2.3%)
4 Moderate disability: Disabled but independent; can work in sheltered setting 1(2.3%)
5 Good recovery: Resumption of normal life despite minor deficits 6 (14%)
Table 3 Hounsfield at different brain areas after cardiac arrest
Total Good prognosis  Poor prognosis at p-value#
(n =43) at 6 months* 6 months*
mean = SD (n=28) (n = 35)
mean = SD mean = SD
Caudate 36.9+438 36.8+2.3 36.9+4.8 0.058
Putamen 36.6+4.7 39.2+4.7 36.6+4.7 0.109
Posterior internal capsule 30.3+3.8 31.2+47 30.3+3.8 0.381
White matter 30.6+3.2 31.5+41 30.6+£3.2 0.471
High convexity gray matter 349+53 359+23 349+53 0.915
High convexity white matter 284 +28 29525 284 +28 0.317
Centrum semiovale gray matter 349+42 37.2+35 349+42 0.109
Centrum semiovale white matter 27.2+39 29.4+51 272+39 0.199

Good prognosis = GOS 3-5, Poor prognosis = GOS 1-2

# p-value by Mann-Whitney U test

The average gray-to-white matter density ratio

they are combined, does not significantly differ.

in the basal ganglion and cortex, as well as when (Table 4)
Table 4 GWR after arrest
Total Good prognosis Poor prognosis  p-value#
(n = 43) at 6 months* at 6 months*
mean = SD (n =8) (n = 35)
mean = SD mean = SD
Basal ganglia GWR (BG-GWR) 1.2+£0.2 1.3+0.1 1.2+0.2 0.530
Cortex GWR (C-GWR) (frontal + centrum semiovale) 1.3+0.2 1.2+0.1 1.3+0.2 0.247
Combined BG-GWR + C-GWR 1.2+£0.2 1.3+0.1 1.2+0.2 0.866
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Discussion

There are numerous algorithms to predict poor
neurological outcomes in comatose patients. The
main CT finding of global anoxic-ischemic cerebral
insult following cardiac arrest is cerebral edema,
which appears as reduction in the depth of the
cerebral sulci and decreased attenuation of the
grey-to-white matter density. Guidelines for the
prognostication of cardiac arrest do not include the
ratio of a bad neurological outcome in the CT brain.
The finding of this study shows that the density of
gray-white ratio on CT brain in 60 hours after cardiac
arrest patients. The 24-hour CT brain imaging of a
cardiac arrest patient’'s gray-white matter ratio,
according to Choi SP', is poorly favorable at less
than 1.22 predicted vegetative state or death with
sensitivity of 63% and a specificity of 100%.

The results show no significant difference of
gray-white matter ratio in the basal ganglion, cortex
and combined in good prognosis and poor
prognosis groups. Patients with positive prognoses
were likely to have higher Hounsfield gray-white
matter ratios than patients with bad prognoses,
according to Hounsfield’s caudate but there was no
significant difference.

There are several limitations to the study. First,
this was retrospective cohort study at a single
institution. The number of good prognostics was
relatively than poor prognosis. The CT scans were
performed at different times, and this could have
influenced the CT density changes in anoxic-
ischemic cerebral disease. Therefore, a well-
designed prospective study on a larger number of
patients is needed to predict and confirm the
GW-WM density ratio cutoff value for the prediction

of vegetative state or death.

Vol.39 ¢ NO 4 2023

Conclusion

The GW-WM ratio did not significantly differ in
the post-cardiac arrest patients in our investigation
for determining prognosis of death or vegetative

state
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Introduction

COVID-19 is a disease caused by the
SARS-CoV-2 virus that primarily affects the
respiratory system, but it has also been found to
cause abnormal blood clots and increase the risk
of ischemic stroke in people with underlying health
conditions." These complications can lead to an
increased risk of death in COVID-19 patients.”*
A study of 138 COVID-19 cases in Wuhan, China
found that patients with critical conditions often had
underlying health conditions such as high blood
pressure (58%), diabetes (22%), coronary heart
disease (25%), and stroke (17%). The study also
found that patients over 60 years of age had a
higher risk of death.®* The deaths of patients from
COVID-19 were associated with a hypercoagulable
state, pro-inflammatory response and elevated
levels of biomarkers such as C-reactive protein,
D-dimer, and ferritin. The study also found that 2-6%
of patients with COVID-19 infection had stroke
complications.’

Research suggests that the incidence of
abnormal neurological symptoms in COVID-19
infected patients may be as high as 36%. A study
in China reported that the incidence of acute stroke
in patients with severe COVID-19 was 5.7%, and in
patients with non-severe disease was 0.8%
(p=0.03).° A study conducted in New York by Yaghi
et al found that 0.9% of all patients hospitalized with
COVID-19 experienced ischemic stroke.” These
studies suggest that COVID-19 infection may
increase the risk of stroke.

D-dimer is a marker of the degradation of
vascular proteins involved in coagulation. Elevated
levels of D-dimer have been found in COVID-19

patients experiencing acute ischemic stroke” ',

suggesting activation of the coagulation and innate

12 gtudies have also shown that

immune system.
D-dimer levels are more significantly elevated in
patients with severe COVID-19.

This study examines the relationship between
elevated D-dimer levels and acute ischemic stroke

in COVID-19 patients at Rajavithi hospital.

Objective

1. The study aims to investigate the correlation
between D-Dimer levels and acute ischemic stroke
in COVID-19 patients.

2. The study aims to investigate any factors
associated with acute ischemic stroke in COVID-19

patients.

Materials and Methods

Study Design

A retrospective case-control study used
collected data from COVID-19 patients admitted to
the COVID-19 ward in Rajavithi Hospital during July
1, 2020 - June 30, 2022.

Characteristics of study samples

The sample group was all COVID-19-infected
patients with acute ischemic stroke compared with
25 COVID-19-infected patients without ischemic
stroke. Both groups were admitted to the COVID-19
ward at Rajavithi Hospital between July 1, 2020, and
June 30, 2022.

Inclusion criteria

- Age 18 and over.

- Infected with COVID-19 diagnosed by
laboratory testing nasopharyngeal swab by
RT-PCR, ATK.

- Have blood test results according to the
COVID-19 protocol, including CBC, LFT, BUN, Cr,
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Ca, Mg, PO4, hs-CRP, D-dimer, LDH, and Lactate
that collect the day of diagnosis.

- Ischemic stroke was diagnosed from the
signs and symptoms of permanent and acute
neurological loss suggestive of ischemic stroke and/
or brain CT scan results.

- Have blood test results for FBS, HbA1C,
LDL, HDL, Triglyceride, and Total cholesterol

Exclusion criteria

- Incomplete or missing treatment history
information in the medical record. - Conditions that
resulted in false positives and false negatives on
D-dimer and CRP level; accident history 1 month
before iliness, patients with cancer, and patients
with a history of ischemic stroke or ischemic
heart disease less than 1 month, patients with a
hypercoagulable state, pregnant patients, patients

with pulmonary embolism.

Vol.39 ¢ NO 4 2023

Sample Size

In this research, the sample size was
calculated by using the ratio comparison formula of
2 groups .

2 PA=P) + 2, [PU= P TP, - PP
i (P, =P.)

n = number of sample sizes for each group

Z , = Statistical value under the standard
curve when determining the level of statistical
significance o = 0.05 is 1.96

Zﬁ = The statistical value under the standard
curve when given the 80% testpowerlevel is 0.842.

P, = High levels of D-dimer were found among
COVID-19 patients. with no ischemic stroke 76%,
p, =0.76"

P, = High levels of D-dimer were found among
COVID-19 patients caused by cerebrovascular
accident estimated from a study by Anzej S et al.
It was found that high D-dimer levels are a risk

factor for ischemic stroke (RR 3.9)™

p,=p1*RR/(1+p1*RR-1) = 0.76*3.9/ (1+0.76*3.9-1) = 0.925

(A+Ph)

P=Mean levels of d-dimer found in both groups :T =0.843

Therefore, the number of samples can be calculated as follows.
[1.964/2(0.843)(1-0.843)+0.842,/0.76(1-0.76)+0.925(1-0.925)*
n =

(0.76-0.925)

n =76 +missing data 10%

=85

Therefore, in this study, the researcher will
collect data from 85 subjects, including 2 groups,
totaling 170 subjects using the match case-control

method between 2 study groups by age, gender,

the severity of COVID-19 infection, and underlying
disease to decrease the confounder.

During the data collection process, we can
collect only 25 COVID-19 patients with acute

ischemic stroke.
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Ischemic stroke patients in the COVID-19 ward, Rajavithi Hospital

who meet the inclusion criteria and agree to participate in the research project.

—» | Exclusion

v

Data collection using the match case-control method between 2 study groups.

A 4

Data record in Database.

v

Analyze data according to research objectives.

v

Write a complete full report.

Statistical Analysis

Descriptive Statistics

The categorical data is reported by percentage.
Continuous data with normal distribution is reported
as means and standard deviation. If the data is not
anormal distribution data, it is reported with median,
minimum, maximum, and interquartile range, and
percentile rank.

Inferential Statistics

Categorical data were compared using the
Chi-square test or Fisher’s exact test or McNemar
test. The uncorrelated data is compared with
Student t-test for normal distribution data and
Mann-Whitney U-test was used for non-normal
distribution data. Binary Logistic regression was
used for correlation factor analysis and risk was
reported by OR (95% CI). Determination of the
cut-off point for screening or diagnosis using the
curve (ROC curve) and presented by AUC (Area
under the curve). All tests were assigned a level of

statistical significance at a p-value < 0.05.

Results

The number of COVID-19 patients admitted to
the COVID-19 ward at Rajavithi Hospital between
July 1, 2020, and June 30, 2022, totaled 18,586.
There were 25 patients with acute ischemic stroke,
representing 0.13%.

Table 1 demonstrates the baseline characteristics,
medication, severity of Covid-19 infection, and
laboratory testing. Among individuals in the
protocol, COVID-19 patients with acute ischemic
stroke, 64% are male, and the mean age is 65.12
years (SD 12.19). In COVID-19 patients without
acute ischemic stroke, 72% are male, and the mean
age is 64.2 years (SD 12.05). There is no statistically
significant difference between age (p=0.790),
gender (p=0.544), BMI (p=0.346), smoking, and
underlying diseases (p=0.107) among the groups.

As shown in Table 3, lacunar stroke is the
primary stroke etiology in this study (56%), with an
average NIHSS score of 6.96+£5.12. There is no
statistically significant difference between the

severity of COVID-19 infection among the two

19
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groups (p=0.481). Other vital signs and oxygen
saturation at room air have no statistically significant
difference between the two groups.

There is no statistically significant difference
between D-Dimer (p=0.334) and hs-CRP (p=0.431)
among the two groups. There is no significant
relationship between high D-dimer levels and

ischemic stroke events in COVID-19 patients.

Vol.39 ¢ NO 4 2023

Another laboratory test also has no statistically
significant difference between the two groups.
The protective factors among the two groups
are aspirin usage and low diastolic blood pressure,
as shown in Table 2. Increased every 1 mmHg
decreased the risk of ischemic stroke by 7%
(p=0.008). Antiplatelet medication usage reduced
the risk of ischemic stroke by 82% (p-value = 0.046)

Table 1 Demographic data of COVID-19 patients (n = 50)

Demographic Stroke patient Non-Stroke patient p-value
(n = 25) (n = 25)

Sex 0.544
Male 16 (64.0) 18(72.0)

Female 9 (36.0) 7 (28.0)

Age (years) 65.12+12.19 64.2+12.05 0.790

BMI (kg/m2) 25.65+5.33 23.82+6.44 0.346

Smoking 0.200
Non-smoke 19 (76.0) 22(72.0)

Previous smoke 3(12.0) 0(72.0)
Current smoke 3(12.0) 3(72.0)

Underlying disease 16 (64.0) 21 (84.0) 0.107
DM 6 (37.5) 9 (42.9) 0.355
Hypertension 10 (62.5) 14 (66.7) 0.258
Dyslipidemia 7(43.8) 3(14.2) 0.157
Coronary heart disease 5(31.3) 1(4.8) 0.082
Chronic kidney disease 1(6.3) 3(14.2) 0.297
Valvular heart disease 1(6.3) 0 (0) 1.000

Hx of Stroke 4 (25.0) 1(4.8) 0.157
Other 4 (25.0) 4 (19.0) 1.000

Medication 12 (48.0) 14 (56.0) 0.571
Aspirin 9 (75.0) 3(21.4) 0.047
Warfarin 1(8.3) 0 (0) 1.000
Statin 10 (83.3) 4 (28.9) 0.059
ACEI/ARB 2(16.7) 4 (28.9) 0.384
Beta-blocker 2 (16.7) 2 (14.3) 1.000
CCB 3(25.0) 4 (28.9) 0.462
Other 7 (58.3) 11 (78.6) 0.239

Severity COVID-19 0.481
Roon Air 19 (76) 15 (60.0)

Oxygen cannula 2 (8.0) 6 (24.0)
Oxygen mask with bag 0 (0.0) 0 (0.0)
Oxygen High Flow 2 (8.0) 2 (8.0)
Endotracheal tube with ventilator 2 (8.0) 2 (8.0)
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Table 1 Demographic data of COVID-19 patients (n = 50) (cont.)

Demographic Stroke patient Non-Stroke patient p-value
(n = 25) (n = 25)
Vital Sign
Body temperature (° ¢) 36.93+0.77 37.17+0.86 0.309
Pulse (bpm) 88.32+10.41 86.86+14.32 0.690
Respiratory rate (/min) 20.48+2.73 20.09+0.27 0.600
Systolic blood pressure (mmhg) 150.28+30.91 134.23423.04 0.052
Diastolic blood pressure (mmhg) 86.56+16.98 74.41+12.34 0.008*
Oxygen saturation (% at room air) 96.65+5.25 96.42+3.32 0.851
Value is represented as number (%), Mean+SD, * significance at p<0.05
Table 2 Laboratory testing of Covid-19 patients (n = 50)
Laboratory Stroke patient (n = 25) Non-Stroke patient (n = 25) p-value
D-Dimer (mg/l) 4.64+6.95 2.56+8.00 0.334
hs-CRP (mg/dL) 3.26+4.18 4.3845.62 0.431
Fasting blood sugar(mg/dL) 122.33+42.39 155.04+69.83 0.134
HbA1C(%) 6.46+2.01 8.30+3.22 0.100
HDL(mg/dL) 40.27+14.93 40.00£0.00 0.986
LDL(mg/dL) 116.55+42.29 69.00£0.00 0.284
Cholesterol(mg/dL) 183.18+47.25 131.00+0.00 0.292
Triglyceride(mg/dL) 138.71+77.24 82.00£0.00 0.484
Sodium (MEq/L) 138.71+3.93 135.12+6.13 0.019
Potassium(mEay/L) 3.85+0.39 3.86+0.40 0.870
BUN (mg/dL) 17.13+18.36 21.93420.33 0.385
Cr (mg/dL) 2.94+8.09 1.25+1.33 0.310
eGFR (ml/min/1.73m?) 74.12+28.38 76.32+28.27 0.785
Hb (g/dl) 11.59+2.09 12.23+2.47 0.338
Hct (%) 35.81+6.17 36.64+7.30 0.670
WBC (x10°cells/cu.mm.) 8.63+3.18 7.99+3.88 0.530
Neutrophil(%) 65.77+13.39 70.59+16.31 0.271
Lymphocyte(%) 22.45+12.01 18.30+£11.56 0.279
Monocyte(%) 6.45+2.94 7.78+6.26 0.390
Eosinophil(%) 4.11+4.24 1.17+1.46 0.127
Platelet (x1 OSCeIIS/cu.mm.) 263.08+93.224 25.276+121.529 0.738
Table 3 Factors associated with stroke.
Factors Crude OR p-value Adjusted OR p-value
DBP 0.95(0.9-0.98) 0.015* 0.93(0.88-0.98) 0.008*
Antiplatelet use 0.24(0.06-1.04) 0.047* 0.18(0.03-0.97) 0.046
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Table 4. Stroke patients’ Characteristics (n = 25)
Characteristics n (%)
Toast
Lacunar stroke 14(56.0)
Large vessel atherosclerosis 4(25.0)
Cryptogenic stroke 4(25.0)
Cardioembolic 3(12.0)
NIHSS 6.96+5.12
Mild 10(40.0)
Moderate 12(48.0)
Moderate to severe 3(12.0)

Discussion

This study investigated the correlation of
elevated D-Dimer levels in acute ischemic stroke in
COVID-19 patients. The study included 50
COVID-19 patients, with 25 of them having acute
ischemic stroke and 25 without. The study
population was mostly male, with no statistically
significant differences in age, BMI, underlying
disease and COVID-19 severity among the two
groups. The only statistically significant difference
in vital signs at admission was diastolic blood
pressure, with an increase in diastolic blood
pressure by 1 mmHg resulting in a 7% decrease in
the risk of ischemic stroke (p=0.01). This study
suggests that diastolic blood pressure may be a
predictor of ischemic stroke in COVID-19 patients.

