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Editorial

The new era is circulating as a cycle of usual time, the year 2023, the zodiac year of
the rabbit, is the 5th year of the Journal of Chulabhorn Royal Academy (JCRA). Our supporters’
guidance have all made JCRA a quality national journal. We are standing for today as
a support from all sectors, authors, researchers, academics, etc.. All of them have contributed to
pushing the journal to be a national academic journal with quality, as guidance and screening
of experts from various institutions. Actually we provide reviewers not less than 3 persons
per article which is in line with the announcement of the Higher Education Standards
Commission on Criteria for Dissemination of Thesis or Part of Thesis in a National Journal
and International Journals, 2022AC. The journal is therefore open to accept students at
the graduate level as well in this New Year.

This issue consists of 3 research articles, 2 academic articles, all are health science
articles which assistant in health diagnose, promote good health and prevention of diseases
that may occur as well. There are “Radiation Dose Reduction in Whole Brain Perfusion
Computed Tomography Using 320-detector Computed Tomography” “Fluid Balance
Calculation Tool for Predicting Postoperative Hematocrit and Intraoperative Blood
Loss during Cardiac Surgery”, “Thai Version of the Activities-Specific Balance
Confidence Scale: Reliability and Validity among Women Undergoing Cancer
Chemotherapy”, “A Review on Automatic Detection Methods of Sleep Spindles”
and “Drug Interaction of Andrographis paniculata in Anesthesia” etc..

On this special occasion, | wish all of you have a future success with your motivation,
creativity and happiness for a better of life and environment as well.

Professor Nithi Mahanonda, M.D.
Chief Editor
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Abstract

Background: Radiation dose reduction in whole-brain perfusion computed
tomography (CT) can be performed using various methods. We used a protocol
with approximately 30% tube current of the original control protocol (Protocol 1) and
a reduced total scan volume protocol (Protocol 2).

Methods: We conducted a retrospective consecutively analysis of whole-brain perfusion
CT in 15 adult patients using the control protocol. A further 10 patients underwent
protocol 1, and another 10 patients underwent protocol 2. We performed quantitative
analyses and assessed the diagnostic image quality of the parametric map images.
The percentage of radiation dose reductions was calculated.

Results: The gray and white matter signal intensities were higher in the cerebral blood
volume and flow maps of protocol 1 than protocol 2, whereas this opposite results pat-
tern was reversed for the time to peak and mean transit time maps. The signal-to-noise
ratios of the gray and white matter for protocol 1 was inferior to that of protocol 2 for all
perfusion parameters. No significant quantitative differences in parametric maps were
found between the control protocol and protocol 1 or 2. The differences in the radiation
dose reduction between protocols 1 and 2 and the control protocol were 33.23% and
19.95%, respectively. The effective dose of protocol 1 was reduced to approximately half
that of the control protocol.

Conclusions: Radiation dose was significantly lower in protocol 1 than in the control
protocol while providing comparable parametric image quality in regard to both the gray
and white matter signal and signal-to-noise ratios of the parametric maps.

Keywords: 320-detector CT, radiation dose, whole- brain perfusion CT.
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Introduction

The basic principle of perfusion computed
tomography (CT) is based on temporal
changes in tissue density following intravenous
administration of iodinated contrast media.
Chronological changes in tissue density are
dependent on iodine concentration (the contrast
is distributed within the tissue, resulting in
increased tissue density on CT) and are a
reflection of tissue vascularity’. The most
significant contribution of perfusion CT has been
in the assessment of stroke patients, where its
rapid scanning and post-processing have made
it the modality of choice for evaluating the
structural and functional status of the cerebral
vasculature. Perfusion CT studies involve
repeated dynamic scanning of the passage of
contrast into and out of the brain. The derived
parametric maps of cerebral blood flow (CBF),
cerebral blood volume (CBV), and transit times
are integral to the evaluation and management
of acute stroke and chronic neurovascular
steno-occlusive diseases’.

The 320-detector CT scanner allows whole-
brain imaging owing to its large z-coverage
of 160 mm, which minimizes the chances of
misregistration of lesions regardless of loca-
tion and allows easy selection of arterial input
function®. A dynamic CT protocol, which involves
a single intravenous contrast medium injection,
facilitates the management of stroke patients
and comprises CT angiography, CT venography,
and CT perfusion (CTP).

The major limitation of whole-brain
perfusion CT is the high radiation dose and
the associated risks. The Food and Drug
Administration has raised concerns regard-
ing the high radiation dose associated with
brain perfusion CT in routine neuroradiological
evaluations?, This has led to the development
of various approaches to reduce the radiation
dose, such as reduced sampling frequency™ ©,
reduced tube voltage” ® and the use of iterative
reconstruction®.

Othman et al’® demonstrated that qualitative
perfusion maps from simulated data at 144 and
108 mAs (i.e., 20% and 40% of tube current
reduction) are not significantly different from

perfusion maps from original data (180 mAs)
or ischemic lesions. Moreover, they found that
the modified Alberta Stroke Program Early CT
Score (ASPECTS) scores of CBV and CBF maps of
the simulated data perfectly matched those of
the original datasets.

The aim of this study was to develop a whole-
brain perfusion CT protocol with a reduced
radiation dose, which comprised 30% of the
tube current of the original protocol and a lower
number of scan volumes than the control
protocol.

Methods

We used the Toshiba Aquilion One 320-
detector row CT scanner (Aquilion ONE, Toshiba
Medical Systems Corporation, Nasu, Japan)
and Vitrea Fx Workstation version 3.0.3 (Vital
Images, Minnetonka, MN, USA). Statistical
analyses were performed using the SPSS software
version 18.0 (Statistical Package for the Social
Sciences, IBM, Chicago, lllinois, United States).

Study participants

We conducted retrospective data analysis
of 15 randomly selected adult patients who
underwent control protocol CTP and prospective
data analysis of 20 patients who underwent
different optimized protocols. Most patients
had ischemic stroke and moyamoya disease.
Patients provided written informed consent
before the examination. The study was approved
by the Institutional Review Board of Ramathibodi
Hospital, Mahidol University (ID 08-58-27).

Scanning Techniques

Whole-brain perfusion CT was performed
using a 50 mL bolus of non-ionic contrast media
and iopromide with an iodine concentration
of 370 mg/mL iodine (Ultravist 370, Bayer
Schering Pharma AG, Berlin). The contrast media
was administered via the antecubital vein,
with an injection flow rate of 5 mL/s, followed
immediately by 40 mL of normal saline
solution to increase peak arterial enhancement
by forcing the whole injected contrast material
volume into the cardiovascular system and
improving bolus geometry by limiting contrast
medium dispersion’. The contrast media were
administered at the same injection rate using

J Chulabhorn Royal Acad. 2023; 5(1): 1-12



a dual-head power injector. Schematic diagrams
representing the methods used to acquire
the control protocol, the approximately 30%
tube current of the original tube current protocol,
and the reduced scan volume protocol datasets
are shown in Figure 1A-C.

All whole-brain perfusion CT examinations
were performed using a continuous acquisition
(cine) or dynamic axial volume scan mode

350
300

25

o

20

o

15

o

Tube current (mA)

10

o

5

o

o

without the gantry angle tilted, which allowed
a 160-mm whole-brain coverage in the z-axis per
volume. The whole-brain perfusion CT protocols
were the control protocol; protocol 1, which
used approximately 30% of the original tube
current values; and protocol 2, which had a lower
number of total scan volumes. All other param-
eters were fixed. The scanning parameters of
each protocol are shown in Table 1.
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Figure 1. Time sequence schematic diagrams of the methods used to acquire whole-brain perfusion computed
tomography datasets for the control protocol (A); protocol 1, which used approximately 30% of the tube current
of the original protocol (B); and protocol 2, which was a reduced scan volume protocol (C).

Table 1. The scanning parameters of the control protocol, protocol 1, and protocol 2 for whole-brain
perfusion computed tomography

Scanning parameters

Control Protocol

Protocol 1

Protocol 2

Scan mode type

Dynamic
axial volume

Dynamic
axial volume

Dynamic
axial volume

Slice collimation (mm) 0.5 0.5 0.5
Slice thickness (mm) 0.5 0.5 0.5
Z-axis coverage (mm) 160 160 160
Rotation time (seconds) 0.75 0.75 0.75
Tube potential (kVp) 80 80 80
Scan window (seconds) 60 60 55

Time per pass (seconds)

0.75/6.75/8.75/

0.75/6.75/8.75/

0.75/6.75/6.75/

6.75/20.75 6.75/ 20.75 5.75/18.75
Total volume (passes) 19 19 15
Number of volumes per pass 1/3/6/4/5 1/3/6/4/5 1/3/4/3/4
310/150/300/ 210/100/200/ 310/150/300/
Tube current (mA) per pass 150/150 100/100 150/150
J Chulabhorn Royal Acad. 2023; 5(1): 1-12 4




Data analysis

All perfusion CT data had a thickness of
1 mm, and commercial CT Perfusion 4D software
(SVD plus Dynamic Volume CT: Delay Insensitive
Brain Perfusion Analysis)** was used for analysis,
which is based on the deconvolution method
embedded into the Vitrea Fx Workstation
version 3.0.3 (Vital Images, Minnetonka, MN,
USA) using the delay-insensitive singular-value
decomposition plus perfusion algorithm. Arterial
and venous input functions were automatically
selected by the CT perfusion 4D software;
typically, the algorithm defaults to the proximal
internal carotid or basilar artery and the
sigmoid or superior sagittal sinus, respectively.

For the quantitative analysis of the parametric
images, identical single regions of interest
(ROIs) measuring 5 mm? were placed in
the white matter (WM) and gray matter (GM)
of the medial left occipital lobe on the CBF,
CBV, mean transit time (MTT), and time to peak
(TTP) maps of the three perfusion CT protocols.
The medial occipital lobe was selected because
it is less likely than the larger middle cerebral
artery (MCA) territory to be involved in ischemia.
If the left posterior cerebral area was
involved, the ROl was placed on the healthy
contralateral side’.

The quantitative parameters were signal (S),
image noise (IN), and signal-to-noise ratio (SNR),
which were represented as the mean CT
attenuation values in Hounsfield units (HU),
the standard deviation (SD) of CT attenuation
values, and the ratio of signal and image noise,
respectively.

The diagnostic image quality of the four
perfusion parameters (CBF, CBV, MTT, and TTP)
based on the ASPECTS levels (at the level of basal
ganglia and corona radiata) was assessed by
two neuroradiologists with 8 and 5 years of
experience, who were blinded to the type of
perfusion CT protocol. The diagnostic image
quality was assessed on a four-point Likert
scale: 0, non-diagnostic; 1, moderate; 2, good;
3, excellent®?.

Overall image quality was scored according
to an adapted version of the scoring system
developed by Abels et al. The observers
determined which of the three perfusion CT
protocols was superior (or equal if no differences
were observed) based on each of the following
three points: (a) GM-WM differentiation of CBF
and CBV maps and grading of the MTT and TTP
maps, (b) homogeneity (contrast, contours, and
coherency/dissemination), and (c) compensation
for artifacts®.

(A) Conventional axial image  (B) Regional cerebral blood volume

(E) MTT

(D) Regional cerebral blood flow

(E) Mean transit time (F) Delay

Figure 2. Identical regions of interest, measuring 5 mm?, were placed in the white matter and gray matter of the
medial left occipital lobe on the (A) conventional axial image (B) regional cerebral blood volume (rCBV), (C) TTP,
(D) regional cerebral blood flow (rCBF), (E) MTT, and (F) delay of tissue response curve (Delay) parameter maps

for all CTP protocols.
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Radiation dose assessment

The patient data and scanning parameters
were extracted from the scan dose page on
the Digital Imaging and Communications in
Medicine info available on Picture Archiving
and Communication System. The mean radiation
doses in terms of CT dose index volume
(CTDI ; in mGy) and dose-length product
(DLP; mGy*cm) for both protocols were
recorded and compared. The percentages
of CTDI, and DLP reductions of protocols 1
and 2 were compared with those of the con-
trol protocol using the following two formulas,
respectively.

(CTDI, of protocol 1 or 2-CTDI_ of control protocol)

The effective dose in millisieverts (mSv) was
estimated by multiplying the DLP with a constant
region-specific conversion coefficient of the
brain (0.0023 mSv/mGy*cm)*.

Statistical Analysis

The radiation dose was compared between
the control protocol and protocols 1 and 2 using
Student’s independent t-tests in the SPSS
software. Numerical data are expressed as
means = SDs. A 95% confidence level with a p <
0.05 was considered significant.

% of CTDI_ = x 100
vol CTDI , of control protocol
(1),
% of DLP (DLP of protocol 1 or 2-DLP of control protocol) 100
o) = X
° DLP of control protocol
(2),
Results occipital lobe in the CBF, CBVY, and time-to-
Patients maximum maps of the three protocols. The mean

Of the 15 control cases, eight were male
and seven were female, with a median age of
47.8 + 18.0 years (range 16—73 years). Twenty
patients, comprising nine males and 11 females,
with a mean age of 44.65 years (range 25-81
years), underwent whole-brain perfusion CT.
Of these, 10 cases (four men and six women;
mean age 44.6 = 15.74 vyears) underwent
protocol 1 (i.e., 30% of the tube current of
the control protocol), and the remaining
cases (five men and five women; mean age
44.7 + 15.95 years) underwent protocol 2 (i.e.,
lower total scan volume).

Image quality

The S and SNR were obtained by placing
ROIs in the WM and GM of the medial left

signal intensities (in Hus) for the GM and WM
CBV, CBF, MTT, and TTP in the medial left
occipital lobe image quality data are shown in
Table 2.

The mean signal intensities of the GM and
WM for the CBV and CBF parameters were higher
for protocol 1 than protocol 2. This pattern
was reversed for the TTP and MTT parameters.
As shown in Table 2, there was no significant
difference in the signal intensity between
the control protocol and protocols 1 or 2 (p < 0.05).

The SNR of CBV, CBF, MTT, and TTP
in the GM and WM in the medial left
occipital lobe image quality data are shown in
Table 3.

J Chulabhorn Royal Acad. 2023; 5(1): 1-12



Table 2. Mean signal intensities (in Hounsfield units) for gray and white matter cerebral blood volume
(CBV), cerebral blood flow (CBF), time to peak (TTP) and mean transit time (MTT) in the medial left
occipital lobe

Signal intensity (HU)
Parametric map images b
Control protocol | Protocol 1 P-value ® Protocol 2 | P-value
CBY Gray matter 3.15+2.84 2.84+1.00 0.35 2.76 £0.36 0.50
White matter 1.69+£0.63 1.10+£0.34 0.51 0.94 +£0.26 0.32
CBE Gray matter 47.51+£19.57| 54.62+17.65 0.82 46.48 £ 9.80 0.22
White matter 24.09 + 10.73 24.02 £ 6.86 0.24 1598 +45 0.13
. Gray matter 13.15+3.51 11.54 £ 2.06 0.46 14.00+4.69| 0.68
White matter 15.11 +3.68 13.06 + 2.52 0.54 15.62+4.23| 0.87
MTT Gray matter 4,15+ 1.06 3.30+£0.92 0.95 3.70+£0.74 0.57
White matter 467+1.31 2.96+£1.05 0.92 3.70+£0.54 0.36

Note: ®P-value for protocol 1 vs control protocol
®P-value for protocol 2 vs control protocol
P < 0.05 was considered significant

Table 3. The mean signal-to-noise ratio (SNR) of CBV, CBF, TTP, and MTT in the gray and white matter
in the medial left occipital lobe

Parametric map images Signal-to-noise ratio (SNR)
Control protocol Protocol 1 P-value?®| Protocol 2 P-value®

CBY Gray matter 4.85+1.76 4.54 +2.25 0.65 6.50 £+ 0.94 0.10
White matter 459+1.61 3.36 £ 0.68 0.10 466+1.61 0.87
CBF Gray matter 512+2.12 5.80+3.68| 0.61 6.68 +2.95 0.39
White matter 4,18 +1.02 4.32+1.55 0.45 5.10+£1.40 0.43
TP Gray matter 43.00+24.06| 44.72 +£20.39 0.65 78.56 £ 45.97 0.04
White matter 21.66+7.62| 19.08+£12.03 0.40 41.26 £+ 40.66 0.08
MTT Gray matter 6.97 £ 2.45 546+ 1.76 0.34 9.60+5.11 0.09
White matter 430+£1.01 420+£1.31 0.97 4.30+£0.78 0.37

Note: ®P-value for protocol 1 vs control protocol
®P-value for protocol 2 vs control protocol
P < 0.05 was considered significant
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The SNR of the GM and WM for protocol
1 was inferior to that of protocol 2 for all
perfusion parameters (i.e., CBV, CBF, TTP, and MTT),
due to the quantum mottle noise in image is
proportional to 1/mAs®° ** when the tube current
decreased for a fixed tube voltage. However,
no significant quantitative differences in the
parametric maps were found between protocol 1
and the control protocol or between protocol 2
and the control protocol (p > 0.05), except the
TTP in the GM of protocol 2 (p-value =0.04).