The study found that COVID-19 patients with
acute ischemic stroke had no significantly higher
D-Dimer levels (4.64+6.95) compared to the general
COVID-19 population (2.56£8.00) (p=0.334).
However, no other laboratory values were found to
be significantly different between the two groups.
The study identified two protective factors for
ischemic stroke in COVID-19 patients: increased
diastolic blood pressure (p=0.008) and usage of

antiplatelet medications (p=0.046). These findings

suggest that diastolic blood pressure and
antiplatelet medication usage may be protective
factors against ischemic stroke in Covid-19 patients.

This study suggests that D-Dimer may not be
associated with acute ischemic stroke in COVID-19
patients. This is in line with literature reviews that
indicate multiple mechanisms for acute ischemic
stroke and D-Dimer is recorded as a spot diagnosis
at diagnosis. However, D-Dimer can also be caused
by several conditions other than acute ischemic
stroke, thus D-Dimer levels may not be a reliable
indicator of acute ischemic stroke in COVID-19
patients.

This statement suggests that the incidence of
acute ischemic stroke in COVID-19 patients at
Rajavithi hospital in Thailand is lower than the
incidents reported in China and the United States.
However, it is important to note that this comparison
may not be entirely accurate due to differences in
population demographics, healthcare systems, and
other factors. Additionally, the data is only specific
to Rajavithi hospital and may not be reflective of the
situation in other parts of Thailand.

These limitations suggest that the study may
not have had enough participants to draw definitive
conclusions, and that the short duration of treatment

and observation may not have allowed for enough
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time to observe the full effects of the treatment.
Additionally, the fact that COVID-19 is a new
disease means that there is limited knowledge
about its effects on the human body, which may

impact the accuracy of the study’s findings.
Conclusion

This study suggests that there is no significant
relationship between high D-dimer levels and
ischemic stroke events in COVID-19 patients.
However, the study’s conclusions may be limited
by the small sample size and short duration of
observation and follow-up. Further research with
larger study populations and longer observation

periods is needed to confirm these findings.
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Introduction

Acute large vessel occlusion accounted for
one out of three in patients with acute cerebral
infarction who arrive within first 24 hours of symptom
onset and associated with the worst clinical
outcomes and high mortality rates. Thrombolysis
treatment, intravenous (IVT) and endovascular
thrombolysis treatment (EVT), in the eligible patients
showed the benefit on clinical outcomes.™”

Collateral circulation status demonstrated the
strong relationship with core growth rate® and
clinical outcomes in patient with acute cerebral
infarction receiving thrombolysis treatment.” ® *""
A previous prospective cohort study showed that
collateral status was a major determinant of
ischemic core growth."” However, the relationship
of core growth rate, collateral circulations status and
clinical outcomes in patients with uncertain onset
of symptom has not been established.

Recently, multimodal computed tomography,
including Non-contrasted Computer tomography
CT (NCCT), multiphase CT Angiography (CTA) and
perfusion CT (CTP) were applied to evaluate
collateral circulation status and infarct core growth
rate which implied the benefit of revascularization
and clinical decision for the appropriate choice of
treatment.”"’

This study aimed to evaluate the relationship
of core growth rate, collateral circulation status, and
clinical outcomes, in patients had anterior circulation
large vessel occlusion with known and unknown

time of symptom onset.
Methods

Study design and Patients
This retrospective chart review, enrolled

patients who had anterior circulation large vessel

occlusion with known and unknown time of symptom
onset and admitted to Stroke Unit at Thammasat
University Hospital between December 2019 to
September 2022. All patients underwent complete
baseline NCCT, CTP, and multiphase CTA within
24 hours of symptom onset. Ethical approval was
obtained by Thammasat University Hospital ethics
committee in October 2022 and inform consent was
obtained by each patient.

Imaging processing

Baseline multimodal CT included NCCT, CTP,
and multiphase CTA was obtained with various CT
scanners (Philips, Siemens). Collateral circulation
status was scoring 0 to 5.° Data from CTP were
processed by commercial software (Philips,
Siemens). Three parameters (cerebral blood flow,
cerebral blood volume and mean transit time) were
generated. Penumbra volume defined as the volume
of total ischemic lesion minus with acute core
volume. Acute core volume was measured on acute
CTP. Final core volume was measured by the ABC/2
rule.”® Hemorrhagic transformation was detected by
24 to 72 hours control NCCT.

Calculation of core growth rate

Core growth rate defined as baseline core
volume divided by time from symptom onset or last
seen well to CTP. The definition of core growth rate
was described and validated a method of estimating
core growth rate by core volume and time of stroke
onset and was assumed a near linear pattern of
core growth in first 24 hours of symptom onset.
Patients with wake-up stroke or unknown time of
symptom onset were excluded.” In this study,
we established a new definition of core growth rate
by including patients with unknown time of symptom

onset.
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Outcomes

The primary outcome was the relationship of
core growth rate, collateral circulation status, and
clinical outcome, in patients with anterior circulation
large vessel occlusion with known and unknown
time of symptom onset. The secondary outcomes
were the relationship of treatment (no thrombolysis,
IVT alone and IVT with EVT or EVT alone), core
growth rate and clinical outcome.

The clinical outcome was the modified Rankin
scale (mRS) at 3 months after discharge. Good clinical
outcome was defined by mRS score of 0-2 and poor

clinical outcome was defined by mRS of 3-6.

Statistical analysis

Continuous data were summarized by median
and interquartile range. Categorical variables were
described as proportion. Core growth rate was
summarized as median and interquartile range.
Relationship of core growth rate and collateral
circulation status was assessed by Spearman
correlation coefficient; same analyses were applied

to assess relationship of core growth rate and

Table 1 Baseline characteristics of 47 patients

Vol.39 ¢ NO 4 2023

patient outcomes, and relationship of treatment,
core growth rate and patient outcomes.

Predictive power of collateral circulation status
on core growth rate was assessed by simple linear
regression models, same as the predictive power
of patient outcome on core growth rate.

All statistical analysis was done using SPSS

Software version 27.

Results

Patients

This study included 70 patients who had
anterior circulation large vessel occlusion with CTP
Performed within 24 hours of stroke onset or last
seen well in case of unknown time of stroke onset.
Of the 70 patients, 21 patients were excluded due
to no final core volume, and 2 patients were
excluded due to no baseline collateral circulation
status. Thus 47 patients were selected. All core
growth rate, collateral circulation status, and
3-month mRS were recorded. Patient characteristics

are summarized in Table 1.

Characteristics N %

Sex

Female 22 46.8

Male 25 53.2
Age

<70 years 27 57.4

> 70 years 20 42.6
Clinical presentation

Alteration of consciousness 1 2.1

Aphasia 2 4.3

Hemiparesis 44 93.6
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Table 1 Baseline characteristics of 47 patients (cont.)

Risk

HTN 30 63.8
DM 13 27.7
DLP 20 42.6
CAD 1 2.1
Old ischemic stroke 4 8.5
TIA 0 0
AF 14 29.8
Smoking 8 17
Valvular heart disease 0 0
Alcohol 3 6.4
Other

Amphetamine 2 2.2

CKD 3 6.4

NIHSS at onset, median (QR) 16 (11, 19)

TICI
0 3 6.4
2a 2 4.3
2b 13 21.7
2c 3 6.4
3 9 19.1

Door to recanalization (except TICI 0), median (QR) 128 (96, 188.75)

CT ASPECT, median (QR) 7(5,9)
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Overall case
Unknown onset case (n=36)
Time known onset case (n=11)
Penumbra volume (ml), median (QR)
Overall case
Unknown onset case (n=36)
Time known onset case (n=11)
Core infarct volume (ml)), median (QR)
Overall case
Unknown onset case (n=36)
Time known onset case (n=11)
Final infarct core (ml), median (QR)
Core growth rate (ml/h), median (QR)
Overall case
Unknown onset case (n=36)
Time known onset case (n=11)
NIHSS at 24 hr, median (QR)
mRS at 3 months
Poor
Good
Length of stay (days), median (QR)
Hemorrhagic transformation

No
Yes
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Table 1 Baseline characteristics of 47 patients (cont.)
Characteristics N %
Onset to CTP time (min), median (QR)

525 (423, 776)
557 (423.25, 795.75)
465 (371, 712)

140 (89, 190.8)
160.5 (89.3, 202.65)
137.5 (86.7, 184.5)

29.06 (5.6, 45.1)
11.35 (6.03, 41)
27.9 (4.2, 85)
215 (9, 83.9)

1.24 (0.55, 4.4)
1.18 (0.58, 3.56)
3.6 (0.47, 11.54)

14 (10, 17)
4(1,5)

31 66
16 34
7 (5, 13)

26 56.3
21 44.7

Relationship of core growth rate, collateral
circulation status and clinical outcomes

Core growth rate and collateral circulation status

The median core growth rate in this study was
1.24 ml/h with IQR 0.55-0.44 mi/h. For patients with
known time of onset, mean core growth rate was
3.6 (0.47-11.54). The mean core growth rate in
unknown time of onset was 1.18 (0.58-3.56).

Increase in core growth rate inversely
correlated with baseline collateral circulation status
(Rho = -0.284, P-value = 0.026) (Table 2). Higher

core growth rate associated with poorer collateral

circulation status. The correlation showed higherin
patients with known time of onset groups (Rho =
-0.24, P-value = 0.079). Comparing to unknown time
of onset group, increase in core growth rate also
showed inverse correlation (Rho = 0.505, P-value
=0.057).

The predictive power of collateral circulation
status for core growth rate revealed an increment
in collateral circulation status by 1 resulted in the
decrease of core growth rate by 2 mi/h (Coefficient
-2.004, 95% Cl: -4.24 to 0.23, R* 0.047).
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Table 2 Correlation of CGR and Collateral divided by onset case

Variable Median IQR N Correlation coefficeint* P-value
Overall case
Core growth rate (ml/h) 1.24 0.55,4.4 47
-0.284 0.026
Collateral score 4 3,4 47
Unknown onset case
Core growth rate (ml/h) 1.18 0.58, 3.56 36
-0.24 0.079
Collateral score 4 3,4 36
Time known onset case
Core growth rate (ml/h) 3.6 0.47,11.54 11
-0.505 0.057
Collateral score 4 3,4 11

Core growth rate and clinical outcome

Regarding to 3-month mRS, increment of core
growth rate relatively correlated with clinical
outcome (Rho = 0.043, P-value = 0.386) (Table 3).
Especially, core growth rate in patient with unknown
time of onset group, the correlation was strongly

relative with clinical outcome at 3 months (Rho =

0.62, P-value = 0.021). For known time of onset
group, correlation was dissimilar to overall results
(Rho = -0.186, P-value = 0.139); however, small
populations might interfere this result.

Increase core growth rate showed predictive
power of increasing mRS score. (Coefficient 0.046,
95% Cl: -0.07 to 0.16, R* 0.015).

Table 3 Correlation of CGR and mRS at 3 month divided by onset case

Variable Median IQR N Correlation coefficeint® P-value
Overall case
Core growth rate (ml/h) 1.24 0.55, 4.4 47
0.043 0.386
mRS at 3 month 4 1,5 47
Unknown onset case
h I/h . A47,11.54
Core growth rate (ml/h) 3.6 0.47,11.5 36 0.62 0.021
mRS at 3 month 4 2,5 36
Table 4 Correlation of CGR and mRS at 3 month divied by treatment group
Variable Median IQR N Correlation coefficeint® P-value
No thrombolysis
Core growth rate (ml/h) 1.07 0.62, 4.58 13
0.258 0.198
mRS at 3 month 5 25,5 13
IVT plus EVT or EVT alone
Core growth rate (ml/h) 1.24 0.49, 3.71 31
-0.049 0.396
mRS at 3 month 4 1,5 31

Relationship of treatment, core growth rate,
and clinical outcome
The IVT plus EVT or EVT alone group,

core growth rate showed inverse correlation with

3-month mRS (Rho = -0.049, P-value = 0.396). For
no thrombolysis group, core growth rate was relative
with 3-month mRS (Rho = 0.258, P-value = 0.198).

The correlation in IVT alone group was different

29
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(Rho=0.5, P-value = 0.333); however, this result might

relate to small populations in this group (n=3). (Table 4)
Discussion

This study demonstrates that the core growth
rate shows the relationship with baseline collateral
circulation status and has the predictive value of
clinical 3-month outcomes. Treatment with IVT plus
EVT or EVT alone associates with a lower core
growth rate and a better clinical outcome.

The core growth rate in this study shows
inversely associates with baseline core growth rate
from multiphase CT angiography which is
importance to support estimating baseline collateral
status by CTA and predicting the inclination of the
core growth rate. Previous study, similarly, demon-
strated the relationship of CTA collateral status and

core growth rate.”®

Another study evaluated the
collateral status by CTP collateral index also
showed the relationship."

Regarding to unknown time of onset group, the
median core growth rate is less then known time
onset group. The equation of core growth rate that
bases on baseline core volume divided by time from
symptom onset or last seen well to CTP. The time
from symptom onset to CTP is shorter in known time
of onset group, that might explain this finding.

This study also adds to the evidence of
relationship of core growth rate and collateral status
among uncertain onset patients. In previous studies,
the definition of core growth rate was core volume
divided by time of symptom onset to CTP, which
was different from this study.'* Clinicians might
estimate the inclination of core growth rate by the
baseline collateral status even uncertain onset of
symptom; however, due to uncertain time of onset,
the core growth rate might not correspond to the

near linear pattern within 24 hours of onset, as we

Vol.39 ¢ NO 4 2023

could not estimate the true onset of symptom.

For the predictive power of core growth rate,
the increment of collateral status by 1, shows
increasing in core growth rate by 2 ml/h which is
applicable for clinician to evaluate the inclination of
the core growth rate after evaluating the baseline
collateral status.

According to 3-months mRS, the core growth
rate also shows the trend of relative association to
clinical outcome. Higher core growth rate associates
to higher 3-month mRS, which is poor outcome. This
study adds to the evidence that uncertain onset
group also has the similar relationship to clinical
outcome. Predicting the clinical outcome by core
growth rate might challenge clinicians to decide for
treatment. On the other hand, core growth rate in
known time of onset group is not relative to clinical
outcome. This finding might explain by small
populations and effect of the treatment.

As relationship of core growth rate and clinical
outcome, this study implies that IVT plus EVT or EVT
alone likely relate to better clinical outcome.
In addition, no thrombolysis group also supports
the relationship that higher core growth rate relates
to higher 3-month mRS. Clinician might imply this
finding to decide for treatment, especially in higher
core growth rate.

There are limitations in this study. First, this is
a retrospective study using data from Thammasat
University Hospital database. Second, the small
populations might disturb the results of this study
as seeing the non-correspondence of results. Third,
the final infarct volume was measured by ABC/2
rules, and NCCT in all cases was performed on 24
t0 72 hours which might lead to an overestimation.
Fourth, in uncertain onset cases, the core growth
rate is not same definition as previous studies,

validating of core growth rate is suggested.
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Conclusion

The core growth rate has a relationship with
collateral status and clinical outcome, in overall and

uncertain onset cases.
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statistically significant difference in median
functional outcome at discharge in 2 groups.
Conclusion: Treatment of NCSE with
midazolam was better in seizure termination when
compared to levetiracetam in this population group.
Keywords: Nonconvulsive status epilepticus,

Levetiracetam, Midazolam

Background

Non-convulsive status epilepticus (NCSE)
refers to a prolong seizure that manifests primarily
as altered mental status as opposed to the dramatic
convulsions seen in generalized tonic-clonic status
epilepticus. Subtle status epilepticus (SSE) is the
type of NCSE must be considered in comatose
patients who present after a prolong generalized
tonic-clonic seizure and who may have only subtle
motor manifestations of a seizure, such as facial or
hand twitchings. The mortality associated with SSE
can exceed 30% if the seizure duration is greater
than 60 minutes.' Non-convulsive status epilepticus
(NCSE) in a comatose patient cannot be diagnosed
without electroencephalography (EEG).” Salzburg
consensus criteria for diagnosis of NCSE were
proposed at the 4" London-Innsbruck colloquium
on status epilepticus in Salzburg (2013)® Midazolam
is a standard drug used for guiding a diagnosis of
NCSE, possible NCSE® During covid-19 era,
midazolam was out of stock. Levetiracetam (LEV)
is a board-spectrum antiepileptic drug that is
effective against a variety of seizure types. Its
rapid onset of action, lack of drug-drug interactions
and availability as intravenous solution make it an
optimal drug to treat NCSE.* The rapid administration
of undiluted intravenous levetiracetam is safe.’
Therefore, in our study, we aimed to evaluated the

efficacy and safety of levetiracetam compared to

midazolam for the treatment of NCSE in hospitalized

patients.

Method

Trial design

We conducted a single-center, double-blind,
randomized, controlled study at Thammasat
University hospital, Pathumthani, Thailand.
Participants were recruited between July 2021 and
December 2022. The study was approved by the
committee of Faculty of Medicine, Thammasat
University Hospital. Midazolam and levetiracetam
were supplied by the pharmaceutical department
of Thammasat University Hospital.

The study carried out the randomization, and
blinded the investigators and subjects. An
independent data and safety monitoring committee
evaluated all potentially serious adverse events. The
study was conducted according to the declaration
of Helsinki and Good Clinical Practice Guidelines.
The study adheres to CONSORT guidelines.

Participants

Eligible participants were patients aged =18
years and were diagnosed non-convulsive status
epilepticus (NCSE) due to 6 conditions, 1. CNS
infection 2. Metabolic derangement 3. Severe
systemic infection 4. Ischemic stroke 5. Hypoxia,
and 6. Head trauma. Patients or relative provided
written informed consent before participation or
reconsent after enroliment.

Randomization and interventions

Eligible and consenting patients were
randomly assigned to midazolam or levetiracetam
intravenous injection. The dosage of midazolam or
levetiracetam was based on the recommended

dose as patient’s body weight.
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Midazolam group, 25-50kg=2.5 mg, 50-75
kg=5 mg, 75-100 mg=7.5 mg, 100-125 kg=10 mg
intravenous push.

Levetiracetam group, 25-50 kg=750 mg, 50-75
kg=1000 mg, 75-100 kg=1500 mg, 100-125
kg=2000 mg intravenous push.

Patients were randomized into the midazolam
or levetiracetam group using fixed randomization
schemes per site with a block size of 4 (1:1)
according to computer-generated randomization
list. The medication was given by the nurse. Study
staff, clinicians, and participants were to remain
blinded throughout the study.

Exclusion criteria were 1. Pregnant or breast-
feeding woman 2. Liver failure 3. Renal failure
(creatinine clearance < 30) and 4. Patients who
were diagnosed non convulsive status epilepticus
from other determined caused exception from
inclusion criteria.

Outcomes

The primary outcome was the stop of seizure
incidence defined as EEG criteria as the followings;

EEG improvement after intravenous
antiepileptic drug

EEG showed termination of seizure and/or
increase in prominence of frequency of the features
when compared to baseline

Secondary outcomes were time to seizure
termination in midazolam and levetiracetam, safety
of both drugs (injection site reaction, hemodynamic),
mrs score at discharge, and 90-day mortalities.

Data collection

All patients were assessed by trained clinicians
and investigators. Baseline demographic and
health-related characteristics were recorded. EEG
was assessed by experienced clinicians or

investigators. Once the patient was diagnosed as

Vol.39 ¢ NO 4 2023

non-convulsive status epilepticus (NCSE). EEG was
done. A session of EEG assessment based on the
following criteria;
1) EEG showed epileptiform discharge <2.5/
second and
1.1) Typical spatiotemporal evolution
1.2) Subtle clinical ictal phenomenon
1.3) Fluctuation without definite evolution
and/or 2) EEG showed delta, or theta activity
>0.5/second and
2.1) Typical spatiotemporal evolution
2.2)Subtle clinical ictal phenomenon
2.3) Fluctuation without definite evolution
When above criteria was presented. The
blinded randomized drug was administered.
A document consisted of a case record form was
attacked to the patient’s medical chart and filled in
by the investigator to monitor and record the
outcomes.
Sample size
Sample size was calculated based on the
assumptions that the incidence of EEG and clinical
outcome after receiving midazolam was 16.2%°
EEG and clinical outcome after receiving
levetiracetam was 56.2%.° To detect a significant
difference between groups, we sought to
randomized 54 patients into 2 groups of 27 patients
per treatment arm to give 80% significant power at
a two-side 5% significant level (alpha). However,
this study was randomized 31 patients, 16 patients
into midazolam group and 15 patients into
levetiracetam group. The protocol was early termi-
nated because of the result of preliminary analysis
was significant different of the midazolam efficacy
when compared to levetiracetam and we concern

about patients safety.
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Table 1 Baseline characteristic of total study population (intention-to-treat)

Midazolam Levetiracetam All p-value
(n=16) (n=15) (n=31)
Male, n (%) 10 (62.5%) 7(46%) 17 (54.8%)
Female, n (%) 6 (37.5%) 8 (54%) 14 (45.1%) 0.376
Age, median (IQR) 62 (56-77) 76 (50-85) 68 (56-77) 0.922
BW(kg) , mean (SD) 68.31 (12.57) 76.00 (9.10) 72 (11.53) 0.367
Indication for admission
CNS infection, n (%) 3 (18%) 1(6.6%) 4 (12.9%) 0.083
Metabolic derangement, n (%) 7 (43.7%) 4 (26.6%) 11(35.4%) 0.320
Severe systemic infection, n (%) 0 (0%) 1(6.6%) 1(3.2%) 0.294
Ischemic stroke, n (%) 5 (31.2%) 2 (13.3%) 7 (22.5%) 0.233
Hypoxia, n (%) 1(6.2%) 0 (0%) 1(3.2%) 0.325
Head trauma, n (%) 0 (0%) 7 (46.6%) 7 (22.5%) 0.002
State of consciousness
Alert, n (%) 2 (12.5%) 2 (13.3%) 4 (12.9%) 0.945
Drowsy, n (%) 11 (68.7%) 10 (66.6%) 21 (67.7%) 0.901
Stupor, n (%) 3 (18.7%) 2 (13.3%) 5 (16.1%) 0.682
Coma, n (%) 0 (0%) 1(6.6%) 1(3.2%) 0.294
History of previous AED medication, n (%) 1(6.2%) 3(20%) 4 (12.9%) 0.254
Underlying disease
Chronic kidney disease, n (%) 8 (50%) 4 (26.6%) 12 (38.7%) 0.183
Diabetes mellitus type2, n (%) 6 (37.5%) 6 (40%) 12 (38.7%) 0.886
Underlying disease
Essential hypertension, n (%) 12 (75%) 10 (66.6%) 22 (70.9%) 0.609
Dyslipidemia, n (%) 6 (37.5%) 5 (31.2%) 11 (35.4%) 0.809
Ischemic heart disease, n (%) 5 (31.2%) 0 (0%) 5(16.1%) 0.018
Ischemic stroke 3 (18.7%) 2 (13.3%) 5(16.1%) 0.682
Table 2 Study outcome (intention-to-treat)
outcome Midazolam Levetiracetam  OR or difference p-value
(n=16) (n=15) (95%Cl)

Primary outcome
Seizure termination, n (%) 12 (75%) 5 (33.3%) 5.4 (1.6-9.2) 0.020
Secondary outcome
Time to seizure termination, (minutes) 8 (6-10) 10 (8-12) 2 (1-3) 0.078
Injection site termination
No skin reaction, n (%) 16 (100%) 15 (100%) -
Warmth, redness, tender at injection site, n (%) 0 (0%) 0 (0%) -
Hemodynamic recording
Stable vital sign, n(%) 16 (100%) 15 (100%) -
Unstable vital sign, n (%) 0 (0%) 0 (0%) -
Length of stay (day), median (IQR) 27 (6-85) 30 (3-123) 3 (1-5) 0.572
Number of AEDs 1(1-2) 2 (1-3) 1(0-1) 0.232
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Table 2 Study outcome (intention-to-treat) (cont.)

Anesthetic agent uses, n (%) 0 (0%) 0 (0%) 0 -

Median functional outcome (mrs score) at discharge 3 (2-4) 4 (3-5) 1(0-1) 0.163

Table 3 Sensitivity analysis

State of consciousness group

Drowsy N=11 N=10
Seizure termination, n (%) 7 (63%) 5(50%) 2.3 (1.4-3.8) 0.002

Coma N=0 N=1
Seizure termination, n (%) 0 (0%) 0 (0%) 0 -

Seizure termination 12 (75%) 3 (37.5%) 3.2 (0.3-4.6) 0.074

Exclusion of head trauma

31 patients were randomized in the study

/\

15 patients assigned to levetiracetam 16 patients assigned to midazolam

\ 4 4

15 patients were included for ITT analysis 16 patients were included for ITT analysis

Figure 1 Study flow diagram
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Survival Functions
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Hazard ratio (95%Cl) = 1.204 (0.234-6.199), P-value= 0.825

Figure 2 Survival analysis

Statistical analysis

Statistical analyses were performed using IBM
SPSS statistics version 25. Descriptive statistics
[mean *standard deviation (SD)], frequency
and percentage, or median and interquartile range
(IQR) were used to describe baseline patient
characteristics. Intention to treat (ITT) analysis was
performed.

The incidence of seizure termination was
based on EEG outcome. The incidence of seizure
termination was completed between groups using
the chi-square test. Odd ratio (ORs) with 95%
confidence interval (Cls) were reported as effect
size using midazolam as a reference group.
Secondary outcomes were compared by using
the chi-square test or Fisher’s exact test for
dichotomous and nominal outcomes, the
Mann-Whitney U-test for ordinal outcomes and
continuous outcomes that were not normally

distributed and the Hodges-Lehmann estimator for

confidence intervals for the difference between
2 medians. P-values <0.05 were considered
statistically significant. Survival analyses presented
by Kaplan-Meier curves were used for graphical
demonstration. Cox-proportional hazard regression
analyses were performed to estimate the hazard
ratio (HRs) for survival function of the levetiracetam
and midazolam groups.

Sensitivity analyses

Sensitivity analyses were performed with state
of consciousness and number of antiepileptic drug
use. State of consciousness groups were stratified by
alert, drowsy, stupor and coma. Number of epileptic

drug use groups were stratified by 1,2,3 and 4.

Results

Enrollment and baseline data
From July 2021 to December 2022, 31 eligible
patients were randomly assigned to levetiracetam

(n=15) or midazolam (n=16). A total of 31 participants
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were included for ITT analysis of the primary
outcome. Eight participants (5 in levetiracetam, 3
in midazolam) died during admission. The baseline
characteristics of levetiracetam and midazolam
groups were not significantly different, except for
head trauma as an indication of admission was
more in levetiracetam group as demonstrated in
Table 1.

Primary outcome

The incidence of seizure termination in the
levetiracetam group was 33.3%, while that in the
midazolam group was 75% (OR=5.4, 95%Cl
1.6-9.2, P=0.020). (Table 2)

Secondary outcome

The median durations of time to seizure
termination in the levetiracetam and midazolam
group were 10 (8-12) minutes and 8 (6-10) minutes
respectively, difference=2 minute (95%CI 1-3).
There was no injection site reaction in two group.
The hemodynamic was stable in two groups. The
median length of stay in the levetiracetam was 30
days (3-123), while that in the midazolam group was
27 days (6-85), P=0.572. The number of AEDs use
were not significant different between the two
groups, which involved 1 (1-2) in midazolam group
and 2.0 (1-3) in levetiracetam group, difference=1
(95%CI 0-1), P=0.232. The median functional
outcome at discharge were not significantly different
between the two groups (Table 2), survival analyses
showed no difference between the levetiracetam
and midazolam groups, HR 1.20 (95%Cl 0.23-6.19)
P=0.825 for 90-day survival.

Subgroup analysis

Sensitivity analyses were performed according
to state of consciousness and number of AEDs. We
found that when the state of consciousness was

alert, drowsy and stupor, seizure termination was

Vol.39 ¢ NO 4 2023

significantly increased in midazolam group
(Table 3). However, the number of AEDs use were
not statistically significant difference in 2 groups
(Table 3). Head traumas increase inflammatory
marker, altered blood brain barrier, change in
astrocyte and glucose metabolism dysregulation in
levetiracetam group might effect outcome, so we
excluded a patients with head trauma in
levetiracetam group, however the seizure
termination was 12 (75%) in midazolam group and
3 (37.5%) in levetiracetam group, OR=3.2 (95%Cl
0.3-4.6), p-value 0.074

Discussion

In our study, a randomized, double-blind,
controlled trial, we found no positive outcome on
seizure termination incidence in patients admitted
to Thammasat University Hospital assigned to
levetiracetam group when compared to midazolam
group.