For overall image quality, as measured by
GM-WM differentiation and homogeneity, the
average score of protocol 2 was slightly superior
to that of protocol 1 (81% and 98% versus 74%
and 75%, respectively). Both protocols had an
average score of 100% for compensation for
artifacts, as shown in Figure 3.

The diagnostic image quality of the four
perfusion parameters at the level of the basal
ganglia and corona radiata, was assessed by
two neuroradiologists who were blinded to the
type of CTP protocol. The comparison between
protocols 1 and 2 showed a significant
difference (p > 0.05) for all levels of the basal
ganglia and corona radiata in CBF, CBV, MTT, and
TTP images. However, there was a significant
Pearson correlation between the two observers
at the 0.01 level (p < 0.01).

Radiation dose assessment

Radiation doses in terms of CTDI , DLP, and
effective dose for the control protocol and
protocols 1 and 2 whole-brain perfusion CT are
shown in Figures 4—6.

Average scored of two observer based on an adapted version fo Abel’s scoring system
inprotocol 1 and 2

98% 7 i

100% 81%

90%
80%
70%
60%
50%
40%
30%
20%
10%

74%

7

75%

0%
Gray-White matter
differentiation

M Protocoll

Homogeniety

Comensation for
artefacts

M Protocol2

Figure 3. Overall image quality, as measured by gray matter-white matter differentiation, homogeneity,

and compensation for artifacts.
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CTDI (mGy) among control protocol, protocol 1 and 2
in whole brain perfusion CT for 320-detector CT
250
202.73
200
162.27
135.34
150
100
50
0
Controlprotocol (19 volumes)  Protocol 1 (mA decreased) Protocol 2 (15 volumes)

Figure 4. Radiation doses in terms of computed tomography (CT) dose index volume (CTDI _; mGy) for
the control protocol and protocols 1 and 2 whole-brain perfusion CT.

Dose-length product(mGy.cm) among control protocol, protocol 1 and 2
in whole brain perfusion CT for 320-detector CT

3,500

3,243.6

3,000
2,596.6
2,500
2,165.6

2,000
1,500
1,000
500

0

Control protocol (19 volumes)  Protocol 1 (ma decreased) Protocol 2 (15 volumes)

Figure 5. Radiation doses in terms of dose-length products (mGy*cm) for the control protocol and
protocols 1 and 2 whole-brain perfusion CT.
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Effective Dose (mSv) among control protocol, protocol 1 and 2
in whole brain perfusion CT for 320-detector CT
8 7.46
7 -
6 2l
5 -
4 -
3 -
2 -
1 -
0 -
Control protocol (19 volumes) Protocol 1 (ma decreased) Protocol 2 (15 volumes)

Figure 6. Radiation doses in terms of effective dose (mSv) for the control protocol and protocols 1 and

2 whole-brain perfusion CT.

The percentages of radiation dose reductions
in terms of CT dose metrics (CTDI , DLP and
effective dose) for protocols 1 and 2 compared
with the control protocol were 33.2% and 19.9%,
respectively. The effective dose of protocol 1
(4.98 mSv), which used 30% of the tube current
of the control method, was approximately half
that of the control protocol (7.46 mSv) as shown
in Table 4.

Discussion
Several methods have been proposed to limit
the radiation dose in CTP, which include a reduction

in tube voltage® ® **, tube current®, temporal
resolution’”**'’, and scan duration. The reduction
in the number of scan volumes (protocol 2),
which decreases the scan window, can also
lower the radiation dose (the dose is directly
proportional to the scan duration). A shorter
scan duration increases the risk of insufficient
time to capture the whole passes of iodinated
contrast media bolus through the brain from
the venous input vessel return to baseline
due to the variability in cardiac output of patient.
This can impact the calculation of parametric
maps based on deconvolution principles™®.

Table 4. The percentage of radiation dose reduction for protocols 1 and 2 compared with that of
the control protocol in terms of computed tomography (CT) dose index volume (CTDI ), dose-length
product (DLP), and effective dose for whole-brain perfusion CT

Radiation dose metrics Control protocol Protocol 1 Control protocol Protocol 2
CTDI (mGy) 202.73 135.34 202.73 162.27
DLP (mGy*cm) 3,243.60 2,165.60 3,243.60 2,596.60
Effective dose (mSv) 7.46 498 7.46 5.97
Percentage reduction 33.23 19.95
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Traditional fixed-sampling approaches use
a uniform scanning rate during the entire CTP data
acquisition. Because certain portions of the
contrast passage are less sensitive to sampling
frequency, such as the pre-enhancement
baseline and the downward slope toward
and beyond the baseline, reducing sampling
rates during these segments is appealing.
The omitted samples can be traded for a dose
reduction or higher temporal resolution during
key segments of arterial tissue passage.
Variable sampling for CTP has been used with
wide 320-channel detector systems with
favorable results®.

Previous studies using whole-brain CTP
imaging with 160-mm coverage of 320 MDCT
have reported the effective doses of 6.7 mSv?s,
5.4 mSv*, and 3.6 mSv?°. Our protocol 1 achieved
an effective dose of 4.98 mSv, which was
similar to that of the studies of Diekmann et al*
and Siebert et al*® but was lower than that of
the study by Saifhon et al*®. The limitation
in small sample size of our study may have
introduced sampling errors or other dataset
biases. However, this was a pilot study. Despite
of the limitation, our proposed two acquisition
protocols for whole-brain perfusion CT result
in a radiation dose reduced by dose- length
product of 2165.6 and 2596.6 mGy*cm for
protocol 1 and 2, respectively.

Conclusions

We aimed to reduce the radiation dose of
whole-brain perfusion CT by using 320-detector
CT, and we showed that protocol 1 (which used
30% of tube current of the control protocol)
resulted in a greater radiation dose reduction
than protocol 2 (reduction in total scan volume
method). The radiation dose could be reduced
by 33.24% while providing parametric image
guality comparable to that of the control
protocol, as measured by the S and SNR of
the GM and WM parametric maps. For overall
image quality, as assessed by GM-WM differ-
entiation and homogeneity, the average score
of protocol 2 was slightly superior to that of
protocol 1. However, none of the parametric
maps differed significantly between protocols

1 and 2. Moreover, the correlation between
the two observed was significant. In conclusion,
the image quality required for diagnostic accuracy
should be considered when selecting the whole-
brain perfusion CT protocol in routine practice.

Conflict of interest
The authors declare no conflicts of interest.

References

1. Sahani DV. Perfusion CT: An Overview Of
Technique And Clinical Applications. 2010.

2. Corcuera-Solano |, McLellan AM, Doshi AH,
Pawha PS, Tanenbaum LN. Whole-brain
adaptive 70-kVp perfusion imaging with vari-
able and extended sampling improves quality
and consistency while reducing dose. A/NR
Am J Neuroradiol. 2014;35(11):2045-2051.
doi:10.3174/ajnr.A4043

3. Shankar JJ, Lum C. Whole brain CT perfusion
on a 320-slice CT scanner. Indian J Radiol
Imaging. 2011;21(3):209-214. doi:10.4103/
0971-3026.85370

4. Wintermark M, Lev MH. FDA investigates
the safety of brain perfusion CT. AJINR Am J
Neuroradiol. 2010;31(1):2-3. doi:10.3174/ajnr.
A1967

5. Konstas AA, Goldmakher GV, Lee TY, Lev MH.
Theoretic basis and technical implementa-
tions of CT perfusion in acute ischemic stroke,
part 1: Theoretic basis. AJINR Am J Neurora-
diol. 2009;30(4):662-668. doi:10.3174/ajnr.
A1487

6. Fieselmann A, Kowarschik M, Ganguly A,
Hornegger J, Fahrig R. Deconvolution-Based
CT and MR Brain Perfusion Measurement:
Theoretical Model Revisited and Practical
Implementation Details. Int J Biomed Imaging.
2011;2011:467563.d0i:10.1155/2011/
467563

7. Kdmena A, Streitparth F, Grieser C, et al.
Dynamic perfusion CT: optimizing the
temporal resolution for the calculation of
perfusion CT parameters in stroke patients.
Eur J Radiol. 2007,64(1):111-118. doi:10.1016/
j.ejrad.2007.02.025

J Chulabhorn Royal Acad. 2023; 5(1): 1-12

11



10.

11.

12.

13.

14.

15.

16.

17.

18.

Wintermark M, Maeder P, Verdun FR, et al.
Using 80 kVp versus 120 kVp in perfusion
CT measurement of regional cerebral
blood flow. AINR Am J Neuroradiol. 2000;
21(10):1881-1884.

Hirata M, Sugawara Y, Fukutomi Y, et al.
Measurement of radiation dose in cerebral
CT perfusion study. Radiat Med. 2005;
23(2):97-103.

Othman AE, Brockmann C, Yang Z, et al. Effects
of radiation dose reduction in Volume
Perfusion CT imaging of acute ischemic
stroke. Eur Radiol. 2015;25(12):3415-3422.
doi:10.1007/s00330-015-3763-7

Angel E. SVD + Dynamic Volume CT : Delay
Insensitive Brain Perfusion Analysis. 2010.
Niesten JM, van der Schaaf IC, Riordan AlJ,
et al. Radiation dose reduction in cerebral
CT perfusion imaging using iterative recon-
struction. Eur Radiol. 2014;24(2):484-493.
doi:10.1007/s00330-013-3042-4

Shrimpton PC, Hillier MC, Lewis MA, Dunn
M. National survey of doses from CT in
the UK: 2003. Br J Radiol. 2006;79(948):
968-980. d0i:10.1259/bjr/93277434

Agency IAE. Dosimetry in Diagnostic Radiology
for PaediatricPatients. 2013.

Cohnen M, Fischer H, Hamacher J, Lins E,
Kotter R, Modder U. CT of the head by
use of reduced current and kilovoltage:
relationship between image quality and
dose reduction. AJINR Am J Neuroradiol.
2000;21(9):1654-1660.

Wintermark M, Smith WS, Ko NU, Quist M,
Schnyder P, Dillon WP. Dynamic perfusion
CT: optimizing the temporal resolution and
contrast volume for calculation of perfusion
CT parameters in stroke patients. AJINR Am
J Neuroradiol. 2004;25(5):720-729.

Abels B, Klotz E, Tomand| BF, Villablanca JP,
Kloska SP, Lell MM. CT perfusion in acute
ischemic stroke: a comparison of 2-second
and 1-second temporal resolution. AJNR
Am J Neuroradiol. 2011;32(9):1632-1639.
doi:10.3174/ajnr.A2576

Admontree S, Krisanachinda A, Laothamatas J,
Trinavarat P. Radiation dose on whole brain
computed tomography in comprehensive

stroke imaging using axial volumetric 320-
detector CT, Chulalongkorn University; 2013.

19. Siebert E, Bohner G, Dewey M, et al.
320-slice CT neuroimaging: initial clinical
experience and image quality evaluation. BrJ
Radiol. 2009;82(979):561-570. do0i:10.1259/
bjr/27721218

20. Diekmann S, Siebert E, Juran R, et al. Dose
exposure of patients undergoing compre-
hensive stroke imaging by multidetector-row
CT: comparison of 320-detector row and
64-detector row CT scanners. AINR Am J
Neuroradiol. 2010;31(6):1003-1009. doi:10.
3174/ajnr.A1971

License, Supplementary Material and Copyright

This is an open-access article distribute under the terms of the Creative
Commons Attribution (CC by NC ND 4.0) License. You may share
the material, but must give appropriate credit to the source, provide
a link to the license and indicate if changes were mades. You may not
use the material for commercial purpose. If you remix, tranform, or build
upon the material, you may not distribute the modified material

Any supplementary material reference in the article can be found in
the online version.

This article is copyright of the Chulabhorn Royal Academy, 2023

Citation

Admontree S., Prasertsilpakul W., Kampaengtip A., Lammsuk T,
Phanthurat N., Asavaphatiboon S. Radiation Dose Reduction
in Whole Brain Perfusion Computed Tomography Using
320-detector Computed Tomography. J Chulabhorn Royal
Acad. 2023; 5(1): 1-12 https://he02.tci-thaijo.org/index.php/
jcra/article/view/255888

Online Access

https://he02.tci-thaijo.org/index.php/jcra/
article/view/255888

J Chulabhorn Royal Acad. 2023; 5(1): 1-12



The Journal of Chulabhorn Royal Academy

N0l
elSSN : 2697-5203 (Online)

Academic article

ANSNUNIRISTUASTU: A15A5IVVARUTUDIUSELAN Sleep spindles LUUBHTHNE
A Review on Automatic Detection Methods of Sleep Spindles

TUINN WIRULAL? WSINY Aenaul? BT FIssauaulfilsuaIsses Novyy?
BAAET A1ITIRINLL? FUASITU WTRUDDU2 95N Y RUND!

Shinanang Promkaew!?, Pornwanut Kitudom?!?, Isaree Suwansombat!?,
Thamonwan Thongbun?!?, Kaewklao Thavornwattana'?,

Santitham Prom-on?, Woranich Hinthong*!

InendeunnemIansazaINaIn 1IN 1INl
“aeuzImnssumans unametaemaluladnszaemnarosuys

1Princess Srisavangavadhana College of Medicine, Chulabhorn Royal Academy
2Faculty of Engineering, King Mongkut’s University of Technology Thonburi

*Corresponding Author, e-mail: woranich.hin@cra.ac.th

Received: 1 December 2021; Revised: 13 November 2022; Accepted: 1 December 2022

UNARED

Sleep spindle LﬂuﬂauammsﬂLLUUﬁuﬁmﬂ@uuTuﬁNswww 2 UANANTUAUANULLUL NREM (Non-rapid
eye movement) Tmﬁwaﬂmummmauammﬂiwmwumwm‘nm@m"iu%mﬂ%awmu 1 fAuddey
AT B AN SISt LN TIs BN DeENRY  wazanafianuduus A ey
995uYszam Wi lsadalsuns lsausulindy 1udy mimfawmaumaan"ﬁumwgum‘mfmi@s
msUssiunauwngnsafilvna felfszuznauu SavdilamaiAniafanaingeannanuulslsu
upsnapilasy fmwwwummmmzwmmﬂswmwsaaﬂwmwummau Sleep spindle ‘Zumwummsﬂﬂm
msiuﬂsviwumﬂmilﬁmwENLmim (Machme learning) TunsasIasuAiuANDIUSEAN Sleep spindle
RILENEET I@ym@mﬂ%mmsammﬂ@mzmLmﬂumsﬂswmuumwwmmw wazanusaAdeyminedule
e AT NARPIE, 1T PO TORE, S T ARRNSY PTRTaN, PR, (. RETPNMRIE MATIE, MNP ¥ Tt KRt & o0
A15A5I99UARUANDILSAN Sleep spindle wuusaluA Tayaguiunaunsrituusns@nm (§i9u
MsTIUTINTDYs MIsRAsAvTipyanauaLDs NM5IEDNANIANYAL 5adeTang waznaUszifiuyseEnsnm
UpIluLAg I@ywmwmswwsummsm (Machine Iearmng) gnihsnlipghemainnaty wazn1sAnw Aty
T maiuﬂawLssuiLmummaauimymuiﬂmmmsamsfmw Sleep spindle Z@G]’i\‘iﬂ‘U“VINLﬁEJ')ﬁ'IﬂJin MERSERN
mmsﬂswsqﬂswawﬁmwvmimL@ai‘wmmmwamammﬂwmsmawu upnansl Tuurianseisasenay
deipisupunzuazanuulldlunsinmifaramndoyoasn lUBAds

AdAgy: AM5R5193AARLINTEUDN, ANsUTENIANAd YUY, NT5EU3UDUATDY, ARNENDY Sleep spindle,
ﬁmsmwamwuam‘[um

Abstracts

Sleep spindle is a pattern of brainwave during non-rapid eye movement (NREM) in the sec-
ond stage of sleep. There are several indications that Sleep spindles might play an important
role in memory consolidation, and neurodegenerative disorders such as Alzheimer’s disease and

J Chulabhorn Royal Acad. 2023; 5(1): 13-26 13
© Chulabhorn Royal Academy. Terms and conditions of Creative Commons Attribution 4.0 International (CC BY NC ND 4.0) apply


mailto:woranich.hin@cra.ac.th
http://www.cra.ac.th/
http://creativecommons.org/licenses/by-nc-nd/4.0/

insomnia. Sleep spindle is commonly annotated by visual inspection of experts which is time
consuming, and the task has risk of high error due to over-reliance on the experts’ skill or
variations in characteristics of Sleep spindle. Modern research aims to study machine learning
to develop the efficient automatic Sleep spindle detectors, emulate human annotations,
and solve the stated problems. However, there are few review articles on the subject. This article
summarizes and compares the automatic detection methods of Sleep spindle. The workflow
can be summarized into five steps: data collection, data preprocessing, feature extraction,
modeling, and model evaluation. This article reveals the variation of Machine Learning application
and study on supervised model can detect Sleep spindle equivalent to experts. Nevertheless,
the model need customization to suit data diversity. In addition, the discussion includes
recommendation and possibility for further studies.

Keywords: Electroencephalography (EEG), Signal Processing, Machine Learning, Sleep Spindle,
Automatic Detection
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muvammmsmm ANUB LAZUS TN Sleep
spindle E]ﬂ‘Vl\‘IEJ\‘iﬁﬂJW‘LASﬂ‘ULWH%LLG]ﬂG]NﬂuLLaw
msauvemmmawaﬂsmmumﬂmymmm
AIUANUNTISSzEA T UANUNTIT ST Ze122

AISASINTUAR UAND Sleep spindle wuy
Daludd

vumeuwumwﬁﬁﬂumsmm%w Sleep spindle
u;uuemiumﬂi‘vﬂaummumewaﬂ 5 U A
mssam’smeqﬂa (Data collection) mswmsueaﬂa
(Data preprocessing) A5ANAMANMEUEAIREYN
ueya (Feature extraction) LLazAITASINLLLUINADY
ANTRTIINARUFUDY Sleep spindle (Sleep Spindle
detection modeling) (g‘ﬂw 1)

Data Data Feature Sleep spindle Data
. > . . »| detection .
collection preprocessing extraction . evaluation
modeling

5UN 1 uaunwuaasiunaulun1sasIaduadnauas Sleep spindle wuusalusd®
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f)’}ii?‘Ui?JJ“Z/Qllﬂ (Data Co(lect/on)

Uamawmm"iﬁ”ﬁumm WATIZANBATITY Sleep
spmdle {Funannnisuanistudin EEG unsasia
PSG #3amsnaansfiiizaiaesiunsinmngfnssuy
ANSUDURELBY 9 tums@nwaziinmsiantdumiie
199 EEG node ﬂaﬂﬂammammmﬂmmufﬂ Fao19
mamamimmuum Sleep spindle Lazanweus
‘wumuvaﬂ Sleep spindle & Tapwnicluged
mmmsmaa\‘ima\‘immmiumsiwama EEG @p
Msfi e Wi fiazrinananeass 3o
mswmswmmemfwmmwmmimvamamiﬁ
mmummmfwmw AASM  unzsin IR lERD F4 C4
az 02 Lummﬂmmmmamammewal,l,mma
msamswwmmymauammfﬂ LLmﬂmmaa’iﬁvam
N TR Y ety 9 FoRnwAiuLAn Tyl
AsEnwIena o stufimsTdsundeih Windus asnedu
Tayaziipasindoya EEG ansunseialwilng
C3-C4, Fpl-Fp2, F3-F4, 01-02 uaz P3-P4
unl8lunsA52990 Sleep spindle anAndnewmsls
mfwmﬂau q AMSEABINUITITeASI AT
ARUANDY Sleep spindle qu%uazﬂa EEG Wy
FLLANLAZY (Single channel EEG) #39A153LATIZA
Teplifiaya EEG a1nanatgstuniansay 9 Au
(Multlchannel EEG) Tuvauzfiunngdalinisyvia
Multichannel EEG \insussansnnlunsnsiasy
ARUAI NndnBerTIdAnYaaya EEG Tuna
#1LL71s (Global information) T@wam‘maﬂmm
Iﬁymsaﬁwuuumam FNANTA LD 2 Ly
At

1 uaaﬂamﬁmﬂmswaaaq (Expemmental data)

a wa

A vamawmwfmmmwaamLwaumamamiﬁﬂu
AsEnulanass e pravif oAU azaanly
ANTAINUASABLYDINGUAIDYINNTDAITAILA
AILLUTA9 9

2. uamaﬂmmamuvamamswamu (Public
database) A9 NSANTDYAINFINTDYANANTILAY
193 AIAIAUNAANTTUATUDUAFY Feluinanedng
Z@L‘U@Z‘HN’JQEJW]MBH 9 mmsmmmvammuuf@
DY1LES LLawmmmmuauauu 9 TuliiEnu
UB@J&E(']WSUﬂ’]SﬂBuszL@'aLSEJuSLLa“’TTﬁu’JLﬂS'I"’ﬁ
S0 Sleep spindle T@%nymLﬂuma\‘immswmaaﬂma
ERIBN muuamammimmuam"ﬁﬁ fiswavibyn oadl

571,1?/@1/@ DREAMS?™® Lﬂuamuamamamamama
1nA15YIN PSG mmumﬂLwa"ﬁﬁmmumswmaau
VS aND57 U519 DA NaLDILUDS A IUNE (Au-
tomatic detection algorithm) VTERRIR Sleep
spindle fag wudlunaiy o i ldinisihioya
yeaInaIngIuiaya DREAMS anldneasulu
ANSANPIAIY4 2

571#2/@1/5’»’ Montrea( arch/ve of sleep studies
(MASS)”’ Lﬁuawuvamamswﬂumm@ﬂs‘va\mmeﬂu
ﬂwmuama DREAM I@mﬂumuvama‘mmmﬂ
AsAAw PSG Tuﬂqmmamwmu 200 A L
fIdpnanpviuldiinmsidoyauieainaingiuinya
MASS snlinaaaulunisinun 2 262830

gudaya  SIESTA”  FagnlilumsAnmives
Adamczyk et al® uwazgiufaya WSC1950
(Wlsconsm Sleep Cohor’[)33 Lacourse et al3

mmuamamﬂamuamamﬁﬁmwmmumm@
uamammamw"ﬁ%mmwLLaanmwwam%a'm
mﬂmwamawmmﬂmsmam mmmwamww
maﬁmsiﬁuamaum@i%mLwaaiwmwumaaqms
MI9FLABUAUDN Sleep spindle

f77§‘€7¢7f7’7§‘°llaila (Data Preprocessing)

Gﬁumsams’]muaua mtﬂumaﬂ?wamamyiuma
‘ﬁ'aﬂmaﬂ AUNZEL LAZAAANUAANAIATLAAT Y
‘Zuuama“ﬁ%uawa@Lwaimumaumsamsumm
ﬂswawsmwa\aa@ mﬂuumaumsifmsfmuamwﬂan
s lunedy vamawsam’mmfmwmsamfﬁfﬁ
Tumsamswmﬂauaféﬂumw doarhuifumannssans
U93aA18ATTUINATTAN 9 "imamaaﬂ"ﬁusmmuw
mmwamumsamawmuama Immﬁmsa@miﬂu
uaya EEG fievedl

ASEUEIDENS AB ﬂ’liLL‘JJa\ianEU’lmﬂSwLﬂYWIN
msmaamma\maLuaqmwﬂumm (Continuous
signal) T%aaiusﬂammmﬂi%ﬂﬁmaLﬁaﬂmmm
(D|screte S|gnal) mamsamaaﬂmamwaﬁ
Seyaediu ¢ Zummmmmﬂu (Time resolution)
Il dudnnd wasifunaaenandn Asnsg
qeueyna (Sampling rate) Ly1 ANDATIENAEUIM
1000 Hz nuuéia ﬂmmﬂé’mmm?ummm 1 '3m°ﬁ
ALy 1000 0 mmamamwamammmmaﬁ
ammmawmmmma Laa@mﬂﬂuimmﬂﬂﬁﬂﬂm
Wummamwammmmmaﬂﬁ“ﬁumuu@a 100 Hz,
128 Hz, 200 Hz waz 500 Hz T@amamswamammm
‘nuam"iﬁmawa@ Ap 200 HZ'?8% ypnginil
mwm'ﬂmﬁa@amﬁmsmmamﬁ (Downsampling)
Lwaa@mmuuamammma vifgaunntiulylu
ANSFUFIDENULRAY T@amﬂmsmﬂwwaq Mei et al.”®
1N5aRdAIINSFUAI8E1991n 1000 Hz [CIRAET!
500 Hz ‘Zuvmmmsmﬂmum Duman et al®® Lag
Glnes et al" andms1N1sgueipg19an 200 Hz
(Udu 128 Hz LLawZﬁﬂJﬂ'ﬁﬁﬂJG]’JBEJ'W\‘iGHﬁJVIE]‘]&PQ
luadad (Nyquist theorem) Fanarnmsgueipena
m'«ﬂmmL‘}Juma\‘iiﬁmamsmmmmm%aﬁLamf‘u

Lmemsamf@mamﬂﬁmamswamammmmm
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Wy 2 whoeeaudfidesnis wazazvinldaunsa
smsmaaﬂamwaumﬁ’aﬁpmbh BsAenaIgn
8unsFnsuee Duman et al.® 1wy

NIsuvIrIsaygIal (Windowing) Aa 38ansf
wiedeuaarianuaoaniutiedeua oy o Al
AUPITII AU R T TunIsadinran s TR
gzaandamsihudesed  Barasalinsmennsly
ﬂ’]‘i@’]u’imuaﬁﬂ’ﬁ’lLﬂi’l”ﬁﬂmm’]m%ﬁﬁM@tuﬁi\‘lL@EJ’J
A19¥11 Windowing %wu"ﬁumsﬂﬂmmu%@ )
Rectangularwindowing @ msuigdeyanadag
m_mauaqammwmiumﬁmaana%mﬂL‘ﬂagmmaq
mwuiumsﬂﬂwwm Huupponen et al3¢, Babadi
et al.* waz Glnes et al LazA15vin Hamming
windowing ﬁi’fﬁaﬂ”ﬁﬁﬁaa@msﬁ@sawgﬂumﬁmmm
(Ripple) m"iﬁmmmivummmm TUDUNRIAVDY
AUETIU 9 T&uaiushietu maﬂmm"ﬁﬁ’ﬁummﬂm
199 Mei et al.?8, A1sAnw1Une Duman et al.®
LazA1SAABIYDY Shimada et al.®® &UINIAYDY
A15¥I Windowing (Window size) 9123110 LWgs
WAfagd U7 (millisecond: ms) laudemiedmnd
(second: s) vald Window wmmmifﬁmw azla
mma%aymmuamam\immammmﬂuu LLEILLAALN
AUAINUAY LBEJ@UBQUE]@JEWI’NL')H’WINBEJS\? oy
Window #l8lunsdawmuas Nonclercq et al.%,
Shimada et al.®® way Patti et al.?” fyu1ALVINAY
0.5, 0.64 uaz 1 3% auddy wazluiuapuns
wieedeya I 91aeRa e liinstouriuduues
Window (Overlap) ezfq%miu,l,ﬂﬂmmﬂ'lssﬁ%a
UpINey a8l e ﬁaamqmsagmmimms%aumﬂu
U9 Window L1 A1s@nw1uae Nonclercq et al?®
Alfuuinues Window Wi 0.5 3 mmiaumw
80u Window gauviuduld 120 8ad3unf #ie
Tums@nvuae Shimada et al®® sy nlifinns
BoUUAY 50% vpwun Window s 1usiy

n150599AIUA Yosa g 1ad (Sienal filtering)
A9 ATEUINAITASOIAIINE HEDEINUBIAINUE
(Frequency band) Tuunegaefilidiasnisannain
Foyeeu Ferpurhmsnsasduanamsdpshmsuyas
deyanauanlaunat (Time domain) Wulawm
AUE (Frequency domain) I@ymma‘ﬂswam
L‘waﬂsaqammwmi%%?m@wumwauﬁﬁ@ Falunns
ﬁﬂwmﬂamwmmau Sleep spindle tunsEnm
Wi o §398pn1aiin15H1AInsDedseaneng o dnly
1AAT 1 USEANANLAL AN ZEY I@EJ‘UiWLﬂ‘YIiJB\‘i
mﬂsa\‘immauaqammmmmsaLL‘U\%Z@ oot

Low-pass filter mumsﬂsmagyaymmmm?i
snmedicruall  Tegwuiesnsesiitdlunis
Anwuae Adamczyk et al?? wag Babadi et al®’ i
ALYINAL 70 Hz

High-pass filter tuAsAsDedeUaATAUE
gennanfimmua (3 Taswuihenshnsaailstumsinw
Up9 Babadi et a/?" Laz Adamczyk et al®? Ay
0.3 Hz waz 0.53 Hz @uUa10U A1SAN®IYDY
Mei et al.2® Tﬁmé’ffmsmmﬁﬁ’u 6 Hz 1iipnspendu
WasLAzARY K- complex Lkag Nonclercq et al.?®
Wedansaawi Ay 12.5 Hz iinnspanauoaii

Band-pass filter aumm"l‘ﬁammmwmma
npluhefrmuairhisansasnilUld d American
Association of Sleep Technologists [#finwua
ANFINTDNATFINYDS EEG 137 0.3-35 Hz* Ty
WU UASENHNS IR AINSDNEINSUAITASIFI
EEG fiwannwany wu 05-35 Hz unsdnwues
Duman et al.** 0.1-50 Hz, 0.1-200 Hz tuns@nm
up9 Mei et al.?® waz 0.3-300 Hz Tunsenm
v99 Kulkarni et al.*° mummﬂsaw?ﬁumsﬁﬂm
W DLEDAAMUE LaWIZHI9AE U Sleep spindle
mwmmy?umﬁmma 9-17 Hz?426.2830,323436

Finite /mpu/se response (FIR) filter Jushnsaedi
NaaWSaz TR AUy 18uAasin AEIASHNTTE L
8.7-185 Hz Z@aﬂiﬁﬁﬁummﬂwnm Adamczyk et al

But‘terworth filter dudnsaeidaniamnizya
ANuBFELBEfuAUASTLLDY Low-pass filter
ueazlRAusIusnpsanuduinnd  wunisls
A1NSBYANNA1ILUY second order TumsAEnWN
upe Mei et al8, fourth order Tuns@nvIvas
Parekh et al? wag eight order i 10.5-16 Hz,
4-10 Hz war 2040 Hz fisglumsAnmiuas
Patti et al.”’