Nonetheless, our study had some limitations.
First, we strict to inclusion criteria. We found that
the patient diagnosed as intracerebral hemorrhage
of any cause (hypertensive hemorrhage, tumor
bleeding) had high incidence of non-convulsive
status epilepticus (NCSE), but these patients had
not been included in the study.

Second, the dosage and administration of the
intervention drug might influence the results. In this
study, we administered a dosage of levetiracetam
and midazolam as a body weight range. Perhaps,
the dosage per kilograms might have more
accurately result.

Finally, only 31 participants from 54 patients
enrolled to this study. Therefore, we could not reach
statistical power from our expected sample

calculation.
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This study demonstrates a benefit for
midazolam use when compared to levetiracetam in
patient diagnosed as non-convulsive status
epilepticus (NCSE). Further trials focusing on
different type of antiepileptic drugs with various
dosage and administration methods should be
conducted. The study population might be narrowed
down to one specified disease with similar
comorbidities or stratified into disease categories
and severities to see potential effect of the

medication within different patient groups.

Conclusion

Our study demonstrated that midazolam was
effective than levetiracetam on termination of
seizure in non-convulsive status epilepticus (NCSE)
patient. The length of hospital stay, time to seizure
termination, number of AEDs uses, anesthetic uses,
functional outcome at discharge were not
significantly different between the levetiracetam and
midazolam groups. Levetiracetam and midazolam
were safe. There were no report of skin reaction nor

unstable vital sign.
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and congestive heart failure (p<0.001, OR 10.8).
Neurological complications associated with
prolonged hospital stays included large or
malignant infarction (p<0.001, OR 20.8),
hemorrhagic transformation (p<0.001, OR 13), brain
herniation (p=0.01, OR 5.9), and patients who
underwent neurological surgery (p=0.01).
Summary: The findings of this study underscore
the importance of tailored care plans for patients
with these risk factors, the implementation of
preventive measures for associated complications,
and the need to reduce the likelihood of unfavorable
treatment outcomes and prolonged hospitalization

in the stroke unit.

Introduction

Stroke (or cerebrovascular accident) is a
highly significant disease in the nervous system. It
occurs when brain cells are deprived of blood
supply. Itis divided into two main types: ischemic
stroke and hemorrhagic stroke. Ischemic strokes
commonly occur in patients with risk factors related
to cardiovascular risk factors, such as high blood
pressure, as well as other risk factors like smoking,
obesity, dyslipidemia, diabetes mellitus, chronic
kidney disease, and atrial fibrillation. These risk
factors tend to increase due to current lifestyles
and environments. Additionally, strokes can
also be caused by vascular diseases such as
ruptured blood vessels or abnormal blood clotting.
Patients may experience a sudden decrease in
blood flow to the brain, leading to cell death,
resulting in impaired brain function. Symptoms and
manifestations of stroke include weakness or
numbness on one side of the body, difficulty
speaking, slurred speech, facial drooping,

confusion, and dizziness. Stroke is a significant

public health issue in Thailand as it is a leading
cause of death and long-term disability.’

According to death certificate data in the year
2021, major causes of death include all types of
cancer, cerebrovascular diseases, pneumonia,
ischemic heart disease, and road traffic accidents.’
Stroke is the second leading cause of death and
the third leading cause of disability worldwide,
according to a global survey in 2019. There were
over 101 million stroke patients globally, with 12.2
million new cases reported (or approximately one
new case every 3 seconds), and 6.5 million deaths.
In Thailand, based on the Ministry of Public Health’s
health statistics report for the year 2020, a total of
34,545 people died from strokes (with a mortality
rate of 53 per 100,000 population).’

The treatment of acute ischemic stroke
with clear-cut evidence includes administering
intravenous thrombolysis within 4.5 hours, or the
use of rtPA (recombinant tissue plasminogen
activator). Treatment may also involve mechanical
thrombectomy, the process of removing blood clots
from obstructed major brain arteries, within 24
hours. Patients may be treated within a stroke unit,
where they receive antiplatelet medication such as
aspirin within 48 hours after symptom onset.
Surgical intervention, such as decompressive
craniectomy, may be performed in cases where
there is large brain infarction with cerebral edema
within 48 hours.”

Some acute ischemic stroke patients
experience prolonged hospital stays, which
can pose challenges in bed occupancy rate
management. Stroke units are the primary facilities
for treating acute ischemic stroke patients, where
patients have a significantly higher chance of

survival and reduced disability rates.’ These units
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are specialized in the care of stroke patients and
have systematic care plans in place. They are
staffed with specialized healthcare professionals,
including neurologists and stroke nurses, who are
experts in patient care. They are equipped with
comprehensive medical tools and equipment for
continuous monitoring of patients’ neurological
signs. Therefore, having a high bed occupancy rate
in the stroke unit is a critical issue in the care of
acute ischemic stroke patients.

Currently, the number of stroke patients is on
the rise, leading to some patients having suboptimal
access to care within the stroke unit due to high bed
occupancy. This means that some acute ischemic
stroke patients may need to be admitted to general
medical wards initially, which may result in less
comprehensive care, monitoring, and follow-up of
neurological symptoms compared to what is
provided in dedicated stroke units.

Previous studies have explored clinical factors
related to the length of hospital stays in acute stroke
unit. However, each study used different definitions
for prolonged hospitalization and varied in terms of
patient management and hospital transfer contexts.
These past studies identified clinical factors
associated with extended hospital stays, including
clinical factors related to the patients themselves.
These factors were associated with longer hospital
stays and included the severity of stroke measured
by the National Institutes of Health Stroke Scale
(NIHSS), the patient’s ability to perform activities of
daily living assessed by the Barthel Activities of
Daily Living (ADL) index, the degree of disability
based on the Modified Rankin Scale (MRS), the
location of brain lesions, the Glasgow Coma Scale
(GCS) score, patients with swallowing difficulties,

and those with speech problems.*® Complications
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during hospitalization were found to be significant
factors contributing to extended hospital stays.
These complications included complications related
to the stroke itself (such as malignant infarction or
brain herniation), pneumonia, urinary tract
infections, and pressure sores.'” " Additionally,
administration of recombinant tissue plasminogen
activator (rtPA) was associated with reduced
hospital stays.'®' It's important to note that the
definitions and contexts of prolonged hospitalization
varied among these studies, and these findings
should be considered in the context of each study’s
specific patient population and healthcare system.

This study will focus on patients admitted in
acute stroke unit of the Department of Medicine at
Maharat Nakhon Ratchasima Hospital, there is
specialized care and treatment exclusively for
patients with acute ischemic stroke and transient
ischemic attack (TIA). The total number of beds available
is 24. The study aims to investigate factors associated
with prolonged hospital stays among acute ischemic
stroke patients admitted to the stroke unit of Maharat
Nakhon Ratchasima Hospital. This research is valuable
for future care planning of acute ischemic stroke
patients to ensure improved treatment outcomes.
Identifying relevant factors will allow for increased
vigilance in at-risk patient groups and aid in planning
interventions to prevent various complications that

may result in prolonged hospitalization.

Material and Methods

Study populations

This study is a retrospective study based on
medical records of all patients diagnosed with acute
ischemic stroke or transient ischemic attack (TIA) and
treated in the stroke unitof Maharat Nakhon Ratchasima
Hospital between April 1, 2023, and June 30, 2023.
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Data collection and terminology

Criteria for patient selection are as follows:
inclusion criteria were (1) patients aged 15 years or
older, (2) patients diagnosed with acute ischemic
stroke or transient ischemic attack and (3) patients
treated in the stroke unit of the Department of Internal
Medicine. Exclusion criteria were (1) incomplete
or missing medical records and (2) patients
admitted to the hospital with other conditions and
subsequently developing acute ischemic stroke
during their hospital stay.

Definition and diagnosis of diseases are based
on symptoms, signs, and additional standard
investigation.® Stroke: A condition in which a patient
experiences sudden, immediate neurological
symptoms or signs, lasting more than 24 hours,
caused by a vascular cause from blood vessels and
not explained by other conditions. Transient Ischemic
Attack (TIA): A condition in which a patient experiences
neurological symptoms or signs for less than
24 hours, caused by insufficient blood supply to the
brain or nerves and not explained by other causes. '’

Data collection will include various variables
such as age, gender, comorbidities (hypertension,
diabetes mellitus, dyslipidemia, atrial fibrillation).
Severity of the stroke is assessed using the National
Institute of Health Stroke Scale (NIHSS)", calculated
based on the physical examination of the patient as
follows: NIHSS 0-4 points: minor, NIHSS 5-15 points:
moderate, NIHSS 16-20 points: moderate to severe,
and NIHSS more than 24 points: severe. Length of
stay (LOS) in the hospital is calculated based on
the number of days a patient receives treatment in
the hospital, from admission to discharge, including
returning home or transfer to another hospital. It is
specifically calculated for the duration of stay at
Maharat Nakhon Ratchasima Hospital. Prolonged

hospital stays were defined as a length of stay
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exceeding 7 days. Functional ability is assessed on
admission using the Barthel Activities of Daily Living
Index (BI)'” with patients divided into two groups:
those with Bl scores less than 75 and those with
scores greater than or equal to 75. Disability level
is assessed using the Modified Rankin Scale
(MRS)", with patients divided into two groups: those
with MRS scores of 0-3 and those with scores
greater than 3. Complications are categorized into
medical and neurological complications. Medical
complications include aspiration pneumonia,
hospital/ventilator acquired pneumonia (HAP/VAP),
urinary tract infection (UTI), pressure sores, sepsis,
delirium, and congestive heart failure (CHF).
Neurological complications include large infarct or
malignant infarct, hemorrhagic transformation, brain
herniation, and patients requiring neurological surgery.

Statistical analysis

The data analysis was performed using the
SPSS software package. Continuous variables were
summarized as either mean * standard deviation
(SD) for data that followed a normal distribution or
median (range) for data that did not exhibit a normal
distribution. To assess differences between groups,
the student’s t-test was employed for normally
distributed data, while the Wilcoxon rank-sum test
was used for non-normally distributed data.
Categorical variables were presented as proportions,
and comparisons were made using the chi-square
test. Odds ratios were calculated to ascertain the
factors associated with an extended hospital stay.
A p-value less than 0.05 was considered statistically
significant, indicating a meaningful relationship or

difference between variables.
Result

Demographic and clinical characteristic data

that was shown in Table 1, revealed a total of 343
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participants. Among them, 172 individuals were
male, accounting for 50.1% of the sample. The
mean age was 64.24 years, with a standard
deviation of 14.74 years. The majority of patients
were aged 60 years or older, comprising 220
individuals (64.1%), while the group with an age
less than 60 years included 123 patients (35.9%).
The median length of hospital stay (LOS) was
2 days, with an interquartile range (IQR) of 1-5 days.

Table 1 Baseline characteristic (343 patients)

Vol.39 ¢ NO 4 2023

Patients were categorized into three groups based
on their hospitalization duration: 1-3 days (239
patients, 69.7%), 4-7 days (74 patients, 21.6%), and
more than 7 days (30 patients, 8.7%). Common
comorbidities among the stroke patients included
hypertension, affecting 187 patients (54.5%),
diabetes mellitus in 112 patients (32.7%),
dyslipidemia in 82 patients (23.0%), and atrial
fibrillation in 34 patients (9.9%).

Clinical profile

Number (%*)

Sex
- Male
Age, Mean # SD (years)
- <60 years
- =60 years
Length of stay (days), Median (IQR)
- LOS1-3
- LOS 4-7
- LOS>7
Comorbidities
- Hypertension
- Diabetes mellitus
- Dyslipidemia
- Atrial fibrillation

172 (50.1%)
64.24 + 14.74
123 (35.9%)
220 (64.1%)
2 (1-5)
239 (69.7%)
74 (21.6%)
30 (8.7%)

187 (54.5%)

112 (32.7%)
82 (23.0%)
34 (9.9%)

Abbreviations: SD, standard deviation, IQR, interquartile range, LOS, length of stay. * Percent from all of 343 patients.

Table 2 Severity of the stroke is assessed using the National Institute of Health Stroke Scale (NIHSS), the

Barthel Activities of Daily Living Index (Bl) and disability level is assessed using the Modified

Rankin Scale (MRS). (343 patients)

Stroke related score

Number (%*)

NIHSS (stroke severity), median (IQR)
- NIHSS 0-4 (minor)
- NIHSS 5-15 (moderate)
- NIHSS 16-20 (moderate to severe)
- NIHSS >24 (severe)

Barthel Index, median (IQR)

- BI<75

- BI>=75

Modified Rankin Scale, median (IQR)
- MRS 0-3
- MRS >3

3(1-7)
216 (63%)
94 (27.4%)
19 (5.5%)
14 (4.1%)
80 (50-90)
145 (42.3%)
198 (57.7%)

2(1-4)
224 (65.3%)
119 (34.7%)

Abbreviations: NIHSS, the National Institute of Health Stroke Scale, IQR, interquartile range, Bl, Barthel index of Activities
of Daily Living, MRS, Modified Rankin scale. * Percent from all of 343 patients.
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In this study, the patients had NIHSS scores
at the time of admission, with a median of 3, and an
interquartile range (IQR) of 1-7. Most patients had
a low severity level of the disease, categorized as
NIHSS 0-4 (minor), which included 216 individuals
(63%). There were 94 patients (27.4%) with NIHSS
scores of 5-15 (moderate), 19 patients (5.5%) with
NIHSS scores of 16-20 (moderate to severe), and
14 patients (4.1%) with NIHSS scores exceeding
24 (severe). The patients’ ability to perform daily

activities, as assessed by the Barthel Activities of
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Daily Living Index (BI), had a median score of 80,
with an IQR of 50-90. Patients were divided into
those with low risk (Bl >=75 points), totaling 198
individuals (57.7%). Regarding the level of disability
assessed using the Modified Rankin Scale (MRS
score), the median was 2, and the IQR ranged from
1 to 4. Patients were categorized into a group with
low disability (MRS 0-3 score), consisting of 224
individuals (65.3%), and a group with high disability
(MRS >3 score), which included 119 individuals
(34.7%) (Table 2).

Table 3 The number of patients with dysphagia or respiratory problems. (343 patients)

Problems

Number (%*)

- Dysphagia
- Endotracheal tube

- Tracheostomy procedure

90 (26.2%)
39 (11.4%)
4(1.2%)

* Percent from all of 343 patients.

Patients in the study had dysphagia that did
not meet the standard swallowing assessment
criteria, totaling 90 individuals (26.2%). Among the

patients, 39 required the use of an endotracheal

tube for breathing assistance (11.4%), and
4 patients underwent a tracheostomy procedure
(1.2%) (Table 3).