Band-stop filter azvinlsFeyaafifianud
melugeiirnuaiulisunsaiulUle widaane
mmmaasuaﬂmuamﬁmﬂm’;%mmsamuf‘ﬂf@
LU msmamafumm‘mm\ﬂmma 9-16 Hz U EEG
unsEnwIuee Kulkarni et al2°

Notch filter Aifidnseaizasyinumiiou Band-
stop filter weifu Band-stop filter fifigaeuau
WA 9 NE1IAD %Zmaugmmﬁﬁwammﬁm%mma%
AuEnTElE nEoaansnSun &I extreme
band-stop filter Adansaeililunisines wu
50 Hz dmnsunsinandeyanasuniun tuasane
199 Wei et al“° w3n A1sAdndeuaaisuniud
A2Mu8 60 Hz, 120 Hz waz 180 Hz Tunsdnwueg
Mei et al®

ﬁ?’iﬁ)ﬂf)n.!ﬁn‘lsw mﬁwmm@m (Feature Extraction)
ﬂaum‘vmmsmmmaﬂwm dfeyupedoya
2BANN °Eum<msa%mawmmﬂawamaamwwm
Iﬁazflui@mummmsLwaiwfﬂaﬂwmwm@mvmuam
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anTdau mfasmﬂmmmmmﬂ WUY W ASUUA
9ATA LA TR INALE f9nise mmwa
L‘WQJTJB?JERZ‘LALﬁ\‘iﬂﬂﬂJﬂ‘U‘iwﬂB‘Uﬂ’l‘i’JLﬂ‘i’lw‘ﬁ Sinady
Uamam’mamﬂuwuﬂiuaﬂmuwmemmwmeuwm
Sleep spindle (& TaeAgmsuasfililunisms19dy
Sleep spindle (@A AsuUasuuunisys (Fourier
Transform: FT) 1Jun159Las1e#09aUsenaung
Feuanaludennud Z@maawmﬂuuemammauaw
ﬂamaLLemwaame\ammauu 9 LAy Lummwem
EEG Lﬂuuemawmumsaymemﬁm ‘JJi"’Lﬂ‘VliJEN
FT %Tﬁumuuwmwwmmem Discrete Fourier
Transform (DFT) ﬁﬂLﬂuﬂﬂiLLﬂaﬁﬂtﬂﬂﬁJﬂﬁymﬂm
wuvlieniins (Discrete) Tnpnrsuasiifiould
fA® Fast Fourier Transform (FFT)%2527:323638
ey Short-time Fourier Transform (STFT)3>4
upnANAT ﬁﬁﬁmﬂmmﬁmmmﬁLﬁ@mﬂmsswﬁu
VDA EY A BUANIENATY amwwmiﬁeyiusﬁum
eauammmaﬂ 9 fBund “OiEe” (Wavelet)32
I@msms Wavelet transform (WT) tJunsuyas
wmeg’fmmam%ﬁ?ﬁmaﬁwéeﬁmﬁ’u STFT c?\a 13199
muemamamawmma Fasineann FT fianunsads
Z@L‘WENUE]&IE]LLBMW&Q@LLSWQ’J’]NQL“}’I’qu

%aﬁmﬂl,mawema%eyiui@Lmuwmeﬁmmm
99 mmaamvamamiﬂuuumaumsmLawu
emaﬂwmw (Feature) Admanulanidunsad
m’mmemaaﬂmmﬂuamaLwemfﬂﬁumsuseui
yosTaeadal uemamemaﬂwa@%awwwwf@mﬂ
m‘immmaﬂwmwaaﬂmmﬂﬂau EEG &1u199Lbu9
aamﬂu 2 UseLan eadl

L lawuna (Time domain) Wuipyansians
mmﬂawuﬂawamewaaemeﬂm';m A&NAD
LﬂuﬂwwuwﬂmLLeuwae@mﬂmuiuswuuL;Je
AU uema’lfemummLﬂemﬂmsamﬁmms
AN AT AAIFATAIVAAUAITILATIEA
R I TN I Felunanumsansnldrnsaa
emaﬂwzummﬂﬂauaimLmuwa'}mamuwammwfm
Zﬂ”lmﬂummﬁﬁiumsmﬁm Sleep spindle fiAnTu
mamﬁuameu q fidanu A nsunsiazi
ﬁema‘ﬂmLamnmmmmmmuﬂmLeiﬂwfi An @Ang
SRR A LUl DT LA A T
Tutaenamis q Tngaruseduininluaupednd
niaululaslhiad (Microvolts: pV)” wazyaeian
fiRasandnlinuinduiund asEawiues Huup-
ponen et al. ANITFETINLLNUAINAITATLANYFIVDY
muemwaa@ueﬂ Sleep spindle WD A AL aue
wmmwam% famlumsfinwnes Glnes et al. fuae
Aady mwmwummﬁm ATLBUNAIAFITR
AL (Skewness) AATA (Kurtoms)ua:

AsUsupsyaed (Shape factor) iduaeuansaL
ulaLuuant LLavTumsﬁﬂwwm Wei et al. §
msiﬁmmaﬁ UREGIEY ANDLULINATTY UAY
RIDEIRCERPEN (Root Mean Square: RMS) N
LLeuwaa@Lﬂummaﬂwmwaﬂmmam

2. Tawunanud (Frequency domain) Ju
A153tATERneAU sz VY e luBendud
IG]EJQWLLHGNWD']MHQJW‘LLSEW“H'J'NLLBN‘W&Q@ ALk
DUARY (Phase) wazAud ey 1 Hz Apanudi
WAy 1 Asemaiud (1/s) m%m”ﬁﬁuama’]ﬁmw
mmamLLUa\immﬂI@Lmunmmmmufﬂ laeday
AAUEAD SN ammwmmsamﬁm’mmu
Sleep spindle (¢ ammmiaﬂm WRANUATILY A
dhlanaaudfsne o Umammmfmwmmmw
T@ﬂvemaim mummawwufeuasmq figadl

ﬁéﬂﬂﬁ?ﬁ/mm{) (Frequency spectrum) LﬂumaaWS
fildanutasiaunna FiIulauunug azuans
HASWSLTLDUNEYR W uazALE TumsEnEas
Patti et al. lifpyamnaansulumsien Sleep
spindle Luusag Sleep spindle LWUULEY La
Tuns@nsuae Nonclercq et al. finslidpyaain
snpsuidunnanEnzypluna®

e Tl L‘Uuﬂfa‘mm%muaﬂmmum\mmmmim
At ulunamiawssdaaio S dussad
(Hertz Hz) ’Zummﬂmueﬂ Glnes et al. fmmmm
Aega Ageqn ANDENLULINATHIY wAZA1LAEY
umm'maammmmmmiﬁummamﬂ

A1 S|gma index Lﬂuemaﬂwmvwmmiam
‘ueﬂmiema%%m Sleep spmdle 1G] I@ymmm
mmﬂamwﬂsvﬂeumemmma @i AsT Sigma
index mmawwmﬁfm'mmmL‘]Juf‘ufmmm Sleep
spindle aﬂ%

N15ATIUUUTIABINITATIVTUAS UaNee Sleep
spindle (Sleep Spindle Detection Models)

38n151dng %39 Rule-based approach Lilu
387U uA1595999U Sleep spindle auiy Tayaz
Aruraua i D un eeriluasueUssa My
aya (Thresholding) asul,ﬂmﬁwumuwmfﬂa
MewaTeaflidmsumsamady Sleep spmdle
rludd un1s@nwiupe Huupponen et a/ 15
A15AINIUAT Sigma index mmemamma g
muamwaa@um Spindle Lweaswmumiummm
LATIN8A15WY Sleep spindle 1 EEG #1584
Faldmnusmnzuasmsnaany (Specificity) whiy
97.7%% luns@Anw1uae Adamczyk et al. #5299V
Sleep spindle lagldarannnsauaes Continuous
wavelet transform fifianunnndnainisiia Sleep
spindle waz@A1 Sleep spindle peak ‘ﬁﬁayﬁqm

J Chulabhorn Royal Acad. 2023; 5(1): 13-26

18



Faldnamanuluesnsnaaay (Sensitivity) i
72% LazANUINWIZYDINITNATDULYINAY  90%3?
Tuns@nwuee LaRocco et al. MHluwmafifidadn
Spindler dafluisnsiivsznaudig 3 Tunau
An (1) Amsuansdeyaadlay Matching pursuit

ém Gabor atom (2) ANSESINAURINIALEDS

Lwammwmimwm Sleep spindle Tuammm
Aanatulnl waz (3) Laaﬂwwswmmasmwa@m
AN53LAS1ZADDANILNDMSIAFY Sleep spmdle
Falde F1 whdu 0.67-0.732% danlunisinu
199 Parekh et al. 1835n15 Teager-Kaiser energy
operator (TKEO) wians3a5u Sleep spindle Tay
#9191neu7191A35 Singular value thresholding
(SVT) fiduaaurnasiingls q éw Soft-threshold
function wAAITAlEAAISAINIEIDY TKEO fien
inAnEndildarnnsyi SVT azeadienswy Sleep
spindle Tu@ﬁuﬁmmﬂmﬁu 9 A5MSANAGIIENITE
’ﬁﬂummmmwmaua EEG a1A1i Single channel
39 Multichannel I& waslden F1 Laayaw 0.66
Tuyatiaya DREAMS way 0.62 tugaioya ‘MASS?
ANTAAIDY Nonclercg et al. &319ANLLAALLAY
ﬂiﬂ(’?}LL‘UU 2 ¢Us (Bivariate normal d|str|bu—
tion) LWBBSU’]EJE]\‘IaﬂHmuUBQLLB@J‘WBQ@LLawﬂ’J’WﬂJa
199 Sleep spindle mymsﬂswmmmmwiﬁmﬂ
35 Maximum likelihood estimation (MLE) na12
A miﬁwsmfmmamamsumiﬂmmmawai
LLawmsumsmeiu@Lﬂmm%mmwammﬁ@uamauu 9
naAnUhanduggangels delanusimnzuns
ANSNAFDULYINAL 94.2/,25 ANSANEIUDY Babadi et al.
lnanauditaztdudiuiaeAnguioeaiud
(Bayes’ theorem) lawin EEG Tulsiaziiegay o
el Eigenfunction  wazio1undasiduen
Transform coefficient Winshuneusanuiazdu
figaeganuns EEG a8 Sleep spindle Zal#
ATUIUNIZYDINISNATDUDY TUYIITENINg
9554%-97.2%" wazlumsinwuae Lacourse et al.
WHSAAISEIIBANTLLY A7 Felsznoudinan
Ad1urauainnisitasizdarunasuni el
AMULLU UL T4%3

355M51990 Sleep spindle TagAsnsting
Lﬁmsmsmmemﬂyammsmmmmmammaw
Lﬂmmmsmmm‘mmﬂ%my Tagefisnanlslunis
mmmuuaﬂﬂummmmwama\ﬂLmawamau,aw
@aywu%aﬂmwiumuuu 5 udLfingannsRgI9L
Sleep spmdle mmsms?ﬁaguu {ad ey
st tElunuilagiu \HaefpmsWRsNYDISZUY
SeTsiR svuupawlat maswumsgafm \RORDUEUDY
ABNITIHNUAINE? mswwgummim (Machine

learning) "fv’qfﬁlﬁﬂmﬁwmwa"wﬁm?umsﬁwa@L’Jm
Iumimmm Lsyusmsmmumwau LAZEILAR
faRanwarafiindu mﬂssmsuaqmsmuumay
narpdssnn Tosluasnsiady Sleep spmdle
ansanLNUssNUaluaa ld fail
Immaﬂszmmf'nmnﬁaua (Classification)
mﬂﬂﬁmmuﬁamsaswmmLLumJana(Cla55|f|er)
LWEWl’m']EJ‘inLﬂ‘VMiE]‘HM’J@‘Villilax‘lilalla(CIaSS)IGWEJ
TunsiSoug TmL@ama\mswmawauamawaﬂm%u@
‘ViﬂJ’J@‘ﬁﬂJZ’JﬂBuLLa’J‘Vii@Li%lﬂ’)’]ﬂ’]iLiEJuiLLU‘UﬁJ
maau (Superwsed Iearmng) Lm‘ﬁmamsmmy
psTapaluanuiigondy EEG mﬂ‘wmimwmyiu
nuIAnY ‘W Sleep spindle” #3p AN Taiwy
Sleep spindle” lun1sd@nwups Duman et al. 18
Tuwna Decision tree a§19ngiaduuniayadiy
nan1sUseidinan 3 danadfiu (A STFT, Multiple
Signal Classification (MUSIC) waz Teager Energy
Operator (TEQ) WATh 3 é’ama%ﬁmmmsamswﬁu
Sleep spindle (¢ azanunsaaguiadnlu EEG e
Sleep spindle pga3< Faliuagnganuly 96.17%
AsEnELDe Gorlr et al. 1Hluwaa Support vector
machine (SYM) TumsLLﬂJﬂﬁmmgﬁamﬂaaaﬂmﬂﬁu
AIYAUAITHUULELEY (Linear) ©58 d1AISLUY
ladiBaidu (Nonlinear) Taglunisdnulddanly
Radial basis function (RBF) kernel Wolayu
18 (Space) UENiJBiJaZﬁﬂ'WSﬂSE]LLUQLLEJﬂ‘mJ')@“HQJBBﬂ
nfuldeiu Z%waawsmwmmum 949%— %/41
WuRgIAUAUASAABIEY Wei et al. Alluea
SVM ssuiisunaansiuluiea Random forest
Fabulunafivsznoudiyluina Decision tree
nay ¢ LLRaTIUAL THRAANS AU LU NG 94.8%4C
unsEnwives Mei et al. 1dluwanisanasy
a3adind (Logistic regression) fXannNSADANTANNIE
ArANiariduyasuAaTHNIANYNIAANAIS
anasy (Regression) Tasduannadade doun
uwmmmantﬂmummLLuﬂvauaTuTmmawmmﬂ
{aus15u09 Python fifif991 Tree-based Pipeline
Optimization Tool (TPQOT) Falausssenannes
msidenlueafiafigalassaludd Gidresduy
Decision tree, Random forest, eXtreme
gradient boosting classifier, Logistic regression
%39 K-Nearest neighbor classiﬂeri@mwiaﬂm@a
%mmuf@@uummm@anmama mvamamﬂuu
TuinaszaLIsaruldaTu
Tumaﬂsuawmmsusxman (Deep neural
network) (July mawLayuLmumsmmuUaﬁww
Tassthgdsean (Neural network) Apufumasiu
(Layer) vpauywd LUAasENsasENINITATINNY
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TULUUATDIARUIAALTDYAFILAITWY I IUR
%‘1Lﬂumﬂﬂamamamqamiummsﬂﬂwmeorur
et al. Wluaa Multilayer perceptron (MLP) Lii®
asdany  levlueafisnwaduszuulaseig
ﬁswmwwmuamamﬂ%ﬂmaa‘ﬂswm%msm (Neuron)
T Layer ﬂau%uﬂﬂmwﬂ Neuron u Layer §a(1
T@y‘mmﬁwaaaﬂml,ﬂu%m@%mwu Sleep spindle
ma%m@wmimwu Sleep spmdle AN
aiwi 91.7%-93.1%" HULAYIANVUAITAABIUDY
Gines et al. AlflaalasagUszamifipaLuy
Levenberg-Marquardt (LM-ANN) L#g1u1sal
mwmm’uﬂflﬁﬁﬁmﬁﬂ 100%" galsinu wudﬂu
MsEnEldna191n1sTE LM-ANN ﬂmmaﬂwmm
Lﬂuuamumimuummameamﬁmm?waaws
memmsi@wmmLLaJuznasm 56.86%" AsFAnWN
up< Shimada et al. §in1slETaiaa Sleep electro-
encephalogram recognition neural network
(SRNN) tJuluinalassingdszamisudinsy
AsATIaTLARLATISnweasREwlL Sleep EEG oy
LQW']“’%QE]F]WGAJW]SJ’]Q']?]TNL@& Time-delay neural
network (TDNN) m%aﬂmfa‘ﬂamsmmsmwu
mﬂmsaLﬂswmuamammamammLmufmamu
Falfen Recall %a\‘mammamymﬂm@a CNN
wazlaiea TDNN3E ans@nwiues Kulkarni et al. &
A1515 2 TuRasuiuEe TuealasegUsea Ly
ﬁaﬂaaﬁu (Convolu‘uonal neural network: CNN)
waﬂmsmamswﬁﬁwuﬁswmama (Layer) ﬁu@wmw
#gund Convolutlon layer Farmiinfiadaien
p9RUsznRUTden1sa1n EEG wazlulaa Long
short-term memory (LSTM) Lﬁﬁ]ﬁyufé’]ﬁmm:
dumstuunTupsdusenanmaniy Seuszamsamw
Ua9luLAaLYNAY 96.08%%°
Iumaﬂiummmnamaua (Clustering) tTuluLA®
wmmsaﬂswmamafmimfmwLﬂumaﬂimamaﬂ
gammuaniiany (Aauudl niasuninnsisous
wuulaififfaau (Unsupervised learning) lagliiaa
ok mmsmwwamaaaﬂL‘}Juﬂammaﬂwmwmﬁ
U5zl L@]iﬂ’@“L‘kalLSEJNSLBQI@EJF]']‘JGTF]‘]:V]UEN Patti
et al. (A1 Multlvamate gaussian mixture model
(MGMM) LﬂJuTaJL@awmmmLiyusmeT@yfmm
ATAUA LA 613 LummﬂmimmaTmsmsmm
ANARLL IR (Expectation maximization: EM)
W aAHUAAIULN9E silulugenguiaya 2 ngu
(Cluster) T@ﬂ%mmffmmmswaaauaim 65.1%—
T41% WazddadINNaUINAINEDIUINUTIIN EEG
ey szanieuewnAy 59.55%-119.7%
YNAITAnIdAIsIUSyuIiguUseansaw
semIneluLAa baenlsAnsIuee Kulkarni et al.

gmsuSyufisuszrinsluiea SpindleNet, TuLag
Mcsleep®® annns@nuues Parekh et al. iag
Spindler ms#nw1uas LaRocco et al. NAFBUNUTDYA
ngudaYa MASS wud1 SpindleNet SdszAnsnw
TAgsIuANIT McSleep dunsidsauiisuiuluea
Spindler nuinfidsednsainlnadidoediy wazly
AMsAnIUDY Parekh et al. wuluwma McSleep %
nafifng1luwna DETOKS? Tuun9aanunsamsiady
Spindle #159A37 wefianuudugilndmoedy
upne1ndl dasspudipuduTuieadisreduuas
CLH PRI RN TaglunsAnuwIuey Wei et al.
uuLﬂumuw"iﬁﬂammamqmmumsﬂmma@LLav
f@mmmhummswmaa‘uaﬁa@“ UPAIIATAISFAL
199 Mei et al. HA15AS1UNINIATITELUTUDY
msmquamium%?wmamiﬂswmummauﬂu
msﬂszmuuawwmiﬂmvmuwmmﬂgmuaaﬂa
DREAMZ

AsUseiiindseinSarwuasluma (Data
Evaluation)

dnsu3sansiinantdlunsysedinyseansnin
yolaLAaTY UuayﬂwswmmaﬂuLma‘mmmiﬁ”ﬁu
ANSYINUNY mﬂLﬁuimmamsmmwmaau oA
'IaJL@aiuﬂawswt,ﬂwmLLuﬂuaqﬂaLLa;Immamﬂssug
3NN 921AUTEENSAINNANISIUTUULTYUNAANS
P59 UNasNSTAluLAaYIu I AL LAAAISAY
pgnals Tawenfifonlilunsusaindsydnsnmney
Tauaa Seed

NaUIna39 (True positive: TP) @D 994U U5 L6
vuAAw EEG Aflisnmauasluinaszyassiudniy
Sleep spindle

Nauanad (True negative: TN) A9 911UV
UuAdu EEG AfiBuimauazliinaseynsedui
{3i1Ju Sleep spindle

maaw%q (False positive: FP) @p 911156
yuAaY EEG ‘YIISJL@a‘iw‘U’J’]L‘Uu Sleep spindle L@
mﬁmmmﬂammfmﬂm \Ju Sleep spindle

HAAUAY (False negative: FN) @9 91131518
unAdn EEG w‘lﬁm@aswmﬂmﬂu Sleep spindle
LLG]NLUEJ’J?J’]EUHSU?”UZ’J?’]L?J% Sleep spindle

AL (PreC|S|on) Ap A1UTLANYTEENSAIN
ITueaviusnaswsay Sleep spindle (True
positive) (dgndipsunniiivela mmﬂsymmm‘u
maawswimmaswmwmu Sleep spindle WAL
(True positive + False positive)

Auls (Recall %59 Sensitivity) A A1UszLin
Y5EANSAIMNINTLLA YD NAS WS T 1T 1 Sleep
spindle (True positive) f@aﬂmmmﬂmmi@ M)
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L‘Ll‘i%l‘]_lL‘YIEJ‘]Jﬂ‘UNaaWS‘YINLﬁiJ’J?J’]EUSJU’NL‘]Ju Sleep
spindle IR A (True positive + False negative)

ANUMIWE (Specificity) A MUsziNUTZENSAIN
laaarusnasws i Sleep spindle (True
negative) [dgndasunniizsia diowsyufipuiy
maawswmﬁmmmiwmﬂmﬂu Sleep spindle
TR A (True negative + False positive)

Fl-score @a A1Uszufinyszansnnlagindy
LUUFNSUDTAA (Harmonic mean) Ua9A1A313 LLuH
(Precision) wazAiaula (Recall)

mmaﬂmm (Accuracy) Ap AUsEiNUTZENSAIN
Tassuuasleg TaestseifiuinTuna iuaswst

@

gﬂma\ﬁ (True positive + True negative) AnLdu

SaduIN M AN AW TN A (True positive +
True negative + False positive + False negative)

muimL@aUSWLﬂ‘mLLmﬂamamammuimm
myuﬂmufmmaauw avfﬁﬁmsﬂswmuﬂswawsmw
uaﬂimL@ammﬂmwmim@awLiyuﬂwwmaau
wiaInANSAAEDY Patti et al. fiustesliluaa
Multivariate gaussian mixture model Tun1suya
QR LLGWI’NN’JQEJZ@ WRanldisUsediuifgaiy
Tmmamssuﬂmumaau TRgsINaansSASYILIY
‘nf@maimLcﬂaf'ﬂmswmwﬂumaawswfmm
gwmmzy

15199 1 LEAeIBg19NanN1sIIeN lFannIsAN¥IN1SASI99U Sleep spindle

Tuwaa UszanSanuaeluwaa 91989
38n1sling (Rule-based approach)

Sigma index ANMUINNIE O7.7% 36
Sleep spindle peak ANUINNIE 90% 32
Tumaﬂssmwé’umnﬁaga (Classification)

Decision tree Aa1ul 96.17% 35
Random forest AU 94.8% 40
Support vector machine ANULLLUUE 94.9%—96% 41
TuwmadsziannisiSausibedn (Deep neural network)

Multilayer perceptron ANULLUUE 91.7%—93.1% 41
Esr?gzw;irirtlzlrr:e;g;r;?;work A AMULLUEN 96.08% 30
TAsetgUseanifisuluy Levenberg-Marquardt | aauuaiug 100% 1
Tueadssianuusnguiisya (Clustering)

Multivariate gaussian mixture model AN (2 65.1%—T4.1% 27
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2siUs1ewa (Discussion)

mﬂmswummismmsmﬁLﬁ'mﬁmﬁumsiﬁ
mswmsua\imemamww Sleep spindle
WUSalutEnu I tuudasfuna oI
sunsaliluealdnainnalsiazaiunsanyangs
Tuwealedn Rule-based approach, Classification,
Deep Neural Network, LLag Clustering!-?#303235364041
?Nﬂ’liLﬂBﬂZﬁTjJL@ﬁﬂ?ﬂﬂ@ﬂiﬁ@]'m@ﬁuaﬂwmw
‘wumuua\mau Sleep spindle vmﬂammayw
’]']llLLu']IuﬁJ‘ﬁiBﬂJﬂ')’]ﬂJLLG]ﬂG]’NQ’]ﬂﬂ‘s'uaﬂ‘Hm“’
wumui@ymfﬂamﬂfs mmmﬂmmﬁmmﬂmﬂ
agelidyyzaAgy m%mawmimwﬂswiﬂnumau
TuAsTLAT e IR AL ammammaﬂwmmu
LLawiumuuawamasumumwLﬂuﬂawmﬂm
wmiwﬂiwawsmwum‘[mL@aa@aﬁ FefnsAnm
Woafuisnisaiuaasie q Aanunsasunanly
ATFRdaIMNTUNIUDDALS  TaYawIzd ey
fliliaduauns 1Wu Independent component
analysis (ICA) (Huéiu‘2 “ aghalsimuninginiss
aslutnafiduszdnsainfiuafenalaldnga
mmesmmﬂamasumummumiﬁ’lmL@alfsms
S’JﬁJﬂ‘]JiJE]ﬂJaﬁ@L@NE]ﬂﬂN Lwaiwﬁm@ammsmiyui
flazutausnserinedeanaasefuduuissuniu
(@859t weanafe Wuasilflumasuisasi
Zﬂiﬁﬁ’uﬁayaﬁwmﬂ%mymnﬁu (Generalization)

mamm@msw@ami‘ﬁiyL@aﬁmsyusmﬂ@maﬂwmw
IUINNDY 9 WAIADY memmuﬂmaﬂwmwwiﬁ
LLa”‘Ylﬂaa\iLﬂ@ﬂ@u@ﬂ&&aﬂwm“%LLG]ﬂGlWﬁﬂuL‘WB
neaaauinTuLn a9 HU T ANEA WA e Adn 9y
%52 [ I@ﬁwmmuLaaﬂ@maﬂwmvmmmL‘U‘uaasw
sofunsadianudidoudusioy  nanfe  (Widen
AMdnyzlanManyMe %mmﬂumwmmsa
mmmi@amaﬂﬂmaﬂwwmm mmsammmaﬂwmw
EE ezt R s AnS A lun1sT B Lazan
srpzarlunsAIsaslUlf“ wazdningide
ADIA1TI Lﬁi’lwmmmaﬂwmﬂﬂmmmmﬁm Sleep
spindle Z@cowla@ N’J%Jﬂ’)i’sLﬂ‘i%ﬁLﬂEJ’Jﬂ‘]Jﬂ’ﬂﬁJmﬂEU
mmaﬂwmuﬁm 9 mmamaim wa (Feature importance)
Sauday Aty D1ANARDIAMUANBEEAINF1 [
Tﬁ“ﬁummmaamamamyimL@aﬂivmwfmmaau
LwaLﬁumsmsaaaamwﬂmaﬂwmw@manmmsaiﬁ
Tumsmﬁfmsq

el Bngi1191nMSNUNINISTAIASSURTWL I
A1ANy ANUFIIZLazANN LN A1ARNT
geiie 90% wdfAdefilantalunisviiuiynsiady
FRawanald sad dalduamsrhupsaluwmaudd
Uana1NazdsetinyseinSainwinlutaadaunse
FuusiaznsIasuusnafiiu Sleep spindle (#

Wealaan ATaTR9NTaN AwRMpTmalaluea
FIROUAR  TOHALINAINMATHARLUAIY THNARDS
amsﬂzmwasﬂaaﬂwmzimﬂmL@am%ma‘uw@
n3annAIRATaldn (U iRTianmauInan LY
o8 91993 Lﬂswwwiummawm‘m LAAIN A15YI9
umiumamu‘i@wLﬂummmwaﬂ"ﬁumimmmm
wane g Fenseninnugenanagyintiinle
gﬂwwmwaawswfmmmu

a's&Jwa (Conclusion)

ARNAUDY Sleep spindle Huaduaupefis
unuanda e lunszuIunIeTeuuYsyam  35a1g
n5999U Sleep spindle l@dnsWamin I wmLnzay
sionsiinusrusalulfiudagiu leuligauszad
oSNy Ao msﬂsvmamaam‘l‘ummmmmmsa
WisnwhAofiFuamey uevhldluszee zafidundn
wazthpandoianaafioaduiuld  Aisesiedu
Sleepspindle quamiumw?wiwammwawam
memﬂuagﬂuaﬁﬂW'szﬁLw'luu Fuppudu 9 Fariou
LLamaﬁmimswwmaL‘UumwamwwmgLwaJ
UszAMBAWANSIUTOnlE  Tusenluasnsady
Sleep spmdle ‘l_JSwﬂB‘]J@’JEJﬂ’ISLﬂ‘U?JEJBJa%QLUu
funpuifinnudda i dungienn T@ymwmsm
UauammﬂLmawama%mau‘l—,wyﬁﬁummﬂmLLaw
mmwuuamawmmms’iuﬂsmmwmmwam wadl
Zum\maummiswmmamaimﬁumwmwum
T@yﬂswﬂmﬂuammumumuawLﬂufﬂfﬂmﬂmuu
mmaﬂmumaumswmsuam TAYAITATIFN
Sleep spindle :uﬂ"Eﬁmmﬂsmmmaumammm
‘Zuﬂﬁﬂsmmﬁammwmwmamasumuuama@
el FdhnssdeyanaiinNULanseTuaUAAL TR
UDIEIY m‘ﬂmmmamm@mfﬂﬁﬂmmaya@fmw
A1EINIDIANNTUDIF N NS DRAINIIAEN
wiiﬁuwmaumsa@msmmamwamamsmsww
Sleep spindle #5a(y Lmafﬂnauaiumwmmms
wmaumamLﬂumﬂmawama?%aﬁﬁiusﬂLme
Tuinaaunsasaus (d Sefifonisienadnuay
wmﬁmua\wamaT@ﬁwaawsummmaﬂwmwwfmw
uuammﬁmﬁumimmaw Sleep spmdle wmam
Fanld mﬂmammﬂmwmmamami@mumma
wastanaaninsa L suswsn Sleep spindle
@ Tdenefy TapUseansninnsluinaniaanrdy
AINAIULAUIZFUTENINNAIIUFIUITAVD
ﬂmaﬂwmvuu 9 Tupstsda Sleep spindle fu
aawmwaﬂmmaw"iﬁ waninedpUssnnunelung
mammmmmmamﬂﬂu i lalanansaaguld
am\‘m@wmﬁf;ﬁmsi@i%ma@wm TABUnE La
ssaaanTaragnsiiainasdenliiueg
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fAANUFUTDUNINATY WEDIFRDILANTUTZLZIAN
AllunsauanazauaIusaluA1sesUILANS
Yiuueldeadainnsandaten Sleep spindle
29n91A EEG [dagals tumendudunisdnsiaie
Foswpuanaududauasluaaiinlfinlaluns
euuasiumandy wenni Sleep spindle
amﬂu‘uamammmLLﬂSﬂsma\a AstdanldluLag
wmmsasummwammmmLmsﬂiaumf@mﬁ
dudamadannis

TaeTunavsziandulsings Decision tree i
or amﬂuim@auuwwmwmmsaLm"ﬁafmw
LmeaLamaiuuumaumiwsui luteannali
UssAnEn e ueluinandulidssansnindiugas
Lmawaﬂw@uamwmaauﬂi sFnsat1niluiay
BENSUIADU FaAnannsiTaaalald.s \FEU5N
ﬂmaﬂwmmial,mfﬂ wenSulTIERf e LR B UYL
(Overﬂttmg) aﬂmm‘lﬁmL@aﬂ?ﬂaumymwwswmmas
@ peuUsulH mune aummumswmsmwu 9
AUIUIIN Lwaiwfmﬂswawsmwmmm Idupnasias
ThAilaasdumantisiudng aenalsaanu Sants
Tumavszandulfifauisaaanieyssansnnwis
{¢@a Random forest Sararadulanaiivng
m‘ﬁsummﬂw'mﬂs ADUAIYAMNANBUENANY
mmaﬂwmwmmmwﬂu LLawaJTamastaﬂwgum
Overfitting {@#@ni1 Decision tree WANAAWS
Furfanwalanand mmm@lmmﬂmwim@am
AN duInnTuLaze1ev AL la lgann Ty
muimma‘ﬂswm‘mLLmﬂammmm@mwaawm
Aladuiufs SVM ‘ZixiLﬁiJ']WﬂﬂJﬂ’]iﬂﬂ‘if}'Wl‘US“ﬂE]U
RN LRI RILIE AT wedpesEi RTINS
ﬂamwmmmmmwﬂumﬂ 5 INS1ZDaY A LA
Li&lu%’ﬁmmaqf@ wazmntioya Bildnszansdludnwes
fmunzay ms‘ﬂsumwwsmLmasﬂﬂumslﬁyus
UpeluLAa SYM ﬂ%mmuuawmmmmwuﬂu
LLG]‘H’IﬂLiJ'l‘VijJ']EJiJB\‘i@')QEJG]E)F]’ISHTI\‘IIQJL@]a‘ﬂm‘u
ANUYAADInIDAMNULNET Tanlilduiuinsen
Taeafinnsiagulendnls HUINAUNINEI T8 T
ﬁ@ﬂamammuwm?ﬁmmaL‘W%N‘wa TueaUsznm
msﬁﬁugmaﬂ@aimL@ammﬂwammmaﬂwmwu
Ten1ElilnalasItgUssaIMADN LUUIRA A
(Recurrent Neural Network: RNN) tJuluinadi
ﬁwmyﬁmﬂa‘ﬂizLﬂwﬁmmwmﬁqﬁﬁﬂwmzﬂuéﬁﬁu
(Sequential data) (¢& A1eIAstEluLAafTnE?
lukaon1sinwiiezldsuanuiouiuunntuly
DUIAA muiwL@awLiyuﬂtfuufmmaauuu%mmw
mmmmwmmmsmumﬁmaﬂwmwﬁﬁm f wmmsa
Va8 Sleep spindle uaﬂmuama@maﬂ‘}s}mmm
Tauldiu