Table 4 Medical complications and neurological complications (343 patients)

Complications

Number (%*)

Medical complication
- Aspiration pneumonia
- Hospital/Ventilator acquired pneumonia (HAP/VAP)
- Urinary tract infection (UTI)
- Pressure sore
- Sepsis
- Venous thromboembolism (VTE)
- Delirium
- Congestive heart failure (CHF)
Neurological complications
- Large infarct or malignant infarct
- Hemorrhagic transformation
- Brain herniation
- Required neurological surgery

39 (11.4%)
24 (7%)
12 (3.5%)
6 (1.7%)
23 (6.7%)
2 (0.6%)
10 (2.9%)
21 (6.1%)

43 (12.5%)
19 (5.5%)
12 (3.5%)
2 (0.6%)

* Percent from all of 343 patients.
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The complications were shown in Table 4.
Patients who experienced complications during
their hospital stay were categorized into two main
groups: those with medical complications and those
with neurological complications. Among patients
with medical complications, there were 39 individuals
(11.4%) diagnosed with aspiration pneumonia,
24 patients (7%) with hospital/ventilator-acquired
pneumonia (HAP/VAP), 12 patients (3.5%) with
urinary tract infections (UTI), 6 patients (1.7%) with
pressure sores, 23 patients (6.7%) with sepsis,
2 patients (0.6%) with venous thromboembolism
(VTE), 10 patients (2.9%) with delirium, and 21
patients (6.1%) with congestive heart failure (CHF).

These medical complications represent a spectrum

Vol.39 ¢ NO 4 2023

of health challenges that patients faced during their
hospitalization, potentially affecting their clinical
course and outcomes.

On the other hand, patients who experienced
neurological complications included 43 individuals
(12.5%) with large infarcts or malignant infarcts in
the brain, 19 patients (5.5%) with hemorrhagic
transformation resulting in bleeding within the brain
due to acute ischemic stroke, 12 patients (3.5%)
with brain herniation, and 2 patients (0.6%) who
required neurological surgery. These neurological
complications further underscore the complexity of
the patients’ conditions and the diverse range of
challenges that healthcare providers had to manage

during their hospitalization.

Table 5 Factors associated with prolonged hospitalization in Acute Stroke Unit. (343 patients)

LOS 1-7 days LOS >7 days ;
Factors (N, %*) (N, %) p Value Odds Ratio
(95% Cl)
N =313 (91.3%) N = 30 (8.7%)
Male 153 (48.9%) 19 (63.3%) 0.18
Age >60 years 201 (64.2%) 19 (63.3%) 0.54
NIHSS >15 20 (6.4%) 13 (43.3%) <0.001 11.2 (4.8-26.3)
Barthel Index (BI) <75 116 (37.1%) 29 (96.7%) <0.001 49.3 (6.6-366.3)
Comorbidities
- Hypertension 166 (53.0%) 21 (70.0%) 0.086
- Diabetes mellitus 104 (33.2%) 8 (26.7%) 0.545
- Dyslipidemia 74 (23.6%) 8 (26.7%) 0.661
- Atrial fibrillation 21 (6.70%) 11 (36.7%) <0.001 7.3(3.1-17.2)
Patients with dysphagia or respiratory problems
- Dysphagia 63 (20.1%) 27 (90.0%) <0.001 35.7 (10.5-121.5)
- Endotracheal tube 26 (8.3%) 13 (43.3%) <0.001 8.4 (3.7-19.3)
- Tracheostomy procedure 0 4 (13.3%) <0.001 Incalculable

Abbreviations: LOS, length of stay, 95% ClI, 95% confidence interval, NIHSS, the National Institute of Health Stroke Scale, BI,

Barthel index of Activities of Daily Living. * Percent from 313 patients (LOS 1-7 days), “Percent from 30 patients (LOS >7 days).

The factors associated with prolonged hospital
stays in this study were shown in Table 5. When
dividing the length of hospital stays (LOS) into two
groups, namely those with hospital stays of 0-7 days

and those with longer hospital stays exceeding 7 days,

the study included 313 individuals (91.3%) in the
former group and 30 individuals (8.7%) in the latter
group. The associated factors were then analyzed
to identify significant factors related to prolonged

hospital stays.
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Patient-related factors that prolonged hospital
stays (LOS > 7 days) in patients with acute ischemic
stroke included patients with a higher severity level
of the disease, as indicated by NIHSS scores
greater than 15 (p < 0.001, OR 11.2), lower abilities
in performing daily activities, as indicated by a
Barthel Activities of Daily Living Index (Bl) score of
less than 75 (p < 0.001, OR 49.3). According to
patients’ comorbidities, patients with atrial fibrillation
(AF) were significantly associated with longer
hospital stays (p < 0.001, OR 7.3). Additionally,
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factors related to swallowing and respiratory
problems were linked to prolonged hospital stays,
including patients with dysphagia (p <0.001, OR 35.7),
patients requiring an endotracheal tube (p < 0.001,
OR 8.4), and patients who underwent a tracheostomy
procedure (p < 0.001).

These findings highlight the importance of
assessing and managing these factors to improve
the overall care and outcomes of patients during

their hospital stays.

Table 6 Complications associated with prolonged hospitalization in Acute Stroke Unit. (343 patients)

Complications

LOS 1-7 LOS >7 p Odds Ratio
(N, %*) (N, %) Value (95% Cl)

N =313 (91.3%) N =30 (8.7%)

Medical complications
- Aspiration pneumonia
- Hospital/Ventilator acquired pneumonia (HAP/VAP)
- Urinary tract infection (UTI)
- Pressure sore
- Sepsis
- Venous thromboembolism (VTE)
- Delirium
- Congestive heart failure (CHF)
Neurological complications
- Large infarct or malignant infarct
- Hemorrhagic transformation
- Brain herniation

- Required neurological surgery

24 (7.7%) 15 (50.0%) <0.001 12 (5.3-27.6)
6 (1.9%) 18 (60.0%) <0.001 76.8 (25.8-228.1)
5(1.6%) 7 (23.3%) <0.001 18.8 (5.5-63.7)
1(0.3%) 5(16.7%) <0.001 62.4 (7-554.9
17 (5.4%) 6 (20.0%) <0.01 4.4 (1.6-12.1)
1(0.3%) 1(3.3%) 0.168
9 (2.9%) 1(3.3%) 0.61
12 (3.8%) 7 (23.3%) <0.001 10.8 (4.1-28.4
24 (76.7%) 19 (63.3%) <0.001 20.8(8.9-48.2)
10 (31.9%) 9 (30.0%) <0.001 13 (4.8-35.4)
8 (25.6%) 4 (13.3%) 0.01 5.9 (1.7-20.8)
0 2 (6.7%) <0.01 Incalculable

Abbreviations: LOS, length of stay. 95% Cl, 95% confidence interval. * Percent from 313 patients (LOS 1-7 days), " Percent

from 30 patients (LOS >7 days).

Medical complications that occurred during
hospitalization and were associated with longer
hospital stays (LOS > 7 days) included various
conditions (Table 6). Among these were aspiration
pneumonia, which had a significant association with
LOS > 7 days, with a p-value of less than 0.001 and
an odds ratio (OR) of 12. Hospital/ventilator

acquired pneumonia (HAP/VAP) was another

complication linked to longer hospital stays, with a
p-value of less than 0.001 and a substantial OR of
76.8. Urinary tract infection (UTI) was also a factor,
with a p-value of less than 0.001 and an OR of 18.8.
Pressure sores were found to be strongly related to
extended hospitalization, with a p-value of less than
0.001 and an OR of 62.4. Sepsis showed an

association with LOS > 7 days, with a p-value of
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less than 0.01 and an OR of 4.4. Congestive heart
failure (CHF) or pulmonary edema was significantly
related to longer hospital stays, with a p-value of
less than 0.001 and an OR of 10.8.

Complications involving the nervous system
that were associated with prolonged hospital stays
(LOS > 7 days) encompassed several conditions.
Large or malignant infarct, which had a p-value of
less than 0.001 and an OR of 20.8, was one such
condition. Hemorrhagic transformation was also
significantly related to extended hospitalization, with
a p-value of less than 0.001 and an OR of 13. Brain
herniation showed an association with LOS > 7
days, with a p-value of 0.01 and an OR of 5.9.
Additionally, patients who underwent neurological
surgery were significantly linked to longer hospital
stays, with a p-value of less than 0.01. These
findings emphasize the importance of managing
and preventing these medical complications to
potentially reduce the length of hospital stays for

patients with.

Discussion

In Nakhon Ratchasima province, there is a
healthcare system that provides treatment and
referrals for patients within the province. General or
smaller-scale hospitals in the area are equipped to
care for patients with acute ischemic stroke. These
hospitals have the capability to perform brain
computed tomography (CT) scans and provide
treatment with intravenous thrombolysis. Some of
these hospitals include Theparatana Hospital
(Muang District), Pakchong Nana Hospital, Phimai
Hospital, Buayai Hospital, and Pakthongchai
Hospital. Additionally, there are several private

hospitals in the province that offer similar services.
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In cases where the hospitals mentioned earlier
can provide care for patients from the emergency
room admission to being treated as inpatients in the
stroke unit until discharge, patients do not need to
be transferred to Maharat Nakhon Ratchasima
Hospital. However, if a patient’s condition exceeds
the capabilities of these hospitals, such as having
a large ischemic stroke, critical location of the
ischemic stroke with a high risk of worsening
symptoms, or the need for brain surgery, they will
be transferred. This includes patients with unstable
conditions, ischemic stroke patients with underlying
heart issues, and those referred by the originating
hospital for specialized care. Due to these reasons,
patients receiving treatment at the stroke unit of
Maharat Nakhon Ratchasima Hospital may have
more severe symptoms, greater complexity, or
higher risk compared to other hospitals.

This study was conducted at Maharat Nakhon
Ratchasima Hospital, which is the largest and most
prominent tertiary care hospital in Nakhon
Ratchasima province. The acute stroke unit has the
capacity to care for up to 24 beds exclusively
dedicated to the management of acute ischemic
stroke patients. In cases where all beds are occupied,
new patients will be initially treated in either the
general medical wards or the intensive care unit,
depending on bed availability. However, once a
patient has received a comprehensive diagnosis
and a clear treatment plan, they may be transferred
back to their district hospitals for continued care.

The study, titled “Factors associated with
prolonged hospital stay in the stroke unit” collected
data from April 1, 2023, to June 30, 2023, involving
a total of 343 patients who received treatment in the
acute stroke unit. The average length of hospital
stay was found to be 3.43 days (IQR 1-5 days),
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which was shorter compared to other studies. Most
patients had a hospital stay duration of 1-3 days
(239 patients or 67.7%), primarily because these
patients received a comprehensive diagnosis, had
clear treatment plans, stable conditions, and were
sent back to their district hospitals for further care.
Therefore, the findings of this study can be applied
specifically to the context of large hospitals that
handle complex cases and can transfer patients to
district hospitals. The study also defined prolonged
hospital stay as more than 7 days (LOS>7), which
is similar to the study by Dabilgou AA, et al.’
However, when compared to most other studies,
which often define prolonged hospital stays as even
longer durations, it's important to note that the
majority of patients in this study had relatively short
hospital stays. Using a higher cutoff point may result
in a very small number of patients with longer
hospital stays and may not be clinically relevant in
the context of Maharat Nakhon Ratchasima Hospital.

The factor of patient gender was not found to
be associated with the length of hospital stay, which
is consistent with the findings of most previous
studies. Age factors, specifically being older than
60 years, were also not significantly related to
prolonged hospital stay, aligning with the studies
by Dabilgou AA, et al.”, and Amrish Saxena, et al.’
However, it's worth noting that each study may have
different age cutoff points for defining significance.
In the researchers’ perspective, if a higher age
cutoff point were used, age could potentially
become a significant factor. This is because older
ageis often associated with more comorbidities, slower
recovery compared to younger patients, and a
higherlikelihood of age-related medical complications.

The severity of the disease, as indicated by

NIHSS scores greater than 15 points, was found to
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be significantly associated with a longer hospital
stay, consistent with previous studies such as the
one by Ku-Chou Chang, et al.”, and Kasemsap N,
et al.” NIHSS scores reflect the severity of the
disease as assessed through physical examinations.
Higher NIHSS scores indicate more severe brain
ischemia, whether it results from a large ischemic
stroke. Patients in this group are at a higher risk of
both medical and neurological complications
compared to those with lower disease severity.
Factors related to the patients’ underlying
medical conditions, such as hypertension, diabetes
mellitus, and dyslipidemia, were not significantly
associated with prolonged hospital stays in acute
stroke unit. However, in patients with atrial fibrillation
(AF), there was a significant correlation with longer
hospital stays (OR = 7.3). This finding aligns with
previous studies conducted by Arboix, et al.",
Songthammawat T.?, and Kasemsap N.™ In patients
with AF, cardioembolic stroke, which typically
results in larger ischemic strokes, can occur due to
the dislodgment of blood clots from the heart. These
larger strokes often lead to more severe symptoms
and, consequently, longer hospitalizations.
Patients with swallowing problems, known as
dysphagia, as assessed by a standard swallowing
screening tool, were significantly associated with
longer hospital stays. This is because these patients
often require the insertion of a nasogastric tube (NG
tube) for nutrition, and they are at a higher risk of
developing aspiration pneumonia. Additionally,
patients who need an endotracheal tube for
assisted breathing also tend to have longer hospital
stays due to the severity of their symptoms, altered
mental status, or the inability to manage their own

airway.
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Patients who experience medical complications
such as aspiration, hospital-acquired pneumonia,
or ventilator-associated pneumonia, urinary tract
infections, pressure sores, sepsis, and congestive
heart failure are significantly associated with longer
hospital stays. This aligns with previous studies
conducted by Arboix et al.”, Ku-Chou Chang
et al.”, Dabilgou AA et al.”, Amrish Saxena et al.’,
Songthammawat T.°, and Kasemsap N."® Patients
with pneumonia, urinary tract infections, or sepsis
often require infection screenings due to the
presence of fever in the hospital. They may also
need antibiotics and close monitoring of their
response to treatment, which can contribute to
prolonged hospitalization. Patients with pressure
sores may need wound care. Congestive heart
failure or pulmonary edema is a significant
complication that can occur, particularly in patients
with acute ischemic stroke who routinely receive
intravenous fluid. It may lead to pulmonary edema
if not properly assessed, along with a timely
evaluation of heart function.

Patients with neurological complications,
such as large ischemic strokes, hemorrhagic
transformation, brain herniation, and those who
undergo brain surgery, are at higher risk of
experiencing severe complications that are often
unavoidable. Therefore, it may be necessary to
implement vigilant monitoring measures for high-risk
patients to promptly detect and address these
complications, leading to appropriate and timely
treatment.

Summary

Factors associated with prolonged hospitalization
in acute stroke can be categorized into general
patient-related factors and complication-related

factors. Among patient-related factors, individuals
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with a National Institutes of Health Stroke Scale
(NIHSS) score exceeding 15, the Barthel Index
less than 15, the presence of atrial fibrillation (AF)
and patients struggling with dysphagia, or difficulty
swallowing, also contribute to prolonged hospitali-
zation.

On the other hand, complication-related
factors associated with longer hospital stays
encompass a range of issues. Patients who develop
aspiration pneumonia, hospital-acquired pneumonia/
ventilator-acquired pneumonia, urinary tract
infections, pressure sore, sepsis, or congestive
heart failure during their hospital stay often
experience prolonged hospitalization. Furthermore,
patients with complications related to the nervous
system, such as large ischemic strokes, hemorrhagic
transformation, brain herniation or those undergoing
brain surgery, may also necessitate longer hospital
stays due to postoperative care, rehabilitation, and
management of these complex conditions.