gavheRamsinadszansamundluna Heanunsa
BanuUsadiuldnaneds wiilunisyseinlagningau
dnaglinnuusiugdunan winnfiduignsaed
Aenafupnnly AsUstfinilEfasazuand ety
nAUsEENEAIWTNAIT197 1 waaelR i Tuea
§11150759990 Sleep spindle lefiguivindy
mﬁmmﬁuiuiw@wm T@m@mimmaiuﬂamsmi
wuufdaan aslidranuudugr 90% fuly doi
Al Tazin T e aman T [ wamn 1 A
waiugunaiuuazi Wl eUsTosinenisunng
dal warluuienss MsUssdunasauiiondd
Tumanilsldmasnansisunidalumaniadnias
lildwunganu e aiivseansaindindnaus (1
WasarnnisUsaiumanfiannisisoufisud
msﬁswmuvmmﬁmmm aratguly Kulkarm et al3°
WutenUsEanEnwdianas mmmawmﬁamammﬂ
ASALLAREIUNTANTIITY Sleep spindle ’Zua’m‘m
mmmmmfﬂmmiﬂsvmuwm@Zﬂ Fatszi@umani
sz uBnmudanlunisinssisaudunsiarsen
ummﬁmmmiumimsww Sleep spindle [
phalafeny nadwsTLmarhneRa T Sleep
splndle 919UFMUIUUINATINAANWS Sleep spindle
mwmmwmmmswyhﬂ
’Jsmswi‘ﬁmaawsmﬂam?umimaawLLa LN
ANULLANENNDDY Sleep spmdle AU EEG iJ‘LABEJﬂ‘]J
a@ﬂiwaﬂml,awmwmmmLmiawumuumsﬂmmm
BosmsAnsTkaaWSTum ST HE WhiEn I T
SnwoefianunsatielunsiUeuen Sleep spindle (&
mmsuwmﬂssusuaqLmaﬁm%ﬁﬁumswmm
ANUFINITONNTATINNY Sleep spindle Mgy
m’mumﬁmmmiusm 2La7d1a9D19a 1115830
Zﬂ?ﬁ‘iumsauuauumim@auiwmmmmmsu Wi
auumémt,awmmammw"ﬁumsmmyismiﬁﬁ’u
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Abstract

Background and Purpose: Fluid balance management is important in cardiac surgery. During
cardiac surgery, patients receive fluid from the anesthesiologist, perfusionist, and surgical field. Greater
fluid intake can be obtained from within the surgical field by pumping back through the heart-lung
machine. Therefore, it is difficult to calculate the actual fluid balance, which is necessary to predict
postoperative hematocrit. Inaccurate calculation of fluid balance can increase the risk of postoperative
complications. This study was performed to develop a tool that can calculate the body fluid intake
and output of patients undergoing open-heart surgery. The results of the tool can be used to predict
postoperative hematocrit and intraoperative blood loss.

Methods: Information technology experts constructed an intake/output chart application, which was
used to collect cardiac surgery data at Chulabhorn Hospital during the period from November 2020 to
January 2021.

Results: This study included 20 patients (10 men and 10 women; mean age, 68 years). The surgeries
consisted of coronary artery bypass graft (CABG) (12 cases, 60%), valve surgery (seven cases, 35%),
and combined CABG and valve surgery (one case, 5%). The mean predicted postoperative hematocrit
(according to the application) was 33.9%, while the mean actual postoperative hematocrit was 34.06%;
these values did not significantly differ (p = 0.064). The mean estimated blood loss during cardiac
surgery was 488.40 mL.

Conclusions: Our intake/output chart application can correctly predict postoperative hematocrit and
intraoperative blood loss in patients undergoing cardiac surgery.

Keywords: Fluid Balance, Predicted Hematocrit, Cardiac Surgery, Cardiopulmonary Bypass
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Introduction

Cardiac surgeries are complex and involve
many factors, including surgical techniques,
various types of equipment and devices, and the
combined efforts of professionals from diverse
fields (e.g., anesthesiologists, nurse anesthetists,
surgeons, operating room nurses, and cardio-
vascular perfusionists). There are multiple types
of simple and complex cardiac surgeries, most
of which require many hours, large volumes of
blood, and extensive fluid intake through blood
vessels. Intraoperative blood loss is generally
substantial and difficult to measure; patients
receive treatment as necessary by anesthesiolo-
gists and perfusionists while they are within the
surgical field. Therefore, it is difficult to calcu-
late the actual fluid balance, which is necessary
to predict postoperative hematocrit. However,
the estimation of fluid balance is an important
task during cardiac surgeries. Inaccurate
calculation of fluid balance can increase the risk
of postoperative complications.*?

In this context, intraoperative blood conser-
vation is essential and can be achieved through
techniques such as intraoperative cell salvage
or acute normovolemic hemodilution,* which
reduce the risk of postoperative complications.
Other techniques for intraoperative blood
conservation (e.g., techniques used for pediatric
cardiac patients) have been explored; they
include reduced cardiopulmonary bypass (CPB)
circuit volume, retrograde arterial prime and
venous antegrade prime, and modified ultrafil-
tration. These techniques are used to remove
the fluid overload and can also enhance the
speed of postoperative recovery.”®

Hematocrit is a measure of the ratio of
the volume occupied by red blood cells to the
volume of whole blood (intravascular fluid);
this ratio can be used to calculate intraoperative
blood loss.” When patients lose blood, they are
administered crystalloid solutions (e.g., 0.9%
sodium chloride [saline]), colloid solutions, or
blood and blood components.®* The volume of
intraoperative blood loss can be estimated from
the number of gauze used for absorbing blood
in the operative field, or by weighing gauze with
blood to calculate blood loss.'? If postoperative

hematocrit values could be predicted with a de-
gree of similarity to actual hematocrit values,
this would allow the determination of actual in-
traoperative blood loss. The actual fluid intake
for a patient could then be calculated, along
with the volume of excess fluid that must be
removed. Prior to operations, a hematocrit test
will be carried out. The fluid flow in the patient’s
body must be estimated and used as the starting
value to calculate the red blood cell mass before
the operation. The patient will be experiencing
blood loss for the entire operation period, there-
fore the perfusionist and anesthesiologist must
input red blood cells to the patient’s body to
maintain the hematocrit level. The red blood cell
mass before and after the operation should be
about the same level. These calculations would
provide useful information for patients with
symptoms of heart attack and fluid retention
before cardiac surgery.****

This study was performed to construct a
standardized and efficient intake/output (I/O)
chart application that could predict postopera-
tive hematocrit and intraoperative blood loss in
patients undergoing cardiac surgery.

Methods
Population and sample size

This retrospective clinical study included
20 patients who underwent cardiac surgery
at Chulabhorn Hospital. The sample size
was calculated based on the non-inferiority or
superiority test formula for continuous data.*>**
Methodology

This study (EC CRI 116/2564) has been
approved by the Human Research Ethics
Committee, Chulabhorn Research Institute.

The following data concerning intraoperative
fluid intake were collected: data from anes-
thetists, comprising the volume and types of
crystalloid solutions, colloid solutions, and blood
components administered during surgeries,
data from perfusionists, comprising crystalloid
solutions, colloid solutions, and blood compo-
nents used for the CPB circuit; and data from
scrub nurses, comprising the 0.9% normal saline
solution used in the surgical field.

J Chulabhorn Royal Acad. 2023; 5(1): 27-34

28



1/0 Record Chart of Cardiovascular Surgery (CVT)

Voi(ml) | Total(mi)

Perfusionist t PRC

Date

Vol(mi) Total(mi)

JJJJJ

Perfusionis t

Summary
NNNNN

Total
intake(mi)

Total
Output(mi)

https://argupi-h007.web.app/
Figure 1. Intake/output record chart and link used to record data and calculate the volume of blood loss

during surgery.

The following data concerning intraoperative
fluid output were collected: data from anesthe-
tists, including the volumes of urine measured
before and after CPB; data from perfusionists,
including the volumes of urine measured during
the operation as well as the volumes of conven-
tional ultrafiltration fluid, modified ultrafiltration
fluid, and solutions and blood remaining in
the heart and lung machine; and data from
scrub nurses, including the blood volume
calculated by counting the gauze and surgical
swabs, as well as the volumes of blood aspirated
into all suction containers.

All of the above data were recorded in the
Intake/Output Record Chart Application designed
by the research team to calculate fluid
intake and output for determination of fluid
balance in each patient.

Data collection forms

The following forms were used: Cardio-Pul-

monary Bypass Record Form; Anesthetic Record

Form; Surgical Swab Counting and Record Board;
and Intake/Output Record Chart.
Data analysis

Age, sex, and surgical methods were
analyzed. Fluid intake and output were used
to calculate hematocrit based on the following
formula:

Clvl = CZVZ

Where C, is hematocrit before CPB (percent), C2
is predicted postoperative hematocrit (percent),
V1 is estimated blood volume (mL) + Intake
volume (mL), and V2 is estimated blood volume +
Output fluid volume (mL).*"*®

The actual hematocrit was measured from
each patient’s postoperative blood sample,
using hematocrit centrifuge in the laboratory.
Then, actual hematocrit values were compared
with predicted hematocrit values using paired
Student’s t-tests.
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Results

The analysis included 10 men (50%) and 10
women (50%); the mean age was 68.05 years
(standard deviation, 8.19 years). The surgeries
consisted of coronary artery bypass graft (CABG)
(12 cases, 60%), valve surgery (seven cases,
35%), and combined CABG and valve surgery
(one case, 5%).

Table 1. Demographic data of 20 patients.

The mean predicted postoperative hematocrit
(according to the application) was 33.9%, while
the mean actual postoperative hematocrit was
34.06%,; these values did not significantly differ
(p =0.064). The P value was set less than 0.05.

Additionally, the mean estimated intraop-
erative blood loss was 488.40 mlL (standard
deviation, 130.48 mL).

Patients (n=20)

Age (years)
Sex
Male
Female
Surgery
CABG

Valve
Combined CABG and valve

68.05 + 8.19

10 (50)
10 (50)

12 (60)
7 (35)
1(5)

CABG = coronary artery bypass graft

Data are shown as mean * standard deviation or No (%).

Table 2. Intraoperative fluid intake and output data collected in this study

Intake

Output

Anesthesiologist Crystalloid solution
Colloid solution
Blood components
Perfusionist Crystalloid solution
Colloid solution

Blood components

Scrub nurse

(intraoperative field) surgery

Sterile water use during surgery

Normal saline solution use during

Urine

Urine output during CPB
Conventional ultrafiltration fluid
Modified ultrafiltration fluid
Residual volume in CPB circuit
Perioperative cell salvage volume
Estimated blood volume from gauze
and swab counts

Volume in wall suction reservoirs

CPB = cardiopulmonary bypass
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Figure 2. Conventional record forms (a, b)

Discussion
Cardiac surgeries are complex and involve
substantial blood loss; they require large

volumes of blood. The transfusion of large
amounts of blood can lead to postoperative
complications and poor surgical outcomes.'*%°
During cardiac surgery, a heart-lung machine
is used; the machine’s circuit carries blood
combined with a crystalloid solution (i.e., priming
solution). Crystalloid or colloid solutions are
used more in adult cardiac surgeries than in
pediatric cardiac surgeries. During each surgery,
some of these solutions diffuse out of blood
vessels and into body tissues. Therefore, blood
or solutions must be occasionally added into
the circuit to maintain the fluid volume in the
heart-lung machine and ensure that the machine
functions optimally. These fluids may enter
various tissues, including pulmonary tissues,
where they can cause impaired gas exchange.’**

During cardiac surgery, red blood cells and
crystalloid or colloid solutions are added into
the cardiopulmonary circuit; this maintains the
appropriate hematocrit level because a large
amount of blood is needed while the heart-lung

machine is in use.”** Additionally, red blood
cells and solutions are administered by anesthetists
during the surgery; 0.9% normal saline
solution is also used in the surgical field,
or blood is aspirated and injected into the
cardiopulmonary circuit or removed via wall
suction reservoirs. All of these processes hinder
the estimation of intraoperative blood loss,
resulting in excessive use of red blood cells.
Low hematocrit could result from the dilution
of intravascular hematocrit by crystalloid
or colloid solutions. Moreover, intraoperative blood
loss is difficult to estimate because fluid
in the wall suction reservoirs is blood
combined with cleaning solutions used
during the surgery. Therefore, the actual
volumes of intraoperative fluid intake and
output cannot be measured.

In the present study, the predicted hema-
tocrit level (according to the application) was
similar to the actual hematocrit level measured
in each patient immediately after surgery. This
finding suggests that the predicted hematocrit
calculation can be applied to guide the use of
red blood cells after open-heart surgery.
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This study has some limitations because
patients in the population treated with cardiac
surgery have different health conditions. Those
treated with medicines that have an effect
on blood hardening, e.g., anticoagulants or
antiplatelets or diuretics, could also result in
errors of pre- and post-operative blood volumes.

Conclusions

Our application successfully predicted
hematocrit values, which indicated that the
fluid intake and output volumes could be
calculated at levels similar to actual volumes;
thus, intraoperative blood loss could be
accurately estimated. This approach will help
to reduce the amount of blood provided to
patients after open-heart surgery, thereby
mitigating the risk of complications related to
blood transfusion.

This issue has to be further studied as
the number of patients in this study is quite
low, while the patients have been treated with
diverse approaches of surgery. There were
also several uncontrollable factors during the
preoperative, intraoperative, and postoperative
periods.
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Abstract

Kariyat (Andrographis paniculata), an extremely bitter in taste traditionally medicinal plant,
is widely used to relieve flu symptoms, treat non-infectious diarrhea, enhance body immunity
and alleviate early symptoms of COVID-19. Andrographolide, the principal bioactive constituent,
can inhibit a superfamily of enzymes known as Cytochrome P-450 in the liver. These enzymes
are important for the metabolism of various drugs as appeared in a medical reconciliation and
perioperative anesthesia. Deliberately, anesthetists have to pay attention not only on patients’
laboratory reports but also herb-drug interactions, particularly its synergistic effect. Kariyat can
depress patient’s central nervous system with signs and symptoms of numbness and weakness
in the extremities. It also has additive effects on induction agents, muscle relaxants and opioid
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analgesics with the consequences of drowsiness, limitations on movement, body hypothermia
and respiratory depression. Similarly, inhalational agents can enhance cardiovascular depres-
sion resulting in hypotension and bradyarrhythmia. Additionally, patients consuming anti-platelet
or thrombolytic drugs may show bleeding tendency; while, diabetic pills can bring about

hypoglycemic manifestation.

Keywords: Kariyat, Andrographolide, Medical Reconciliation, Anesthetics, Drug Interaction

Anzanylas Lﬂuﬁﬁauufmﬂawﬁmﬁ@ufwy
LLawmuTuﬂswmmmuLamysaﬂﬂummmu Tauld
vssinlsafadolussuuniaunislaiie
BUUnaU 910150130 (BLEUAD N1SENLEULDIADY
VOUTa NADAAN ATTIWIZDNNSLAYENE WDA9IAT
Falfidusnaiaems uAlvvialy wazdaasy
AT AuANYDITINAY I@wmmmmmﬂa LAULAS
Asinlad (Andrographolide, AP1)! Fensensas
515U Z@miaay?uimﬁaumﬁmmﬂLmﬂmm
SaLsid) W 25422 LLawZ@‘i‘Uﬂ'ﬁi‘iﬁ@\‘imﬂ@\‘iﬁﬂ'ﬁ
2119 81lantuT w.a 2545

ugr9AIsunsszInupainlasalalsuany
Wuglrad (SARS-CoV-2) ASUANTWWNEURBINYLAL
ASUNNENI9LEDN
AILAADAITIAEIAIE B LNRTI9TL WU Fnzans
T%mawﬁwmmiLmezJaﬂZasaTu%aammaaq
wslianansatlasiuidalhsafiingiwadunssranald
AsEAMRLLANWUI AsTR I mza1sTasunue
180 uA.fadu LUSIA 3 a1 Aasadu 5 T4 9z
Tﬁwmmmﬁa‘iiﬂim@ 19 (COVID-19) szazusn
fp1nsaTuld Tonlifnainades Sefianslien
Ameanglaspgiauwsnay lagmnizn1sifina
911155178 15A1ATA-19 Wulsenwenuiasuy

AmsTiFneasTas Ygnuazuenwusidiy
Tumwﬂﬂmmmmﬂi sne BaRedisranla ung
wmﬂﬂ‘ummLﬁasﬁuasswmmmssﬂmmmﬂmﬂs
Suianumananany Saldamnuiizneeais
LLazgﬂmmTﬂLﬂumam@ﬁszmmuamqwswsta
ma‘ﬁ'mmum AuDIAFINAT 1A YIAYLANY
ﬂ']iLﬂ@‘iJg]ﬂ’iEJ’]G\BﬂuUBﬂiﬂ (drug interaction)
|91 AP1 ma%ssumLaufszm"ﬁuﬂamfﬂmimmw
450 (Cytochrome P-450, CYP-450) fduss gedi
AMULAENT DI ULAZUD ATU DRI HALHTA wmﬂ’m
¥naunsaein (Medical reconciliation) azansedy
mmgaﬂ (Anesthetics) wgﬂ’mfmuiuizmw
ANsHE A Y FRanandsaaneams (Pharmaco-
kinetics) uaztndywarans (Pharmacodynamics)
Ua\ﬂmLﬁ@miL‘U5%Jm,mawum@ﬁﬂﬂajmil,ﬁ@maz
WNSNTDUANLN S

ginnssheinzanslasunly

Wnzaelas (Kariyat)

fmaneTandufvdugn aansawnldvilul
inmmmmmﬁmﬁuaaﬂLé’imiﬁ U DULAYLLAY
AEE9N dududuEinasudanss gedszanae 30
- 100 1 oURLNAS LLmﬂﬂﬁmuwﬂUiﬁ ZULammma
Weardudusds ade 1 - 3 91, 917 3 - 10 gu. 1au
lwweu dangluiseandteven aantdugpuuialdnd
P190ANN9 PAMNERAlULazUA18AY narduiln
FoofusnauLasdvadaFinmanns apnAA
LazA ANAAADAT 9T uwiﬁmuﬂam%ua@u
(Aerial parts) h) mmuuaimmmmamufwsmm
THUUIA mmsLyuwmwiuamaﬁma@mmiau
Tus19mg?

fifpansleudn fnzany wanzany Wiaziiu
ARAUY Tangwewaudad® daudamaingemans
A® Andrographis paniculata Q@ayﬁﬁumwna
wSpnUannus (ACANTHACEAE)! miaaﬂaﬂﬁ‘ﬂmﬂm
lauwn AP1 Aafusazaz 0151 — 3.608" a5 14-
ASangHl, 12-lndllasueaulasasiWlad (14-Deoxy-11,
12-Didehydro-Andrographolide, AP3) <9yaz
0.572-1990" wazfinan duiilowaulasasnias
(Neo—Andrographolide,APZL)Lt,azﬂzjllFlavonoids7
Wueu

ASENTIEISITUGL Zﬁﬁmumﬂugmmmﬂﬁm
Tefdaveld 3 Uszas lawA Ussimansvinaldy
yfad ldiAnannsiade U55IMI91A15L5 UMD
UITINIBINTUDILSARTA®

Tushsenayulwsvaelny (Thai Herbal Phar-
macopoeia 2016, THP) ldmnualdilinzatslas
fifiuszansnmlumssneslse dosfivsinauanlau
593 (total lactone) lutiaeninsaeaz 6 wazu5uney
AP1 lisipuninsouas 4 Tagiinwiin?

LFBNAAIEAS
ousenldiuian

NNNSNAFRH APL 1110 100 waz 300 un./an.
TunypnAduli woiaansaan ldanelu 3 il
%aﬁfmumg LLa‘”Tuﬂﬁﬂﬂ‘Mﬁﬂ‘UN‘lJ’J%JB’]%JN’]ﬂﬂ’J’]
12 3 971931 152 Ay muﬂimmmmmumu 7 WU

J Chulabhorn Royal Acad. 2023; 5(1): 35-43

36



WU BJ‘]J’JEJﬂB?JW’]i’]L%G]’]?JBaLLawﬂajJW’l‘Vlwmiliﬁﬁ
1U1A 6 ﬂim/’;u mmmiwLmaﬂmmmawfﬂsu
Anzarglasyunm 3 ﬂsu/fmm

f]i/}ﬁmmiamﬂu

Un@ dinalsain d919nY %ﬂswmuiwummm i
¥inlAseeu Immunoglobulm G (IgG) meuLLa 199
Asuamansiglaial (Cytokines) mwmmsw@u
ASTUINANSSALEY ThTnsRdTIINLeedinEDe
PBAAFIE LAzENSAATAY Wi Prostaglandins
E2 (PGE2) fivildnanadnnueius 1ian1n151ae
VIULLAIS DU

mmwmwm%msm masmmmuu [eEY
ziuTun 1958 wiouq AUAISTINEILBY
fiadapuniazianiz Neutrophils dslunszdu
puyaBase (free radicals) senalvlmadgarinany
INUINNINT ANTAEAMINUIY AP Llaz AP3 du1sa
Susansndslalanladuazansdnndedun @ Fes
ann1TEALEYT 12

f]i/}ﬁyummamaa@

Jonanedandnin sengazsunalnnsuie
yp9ldna (Primary hemostasis) lag von Willi-
brand factor (YWF) a1a factor VIII wildinnedi
wilananaLEnaUsniL wiaunszdu Thrombox-
ane A2 (TXA2 ), Adenosine diphosphate (ADP),
wAaL@uy (Ca™) waz Serotonin wnlinSadnn
(Platelet) iungafa (Platelet adhesion) La
#&q Platelet activating factor (PAF) ¥ l#Aan1s
\nznau (Platelet aggregation) in(ygnisnseeu
Yasunisuiedivaaldanlu Secondary hemosta-
sis Waad19duEnnsaly?

APL uaz AP3  annsafudenisiameznguuas
wiadan Tay AP3 Safiunisad1e Nitric oxide
(NO) Fevihlvanndonuuigdiiazifinn1izidan
Baﬂdqg@*l@,w

gnaHeszuUlauasasniion

AP3 ﬁa%%a@ﬁmsﬁﬂWSLﬁuuaqﬁQZQ i lRaueL
Tawmaﬂmaﬂazmuuym@m Fadunaannnsnsedu
NO LLawaﬂ@ﬂuLmamwLmamaa (Ca* channel
blocker)® ™

zywa‘maswmmma

AP1 mmsawmwuf%m LRANI- ﬂaimmma (a-
Glucosidase) wazwpan1-azluiaa (oc Amylase)
mﬁﬁmwmuau%auﬁﬁmaa@quawu (Insulin sensi-
tivity) danalszdurimaliuganso 2.

gNEHOTLUUYTEa A ILUNG 1

ANSFNWIWUIN APL mamﬂ@smuﬂswmwmuﬂmﬁ
F1RASLARDLIAY l¥aaumaiaandindnnf
Lasmawsmiuﬂammsumw (Barblturate) i1l
wourdulduuty (Induced sleep time)© ¥

qwaaw;

p1nsliRelszasdfinulddn mauld a1Fuu
Yipeyn viDaide lgvevine BaumEy Hufsue
Unfsye Auaufiy 50 afana0n nsEa
7apALEDARAT B19LAADIATUNLLUBER (W LanTa
(Anaphylactic Shock)™

mssudsemulusinagensalifindafiuidunan
WA 3 Wanlufiilsadu sales Tsawawnad
(SLE) lsaUaandszananiay (Multiple sclerosis,
MS) masmmam mam"ﬁ%mmsmmuﬂmw
mswaﬂLMQﬂﬁTﬁM%@WMﬂSSﬂLLamﬁuﬂ%
UUYAT Lu@ﬁ@ﬂﬂ@']ﬁmﬁﬂLWNZG]LL&%NZNQJUB@J”H
ANUANNUADANYLNLIND 018

LAFBIARANTAS
n139A%U (Absorption)

AP1 aﬂmwwwmﬂfmmmsayaw 267 aﬂ
Ipyaz 55 %meﬂuiﬂsmu mmamumawawm
LAsTUNIULYAR (A DY AANUALUDRTUHNIUA
TDULSA (First pass effect) %Lmaﬂswumaamaw
daiBamelu 1 - 2 thTus Tesfirasadin (Half-life)
Uszuias 25 unv

113132978 (Distribution) i

AP1 flasvasnsszasumeiaanuiiazasiinuas
(g ferenuduiugegaludon (Cmax) iy
115.811nunsusniadans nelunan (Tmax) Wiy
075 ue fapssdialudaawiiy 2.45 Falug
Aszeilamudisdoaausine file du sy aues
FlauazUon 1A&ADeAL  wazasialiwudisnan
pnly 8 Falugo

nzUeada (Metabolism)
sutdunivizdrdalunssuiunsiuazupady
199 AP1 Tapn1syineuuawanlzimasda Alaaueuy
An [lalasud 450 Twluesnddwa (CYP-450
monooxygenases) 2-99A1Y¥AJANITN-FLWULAUT
lppandFiue (2-Oxoglutarate-dependent dioxy-
genases, 20GD) Laz gAf ngalsiudansiuawaiss
(UDP glucuronosyltransferases, UGT) [Rumzusla
‘ﬁﬁ']ﬁiy A 14-Deoxy-12(R)-sulfo andrographolide
Faflgnadrunssniaulee

J Chulabhorn Royal Acad. 2023; 5(1): 35-43

37



NanN13M319 Aspartate transaminase (AST)
Alanine transaminase (ALT) Total Bilirubin, Di-
rect Bilirubin, BUN LLaz Creatinine ADXLLAZHEY
ms?whmmﬂaﬂummwm(smﬂﬂm FapUFHnauge
4.2050/3u Wua 3 Tu fmwums:l,ﬁaymmawm
mwmmmasmmmwfmﬂ LAz RS A UaTEIY
auuaaa‘ima’mwﬂa Supero><|de dismutase,
catalase Fauanain AP1 mmsaWuWamwmu
(hepatoprotection)?

17191798 (Elimination/ Excretion)

WALUD (arispuay 8.2 ﬂﬂiJ‘]JBBﬂ‘VI'N‘JJH’a'I'D“’
melu 72 Hilus mu%maaaﬂmﬁmmx‘iaamswmyiu
6 - 24 Falug?

RIADDIYININEA T9SENDNITS AR
Ya9du vwefimanganues APL dmsugdoy
Tsanin A 60 - 120 Tadnsusadu huUesuUsenu

3 1an AasafuluiAy 5 Tu LLawﬁ’MS‘]_JN‘]J’JEJIﬂ’m-IQ
mmmsimmm st FSUYsemu 180 A, Jash
wuUelA 3 a0 femaiuluiin 5 =
gl nzanslasluaussiuanusan

mmﬂm'ﬂmmma"iﬁmmﬂwmyi@mammLm
sumsmmmy"lmmswwmmsaﬂ muﬂumﬂmﬂs
mmaaam;maqmmuﬂmmsm@‘ﬂgﬂsmmaﬂunm
21 (Herb-Drug interaction) flavnawndswaeans
wazduaaumans desenaliiinnisiasy (Syn-
ergistic effect) ‘ﬁ%aﬁmfmg (Antagonist effect)
f"mm“?'iﬁﬂwfﬁé’wszmuﬁaumsmﬁ@ el
su?uiwmwmssvwmmsaﬂ

1AM AP1 ma‘mswmmufw CYP-450 #
d@eyAn CYPIA2, CYP2CY waz CYP3A4 FavinTA
1 7igpap1du el nansi lunseUINAIS A UDE
Fu pongnalauiuning SlamaRngnssulifs
Uszaeduazinizunsngoumuu®® (115199 1)

a15199 1 Y§Asensaduuaseimearslasiuenfigfiisldsudaunsindaiazenlasulusendnenisssiy

ANNUS 45 18 2528

Cytochrome P-450
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Anticoagulants
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Apixaban

Rivaroxaban

Bleeding tendency

Antiplatelets

Clopidogrel

Bleeding tendency

Antihypertensive
Propanolol
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Losartan

Nicardipine
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Cytochrome P-450 Drug interaction
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HMG-CoA inhibitors = Hydroxymethyglutaryl-CoA enzyme inhibitors
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Abstract

Background: The Thai version of the Activities-specific Balance Confidence (ABC) scale is commonly
used to assess balance confidence in many populations. However, no studies have examined the psy-
chometric properties of the Thai version of the ABC scale among women with cancer who received
neurotoxic chemotherapy.

Objective: To investigate the test—retest reliability and concurrent validity of the Thai version of the ABC
scale among women with cancer who received neurotoxic chemotherapy.

Method: Thirty-one women with cancer participated in this study. We assessed the test—retest reli-
ability of the Thai version of the ABC scale using the intraclass correlation coefficient (ICC). We also
examined the standard error of measurement (SEM) and the minimal detectable change (MDC). We
also used the Spearman correlation coefficient to assess the concurrent validity of the Thai version of
the ABC scale, the Time Up and Go test (TUG), and the Fullerton Advanced Balance scale (FAB).
Results: The test—retest reliability of the total ABC-16 and ABC-6 scale was excellent (ICC = 0.99 and
ICC = 0.96, respectively). The concurrent validity of the Thai version of the ABC-16 and ABC-6 scale was
significantly correlated with the TUG score but not the FAB score.

Conclusions: Our results indicate that the Thai version of the ABC-16 scale is a reliable and valid
measurement of balance confidence in Thai women with cancer. The excellent reliability of the ABC-6
makes it suitable for use in busy clinical or academic settings.

Keywords: Balance, Cancer, Neurotoxic Chemotherapy
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Introduction

Cancer is now the second leading cause
of mortality in the world (8.97 million deaths
annually), surpassed only by cardiovascular
disease. However, it is on track to become the
most common cause of death (18.63 million
deaths) by 2060.! Chemotherapy is the most
effective and widely used cancer treatment,
and is applied in most patients.” Taxane- and
platinum-based forms of chemotherapy are
commonly used to treat breast, ovarian, lung,
and colon cancer? Chemotherapy-induced
peripheral neuropathy (CIPN) is a general side
effect of taxane- and platinum-based chemo-
therapy, and is accompanied by signs of sensory
and motor impairment.* Although CIPN usually
manifests as sensory symptoms including numb-
ness and paresthesia in the hands and feet,
motor symptoms including lower muscle
weakness and muscle cramps are unusual.®
Many studies have revealed that CIPN symptoms
increase the risk of mobility limitations, bal-
ance problems, abnormal gait, and fear of fall-
ing, and that CIPN increases the prevalence of
falls among patients with cancer.®’ The 16-item
ABC (ABC-16) scale is a reliable and valid ques-
tionnaire used to measure balance confidence
that is widely utilized in many populations.®°
Previous studies have demonstrated that balance
confidence questionnaires are more useful than
physical performance tests in predicting falls.*
In addition, poor scores on balance confidence
guestionnaires have been linked to mobility
limitations and falls.>** Although the ABC-16
scale has strong psychometrics for measuring
balance confidence in older persons who
participate in everyday activities, the reliabil-
ity of the ABC-16 scale for cancer patients
undergoing chemotherapy is unknown. The
Thai version of the ABC-16 has excellent internal
consistency, excellentreliability (Cronbach’salpha
coefficient = 0.96), and moderate convergent
validity with respect to the Fall Efficacy Scale
(Spearman’s rho = 0.66).* However, the psy-
chometric properties of the Thai version of the
ABC-16 have not been documented among
women with cancer undergoing chemotherapy
treatment with neurotoxic agents.

The objective of this study was to determine

the test—retest reliability and concurrent
validity of the Thai version of the ABC-16 scale
and a short version of the ABC-16 (ABC-6) among
women with cancer undergoing taxane- and/or
platinum-based chemotherapy.