The findings of this study underscore the
importance of tailored care plans for patients with
these risk factors, the implementation of preventive
measures for associated complications, and the
need to reduce the likelihood of unfavorable
treatment outcomes and prolonged hospitalization

in the stroke unit.
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NIHSS Huasndaliu Mdsvazinanade 5.32 Wil
wundnnstssifuinadiesdileeildnaniaie 4.11
w1 IneflauLanssiuaeneiliedAny (o value =
0.00) enageudaads Mann-Whitney U Test
Fauanslunnsed 1

A9 1 wansdayanuguasnguanatnalunisAneaae

S )
fruawAN LA Sasaz p-value
LA
- T8 47 52.2
- NN 43 47.8
21¢] (MeantSD) 65.46%£13.184
sxeizATiReINs (F2lue: Mean+SD) 33.61£31.83
afinlsaviaanidanaNe
- Ischemic stroke 86 95.6
- Hemorrhagic stroke 4 4.4
AuvdsvaandenNiialse
- Lenticulostriate artery 48 53.3
- Middle cerebral artery 26 28.9
- Perforating branch of Basilar artery 8 8.9
- Top of Basilar artery 4 4.4
- Cerebellar artery 2 2.2
- Anterior cerebral artery 1 1.1
- Posterior cerebral artery 1 1.1
AnLade NIHSS
- dhaiFiengilae (MeantSD) 8.19+8.64 0.90
- HuaNNSR NG (Mean+SD) 8.62+9.05
NAe (range) 189 NIHSS
- draiesgilon 0-32
- HuaNnFa i 0-38
Sruaufftlosfiszfiu NIHSS thugandalvi
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FAEN 4.53+.914 AZUUY, AuANNAzAIN D
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Wu L AnduLlsr Andandunug 0.97 (p-value=0.00)
%n%\imimmmﬁwm%’@g@ﬁmmﬁuﬁuﬂ?ﬂqmﬂ
‘7';'43\‘1 (strong positive correlation) dletsuifiugas
scatter diagram Lazidietlssuanudesiussming
sjﬂ@uﬁu‘llmm‘l%@ﬁﬁLLmﬂﬂﬁmqﬁmﬁﬂ (inter-rater
reliability using weighted Kappa statistics) Tuisay
wu9ALiat WU 7 MneTiRANFenAZeINAN
(excellent agreement, wK >0.75) IAuANN9A level
of consciousness (consciousness and commands),
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best language &l 7 viATiiALaRAAREILINUNAN
(moderate agreement, wK >0.4 w5 <0.75) Tawn
IR level of consciousness (questions), best
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AN51991 3 WAAIAYINABARFEITBIATIUU NIHSS sednsdssifiudnamedilaanazeinuannininu Tnanis
v
NARDUANANAUTAEATUULLNESFY (Pearson’s Correlation) wazldannwalUnaaetinuin

(Inter-Rater Reliability Using weighted Kappa Statistics) tL3aiiguiunisansnaumiin

Categories Makorn et al Demaerschalk et al Meyer et al
VP* vs Bedside (95% ClI) VP* vs Bedside Telemedicine vs Bedside
wK**, n=90 in 2023 wK, n=83 in 2012" wK, n=25 in 2005"

1a. LOC** consciousness 0.75 (0.59-0.91) 0.67 1.0

1b. LOC, questions 0.73 (0.60-0.85) 0.94 0.93
1c. LOC, commands 0.75 (0.59-0.89) 0.89 1.0

2. Best gaze 0.73 (0.57-0.88) 0.72 1.0

3. Visual fields 0.51(0.26-0.76) 0.91 0.93

4. Facial palsy 0.47 (0.32-0.61) 0.59 0.22
5a. Motor left arm 0.79 (0.68-0.89) 0.83 0.88
5b. Motor right arm 0.87 (0.79-0.94) 0.79 0.82
6a. Motor left leg 0.78 (0.67-0.89) 0.79 0.74
6b. Motor right leg 0.84 (0.77-0.91) 0.79 0.80

7. Limb ataxia 0.24 (-0.05-0.54) 0.03 0.34

8. Sensory 0.50 (0.33-0.66) 0.64 0.80

9. Best language 0.91 (0.83-0.99) 0.75 0.73
10. Dysarthria 0.73 (0.60-0.85) 0.68 0.61

11. Extinction and inattention 0.49 (0.32-0.66) 0.61 0.80
Total NIHSS score correlation 0.97 0.94 0.94
coefficient (r) for P<0.001

Length of remote assessment, min 5.32+2.182 8.77+3.45 Not report

*VP : real-time cellular videophone ** wK : weighted kappa ***LOC : level of consciousness

RZ Linear = 0.936

bedside

o 10 20 30 40

telestroke

ANA 4 WAAINIINITANETRITRYA (scatter diagram) SEndNAZILL NIHSS saufilAannnisdssifivdnamies
flasuazinuannalny
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tUULIEIMARNIFRILTNN A.A.2015 duFuinm

tspaaunnluglunl T9a bipolar disorder wazlsn

major depressive disorder (unipolar) mﬁq‘m%rwm

&N AL aripriprazole Taenalnnisesn

E]Vl%rﬁ’a partial agonlist pia dopamine D3 LAY Dg

receptor Ineia1I417 D, receptor 11nn41 wananil

cariprazine fkﬁqm%lﬂu partial agonist #a 5—HT1A

receptor Lm:ﬁqwﬁrﬁuéq 5-HT , 5-HT_, histamine

H receptor A1NN17ANEILUTLANTAINULATAIN

Uaansiuaesen cariprazine lugiasannnglugy

Winuisuiunnslasuen placebo waziFeuifiayuiy

enlunguianiufiilduntien wudn en cariprazine

fhlsx@ansnnlunisinenldesadiefeuiuavaen 3 o
visaiftauwiniuenlunguieaundldunten ludu _al"l_oj ?USU?:ﬂﬂ??IU:
AutlaanftLazeinsdaAsainylddunse fugocaUU drfraaswalu
JU39 fatiuen cariprazine Audhunna@envileiin

auladruiunisinelsnamunnluglug

ﬁﬁﬁﬁﬁﬂg: Cariprazine, Dopamine, Partial agonist,

19ARALNN

unu

Schizophrenia' viralsnanuny Whnidelulsanig
AnnrAnuNnign Tnaamsinainauiaing
1a9gnee M lFARldiuaneann1eAuAn AN
Y - e oAy
¥an wazngnssundallaineauiduasaiely

a’lj (7 =) 1|
winnzan wananinudngtaadauluniiiannisloy
o o o Ve =2 o ) [y
Fususawsdusunaulatsisdluaineusu tng
N, A S
ANANTINNANTATULT WLy
Tspamnniinisafiulsanuuizess inlddua

neznusantIANuIinIsauld annesenieLas _ o
BUM owusUs:Nas3d, UgoCcuu JIFiaasweiu

anla M lveuldldgurnldianlaateandnm INABNS WHINABNSSU ISOWENLIAFAISSIS Uononuos NSOINWUMUAS
denasianmunInaInesauld deriu lsndnnynaai WSUWaseuunAoW:

. . 40 - . BOM ousUs:NaSHd
TMIANATUNINANEITURUNADILIITQEINAD Wit la WHINABNSSL [SuwenuafissIs LnonUoe NSoINWIUMUAS
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nNaxNaINg

2aIN19

AINNTIAULN
(positive symptoms)

BININAIAA (delusion), 8N3LszamMUanu (hallucination), nswanuyldiszidew
WULLHY (disorganized speech), woAnssuw Ly liisziiauuuuuku (disorganized

behavior), wqmmiuLﬂ@ﬂuvl,mmml,l,ﬂm"l,ﬂmnﬂﬂm (catatonic behavior)

2INTAUAL
(negative symptoms)
8IN1TANUNTFAN
(cognitive symptoms)
apandayaanizutinles

wmmﬂmmﬂmﬂumﬂ ”memmnmqmmm laifioanonm waanas, uuAKINRela 13e
spauanlalunsdndinuuazianssiaaaula, hmLLmnmmmw'amumifmm
Hauunnsaalusunisdanis n1ssindula N9 (executive function), HAYH
unngaalunizasainlala (attention) VAMNANNNTIARSRLIURTNaAA, TidnanTn

SanUs:avA

1. @1NNI00BLNENLNBATINGT LAZLUINIINNT
Snenlspamnnle

2. #1119085UNETAYANINUNETINEN LAL
NAANEN19ARTINTBY cariprazine 14

3. g@unsnthAuFanunANN sy ne ld
Tunnsusunanandanssuls

wensassongna:nannisina?®

Tsaaminn Lﬁmmmﬂﬂmmmmmﬁﬂ
sz luanes aannisineunnnldvisetiesly
gaagnTaetsram TEun dopamine, serotonin WAL
glutamate” WAz GABA® taqiiunendassinanves
TsngnesLnedaemeuoreluil

1. Dopaminergic hypothesis®

NAaNANRALNETEY dopamine receptor Lag
LNz D receptor Tudnsdausine denasinliiia
AuRaUnRresauldasnat Tae pathway N3Ny
#anae9 dopamine Usznavlidae 4 tract Ae

- Mesolimbic pathway 761 dopamine ‘ﬂlmﬂ
'%u ﬁuzﬁ%mn ventral tegmental area (VTA) 14/ limbic
area d4WA LI LIAAINIIAIULAN (positive symptoms)

- Mesocortical pathway 7261l dopamine
fianas Avdsann VTA T cortex denasinliiiia
AIN19ATUAL (negative symptoms) WAZANIE
UNNFBITB9N35AA (cognitive deficits)

- Nigrostriatal pathway 761 dopamine
‘ﬁlamm /1N substantianigra 11/ caudate nucleus
dananiliiie extrapyramidal symptoms LA
nnardeulyaRfnLUNG (motor symptom)

- Tuberoinfundibular pathway 761
dopamine fianadann hypothalamus 1 pituitary
gland ¥inliEnnsuds prolactin snnan denalifin
Az1nmLsEaniau (@amenorrhea) vhunluafindnd
(galactorrhea) LAy mmmmmimuwmmm

wananni fafinnsmeauiannnuifasdaaiy
TENIN dopamine LAY serotonin NANAE NINILEL
5- HT
dopamme nﬂﬂ@mﬂﬂﬂﬂmﬂmu 7l prefrontal cortex’

LL'&"’E‘LI&N 5- HT , 5-HT 20 Auanlfszay

2. Glutamatergic hypothesis ° \TadLAnaN
v Tl ATies A glutamate receptor Tin
NMDA (NMDA receptor hypofunction) #1l#.na
Tﬁ‘ﬁ?ﬂ[ﬂ LN %qmmié’mmﬂ mmié’m@‘u LASRINIT
AUNTFAN

IUONIWNISSNUIsAIAINN®

Whunnanisfnediloslsrdnnm Aa usain
ANMIIELIIN F1UAL A ensual LaLeNnnIEL
n1s3Am maedleaiuniatiBusientsnaundlugn
ga3lsn AN IR WiEaendusn 483 mnsanri
Auludaanlaeg19Uni n1sfneiuy veen
wWunissnuniagldean (pharmacotherapy) waznng
fnelaeldldan (nonpharmacotherapy) 1w
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amntinTausanisinelaanislsupaumanay
anﬂitm (cognitive behavior therapy)

gnAulsATaINN (antipsychotics)®®

nasnEvanaadlsnannm e naslden and
Tananaun ﬁ@@qﬁwfﬁ'@dﬂmmmm‘lﬁm%mmﬁ’jlﬁm
anAnLRinLnFvesssATilugues Faunalnudn
1a9en5nElsmannT Ae daaudlaviTedfussauaes
asAia1e) Winduganna Inaeninulsadmnm
wiieldiflu 2 nguudn pe

g1 ULIARALANNG NN (ﬁrst generation
anUpsychohcs) @ﬂﬂi}'ﬂﬁ‘ﬁ@ﬂimﬂﬂum D receptor
Tiaueadan ||mb|c system u@ﬂmnummu‘iimmmm
NN mqm anti-adrenergic . m‘LummmmL@@m
Y88 LNAAINNAUAIUUY L‘ﬂmum e 8 quﬁ
anti-histamine ( m’l,mqqenu L@';TELI@’]W]? A
mwunmmwnuim Lay uq'm anti-muscarinic
receptor Tikr ikl anticholinergic effect ummﬂu@ﬂ
MINFT Tiadyn Taa19za1UIN
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mmu%mmmmum 2 (second generation
ant|psychot|cs) mmm@@nqwﬁimmmum D receptor
PanasumgaiueINguLIni Lmenmﬂmu RG]
U D receptorVlmmummmmamﬂ‘ﬂﬂ@’m receptor
1ma‘qmﬁmn@mmm faﬂm@@ﬂqmﬁﬂum D, receptor
171904 mesolimbic LAY mesocortical pathway
NINNTILTIITUY nigrostriatal 78 tuberoinfundibular
pathway mwﬂmnmmmﬂwmm extrapyramidal
symptoms (EPS) A8 Wananil ﬂ’m@uiwmmqmﬁ
¢[1£l9 serotonin receptor subtype [ﬂN“‘] L°]]lu b- HTZA,
5-HT ,5-HT ,5-HT vinl¥iszsits dopamine fisnasdan
mesocortical, nigrostriatal Wag tuberoinfundibular
partway i Fetiuastagananudadlunisiia
EPS, aA2IN19AIUAL AABINITAIUNITIAN LAT
ARALIAENAANNIRA hyperprolactinemia wsggingls
AanunuaeuaaAsslui i lauaz L edn
(cardiometabolic risk) L‘Ij'u ﬁﬁuﬁﬂﬁ%ﬂlm LA
ARLAALAIDIOA LILABAZY Lummmﬂmm‘um 5-HT
receptor Lae H receptor Imﬁﬂﬂuﬂauuumm
mmmiummunu receptor bAbANFANAM dana L
Hayaemslaifalszasduansnaiu fanead 2°

l§l’1%"1~117i 2 Human receptor affinity of dopamine receptor partial agonists (DRPAs) and potential clinical effects

Receptor Type of activity

Affinity Ki (nM) in vitro

Potential clinical effects

Aripiprazole Brexpiprazole Cariprazine

Dopamine D2 Partial agonist 0.34 0.30
Intrinsic activity 60% 45%
Dopamine D3 Partial agonist 0.8 1.1
Intrinsic activity 28% 15%
Serotonin 5—HTm Partial agonist 1.7 0.12
Intrinsic activity 73% 60%
Serotonin 5—HT2A Antagonist 3.4 0.47
Serotonin 5-HT _ Antagonist 0.36 1.9
Serotonin 5—HT20 Antagonist 15 34
Serotonin 5-HT7 Antagonist 10.3 3.7
Histamine H1 Antagonist 28 19
Adrenergic alpha1A Antagonist 26 3.8
Adrenergic alpham Antagonist 35 0.17
Adrenergic alphaZC Antagonist 38 0.59
Muscarinic I\/I1 Antagonist >1,000 >1,000

0.49 Antipsychotic effect, extrapyramidal syndrome
(EPS), prolactin elevation, akathisia, nausea,
insomnia, subjective response to treatment

30%

0.08 Effects on positive and negative symptoms,
procognitive effect, EPS, akathisia

1%

2.6 Antidepressant and anxiolytic effects, procogni-
tive effect, reduction of EPS

39%

19 Reduction of EPS, weight gain
0.58 ? (unknown)
134 Weight gain
111 Antidepressant and procognitive effects

23 Sedation and weight gain, hypnotic and
anxiolytic effects

155 Vasodilatation, hypotension, sedation,
antihypertensive effects, improvement of
prostate hypertrophy, effect on nightmares

>155 ? (unknown)
>155 Antidepressant and prosexual effects

>1,000  Dry mouth, blurred vision, constipation, urinary retention,

tachycardia, cognitive impairments, delirium
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Tutlaqiiu ﬁmiﬁwmm%ﬂmimﬁmmmqfuﬁ' 3
Aty Tnenalnniseangnadndnyde lu partial
agonist ﬁ@%faﬂﬂqmﬁﬂu agonist 38 antagonist
LN NILndeNTsansatlszann dusulsamnn
ﬂ’]ﬁ“ﬂ‘ﬂﬂq%éLﬂu partial agonist #ia D_ receptor 7
mesolimbic pathway %&'w@lﬁﬁmqwaﬁr antagonist

< < Py I~ <
“I]\‘i“ﬁ’JEILLm‘U FIANAINTTATULIAN Tummxwmm@ﬂqmﬁ

partial agonistﬁl mesocortical pathway ATAINA L
a3 agonist dvdaautladesainiadiuay
(negative symptoms) kaz BINITATUNIIFAN
(cognitive symptoms) 2e9Auldaninn'

&1 Aripiprazole Lﬂumﬁ'gﬂﬁuwmﬂuﬁq Wan
iuﬂzjuﬂﬁmmajuﬁ 3 Tageanays partial agonist
20! D, D, BHT  uaz5-HT receptor'' ¢11 Cariprazine
\uen3nunlsnRanynui 3 At wALaANsNa
anenaulunguideaiufie sreangniaidu partial
agonist ﬁﬁmmmmmlumﬁu D3 receptor
4NN91 D receptorLLmﬁq%QﬁrSHT partial agonist
Tne D, receptor muiummvmmﬂmummu
meso||mb|c muummanqmw D receptor AZ&NHA
ARBAIN1INNATUAL anTund wazr neaRtymyn "
Lme\ﬂiﬂmuﬂ\ﬂumm?ﬁﬂmwLLu‘ﬂmm‘“um’m
ﬂ@ﬂqmw D, receptor AzL35IN1BINITAULIIN
(positive symptoms) luauldaniala

M15199N 3 FIALN9ENTNHIBININIARNN"

zl’\ﬁ?f'm'a’m’\iwnamjuuin (Typical antipsychotic drugs)

AN TGS Haloperidol
(high potency) Fluphenazine
Flupentixol
Trifluoperazine
Pimozide

AMANLTNLUNAY
(moderate potency)

Perphenazine
Zuclopenthixol

AHLIIAN
(low potency)

21AUAINITNNNA m'a:'u‘ﬁ 2 (Atypical antipsychotic drugs)

Chlorpromazine
Thioridazine

Clozapine, Risperidone, Olanzapine, Quetiapine, Serpindone

FIFNUBINITNNAATUN 3
(Partial agonist antipsychotic drugs)

Aripiprazole, Brexpiprazole, Cariprazine

Vol.39 ¢ NO 4 2023

AUINAa:AUAATY

Tuilaqiiu fToyundnaesnisguainegilay
Tspamny Aa AdlaliAnusanialunigsullseniu
21 Fepnatiia ldainuanaame wilslugamnuanae
AsAnaniglu Nlszaerannniglden Ay
= o , = dl P
aein W ure1 vy Tagful v iie v
192 ANTA NI NLATAAAINT I AT L RIANA AT

e a o o 1

&1 Cariprazine ﬁ@mmu‘ummzﬁq tUANNANA ﬁq%’mﬂ@

o

Pazianasasalilil

9N : Cariprazine

€

ananaliluagan’™

LT
v

ANITAN : Reagila

SR 2

a

NAR : 139 INAaaU MmaT UsuinAdania

©22e ©22¢

g ;U Angdd nauwe W
(Inenaud) a1 dszindlne
muﬂﬁ‘:ﬂﬂuﬁ’amﬁ’]ﬁﬂ&l : cariprazine hydrochloride
Tanaas ; N’ -[trans-4-[2-[4-(2,3-Dichlorophenyl)-
1-piperazinyl]ethyl]cyclohexyl]-N,N-dimethyl-urea
ganaluana i C_ H CIN O
o q 21 32 2 4
Waluiana : 427.41 g/mol
stunnenuazauandlulne : hard capsules
#1184 AULIS AR 1.5, 3, 4.5 LAz 6 Taaniu Lae
' a o [ e‘dl 1
wAazanlaLazdyansninuansngll

o
HiC_ )\\
el O

Cl Cl

eI IGENGLQR

LNRENRANEAS

ﬂ@iﬂﬂ’]i“ﬂ’ﬂﬂq%?ﬁru@mﬂﬁ“ﬁwaﬂ’mﬁl‘fﬂmx‘iiﬂ

Cariprazine Lﬂum?ﬂmimﬁmmmiuﬁmu
ﬁﬂ@vlﬂmi’a@ﬂqw%r partial agonist fia dopamine D2

waz D, receptor Inertauaun D, receptor NINNIN
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yanannil Cariprazine ?jvx‘iﬁqw‘é partial agonist #8
5-HT _receptor uazflqududs 5-HT | 5-HT |
histamine H. receptors Iagien Cariprazine AU
5—HT2C LAY alpha1A adrenergic receptors VLﬁ?Trﬁl’] Way
134Uy muscarinic (cholinergic) receptors™

¢11 Cariprazine ﬁé’i@ﬁumn&hm’mm Aripiprazole,
Brexpiprazole §QLﬂuﬂﬂ§ﬂHﬂTiﬂ3MLnWﬁjuﬁ 3 Agen
flqw%r partial agonist #a D, receptor NNNI D,
receptor Tpgl

D3 receptor Wumﬂﬁu?mmmmmmu limbic
W&y nucleus accumbens TeiiNagaeWAILNEINNS
ANUAL (negative symptoms) 8IN13AIUNIITAR
(cognitive symptoms) kazn12AtUANaNsHnilugLe
annnle

AN5197 4 INETRAUANGRTURIEN cariprazine
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- g 14, 15
INFIAaUAIdASURIEN""
1 v
&1 Cariprazine Wuegniudszniuiuazass Ine
P . = a a
a3 ldinasionisgadnuessn angnilaauutlasd
FLNN1 CYP3A4 AN was gniddsuutlasunadou
fael CYP2D6 @il major active metabolite R
desmethyl cariprazine (DCAR) Wag didesmethyl
cariprazine (DDCAR) lagilndgaaA1amnsuaden
cariprazine aunInagUlARImRNI90 4
as v
AUIAL LAZIBNIS LUAEN
. . [ X = 'S
¢ Cariprazine ba5un1s3unzideulaeessnig
aamsuareualsrinAauigawsng Tudedeld
v
duiudilaalsrannn, Teransuniiislsuaesin
PR = Y o Iy =

TiaN 1 waz TaATLATT FNLAAITRYARNINATINN 5

LNRTARUANEASURIEN TEazIdEn
QRELTE
Tmax 3-6 ‘f’]‘[m
Bioavailability faluinsudmay

Food interaction
N19NILANLEN
AgduAulLsRulunangNn
volume of distribution (V/F)
o
nnsilasudagen

21slifuAse Cmax 138 AUC N19gATNEn

91-97%

cariprazine @@ 916 L, DCAR #Ag 475 L waz DDCAR 1,568 L

|

NHL H1u CYP3A4 MALiluman waz gnulasundasunedausiag CYP2D6

Half life elimination
N13ANSALN
{lagnay

AL hydroxylated

cariprazine: 2 14 4 51 ; DCAR: 1 014 2 41 ; DDCAR: 1 914 3 #Umnf

21 % wudregluginlainasuuilas 1.2%

| vaa

awneluin glug gaaaaziu launwsas™
1UIREN AN AATANATITUANITA T I UL FIS
o s =2 dl a a
- dylai@innsfnunizesdss@ninnuazponu
Uaansialudisesin viieaunangdeandn 18 1
o 1 =2 = = ZJ/ &
- delai@innafnuiieanaluassisnssiuay
N9 LTUNY RIS
mslaen lugndlaunnses
Y A aa =~ 1o @ v
puldH CrCl 230 Hadans/wnd: Taiaflugiog
UFuen

AUldRE Crol <30 HaaaRsANT - laiuuztinli
4itlsanndelafinisAnmsiiesme

mslden lugiidsuunnsea

- Q’ﬂfmﬁﬁumwémizﬁuLﬁﬂﬁf@ﬂﬁqﬂmﬂmq
(Child-Pugh class A or B) ldanflusieadfuen

- p’_jﬂwﬁﬁumwém?zﬁuguuﬂ (Child-Pugh
class C) aluuzain i fiilsannddlaifinsAne e me
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15,16

Tatiald AUIALTNAY nsdsuen aupg i uang AUIALNFIFA
13PAMLAY 1.5 UFUTUAINNTADLAUBILAZAINNNY 15-6 6
a e o . I me o m e e
AaansuAu  seenludui 2 1y 3 Jaansu Tuaz 1 AaanFu/Au AaanFu/Au
A5 Inelfuanasaay 1.5-3 Aadnsu
TeAn17u il uaeadn 1.5 UFUTUAINNITADLAUBILATANNNU 3-6 6
o o o e e e . . P PP am e e
Tm 1 acute AaansuAu  seenludun 2 1y 3 Jaansu Tuaz 1 AaanFu/Au AaanFu/Au
manic or mixed episodes A% Tnedlfuauaieay 1.5-3 Aadnsu
Tentuasn (ldiduan¥nun 15 151 AUATNNIIMBLA UL AT AN UGS Talaifidaya 3
@nsnivendulsaTaed)  AadanduAu enluduin 15 1w 3 Raansu Suay 1 A Laansu/u

a1n15luNelszaeA wazAuduAEann
N9 l4en Cariprazine'

a1n17lH Al sERIARNLNINNGNFRaaY 10
pauldanasy, a1n131aluRAaN (akathisia), EPS
99NN @ NNsgNENTanINTseg il (dyskinesia),
nazndndiiladainga (dystonia), ANNLI9LNTTR
n&"xe (muscle rigidity), Parkinsonism, NgxaN13
deoa d.' L
nipuEanFraINsRaeulnliaImAAN
1§ (tardive dyskinesia), UanAsue, wauldnay

#1 Cariprazine NAAUNAL772I9AR BN
o al aa N d' 3| d' al'
ansnia@eainlugiiageengniiulspaneadany
Auiusiiuannm Asiuenasllliiunisewdm gl
Y 4 4 de o e
dulaageangiulsnanes@eunduiusiuanan
way Tun195NEINNETNAE aannsAnelusTey
A nudnainAndsalunissinfmne luAnnay
Fugu avdiasiinsguaetlnddn

aanald’

- luauldfusieni vsetidounanvedent

- el AN soasuen i strong
138 moderate CYP3A4 LAY strong 178 moderate
CYP3A4 inducers iiasanndanasiasziuenluiden s

MSAUSNIA ™

- fiuendusaeuazgamgfisngd 30 ¢

NSANHINIIARUNURSEN Cariprazine

fuananisinen AAneszAnninaesen
Cariprazine 1u1a19°] lun13inulsadnnnlu
{lvny Taedsvilulsv@nsninaessn Cariprazine
AnANNNsatuuadRAeeIATLLIL PANSS oy
LazndaianasAnmn fnnsAneniu3eufiey
Cariprazine fiugnuaan LAZAINNITANHIUR
Durgam wazAmzlul 2552 uway 2558 Un9tin
Risperidone Wag Aripiprazole AN Y active
control %uﬂum@é’nmmmgm Aakanstayaly
A3 6 Faid
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AN919% 6 NTANHINIAATINTRSEN Cariprazine
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da  gluuumsdne  daguszacA
Durgam - phase 2 AngReuLLag
LAZADLY - LULgN \RALTRIAZULU

NaNANEN
- cariprazine 1.5, 3, - @1 cariprazine 1.5, 3, 4.5 NaanTu/AU Jn1s
4.5 §aAnTu/AU vs

NANITANE

Wasuulasnziueaag PANSS anadating

#2552 (randomized) PANSS naslésusn  snvaan ﬁﬁﬂzﬁﬁﬁmmmaﬁLﬁmﬁﬂuﬁumm@ﬂ AN
- Unila 2 nng cariprazine ‘171| 6 - risperidone 4 ANHL least square mean difference [LSMD;
(double-blind)  &Ua9f lBauifiay  RaanFu/du vs -7.6,-8.8, - 10.4 ,p<0.001]
-N=729 fureuBunsinm  euaen - 211 risperidone 4 JaanFu/du finsulasuilas
AZLULLRAY PANSS anasateliiadAnynia
admdleFeufuanuasn [LSMD; -15.1;
p<0.001]
Kane - phase 3 Answaenuilas - cariprazine - &1 cariprazine 3-6 NaanTu/Au An1g
WAT ATUY - WLUGN lATAIAZLLIUSIN  3-6,6-0 NAANRY  ulanuuilasazuu o@n PANSS anasatnedl

71 2558"™  (randomized) PANSS uaslasusn
-inllm2919  cariprazine 71 6

(double-blind) ~ &Ua"sf wlFeniiey

-N =446 AUNAUENNIITNEN
Durgam - phase 3 ANgReuLLag
WATATUE - LUL4H LRALURIATLUUIIN

72558"  (randomized) PANSS nadléuen
-inllm2v19  cariprazine 71 6
(double-blind)  &1la9f WFauiiey

-N=617 AUNAUENNNTTNEN

U vs 8NUa8aN

- cariprazine 3, 6
qaanFu/au vs
ZFIURRN

- aripiprazole 10
qaaniu/du vs
ZFIURRN

ﬁﬂéwﬁa&lmmaﬁLﬁ'mﬂﬂuﬁumumﬂ [LSMD;
6.8, p < 0.003]

- &1 cariprazine 6-9 {aanTu/du An1g
wlAsuuianzuLy 19As PANSS anasatined]
ﬁﬂéwﬁa&lmmaﬁLﬁ'mﬂﬂuﬁumumﬂ [LSMD;
-9.9, P < 0.001]

- 211 cariprazine 3 HaANTN/AU finsulaeuilag
AZLUL L9AE PANSS anasataliadAnynig
adRilalReUR UL maan [LSMD: -6, p=0.0044]

£11 cariprazine 6 NaANTN/AU finsulaeuuilas
AZLUL L9AE PANSS anasataliadAnynig
adRlaReuRUemaen [LSMD:; -8.8, p
<0.0001]

- &1 aripiprazole 10 faanFu/Au 8n1s
wlAsuuianzuuy 1was PANSS anasatined]
ﬁmﬁﬁﬁfymmﬁﬁLﬁmﬁauﬁumumﬂ [LSMD;
-7, p =0.0008]

unasy

g1 Cariprazine (Jugnfaludaasa1inen
Tapannniud 3 Al ludszmelngldFuniaan
neidauludadslddnivinmlsadananludlug
fﬂ'ﬂﬂqw?irl,‘flu partial agonist 2 dopamine D3 LAY Dg
receptorimmfauﬁuﬁ D, receptor NINNIT UBNANT
Cariprazine ﬁqw?irl,‘flu partial agonist 2l 5—HT1A
receptor uAZAqNaud 5-HT _, 6-HT uay

histamine H, receptors Iagien Cariprazine AU

5-HT2C AL alphaﬂA-adrenergic receptors VLf}ﬁJ[;ll’l hAY
ldqurfy muscarinic (cholinergic) receptors