Method
Design and setting

This cross-sectional study was performed
to test the psychometric properties of the Thai
version of the ABC scale in women with cancer
undergoing taxane- and/or platinum-based
chemotherapy. Women with cancer were
recruited at the Chulabhorn Hospital, Thailand,
and the National Cancer Institute of Thailand
between December 2020 and April 2021.

Participants

Thirty-one women with cancer undergoing
taxane- and/or platinum-based chemotherapy
participated in this study. The participants
received instructions and signed an informed
consent form prior to their involvement in the
study. The ethics review committees for research
involving human subjects of the Chulabhorn
Research Institute (under study ID: 047/2563)
and the National Cancer Institute of Thailand
(under study ID: 002_2021RC_0OUT684) approved
the study protocol. The eligibility criteria were:
(1) age 30-60 years, (2) undergoing taxane-
and/or platinum-based chemotherapy, (3) body
mass index (BMI) 18.5-24.9 kg/m?, and (3) able
to speak and understand the Thai language.
Women with cancer were excluded if they (1)
had bone metastasis, (2) had brain metastasis,
(3) had a high risk of bleeding, (4) had a history
of neurological conditions with peripheral
neuropathic signs, (5) had severe hearing
problems, or (6) were unable to attend all of the
study sessions.

Instruments

Thai version of the Activities-specific Balance
Confidence (ABC) scale

The Thai version of the ABC-16 scale is a 16-
item questionnaire that collects self-perceived
ratings of balance confidence. Each item is
scored using a numerical rating scale ranging
from 0% to 100%, with O indicating no
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confidence and 100% indicating complete
confidence in performing a given activity.”
The total ABC-16 score for each participant
is determined by summing the individual item
scores and then dividing the result by the total
number of items. Many studies have demon-
strated that the scale has good psychometric
properties.®*® For example, the ABC-16 was
found to have excellent test—retest reliability
(r = 0.92, p <0.001) and internal consistency
based on Cronbach’s alpha (Cronbach a = 0.79)
in community-dwelling older adults.® In addi-
tion, ABC-16 scores were significantly associated
with Balance Evaluation System (BESTest),
Mini-BESTest, and Brieft-BESTest scores (r=0.73;
p<0.001, r =0.52; p<0.01, and r=0.81; p<0.001;
respectively) among older cancer survivors.*?
The ABC-6 comprises the six most difficult
balancing activities from the original 16-item
scale, making it easier to administer and more
suitable for use in busy clinical or academic
settings.'® A previous study in older persons
with gait abnormalities and Parkinson’s disease
found substantial correlations between the
ABC-16 and the ABC-6, indicating that the ABC-6
may be a valid measure of balance confidence.'’

The Timed Up and Go test (TUG)

The Timed Up and Go (TUG) test is used
to assess functional mobility and the capacity
to walk while maintaining one’s balance.*®*
The TUG was conducted using a normal chair
(chair seat height 43 cm) and any walking
devices routinely used by the participant.
The participant was instructed to get up from
the chair, walk 3 meters to a line of colored
tape on the floor, turn around, walk back to
the chair, and sit back down. A stopwatch was
started when the participant’s buttocks rose off
of the seat, and the time was up when their
buttocks reconnected with the chair. We
conducted 3 TUG trials, and the average times
were used for analysis.

The Fullerton Advanced Balance (FAB) Scale
The Fullerton Advanced Balance (FAB) scale
is a valid and reliable assessment of balance
performance among patients with cancer.?%?
The FAB is a functional static and dynamic

balancing evaluation that consists of 10
performance-based activities performed in a
variety of sensory situations. The FAB has a total
score of 0—40 points and an item score of
0—4 points, with a higher score indicating better
balance.

Procedures

All participants were informed regarding
the study objectives and testing procedures
prior to participation, and signed informed
consent forms. They completed the Thai version
of the ABC-16 at two distinct time intervals,
separated by a 3-hour delay, to enable test—
retest analysis. The ABC-6 score was calculated
by taking the mean score of 6 items from the
ABC-16, as indicated by Peretz et al. (2006)
(questions 5, 6, and 13-16), and given as
a percentage of confidence!’. We examined the
concurrent validity of the Thai version of both
the ABC-16 and the ABC-6 by calculating the
correlation between the total score for the
Thai version of the ABC scale, the average times
for the TUG, and the total FAB score for tests
completed on the same day.

Statistical analysis

The statistical analysis was performed using
SPSS Statistics version 23 for Windows (IBM,
Armonk, NY, USA). Descriptive data were used
to examine the participant characteristics.
The Shapiro-Wilk test was used to assess
the normality of the data. The intraclass correlation
coefficient (ICC) was used to calculate the
test—retest reliability (ICC3,1). The ICC values
were interpreted as follows: an ICC greater
than 0.9 implies excellent reliability, 0.76—0.89
indicates high reliability, 0.51-0 indicates
modest reliability, and less than 0.5 indicates
poor reliability.”? We calculated the standard
error of measurement (SEM) to ascertain the
absolute reliability of the score precision.
We used the following formula: SEM= highest
standard deviation of all trials x V(1-ICC).
We also calculated the minimum detectable
change (MDC) to investigate the degree of change
between scores that could be considered to
represent real change. We calculated the MDC
at a 95% confidence interval (MDC 95%) using
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the following formula: MDC 95% = 1.96 x SEM
x V2. The SEM% and MDC% were calculated
using SEM% = (SEM x 100)/mean and MDC%
=(MDC x 100)/mean, respectively.?? The Spearman
correlation coefficient between the Thai version
of the ABC-16, ABC-6 and the average times
of the TUG and total FAB score were used to
evaluate concurrent validity. The correlation
coefficients were interpreted as follows: values
less than 0.3 indicated no validity, 0.31-0.5
indicated low validity, 0.51-0.70 indicated
moderate validity, 0.71-0.90 indicated high
validity, and more than 0.90 indicated excel-
lent validity.”* The significance level was set at
p <0.05.

Results
Participant demographic characteristics

All of the participants were female (n=31).
The mean age was 51.87+6.17 and the mean
BMI was 21.97+1.71. The mean TUG was
7.73+1.11 and the mean FAB was 36.16+2.10.
Among the participants, 80.60% had breast
cancer and 19.40% had gynecologic cancer.
Paclitaxel was administered to the majority
of the participants (61.30%), with an equal
proportion receiving docetaxel and paclitaxel
plus carboplatin (19.40%). More than half
of the participants had received < 4 cycles of
taxane-based chemotherapy.

Test—retest reliability of the Thai version of the
ABC-16 scale

The test—retest reliability (ICC), SEM, and
MDC of the Thai version of the ABC-16 scale are
presented in Table 1. The test—retest reliability
of the total ABC-16 scale ICC was 0.99, indicat-
ing excellent reliability (SEM=1.16; MDC = 3.26).
The test—retest reliability of the total ABC-6
scale ICC was 0.96, indicating excellent reliability
(SEM= 2.67; MDC = 7.51). For each item of the
Thai version of the ABC-16 scale, the ICC values
ranged from 0.86—0.98, indicating high to excellent
reliability (SEM= 1.04-5.46; MDC = 2.92-15.34).
Concurrent validity of the Thai version of
the ABC-16 and ABC-6 scale

The Thai version of the ABC-16 had low
validity with respect to the TUG (r =-0.41,
p <0.05), while the ABC-6 scale had moderate

validity with respect to the TUG (r = -0.51,
p <0.01). The concurrent validity between the
Thai version of the ABC-16 and ABC-6 scales and
the FAB was not statistically significant (p >0.05).

Discussion

This study investigated the reliability and
validity of the ABC scale (Thai version) among
women with cancer who were undergoing
neurotoxic chemotherapy. The test—retest
reliability of the total scale for both the ABC-
16 and ABC-6 scales was excellent. Although
we found a substantial correlation between
the concurrent validity of the Thai versions
of the ABC-16 and ABC-6 scales and the TUG,
this was not found to be statistically significant
with FAB.

The present study was the first to test
the reliability and validity of the Thai version
of the ABC-16 in women with cancer who were
undergoing neurotoxic chemotherapy. The
test—retest reliability of both the total scale and
each item on the Thai version of the ABC-16
was high to excellent. These results are in
agreement with those of Schepens et al. (2010),
who evaluated the test—retest reliability of
the ABC-16 and ABC-6 among older adults.
The participants completed the gquestionnaire
twice over a 30-day period. The results showed
high test—retest reliability based on the ICC
(ICC = 0.76 and ICC = 0.82 for the ABC-16 and
ABC-6, respectively).’® In addition, these results
are similar to those of a recent study that
examined the psychometric properties of
the ABC-16 among older patients with breast
cancer.” The results indicated good test—retest
reliability for tests 2 weeks apart. Moreover,
other language versions of the ABC-16, i.e,,
the Japanese, Brazilian, and Swedish versions,
had high to excellent reliability (ICC = 0.92,
ICC = 0.95, and ICC = 0.82, respectively).?*?®
Our data indicate that the SEM and MDC for
the total scale of the Thai version of the
ABC-16 are small (SEM= 1.16, MDC = 3.26).
However, the range of the SEM and MDC among
each item of the Thai version of the ABC-16
was high, especially for item 1 (SEM= 5.46,
MDC = 15.34). These findings imply that
the total ABC-16 score has high absolute
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reliability, with minor error, for detecting
true changes in balance confidence for the
performance of daily activities in cancer patients
receiving neurotoxic chemotherapy. However,
the items of the Thai version of the ABC-16
could not be used individually to define balance
confidence.

In the present study, we found a small
negative correlation between the Thai version
of the ABC-16 and TUG scores, and a moderate
negative correlation between the ABC-6 and
TUG scores. This is consistent with previous
studies that found a correlation between ABC-
16, ABC-6 and TUG scores.’??®?® [shige et al.
(2020) evaluated the reliability and validity of the
Japanese version of the ABC-16 (ABC-J) among
community-dwelling stroke survivors. They found
a significant correlation (r = -0.55) between
ABC-J and TUG scores.?® Furthermore, Forsberg
and Nilsagard (2013) evaluated the reliability
and validity of the Swedish version of the ABC-16
among chronic stroke patients. They found
a significant correlation (r = -0.48) between
ABC-16 and TUG scores.” Huang et al. (2016)
examined the relationship between ABC-6 and
TUG scores among older people with cancer.
Their results showed a moderate correlation
between ABC-6 and TUG scores (r = -0.54,
p <0.05).% Although the results of the present
study suggest that a higher balance confidence,
as measured by the ABC-16 and ABC-6,
is connected with enhanced mobility and
the ability to walk while maintaining balance,
the ABC scale and TUG measure balance
according to different aspects of balance
and mobility. Accordingly, the ABC and TUG
should be combined to comprehensively examine
deficiencies underlying mobility limits.

The present study showed that the ABC-
16 and ABC-6 scales had excellent reliability,
which was consistent with previous studies.’**’
Peretz et al. (2006) investigated the reliability
and validity of the ABC-6 scale among older
adults. Their results suggested that the ABC-
6 scale was a reliable assessment of balance
confidence (Cronbach’s alpha 0.81-0.91)."
Schepens et al. (2010) also found the ABC-6
scale to have high reliability (ICC = 0.82).1° Thus,
both the ABC-6 and ABC-16 appear to be

valuable as part of an overall assessment of
balancing confidence. This finding implies
that a shorter version of the ABC scale (ABC-6
scale) could be used to quickly measure balance
confidence for activities in daily life.

In the present study, we did not find a
correlation between the Thai versions of
the ABC-16, ABC-6 and the FAB among women
with cancer receiving neurotoxic chemotherapy.
Although the Thai versions of the ABC scale
and the FAB are both used to assess balance
problem, they achieve this in different ways.'>%°
The ABC scale is a psychology-based assessment
of balance confidence that includes questions
about balance perception such as “How
confident are you that you will not lose your
balance or become unsteady when you walk
up or down stairs?,” “How confident are you
that you will not lose your balance or become
unsteady when you reach for a small can off
a shelf at eye level?” and “How confident
are you that you will not lose your balance or
become unsteady when you are bumped into
by people as you walk through the mall?”
The FAB, in contrast, is a physical perfor-
mance-based assessment of balance that covers
aspects of postural control such as musculoskeletal
components, sensory strategies, anticipatory
mechanisms, and neuromuscular synergies,
and includes tasks such as stepping up onto
and over a 6-inch bench, reaching forward to
retrieve an object (pencil) held at shoulder
height with an outstretched arm, and tasks
that test reactive postural control.”® Thus,
the ABC and FAB scales evaluate balance
in different ways, and so the results derived
from the two instruments cannot be directly
compared.

This study had several limitations. We
only measured the reliability and validity of the
scale for women with cancer who had received
neurotoxic chemotherapy and had been
diagnosed with homogeneous cancer including
breast and gynecologic cancer (most had
received taxane-based chemotherapy). Thus,
further studies with patients with various
types of cancer and chemotherapy agents
should be conducted.
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Conclusion

Our findings indicate that the Thai version
of the ABC-16 scale is reliable and valid for
assessing balance confidence in women with
cancer receiving neurotoxic chemotherapy
agents. These findings suggest that screening
balance confidence may be required to detect
the risk of balance problems and falls in
patients receiving neurotoxic chemotherapy

and to provide appropriate rehabilitation
programs, especially for patients with CIPN
symptoms. Furthermore, in busy clinical or
research settings requiring rapid, valid, and
reliable evaluations of balance confidence,
as well as balance impairment screening and
fall risk assessments, the ABC-6 may be as useful
as the ABC-16 scale.

Figures and Tables

Table 1. Test—retest reliability of the Thai version of the ABC scale in women with cancer

Scale Score (MeanSD)

ABC Scale - - ICC (95% Cl) SEm MDC
Time 1l Time 2

Total ABC-16 score 86.74+£10.59 86.80+£10.54 0.99 (0.97-0.98) 1.16 3.26
Total ABC-6 score 80.70+13.94 81.30+12.76 0.96 (0.92-0.99) 2.67 7.51
ABC1 92.58+10.64 94.84+49.26 0.87 (0.74-0.94) 5.46 15.34
ABC2 83.87+16.47 85.81+15.44 0.94 (0.88-0.97) 3.92 11.02
ABC3 87.90+13.89 88.55+12.19 0.93 (0.85-0.97) 3.46 9.72
ABC4 88.71+14.32 89.03+12.48 0.93 (0.85-0.96) 3.55 9.98
ABC5 86.45+12.79 83.87+13.58 0.86 (0.71-0.93) 1.85 5.20
ABC6 77.10£17.74 80.39+16.87 0.94 (0.87-0.97) 1.04 2.92
ABC7 93.2349.79 93.2249.45 0.92 (0.84-0.96) 2.72 7.64
ABC8 93.87+9.19 93.55+9.85 0.95 (0.90-0.98) 2.13 5.99
ABC9 91.44+10.46 93.23+10.77 0.93 (0.84-0.96) 2.81 7.90
ABC10 91.94+10.14 92.42+10.87 0.93 (0.85-0.96) 2.78 7.81
ABC11 85.48+14.34 85.00+13.96 0.87 (0.73-0.94) 5.10 14.33
ABC12 88.71+13.84 85.48+15.02 0.91 (0.81-0.96) 4.33 12.17
ABC13 81.94+14.93 82.26+13.59 0.92 (0.83-0.96) 4.04 11.35
ABC14 87.74+13.09 88.06+12.50 0.97 (0.95-0.99) 2.18 6.13
ABC15 78.71+13.60 77.74+15.00 0.91 (0.81-0.96) 4.30 12.08
ABC16 77.33+19.42 75.33+20.30 0.98 (0.95-0.99) 2.81 7.90

ABC, Activities-specific Balance Confidence; ICC, Intraclass Correlation Coefficient; SEm, Standard error

measurement; MDC, minimal detectable change.

Table 2. Pearson correlation coefficients (r) between the ABC-16, ABC-6, and clinically feasible

measures of balance

Balance measures ABC-16 p-value ABC-6 p-value
TUG -0.41 <0.05° -0.51 <0.01°
FAB 0.23 0.22 0.25 0.17

ABC-16, Activities-specific Balance Confidence; ABC-6, short version of the ABC-16; TUG, Time Up and
Go test; FAB, Fullerton Advanced Balance Scale; *, p-value < 0.05.
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