81 Cariprazine A4 aARLANANIAINEA
Aripiprazole, Brexpiprazole safluensnunlsaannm

'
! =

TUNAN 'Fﬁ@mm@uﬁuﬁ' D, receptor NN D,
receptor A3tnEanAINLIReTlLNN3 TR EPS aA81NN3
pruatLazliinliainisinunisiAnLeas Anua
ANFANHINIGARRNNLI A uLlse@ninan an
Cariprazine Nilsz@nsnnlunisdnenlseamanls

a dl I o A = U o U
EFN LN@Wlﬂ‘]_lﬂ‘]_lil"m@'ﬂﬂﬁ?'ﬂLV]EI‘LIW]’]ﬂ‘LIEI’]sluﬂQN
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= o Aag y | Y v o
waafundlduineunioude Auadntasndiy
2 al qI/ Q; [
an1edrapsaldinulidunsaguese was
Tadwpnsineiuiuenlunguineniu etslsfinuaasi
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v di ] =3 | .
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1 dld a a 1 1
naudszdansniniunaneneu 1y Interferon
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Dimethyl Fumarate Lilugu'> "

91 Glatiramer Acetate (Copaxone®,

Teva Pharmaceuticals)

AdudsznaumiandiAny il polymer d3iAa1vi
fisynaudnansnezily 4 1iln Ae L-glutamicacid,
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5,000 - 9,000 peafulnadlAsaai1eagne myelin
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nalnmseangnaaeudrsduden esannd
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hydrolysisiuu?mmﬁ%mm LAZAUNLLEARUNLALS
weudia iuldseminmaeuazssuylnaiey
Lﬁmmﬂmﬁ@m@mﬁﬁ@mwﬁﬂﬁﬁ (hydrophilic)
gniiaEny BBB dtiasuasinlidssdueniialu
sruudszandiunany waneliiidnan1sinEes
g1 GA zdf;u‘l,m;lﬁm%uu@mwuﬂimw g1 GA
aculunjazgnindaniedaanes wazuedaulag
LouFLaR

datdldnianannldfunisunzidounes
BNANTANMNTLAZENYRNENTF BTN G MTLINT NI
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NFUIALEALURIALLEBIAINEN
NN3UAALLeIALITHEIAINEN (drug-induced

liver injury, DILI) \lwannislaialszasfniianiveun
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4
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= ) = X = o P
wen U ayulneininay saudedeanlanid
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Uszansgeangiinay GadaaNdessan s nduns
¥
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nquIaE BEYOND
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NSANNIYRY  NISANEIURY Lebrun-Fre-

GA vs. IFN* GA vs. gnviaan  Khan O wazAms™ nay C uwazmamuz®
(n = 445 vs. 1775) (n =943 vs. 461) (n = 1041) (n = 852)
14 45 10.8 NA NA NA NA
annzaaneldvdnlug 5.6 428 NA NA NA NA
ﬂﬁﬁ?mluu‘%mmﬁ%mm 58.2 51.4 NA NA 39.8 736
21n13126 16.6 9.3 10.4 2.0 12.4 11.2
2IN17UN 3.6 1.0 NA NA 55 36
2INTUAS 17.8 19.4 20.9 15 25.8 22.0
AINTFU 7.6 15 5.9 0.0 6.8 3.7
anslanAsEe 27.4 32.3 10.1 11.9 11.1 NA
2INNTERUNAY 21.3 22.7 NA NA NA NA
a1n1sanmude 11.0 13.0 NA NA NA NA
ABULAZAYNENLAL 24.0 19.0 10.6 8.5 14.5 NA
Anideszuumaiuvneladou 10.8 10.1 45 5.4 7.9 NA
Andemamuiagniz 10.6 11.0 4.9 5.0 7.7 NA
ANNTTULAF 14.4 17.1 NA NA NA NA
@Wﬂﬂﬁ‘ﬂ’]ﬂl’ﬂmdﬂﬂ NA NA 3.1 0.4 4.1 7.5
AINNINLLAY NA NA 1.0 0.2 35 7.1
amsladu NA NA 1.0 0.0 1.2 3.9
AN AST z_gﬁu 25 10.6 NA NA NA NA
A1 ALT zgq%u 3.6 13.6 NA NA NA NA

fintia: ALT alanine aminotransferase; AST aspartate aminotransferase; NA (Y

dya, vs. iWheuifiay



Vol.39 ¢ NO 4 » 2023

1" inaneilsznng i

tladaLas a9z DIL
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MnzAufianay Wuarweeanliniow i nsFinide
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annaTlis g (5 seuman Aawld anvield
o 118TAT9291) YTENEIN1TURINITALA NG
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N91uLe9sL LEwA alanine aminotransferase (ALT),
alkaline phosphate (ALP) uaz total bilirubin Taaff
fnnaz DIL IBurgtlefiflanafindnfiesinglaesing
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1. ALT #A1 25 w1189AUUL891291NnH
(upper limit of normal, ULN)

2. ALPflFn>2 whaes ULN (Ingiannslunsedinil
gamma-glutamyltransferase (GGT) RatnAsiuAae

3. ALT A1 23 11999 ULN Fquiu total
bilirubin HAY >2 W83 ULN
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1. Direct DILI TAwA n19Una@UaaIAURLNA
Auiusivgnenaduiesieduluaunafige (dose-
related) WudnsznataniIsallanaziniinau
melusrazinaidudu Taavinlidszanns 1-5 du

v
anunsarn liinadnlaannnisAnsn ludndnaaas

ﬂ‘i%L.ﬂ‘Vl‘ll'ﬂsﬁﬂﬁi‘Uﬁﬂt'gﬂ"ll’ﬂﬂﬁ‘].l'Q’lﬂEH (DILI)

AaLsNI9ARLN . . . _
Direct Idiosyncratic Indirect
nalnnaiin prsfufimsiesuannisld  Ujiemiaueueddiite  nandensesuviesruy
RYSIAYErK: 2RITTULYHANY nHANAU
AN e Haeuan 1unans
AuiusiLIUIAENg G lad lad
(dose-related)
anunsnaransnlls 1 14l STRRTZEN
ngalldludninanes i lad aguin
' a < o 1 1 o =) V¥ A
TLULNANAUNARING 139 (AU) Taiuriuau (33 - 1) 041 (L)

ansieluifluanags wu
paracetamol, aspirin,
cocaine, IV amiodarone, IV
methotrexate, chemotherapy

P = :
gnifluan WRWLLaE

amoxicillin/clavulanate,
cephalosporins, isoniazid,
nitrofurantoin, macrolides
minocycline, quinolones,

chemotherapy, glucocorticoids,
LAURALARTRA mAD (11 TNF,
CD20), &g ICI, protein
kinase inhibitor

fiatia: DILI drug-induced liver injury; ICl immune-checkpoint inhibitor; mAb monoclonal antibody; TNF tumor necrosis factor;

[V intravenous

75



76

21sasUs:andneniiiods:inelng

2. Idiosyncratic DILI 1#LA n13LnALeLegsL
dl a o & dl 1l a 1 o [ Q;
AnafusviTag s ldTNesasy HudneuzRaIn
nradlalanarliduiusiuaninen Inasnwunasls
Fugnusznnnd 5-90 Ju®

3. Indirect DILI 1#1A N1sUNALRLARIF LA

d‘ My a = 1 dl ) v
e ludlAiAaNaaansminen weiewitieniinled
a o A A a o a o Aa | a
Aalspsiuay vizaian1annGureslsafLNNat AN
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1 n9ReLEe bsaRuSNLaUT @, AIH, metabolic-
associated fatty liver disease Lufu
v

UBNAINRNITANLNLUTZANUBINE DILI €19
ansnauunldmugluuuaesnisnlagunilainig
nenvaagauladsiu TnaanAani13A1ua el Rra-
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ALT 973945 / A1 ULN 289 ALT
A1 ALP 9173945 / A1 ULN 2849 ALP
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« Chlorpromazine, tricyclic » Enalapril, verapamil * Imatinib
antidepressants » Carbamazepine, phenytoin, » Valproic acid, baclofen, bupropion

antidepressants, trazodone,

azathioprine

o

2N 1 U9znna93n19g DILI ANgULLLANEALNAY8IN199I19 U6

pineia: HAART highly active antiretroviral therapy

>0 37,42



Vol.39 ¢ NO 4 » 2023

3. WANTUINITFNHIRNUNIZALLINNNE LU
N-acetylcysteine (NAC) &1115un9g DILI fifaann
211 acetaminophen, L-carnitine A1115uN"192 DILI
dusus N valproic acid, cortico-steroids @115
A AH Ridusiugaunsldien bile acid sequestrant
AFunae DILI iia cholestatic

4. NANTANALENE AN TTLLAUN9RIYNS
WAL Lﬁ@ﬁﬂfmﬁmqm@iﬂ'ﬁ (1) 32U total
bilirubin >2 g/dL; (2) Annsvne el iRt uvEe
ueiag wasanugaenliludaiize (3) asdaning AH
fduiusiunislfafielrldsuntsnsaifiuifiy
(11 mimq@%wﬁ@ﬁu) A7lEN135N MR I YiTe
n13RaNTNeANs T uRan13F NN A2edE liver
dialysis viaN"sLlgneinesu®

MMSUIARLUBIALIAINEN Glatiramer Acetate

el d5nenTsn MS Hduaniinni anulugy
ugnfidqnidfugRduiu Inaanaziiuasans
FeuaesiuRuananaiull enadufiaanisiian
eulmuigeiwiedienmsiifaanniseuses
FULNWT 84 N1TANEIAITNLaeATe A 1ueN
(pharmacovigilance) 398 Al45nE13A MS T84
B4ANIIIMNTUATENIBIANTTBLATN IUTI9TENTN
P.A.2004-2016 Wuflsesugtlaefifinnag DILI B
11,765 310 davilvn) Thawemeuaswulugiistens
faust 30 Paululuaziaunnaeldeniesiamen®
Tasanfifisnasuteniign 1dun IFN-betata,
Fingolimod wag Natalizumab Amua1aL Taanaln
N2iAANA9E DILI lunsdii a1aiinann (1) N9
WABBLL 9NN BB T A F LA NN IRUT
surface receptors, (2) N13TAAINNANNAINITNUA
flunnadanusumues, (3) Naz)RAufuAaiag
FnlFUAnN9ReT e aiviEen1siE LRI A AEe
AN WAz (4) mi@muqmmqﬁﬁuﬁuﬁmv‘hmﬂﬁu
auihlilgnismnavasaadsiu

[INNeANELLLgNT8381 GA Tulsa MS wull
nsifisdures ALT Jeuay 7 Tugtlaafisnundasen
GA \WanruSesaz 3 ufilduvaan” nianuman

Thai * Journal * of ® Neurology

13704289 Meunier L Waz Larrey D ‘wudﬂ;ﬁﬂfmﬁ'lﬁm
A9z DILI sifntulutag 1-3 ReuusnudaGuen
GA nautesFAuRndnAsniduaiin hepatocellular
Senuil¥geiiafenas 93 Insen aspartate aminotrans-
ferase (AST) ag/ludaq 178-1834 IU/L, Alanine
transaminase (ALT) @¢lutag 140-4410 IU/L, total
bilirubin aglugaatnfauis 14.7 mg/dL® el
Anudelafisneanureanisiiani1sfuaNiman
Raumdsiesuudefiduiuiiuen GA filetasas
47 MIIRNULBUALDARBANUAULES 1T antinuclear
antibody (ANA), anti-smooth muscle antibody
(SMA) walunudnfiszau 1gG qmmﬁlwuiu‘iiﬂ AlH
UA9ANUE AL GA nsvineLIRNTLAL FunALN
Wulninielu 1-5 weu* tngluilaqiiudgsliny
mmmﬁﬂ%ﬂuﬂizmmimﬁLﬁmmfgz DILI a1nen GA

nalnnisunaliuaessiuatnen GA felunsiu
widdn wAin1sdaue 2 naln™ 8% lFun

1. 81 GA nel#iinrudamaseluinaewnTe
FinlAAnN A laseidadafunL microve-
sicular steatosis, hepatocyte necrosis ILaEN17ATIN
ynaneNBInenenanLiinsilAeuuasszsilasaaing
waalulnALLLATE

2. 81 GA wiignthiaad Th2 ¥ fiRAn1mas
cytokines F4°] LU interleukin (IL)-4, 6 Laz 10 LAY
B1ANITHUNTATNULAURLIOAFAFUALLEY AIATLTY
1#annnsfingaans ANA side SMA lufiagnnasg
LLmﬁﬁm@jmiﬁmmumﬁqmﬂL‘ﬁmﬂlﬂﬁu

NSANE

filemeelng anuslan ang 31 T Hlsatszan
FilAN AR GBPD deficiency sLungasausnide
ARURUENEU WA, 2559 AR881N1TRUNINTBLLUY
UAUNN 5 1 AT9AT19NLNL limited abduction U
AU, Y esotropia 14 prism diopters at near point
LAz 18 prism diopters at distance WazlNmIIANL
broken pursuits Tl uana m@mm@mmﬁumﬂ@
‘W‘U‘imﬂimﬂf;\‘i? (ov0|d lesions) ‘1/1 penventrlcular

white matters ‘Vmﬂmfmﬂ (Dawson’s finger) LLZ\L}V}

77



78

21sasUs:andneniiiods:inelng

ANUANBITEAU pons (NN 2) Basalsaganandlad]
enhancement ANNN157aA gadolinium N17ATIANII
serology ARLAURALIAANLAN serum AQP4-IgG LAY
MOG-IgG Wuashazny oligoclonal band
il

anmsfigtlagnuansdag isolated brainstem

syndrome @9adunelafqaseslsalaandszann

Vol.39 « NO 4 * 2023

antay (demyelination) AN Fnomend
(pons) Tanustilinsitasedy oIS Nt
McDonald A.#.2010°" Gandaannlinnssnendag v
methylprednisolone 81N13ARE" Fauawdung
nelu 2 lanviudennsinen wediloadaldlazu
nssnEetlasiunenduilugn

AINN 2 AN MRI @N8d (T2-FLAIR) wanasatlsni periventricular white matter Las pons (front cover)

] ~ oy aa & o oo
f19719N 3 ﬂﬁ‘Mﬂﬂ‘H”]HHQEV}NT—]’]?U’]@L@U?@QWUW@N

o o

WUSHLEN GA (ARLUAIRINENA1TA1NBINNLLAY 44)

sluuuAMNER A e . 5y o Ao
- a7 - WAURALAAY N19SNEINAUT sTazaanld  n1ssnmLNaly
nsanen 1 a.A.) LINA Unsaasnisg . 4 o - 4 o
@ . o AFIANL azlpen GA  Wusa () NanN1sNUAL
NUAL
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SMA 1:80
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faein: ANA antinuclear antibody; AZA azathioprine; GA glatiramer acetate; IFN interferon; MMF mycophenolate mofetil; MP

methylprednisolone; N/A bL;Jﬁ“fJ’@N“a; SMA smooth muscle antibody
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